
&p.1:Abstract Amyloid deposits in cerebral vessels are com-
mon in β-amyloid diseases (Alzheimer’s disease, congo-
philic amyloid angiopathy, Down’s syndrome and hered-
itary cerebral amyloidosis with haemorrhage of the
Dutch type). We report of 20 autopsies on patients who
had died with systemic amyloidosis of the AA, Aλ and
Aκ types: the brains were examined for the occurrence
of amyloid. Vascular amyloid was detected in choroid
plexus (in 17 of 20 cases), infundibulum (5 of 8), area
postrema (6 of 11), pineal body (3 of 7) and subfornical
organ (2 of 3), but not in cortical and leptomeningeal
vessels. Immunohistochemical classification of the cere-
bral amyloid and the systemic amyloid syndrome
showed identity proving the same origin of both. The
distribution is indicative of a haematogenic pattern of
amyloid deposition in systemic amyloidosis and is dif-
ferent from that in Alzheimer’s, prion, ATTR and cysta-
tin C diseases. It corresponds to areas of the brain with a
“leaky” blood–brain barrier. Additionally, all the cases
with AA amyloidosis exhibited an Aβ coreactivity in
choroid plexus vessels. In one exceptional case, Aβ reac-
tivity of AA amyloid also occurred outside of the brain.
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Introduction

Virchow [57] and later Lubarsch [38] never reported am-
yloid deposition within the brain in systemic amyloido-
sis, and more recent authors have also reported negative
findings in larger series [47]. However, reports of the ab-

sence or rare occurrence [28] of cerebral amyloid in such
cases relate to leptomeningeal, cortical and basal ganglia
vessels, which are routinely examined. However, in 1914
Askanazy [1] had called attention to a regular and selec-
tive involvement of choroid plexus vessels. Later, vascu-
lar depositions in systemic amyloidosis were described
in the infundibulum [2, 7, 25, 28] and the area postrema
[28]. Such depositions thus seem to occur only in special
regions of the brain that lack a tight blood–brain barrier
(circumventricular organs) or in structures located out-
side the barrier, in the choroid plexus. However, informa-
tion on the frequency of this manifestation of the disease
is lacking.

Amyloidosis is a chemically heterogeneous group of
disorders (for review see [4]). The majority of systemic
cases involve deposition of amyloid A protein (AA),
mostly following chronic inflammatory disease and of
immunoglobulin light chain (AL) amyloidosis in cases of
multiple myeloma or benign monoclonal B-cell prolifera-
tion or without any other apparent disease. In some ex-
traordinary cases with peripheral neuropathy there is ex-
tensive involvement of the brain, with deposition on the
outer and inner surface of brain and spinal cord, in men-
ingeal and choroidal vessels with some formation of
plaques [6, 7, 24]. Some of these cases are familial amy-
loid polyneuropathies with (ATTR) amyloid deposits of
variant transthyretin (prealbumin) origin [21, 52, 53, 56].
Still other cases of systemic amyloidosis with cerebral
deposition are at present unclassified [16, 39, 45]. Finally,
more than one kind of amyloid may be found in the same
patient, both in peripheral organs [19, