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A b s t r a c t

The prevalence of cerebral amyloid angiopathy (CAA) and its association with intellectual decline in idiopathic 

Parkinson’s disease (iPD) remain unclear. To identify the role of CAA in iPD dementia the prevalence and severity of 

CAA were investigated, with particular respect to changes in vessel wall structure. Twenty-eight autopsy Parkinsonian 

brains and fourteen age-matched controls, post-mortem revised histopathologically for the presence of α-synuclein 

and Alzheimer’s disease (AD)-type pathology, using standardized clinico-neuropathological criteria, underwent 

further investigation. Histological, immunohistochemical staining methods with antibodies to amyloid β-peptide, 

α-actin, collagen III, collagen IV and CD34 as well as ultrastructural methods were used. The fi ndings showed that the 

prevalence of CAA in the iPD cohort was higher (53%) than in controls (28%). CAA occurred more frequently in the 

iPD+AD (70%) sub-set than in the iPD-AD (44%) one. The progression of CAA was diff erentiated, with predominance 

of mild stage. Diminished smooth muscle actin and collagen IV expression in the vascular media with concomitant 

collagen III positive immunoreactivity in the intima were observed only in very severe CAA. Ultrastructural assay 

revealed degenerative changes in vessel smooth muscle cells and thickening of their basement membrane with 

the focal accumulation of amyloid fi bres and fi brillar collagen in both iPD –AD and iPD+AD cases, but the most 

severe CAA-type changes were visible in the iPD+AD sub-set. The same type of immunoreactivity (Aβ42 positive 

and Aβ40 positive) of arterial CAA and parenchymal neuritic plaques, as well as capillary CAA and diff use plaques 

(Aβ42 positive and Aβ40 negative), may indicate pathogenic similarities and diff erences between both types of 

degenerative changes on the one hand and time-diff erent changes or local diff erent processing of amyloid precursor 

protein on the other.
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Introduction

Sporadic cerebral amyloid angiopathy (CAA) is 

a progressive degenerative process of leptomenin-

geal and cortical vessels caused by the accumula-

tion of amyloid β-peptide (Aβ) in their walls [31]. 

CAA primarily aff ects medium and small leptome-

ningeal arteries and cortical arterioles, less frequ-

ently veins and capillaries, and occasionally sub-

cortical vessels [36]. CAA may be responsible for 

cerebral haemorrhage [32], pale infarcts [8,28] and 
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probably for progressive intellectual decline leading 

to dementia [29,46]. In view of its morphological 

and biochemical diff erences [3,21], two types of 

CAA are distinguished, arterial CAA, involving larger 

and medium vessels, and capillary CAA (CapCAA), 

involving pre-capillary and capillary vessels, known 

as ‘dyshoric’ angiopathy of Morel or ‘drusige entar-

tung’ of Scholtz [26,27,35,40]. Sporadic CAA is pri-

marily observed in Alzheimer’s disease (AD) [3,34] 

and also in the elderly over sixty years of age and 

is strongly age-related [9]. The literature data show 

that in the elderly without evident intellectual de-

terioration, the prevalence of CAA does not usually 

exceed 50% on average [18,46] and it appears to 

be higher in dementia-aff ected populations [3,16], 

reaching up to 90% in AD [20,29,31]. Nowadays, it 

is also accepted that CAA is an early and integral 

part of sporadic AD pathogenesis [27,42,43]. It has 

been suggested that CAA may be an independent 

pathogenic factor contributing to cognitive decline 

and dementia, even without coexistent AD-type pa-

thology, pale infarcts or haemorrhages [4]. The pre-

valence of CAA and its relationship with intellectual 

disturbances observed in idiopathic Parkinson’s di-

sease (iPD) are not known. The number of publica-

tions on this subject is very limited [19,22]. The aim 

of our study was to assess (1) structural changes 

in CAA-aff ected vessels; (2) CAA severity; (3) CAA 

prevalence; and (4) the prevalence of AD-type pa-

thology (neurofi brillary tangles and senile plaques) 

in iPD cases in the cerebral regions responsible for 

intellectual effi  ciency.

Material and Methods

The study was performed on 28 autopsy brains 

derived from patients (14 women and 14 men; mean 

77.46±7.43 years; range 59-91 years) who died becau-

se of iPD, selected from 45 clinically diagnosed iPD 

cases. The diagnosis was made according to general-

ly accepted criteria, and confi rmed by a routine neu-

ropathological examination. The controls, selected 

from 21 deceased persons, consisted of 14 age-mat-

ched cases (7 women and 7 men, mean 74.96±9.80 

years, range 66-89 years), free of neurodegenerati-

ve diseases and psychic disorders or symptoms of 

dementia. A preliminary screening of material was 

carried out semiquantitatively, using immunohisto-

chemical (IHC) methods, according to: (1) Newcastle 

neuropathological criteria [24], modifi ed by Harding 

and Halliday [14], to exclude from further studies 

cases fulfi lling the clinico-neuropathological crite-

ria for dementia with Lewy bodies (DLB); (2) CERAD 

(Consortium to Establish a Registry for Alzheimer’s 

Disease) criteria [23] and the Braak tangle staging 

protocol [7] modifi ed by Harding et al. [13], to exclude 

from further studies cases fulfi lling the clinico-neu-

ropathological criteria for possible AD. All the iPD ca-

ses which met the criteria for possible coexistence of 

AD, or the criteria for DLB, and controls meeting the 

clinico-neuropathological criteria for possible, proba-

ble and defi nite AD, as well as the criteria for DLB or 

a subclinical form of iPD, were excluded from further 

studies. A precise description of the material selec-

tion methodology was published elsewhere [5].

To assess the amyloid-dependent degenerative 

vascular and cerebral parenchymal changes four tis-

sue blocks were taken in each case, as recommen-

ded by McKeith et al. [24] and Mirra et al. [25], from 

the following regions:

1) the substantia nigra (SN)-containing mesence-

phalon,

2) frontal cortex at the plane of the cross-section 

through the genu of the corpus callosum with the 

anterior cingulate gyrus (BA 24),

3) the middle and superior frontal gyrus (BA 8/9),

4) the hippocampus with entorhinal cortex and 

temporal lobe (BA 29) at the plane of the cross-

section through the lateral geniculate body.

Formalin-fi xed, paraffi  n-embedded samples were 

cut into 8-μm-thick sections and stained using hi-

stological haematoxylin and eosin (H&E) and Klüver-

Barrera methods to perform a topographic asses-

sment of the structure under study, Congo red to 

preliminarily assess the presence of CAA, and mo-

difi ed Bielschowsky silver impregnation method to 

test for the presence of AD-type pathology.

Immunohistochemical methods, 

selection of cases, and group 

subdivision

Immunohistochemical staining methods and 

a grading system were used to select the study co-

hort and for the group subdivision as previously 

published [5]. Paraffi  n-embedded sections were pre-

treated with formic acid and stained with primary 

antibodies as follows:
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Specifi city Cat. no. Type/Dilution Company

α-Synuclein NCL-

ASYN

Monoclonal, 

mouse/1:30

Novoca-

stra

Tau A 0024 Polyclonal, 

rabbit/1:300

Dako

β-amyloid8-

17

NCL-β-

Amyl

Monoclonal, 

mouse/1:100

Novoca-

stra

β-amyloid40 AHP 676 Polyclonal, 

rabbit/1:250

Serotec

β-amyloid42 AHP 677 Polyclonal, 

rabbit/1:250

Serotec

Cystatin C AO451 Polyclonal, 

rabbit/1:500

Dako

α-Actin M0851 Monoclonal, 

mouse/1:300

Dako

Collagen III AF-5850 Monoclonal, 

mouse/1:200

Medicorp

Collagen IV M 0785 Monoclonal, 

mouse/1:35

Dako

CD34 NCL-END Monoclonal, 

mouse/1:25

Novoca-

stra

The primary antibodies were detected with a bio-

tinylated secondary antibody and the ABC complex, 

then visualised with diaminobenzidine as chromo-

gen. Sections were counterstained with H&E.

Assessment of CAA severity

Semi-quantitative assessment of CAA severity 

was carried out in the middle frontal gyrus along the 

superior frontal sulcus (BA 8/9), and in the middle 

temporal gyrus along the superior temporal sulcus 

(BA21) as regions representative of the neocortex, 

and in the entorhinal cortex as a region represen-

tative of the limbic system, separately in adjacent 

subarachnoid space, in ten consecutive fi elds (×200), 

in IHC-staining for Aβ42, using a fi ve-score intensity 

scale of changes: 1 = trace to scattered Aβ deposits 

(mild changes), 2 = at least some vessels with cir-

cumferential Aβ deposits (moderate changes), 3 = 

many vessels with circumferential Aβ deposits (se-

vere changes), 4 = similarly severe changes and do-

uble barrelling, microaneurysms or fi brinoid necrosis 

(very severe changes). A single CAA severity score for 

each case was calculated by averaging across brain 

regions [28].

Electron microscopic procedures 

Electron microscopic (EM) procedures were per-

formed on the material embedded in paraffi  n after 

formalin fi xation. After deparaffi  nation, the material 

derived from the region of the highest incidence of 

vascular amyloid lesions was fi xed in 2.5% glutaral-

dehyde and postfi xed in 2% OsO
4
 and routinely pro-

cessed to Spurr resin. Ultrathin sections were stained 

with uranyl acetate and lead citrate and examined 

under an Opton DPS 109 electron microscope. 

Results

Light microscopic IHC study 

In the sub-set of iPD-AD cases (n=18; 7 women 
and 11 men; mean 74.2±7.5 years; range 59-91 years) 
without severe AD-type changes, previously scre-
ened for the presence of neurodegenerative dise-
ases, occasional cortical Lewy bodies (LBs) in the 
middle temporal gyrus were observed in one case 
only. LBs showed strong immunoreaction to α-syn 
and manifested as cytoplasmic inclusions, frequen-
tly spherical, with fi brillar structure, frequently pu-
shing the cellular nucleus off  to the cytoplasmic peri-
phery (Fig. 1). Degenerative AD-type changes, senile 
plaques (SPs) and/or neurofi brillary tangles (NFTs) 
were observed in all the iPD-AD cases. Only SPs were 
present in two cases (11%) and NFTs only in eight 
cases (44%). Diff use plaques (DPs) in IHC staining 
for Aβ had neither an amyloid core nor Aβ fi brillar 

fascicles. They were tau-negative and characterized 

Fig. 1. Lewy bodies in the frontal cortex in the 
case of iPD. Anti-α-syn, orig. magn. ×630
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by a signifi cantly diversifi ed size and blurred borders 

due to gradual dispersion in the surrounding of still 

less dense Aβ depositions. Their shape was close to 

spherical or irregular, their structure was granular or 

fi brillar and resembled cotton bits (Fig. 2). They fre-

quently contained normally appearing neurons. They 

were Aβ42 positive and Aβ40 negative (Fig. 3A-B) and 

did not show tau-protein expression. Neuritic plaqu-

es (NPs) were smaller than DPs, almost spherically 

shaped and well separated from the surrounding. In 

IHC staining for Aβ8-17, Aβ42, and Aβ40 they were 

characterized by the presence of thick fi brillar amy-

loid fascicles and frequent presence of amyloid core 

(Fig. 2). They were tau protein positive. 

Fig. 2. Diff use (right) and neuritic (left) plaques. 
Anti-Aβ42, orig. magn. ×400

Fig. 3. Immunoreactivity of diff use plaques in the same region in iPD-AD case. A. Positive expression of Aβ; 
B. Negative expression of Aβ peptide. A. Anti-Aβ42; B. Anti-Aβ 40. A-B. Orig. magn. ×100

A B

Senile plaques, the vast majority of DPs, were 

present in neocortical regions (middle frontal gy-

rus and middle temporal gyrus) and in the limbic 

entorhinal cortex, showing a laminar arrangement, 

starting from the second cortical layer, and someti-

mes also plane deposits in the molecular layer. In all 

iPD-AD cases, NFTs were present in limbic structures, 

usually in the transentorhinal and entorhinal cortex 

(Fig. 4A). Sometimes NFTs were noted occasionally 

in the CA1 hippocampal region. In addition, in one 

case a few NFTs were visible in the inferior temporal 

gyrus. There were no NFTs in the cortex of the middle 

frontal and temporal gyrus. 

Arterial CAA was observed in eight (44%) iPD-AD 

cases, including only one (12.5%) case in which lepto-

meningeal vessels were aff ected and seven (87.5%) 

cases in which both leptomeningeal and cortical ves-

sels were aff ected. In the iPD-AD case with arterial 

CAA present only in leptomeningeal vessels, the le-

sions were mild and characterized by the presence 

of focal, spotted or laminar Aβ deposits at the junc-

tion of the vascular media and adventitia (stage 1) 

(Fig. 6A-B), whereas in iPD-AD cases, in which arterial 

CAA was present in both leptomeningeal and cortical 

vessels, the degree of lesion advancement varied in 

particular regions, starting with mild through mode-

rate and ending with very severe stage, but regio-

nal and fi nal average arterial CAA score indicated 

mild stage (Table I). In the moderate stage, arterial 

CAA manifested as circumferential infi ltration of the 

vessel wall (Fig. 6C). In the severe stage, circumfe-

rential overloading of the vascular wall was visible 
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Fig. 4. Neurofi brillary tangles (NFTs). A. Non-numerous NFTs in the entorhinal cortex in iPD-AD case; B. Nu-
merous NFTs and neuropil threads in the frontal cortex in PD+AD case. A-B. Anti-tau. A. Orig. magn. ×100; 
B. Orig. magn. ×200. Insert A.: NFT in higher magn. Anti-tau, orig. magn ×200

A B

Fig. 5. Immunoreactivity of senile plaques in iPD+AD case. A. Positive reaction of diff use and neuritic pla-
ques to Aβ42 in the frontal cortex; B. Negative reaction of diff use plaques and positive reaction of neuritic 
plaques to Aβ40 in the same region. A-B. Orig. magn. ×100

A B

Table I. Progression of arterial CAA in iPD-AD cases (n=8)

Case No.
Frontal region Temporal region Entorhinal region Final aver. score

Menin. Cortex Menin. Cortex Menin. Cortex Menin. Cortex

2 - - 1 1 1 - 0.7 0.3

3 4 3 2 - 1 - 2.3 1.0

4 - - 3 3 1 - 1.3 1.0

11 2 1 1 - - - 1.0 0.3

13 1 - 1 1 - - 0.7 0.3

15 2 2 3 2 2 2 2.3 2.0

16 2 2 - - - - 0.7 0.7

17 1 - 1 - 1 - 1.0 -

Final aver. score 1.5 1.0 1.5 0.9 0.8 0.25 1.2 0.7

1 – trace to scattered Aβ deposits (mild changes); 2 – at least some vessels had circumferential Aβ deposits (moderate changes); 3 – many vessels had 
circumferential Aβ deposits (severe changes); 4 – similarly severe changes and double barrelling, microaneurysms or fi brinoid necrosis (very severe changes).
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with its thickening and narrowing of the lumen. The 

very severe arterial CAA stage was observed only in 

one (12.5%) iPD-AD case in the subarachnoid region 

(Table I). Only in this single case, some leptomenin-

geal arterioles were characterised by limited positi-

ve immunoreactivity of non-fi brillar collagen IV. The 

main vascular basement membrane component, pre-

sent as a rim-like expression in the inner part of the 

vessel, close to the vascular lumen, limited positive 

immunoreactivity of smooth muscle actin (SMA) cor-

responding to the location of collagen IV, as well as 

by fi brosis of the inner part of the vascular wall, pro-

bably the intima, visible in IHC staining for collagen III 

(Fig. 7A-D). Microaneurysms of some Aβ overloaded 

leptomeningeal vessels were visible (Fig. 8A-B).Over-

loaded Aβ meningeal vessels were Aβ8-17, Aβ42 and 

Aβ40 positive  (Fig. 9A-B). In one (12.5%) iPD-AD case, 

besides moderate arterial CAA, CapCAA was found 

in the frontal, temporal and entorhinal cortex. Cap-

CAA involved cortical, capillary and precapillary mi-

crovessels, and was characterized by segmental Aβ 

infi ltration of a thin-walled vessel and the presence 

of spotted, perivascular Aβ infi ltrates frequently for-

ming compact nodules (drusen), tightly linked with 

the capillary wall (Fig. 10A-B). Aβ-loaded cortical mi-

crovessels showed positive Aβ immunoreactivity with 

use of antibodies against Aβ8-17 and Aβ42, as well 

as negative immunoreactivity with use of antibodies 

against Aβ40 (Fig. 11A-B). Positive immunoreactivity 

of fi brillar collagen III was also observed (Fig. 12).

Fig. 6. Various stages of arterial CAA severity. A. Focal positive expression of Aβ in numerous meningeal 
vessels in the depth of cortical sulcus in iPD case; B. Positive Aβ focal reaction in meningeal vessels in higher 
magnifi cation; C. Rim-like Aβ loading of cortical vessels; D. Aβ-loaded cortical vessel shows degenerative 
changes, so-called vessel within vessel appearance, typical of very severe CAA. Anti-Aβ42, orig. magn. A, C. ×5; 
B. ×400; D. ×630

A B

C D
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A B

C D

Fig. 7. Immunoreactivity of meningeal vessels in PD-AD case with very severe CAA. A. Circumferential ac-
cumulation of Aβ in many meningeal vessel walls; B. Limited rim-like expression of collagen IV in the inner 
part of the meningeal vessel wall; C. Partial or total lack of α-actin expression in many meningeal vessels; 
D. Positive expression of collagen III in the inner part of some meningeal vessel walls (arrow heads). A, C, D. 
Orig. magn. ×200; B. Orig. magn. ×400

Fig. 8. Microaneurysm of meningeal vessel in immunochemical staining. A. Nearly total loss of α-actin reac-
tivity; B. Expression of collagen III better preserved. A-B. Orig. magn. ×200

A B
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Fig. 9. Immunoreactivity of meningeal vessels in arterial CAA. A. Aβ42 positive focal Aβ deposits in menin-
geal vessels in iPD-AD case. B. Aβ40 positive focal Aβ deposits in the same group of meningeal vessels. A-B. 
Orig. magn. ×200

A B

A B

Fig. 10. Aβ loaded capillaries in CapCAA. A. Aβ42 positive reaction to the capillary walls and their closest 
vicinity. B. The same Aβ42 positive reaction to the neuritic plaques. A-B. Orig. magn. ×400

Fig. 11. Immunoreactivity of Aβ loaded capillaries in CapCAA. A. Positive expression of Aβ42; B. Negative 
expression of Aβ40 in the capillaries of the same cortical region. A-B. Orig. magn. ×100

A B
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In the iPD+AD sub-set (n=10; 7 women and 

3 men; mean 68.2±7.1 years, range 66-85 years) with 

concomitant severe AD-type pathology, selected 

from eighteen cases with clinical diagnosis of iPD, 

four (40%) cases showed cortical LBs in the middle 

and deep layers (III – VI) of the investigated cortical 

regions. They were not numerous in the frontal and 

temporal cortex, their number was slightly larger in 

the entorhinal cortex and quite large in one case. De-

generative changes of AD-type, SPs and NFTs, were 

seen in all cases. In all these cases, there were fl ame-

like shaped NFTs and neuropil threads in both the 

neo- and limbic cortex with the majority of lesions 

in deep cortical layers (Fig. 4B). Two types of amyloid 

plaques, DPs and NPs, were observed. Their immu-

noreactivity was the same as in the iPD-AD sub-set 

(Fig. 5A-B). They occurred in all cortical layers (II-VI). 

DPs predominated in superfi cial and NPs in deep lay-

Table II. Progression of arterial CAA in iPD+AD cases (n=4)

Case No.
Frontal region Temporal region Entorhinal region Final aver. score

Menin. Cortex Menin. Cortex Menin. Cortex Menin. Cortex

1 2 - 3 3 3 - 1.3 1.0

6 1 4 3 4 3 2 2.3 3.3

8 2 - 2 - - - 1.0 -

10 1 - 1 - 1 - 1.0 -

Final aver. score 1.5 1.0 2.25 1.75 1.75 0.5 1.4 1.1

1 – trace to scattered Aβ deposits (mild changes); 2 – at least some vessels had circumferential Aβ deposits (moderate changes); 3 – many vessels had 
circumferential Aβ deposits (severe changes); 4 – similarly severe changes and double barrelling, microaneurysms or fi brinoid necrosis (very severe changes).

Fig. 12. Positive expression of collagen III in 
capillary walls in iPD case with CapCAA. Orig. 
magn. ×400

ers of the cortex or they were scattered within the 

whole cortical structure. Plane amyloid deposits, pre-

sent in the molecular layer of the cortex, were rather 

rare. In only one (10%) case, SPs were not numerous. 

Aβ infi ltrated vessels were observed in seven 

(70%) PD+AD cases, of which four showed aff ected 

leptomeningeal vessels (in three cases only occa-

sionally) and three overloaded leptomeningeal and 

cortical vessels. In the later iPD+AD cases, arterial 

CAA severity varied in particular regions from mild to 

very severe, but the average regional and fi nal CAA 

score indicated mild or moderate vascular changes. 

Additionally, the fi nal average score in each studied 

region indicated that arterial CAA severity was more 

advanced in the meningeal than in cortical vessels 

(Table II). Very severe arterial CAA was observed only 

in one iPD+AD case in frontal and temporal cortical 

regions. Only in this case, limited immunoreactivity 

of collagen IV and SMA in the media and positive 

expression of collagen III in the inner part of the va-

scular wall were observed in some cortical vessels 

(Fig. 13A-C). In addition, so-called double barrelling 

of a few cortical arterioles was visible, with the pre-

sence of empty space between their thin intima and 

degenerating media. Severely changed arterioles 

were observed in the areas of some cortical pale 

microinfarcts (Fig. 14A-B). Microaneurysms were not 

found. Overloaded Aβ vessels were Aβ8-17, Aβ42 

and Aβ40 positive (Fig. 15A-B). CapCAA was found in 

two (20%) PD+AD cases. In one case, only CapCAA 

without arterial CAA presence was observed in the 

cortical regions, whereas in the other case, both CAA 

and CapCAA were present. Microvessels representing 

morphological features of CapCAA were Aβ42 posi-

tive and Aβ40 negative. They also showed positive 

immunoreactivity of fi brillar collagen III. CAA-related 

cerebral haemorrhage was not visible. Nor were de-
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Fig. 13. Immunoreactivity of cortical vessels in 
PD+AD case with very severe arterial CAA. A. Rim-
like expression of collagen IV in the inner part of 
the cortical arteriole wall; B. Narrow focal expres-
sion of α-actin in the closest vicinity of the vessel 
lumen. For comparison, a better preserved vessel 
wall visible next to it. ×200; C. Thin circumferen-
tial expression of α-actin in the inner part of the 
vessel wall directly adjoining its lumen. A. Anti-
collagen IV, orig. magn. ×400; B-C. Anti-actin; B. 
Orig. magn. ×200; C. Orig. magn. ×630

Fig. 14. Reaction to collagen III in very severe ar-
terial CAA in the areas of pale microinfarcts. A. 
Positive expression of collagen III in the vascular 
intima; B. Enhanced expression of collagen III in 
the vascular adventitia. A. Orig. magn. ×200; B. 
Orig. magn. ×400

posits of cystatin C found. In none of the cases was 

attenuation of CD43 antigen immunoreactivity seen. 

The controls comprised 14 age-matched cases se-

lected from 21 deceased patients without clinically 

observed dementia or symptoms of degenerative di-

seases or psychic disorders. There was no evidence 

for AD presence according to CERAD criteria (cate-

gory 0) and Braak staging (I-II stage). Degenerative 

AD-type changes were manifested in nine (64%) 

controls as non-numerous SPs and/or NFTs of limited 

topographical distribution. DPs were observed only 

in two (14%) cases, whereas NFTs were observed in 

seven (50%) cases, mostly in persons aged over 75 

years, and they were almost always confi ned to the 

entorhinal cortex. In fi ve controls, there were no AD-

A

B

C

A

B
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Fig. 15. Immunoreactivity of cortical vessels and amyloid plaques in arterial CAA. A. Aβ42 positive reaction 
of arterioles as well as diff use and neuritic plaques in iPD+AD case with severe CAA; B. Aβ40 positive reac-
tion of small cortical vessels and only neuritic plaques in the same cortical region. A-B. Orig. magn. ×100

A B

type changes, SPs or NFTs, in the investigated corti-

cal regions. CAA was observed in four (28%) controls, 

including two cases with its location in meningeal 

vessels only and two cases in which CAA was found 

in both meningeal and cortical vessels. CAA severity 

varied in individual cases. The average regional and 

fi nal CAA score indicated mild or moderate stage, 

with their slight predominance in the subarachnoid 

region over those in the cortex (Table III). None of the 

controls showed the presence of CapCAA. In controls 

without CAA presence positive immunoreactivity of 

collagen IV was observed in the media and collagen 

III in the adventitia of leptomeningeal arteries. Fur-

thermore, weak positive immunoreactivity of colla-

gen IV in cortical arterioles and capillaries as well as 

positive reaction to collagen III only in superfi cial cor-

tical arterioles, but not in capillaries, were visible.

Electron microscopic study 

The ultrastructural analysis was carried out on 

two iPD-AD cases, no. 3 with arterial CAA and Cap-

CAA, and no. 15 with arterial CAA only in the cortical 

regions (Table I); two iPD+AD cases, no. 6 with arterial 

CAA and no. 10 with CapCAA only (Table II); and two 

controls, no. 11 without amyloid angiopathy and no. 14 

with arterial CAA (Table III). In control cases with CAA 

some arterioles showed damaged vascular smooth 

muscle cells (VSMCs) separated from each by thick 

BM containing focal deposits of amyloid and collagen 

fi bres (Fig. 16). In all the iPD-AD cases with concomi-

tant CAA, arterioles exhibited usually thickened ba-

sement membrane between (VSMCs). The accumula-

tion of numerous amyloid fi bres in arteriole basement 

membranes sometimes was accompanied by collagen 

fi bres (Figs. 17, 18). A diff erent degree of changes in 

Table III. Progression of arterial CAA in control cases (n=4)

Case No.
Frontal region Temporal region Entorhinal region Final aver. score

Menin. Cortex Menin. Cortex Menin. Cortex Menin. Cortex

7 - - 1 - - - 0.3 -

9 3 2 3 2 - - 2.0 1.3

10 - - 1 - 2 - 1.0 -

14 2 2 3 2 3 - 2.7 1.4

Final aver. score 1.25 1.0 2.0 1.0 1.25 − 1.5 0.7

1 – trace to scattered Aβ deposits (mild changes); 2 – at least some vessels had circumferential Aβ deposits (moderate changes); 3 – many vessels had 
circumferential Aβ deposits (severe changes); 4 – similarly severe changes and double barrelling, microaneurysms or fi brinoid necrosis (very severe changes).
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Fig. 16. Deposits of amyloid (A) and collagen (C) 
fi bres in small arteriole with thickened basement 
membrane (BM) in control case with moderate 
CAA. Orig. magn. ×4400

Fig. 17. Focal deposits of amyloid (A) and collagen 
(C) fi bres in small arteriole with thickened base-
ment membrane (BM) and degenerating vascular 
smooth muscle cells (VSMCs) in the iPD-AD case 
with moderate CAA. Orig. magn. ×7000. Insert: 
collagen and amyloid fi bres in higher magn. Orig. 
magn. × 15 000

Fig. 18. Small arteriole with very thickened ba-
sement membrane overloaded by amyloid (A) 
fi bres. Enhanced degenerative changes in vascu-
lar smooth muscle cells (VSMCs) in iPD-AD case 
with moderate CAA. Orig. magn. ×7000

the structure of smooth muscles was observed with 

increasing amounts of amyloid fi bres in thickened 

basement membranes (Fig. 19). iPD+AD arterioles, 

usually severely aff ected, showed loss of VSMCs and 

their replacement by amyloid and collagen fi bres and 

in such vessels clusters of vacuoles among amyloid fi -

bres were visible (Fig. 20). In both iPD-AD and iPD+AD 

cases deposits of collagen fi bres were often present in 

Fig. 19. Amyloid (A) deposits between vascular 
smooth muscle cells (VSMCs) and collagen (C) 
fi bres in the periphery of small arteriole wall. 
VSMCs show residual myofi laments in iPD+AD 
case with severe CAA. Orig. magn. ×7000
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the peripheral part of the vessel wall (Figs. 19, 21). The 

capillaries of iPD-AD and iPD+AD cases were also af-

fected. Capillary basement membrane thickening and 

collagen as well as amyloid accumulation were charac-

teristic pathological changes. The amyloid fi bres were 

visible between endothelial cells and the collagen lay-

er (Fig. 21). Endothelial cells demonstrated features of 

damage, i.e. they were elongated and thin.

Discussion 

Our results show that in the response to amyloid 

loading the vessel media degenerates with concomi-

tant atrophy of collagen IV fi bres and deposition of 

fi brillar collagen III. In the very severe arterial CAA 

collagen IV and III was visible only in the inner part 

of the vessel wall, near the vessel lumen, probably 

in the intima. Progressive degeneration of the cyto-

plasm in VSMCs, most probably due to gradually in-

creasing volume of the VSMC basement membranes 

infi ltrated by still accumulated Aβ and collagen III 

deposits, were observed under electron microscopy 

(EM). Myofi laments of VSMCs seemed to be a struc-

tural element that was most resistant to progressing 

damage of the vessel wall. A complete loss of VSMC 

fi bres did not occur at least in the moderate stage of 

CAA, which was evidenced by retained expression of 

SMA and the presence of myofi laments. 

Atrophy of VSMCs with concomitant lack of im-

munoreactivity to collagen IV in the outer part of 

the vascular media and positive expression of fi bril-

lar collagen III in the inner part of the vessel wall, 

probably in the intima, were observed exclusively in 

the very severe arterial CAA in iPD cases. The same 

type of vascular changes recently observed by us in 

familial Alzheimer’s disease cases with very early 

onset [37] and in a case of dementia with Lewy bo-

dies (DLB) with very severe CAA [6] suggest lack of 

specifi city of vascular damage to a particular type 

of dementia. Selective preservation of collagen IV in 

the inner part of the vascular wall may be explained 

by very recently observed lack of amyloid deposits in 

the endothelial basement membranes in arteries af-

fected by CAA [43]. Preservation of the arterial endo-

thelium basement membranes in arterial CAA may 

mean that the structure of endothelial cells was in 

essence retained, which may be evidenced by prese-

rvation of their immunoreactivity. However, degene-

rative changes of endothelium were seen in our EM 

study. Our ultrastructural examination suggests, in 

agreement with Farkas et al. [10], that degenerative 

changes of pericytes in control and pathological gro-

ups appeared at a similar frequency.

Both processes of Aβ and fi brillar collagen III ac-

cumulation and the thickening of vascular basement 

membranes may play an essential role in progressing 

Fig. 20. Arteriole wall completely overloaded by 
amyloid (A) fi bres. Only residual vascular smooth 
muscle cells (VSMCs) visible in iPD+AD case with 
very severe CAA. Orig. magn. ×7000

Fig. 21. Capillary with laminar deposits of amy-
loid (A) and numerous collagen (C) fi bres in iP-
D+AD case with capillary CAA (CapCAA). Orig. 
magn. ×7000
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VSMCs damage. These complex vessel wall changes 

may lead to diminution of endurance of the vascular 

wall and impair its contractility, leading fi nally to ha-

emodynamic disorders and hampered neuronal me-

tabolism with cognitive decline in consequence [10].

Two types of CAA have recently been distingu-

ished, arterial CAA and capillary, i.e. CapCAA [2,30,40]. 

In arterial CAA Aβ deposits are present in the lepto-

meningeal medium and small arteries as well as in 

small cortical arterioles, whereas in CapCAA they are 

present in capillaries. In our material, we found three 

CapCAA cases. Only CapCAA is suggested to correla-

te with the count of NPs and progression of AD-type 

pathology [2,18,39]. Microvessel Aβ deposition le-

ading to vascular occlusion presumably contributes 

to degeneration of neurons in iPD by disturbance of 

cerebral blood fl ow [38]. Furthermore, morphological 

capillary abnormalities, i.e. BM thickening and Aβ and 

fi brillar collagen accumulation, without occlusion of 

the vessel lumen, can lead to severe haemodynamic 

and metabolic disturbances [10].

The origin of vascular amyloid lesions in CAA 

still remains unclear despite numerous studies car-

ried out for many years. It is assumed that there are 

three basic sources of vascular Aβ: (1) blood and/or 

cerebrospinal fl uid [35]; (2) vascular wall and/or peri-

vascular pericytes [43]; and (3) interstitial perivascu-

lar drainage pathways of amyloid peptides from the 

brain [42,43]. According to literature data CapCAA 

should be characterized by the accumulation of Aβ42 

and not Aβ40 deposits [3] in the capillary basement 

membrane and in its closest vicinity, which fi nds its 

confi rmation in our IHC study. 

We demonstrated that arterial CAA is characte-

rized by the accumulation of both Aβ42 and Aβ40 

positive deposits in line with earlier studies carried 

out by Roher et al. [33], who using biochemical me-

thods have evidenced that vascular Aβ deposits in 

CAA in AD are composed of Aβ42 and Aβ40 with the 

predominance of Aβ42. Recent experimental studies 

curried out by McGowan et al. [22] seem to provide 

evidence that Aβ42 is the initiating molecule and ap-

pears to be necessary for both parenchyma and va-

scular amyloid deposition. It is most likely that a high 

Aβ40:Aβ42 ratio is necessary to evoke the advanced 

stage of CAA [15]. Human studies by Alonzo et al. [1] 

seem to provide evidence that arterial CAA progres-

ses through the accumulation of Aβ40 deposits on 

already existing Aβ42 aggregates in the wall of the 

aff ected vessel and fi nally Aβ40 deposits outnumber 

Aβ42 ones with progressing CAA. Immunoreactivity 

of arterial CAA (Aβ42 and Aβ40 positive), diff erent 

from that of CapCAA (Aβ42 positive and Aβ40 nega-

tive), may suggest diff erent pathogenesis of both ty-

pes of vascular amyloid lesions or time diff erences in 

Aβ deposition. However, local diff erences in amyloid 

precursor protein (APP) processing and diff erences 

in Aβ clearance or enzyme-mediated Aβ degradation 

are not excluded. Immunoreactivity of the same type 

(Aβ42 positive and Aβ40 negative) of CapCAA and 

DPs may argue for a common, probably neurogenic 

pathogenesis, mediated by cerebral ISF, or a similar 

pathogenesis of both types of lesions. However, Aβ 

produced by VSMCs may contribute to or even ini-

tiate deposition of Aβ in the perivascular drainage 

pathways [11,27]. Immunoreactivity of the same type 

(Aβ42 and Aβ40 positive) of arterial CAA and NPs 

also may suggest a common or similar pathogene-

sis of both types of amyloid changes. Arterial CAA 

predominance in the subarachnoid space, a frequent 

predominance observed in our study and reported in 

other studies [3], may be explained by the most re-

cent hypothesis on CAA and sporadic form of AD pa-

thogenesis, according to which Aβ is fi rst deposited 

in leptomeningeal, then in smaller cortical vessels 

and fi nally in parenchyma in the vicinity of vessels 

due to disorders progressing with age in the draina-

ge and outfl ow of cerebral interstitial fl uid (ISF) via 

perivascular routes towards meninges [42,43].

The prevalence of CAA in iPD still remains unk-

nown. We have managed to fi nd only two publica-

tions [19,22] with the author’s statement that CAA 

occurs frequently in iPD, especially in iPD cases with 

concomitant dementia. The results of our study are 

in agreement with those previously published and 

suggest that CAA in iPD is not rare (43%). CAA may 

be more frequent than in elderly populations free 

of neurodegenerative processes (28%). Our results 

show that CAA may occur more frequently in iPD+AD 

(70%) than in iPD-AD (40%) cases. Nevertheless the 

obtained results should be regarded with caution in 

view of the relative small study group. We found se-

vere AD-type lesions in about 36% of iPD cases veri-

fi ed neuropathologically, which is within the limit of 

the prevalence of AD-type lesions in iPD according to 

the literature data [12,17]. 

References

1. Alonzo NC, Hyman BT, Rebeck GW, Greenberg SM. Progression 

of cerebral amyloid angiopathy: accumulation of amyloid-be-



Folia Neuropathologica 2008; 46/4 269

Amyloid angiopathy in idiopathic Parkinson’s disease. Immunohistochemical and ultrastructural study

ta40 in aff ected vessels. J Neuropathol Exp Neurol 1998; 57: 

353-359.

2. Attems J, Jellinger KA. Only cerebral capillary amyloid angiopa-

thy correlates with Alzheimer pathology – a pilot study. Acta 

Neuropathol 2004; 107: 83-90.

3. Attems J, Lintner F, Jellinger KA. Amyloid beta peptide 1-42 hi-

ghly correlates with capillary cerebral amyloid angiopathy and 

Alzheimer disease pathology. Acta Neuropathol 2004; 107: 

283-291.

4. Attems J, Quass M, Jellinger KA, Lintner F. Topographical distribu-

tion of cerebral amyloid angiopathy and its eff ect on cognitive 

decline are infl uenced by Alzheimer disease pathology. J Neurol 

Sci 2007; 257: 49-55.

5. Bertrand E, Lechowicz W, Lewandowska E, Szpak GM, Dymecki 

J, Kosno-Kruszewska E, Wierzba-Bobrowicz T. Degenerative axo-

nal changes In the hippocampus and amygdala in Parkinson`s 

disease. Folia Neuropathol 2003; 41: 197-207.

6. Bertrand E, Lewandowska E, Mendel T, Stêpieñ T, Szpak GM, 

Wierzba-Bobrowicz. Severe cerebral amyloid angiopathy in de-

mentia with Lewy bodies. Immuhistochemical and ultrastuctu-

ral study. Folia Neuropathol 2008, in press.

7. Braak H, Braak E. Neuropathological staging of Alzheimer rela-

ted changes. Acta Neuropathol (Berl) 1991; 82: 239-259.

8. Cadavid D, Mena H, Koeller K, Frommelt RA. Cerebral beta amy-

loid angiopathy is a risk factor for cerebral ischemic infarction. 

A case control study in human brain biopsies. J Neuropathol Exp 

Neurol 2000; 59: 768-773. 

9. Davis DG, Schmitt FA, Wekstein DR, Markesbery WR. Alzheimer 

neuropathologic alterations in aged cognitively normal subjects. 

J Neuropathol Exp Neurol 1999; 58: 376-388. 

10. Farkas E, De Jong GI, de Vos RA, Jansen Steur EN, Luiten PG. Pa-

thological features of cerebral cortical capillaries are doubled in 

Alzheimer`s disease and Parkinson`s disease. Acta Neuropathol 

2000; 100: 395-402.

11. Frackowiak J, Potempska A, Levine H, Haske T, Dickson D, Ma-

zur-Kolecka B. Extracellular deposits of A beta produced in cul-

tures of Alzheimer disease brain vascular smooth muscle cells. 

J Neuropathol Exp Neurol 2005; 64: 82-90.

12. Galvin JE, Pollack J, Morris JC. Clinical phenotype of Parkinson 

disease dementia. Neurology 2006; 67: 1605-1611.

13. Harding AJ, Krill JJ, Halliday G. Practical measures to simplify the 

Braak tangle staging method for routine pathological screening. 

Acta Neuropathol 2000; 99: 199-208.

14. Harding AJ, Halliday GM. Simplifi ed neuropathological diagno-

sis of dementia with Lewy bodies. Neuropathol Appl Neurobiol 

1998; 24: 195-201. 

15. Herzig MC, Van Nostrand WE, Jucker M. Mechanism of cerebral 

β-amyloid angiopathy: murine and cellular models. Brain Pathol 

2006; 16: 40-54.

16. Jellinger KA. Alzheimer disease and cerebrovascular pathology: 

an update. J Neural Transm 2002; 109: 813-836.

17. Jellinger KA. The morphological basis of mental dysfunction in 

Parkinson`s disease. J Neurol Sci 2006; 248: 167-172.

18. Jellinger KA, Attems J. Prevalence and pathogenic role of cere-

brovascular lesions in Alzheimer disease. J Neurol Sci 2005; 229-

230: 37-41.

19. Jellinger KA, Attems J. Cerebral amyloid angiopathy in Lewy body 

disease. J Neural Transm 2008; 115: 473-482.

20. Jellinger KA, Mitter-Ferstl E. The impact of cerebrovascular le-

sions in Alzheimer disease. A comparative autopsy study. J Neu-

rol 2003; 250: 1050-1055. 

21. Jimenez-Huette A, Alfonso P, Soto C, Albar JP, Rábano A, Ghiso 

J, Frangione B, Méndez E. Antibodies directed to the carboxyl 

terminus of amyloid β-peptide recognize sequence epitopes 

and distincts in Alzheimer`s disease brain. Alzheimer`s Reports 

1998; 1: 41-48. 

22. Mastaglia FL, Johnsen RD, Byrnes ML, Kakulas BA. Prevalence of 

amyloid-beta deposition in the cerebral cortex in Parkinson`s 

disease. Mov Disord  2003; 18: 81-86.

23. McGowan E, Pickford F, Kim J, Onstead L, Eriksen J, Yu C, Skipper 

L, Murphy MP, Beard J, Das P, Jansen K, Delucia M, Lin WL, Dolios 

G, Wang R, Eckman CB, Dickson DW, Hutton M, Hardy J, Golde 

T. Abeta42 is essential for parenchymal and vascular amyloid 

deposition in mice. Neuron 2005; 47: 191-199.

24. McKeith IG, Galasko D, Kosaka K, Perry EK, Dickson DW, Han-

sen LA, Salmon DP, Lowe J, Mirra SS, Byrne EJ, Lennox G, Quinn 

NP, Edwardson JA, Ince PG, Bergeron C, Burns A, Miller BL, Lo-

vestone S, Collerton D, Jansen EN, Ballard C, de Vos RA, Wilcock 

GK, Jellinger KA, Perry RH. Consensus guidelines for the clinical 

and pathologic diagnosis of dementia with Lewy bodies (DLB). 

Report of the consortium on DLB International Workshop. Neu-

rology 1996; 47: 1113-1124. 

25. Mirra SS, Heyman A, McKeel D, Sumi SM, Crain BJ, Brownlee 

LM, Vogel FS, Hughes JP, van Belle G, Berg L. The Consortium 

to Establish a Registry for Alzheimer’s Disease (CERAD). Part II. 

Standardization of the neuropathologic assessment of Alzhe-

imer’s disease. Neurology 1991; 41: 479-486.

26. Morel F, Wildi E. Contribution à la connaissance des diff érentes 

alterations cerebrales des grande áge. Schweiz Arch Neurol Psy-

chiat 1957; 174-223.

27. Nicoll JA, Yamada M, Frackowiak J, Mazur-Kolecka B, Weller RO. 

Cerebral amyloid angiopoathy playes a direct role in the patho-

genesis of Alzheimer`s disease Pro-CAA position statement. 

Neurobiol Aging 2004; 25: 589-597.

28. Olichney JM, Hansen LA, Hofstetter CR, Grundman M, Katzman 

R, Thal LJ. Cerebral infarction in Alzheimer`s disease is associa-

ted with severe amyloid angiopathy and hypertension. Arch 

Neurol 1995; 52: 702-708.

29. Pfeifer LA, White LR, Ross GW, Petrovitch H, Launer LJ. Cerebral 

amyloid angiopathy and cognitive function: the HAAS autopsy 

study. Neurology 2002; 58: 1629-1634.

30. Preston SD, Steart PV, Wilkinson A, Nicoll JA, Weller RO. Capillary 

and arterial amyloid angiopathy in Alzheimer`s disease: defi ning 

the perivascular route for the elimination of amyloid beta from 

the human brain. Neuropathol Appl Neurobiol 2003; 29: 106-117.

31. Revesz T, Holton JL, Lashley T, Plant G, Rostagno A, Ghiso J, Fran-

gione B. Sporadic and familial cerebreal amyloid angiopathies. 

Brain Pathol 2002; 12: 343-357.

32. Ritter MA, Droste DW, Hegedüs K, Szepesi R, Nabavi DG, Csiba L, 

Ringelstein EB. Role of cerebral amyloid angiopathy in intracere-

bral hemorrhage in hypertensive patients. Neurology 2005; 64: 

1233-1237.

33. Roher AE, Lowenson JD, Clarke S, Woods AS, Cotter RJ, Gowing E, 

Ball MJ. beta-Amyloid-(1-42) is a major component of cerebrova-

scular amyloid deposits: implications for the pathology of Alzhe-

imer disease. Proc Natl Acad Sci U S A 1993; 90: 10836-10840.



270 Folia Neuropathologica 2008; 46/4

Ewa Bertrand, Eliza Lewandowska, Tomasz Stêpieñ, Gra¿yna M. Szpak, El¿bieta Pasennik, Joanna Modzelewska

34. Roher AE, Kuo YM, Esh C, Knebel C, Weiss N, Kalback W, Luehrs 

DC, Childress JL, Beach TG, Weller RO, Kokjohu TA. Cortical and 

leptomeningeal cerebrovascular amyloid and white matter pa-

thology in Alzheimer`s disease. Mol Med 2003; 9: 112-122.

35. Scholz W. Studien zur pathologie der hirngefässe II. Die drusi-

ge entartung der hirnarterien und –capillaren. (Eine form seni-

ler gerfässerkrankung). Z Gesamte Neurol Psychiatr 1938; 162: 

694-715.

36. Smith EE, Gurol ME, Eng JA, Engel CR, Nguyen TN, Rosand J, Gre-

enberg SM. White matter lesions, cognition, and recurrent he-

morrhage in lobar intracerebral hemorrhage. Neurology 2004; 

63: 1606-1612.

37. Szpak GM, Lewandowska E, Wierzba-Bobrowicz T, Bertrand E, 

Pasennik E, Mendel T, Stepieñ T, Leszczyñska A, Rafa³owska 

J. Small cerebral vessel disease in familial amyloid and non-

amyloid angiopathies: Fad-PS-1 (P117L) mutation and Cadasil 

immunohistochemical and ultrastructural studies. Folia Neuro-

pathol 2007; 45: 192-204.

38. Thal DR, Capetillo-Zarate E, Larionov S, Staufenbiel M, Zurbru-

egg S, Beckmann N. Capillary cerebral amyloid angiopathy is 

associated with vessel occlusion and cerebral blood fl ow distur-

bances. Neurobiol Aging 2008 (in press).

39. Thal DR, Dhebremedhin E, Orantes M, Wiestler OD. Small vessel 

lesions related to cerebral amyloid angiopathy (CAA) and arte-

riosclerosis/lipohialinosis (AS/LH) are assiociated with Alzhe-

imer disease. Brain Pathol 2003; 13 (Suppl 1): S7-S8.

40. Thal DR, Ghebremedhin E, Rüb U, Yamaguchi H, Del Tredici K, 

Braak H. Two types of sporadic cerebral amyloid angiopathy. 

J Neuropathol Exp Neurol 2002; 61: 282-293. 

41. Vinters HV. Cerebral amyloid angiopathy: a microvascular link 

between parenchymal and vascular dementia? Ann Neurol 

2001; 49: 691-693. 

42. Weller RO, Massey A, Kuo YM, Roher AE. Cerebral amyloid an-

giopathy: accumulation of A beta in interstitial fl uid drainage 

pathways in Alzheimer`s disease. Ann N Y Acad Sci 2000; 903: 

110-117.

43. Weller RO, Subash M, Preston SD, Mazanti I, Carare RO. Peri-

vascular drainage of amyloid-β peptides from the brain and its 

failure in cerebral amyloid angiopathy and Alzheimer`s disease. 

Symposium: clearance of Aβ from the brain in Alzheimer`s dise-

ase. Brain Pathology 2008; 18: 253-266.

44. Wisniewski HM, Wegiel J. Beta-amyloid formation by myocytes 

of leptomeningeal vessels. Acta Neuropathol 1994; 87: 233-241.

45. Xu D, Yang C, Wang L. Cerebral amyloid angiopathy in aged chi-

nese: a clinico-neuropathological study. Acta Neuropathol 2003; 

106: 89-91.

46. Zekry D, Duyckaerts C, Belmin J, Geoff re C, Moulias R, Hauw JJ. 

Cerebral amyloid angiopathy in the elderly: vessel walls chan-

ges and relationship with dementia. Acta Neuropathol 2003; 

106: 367-373.


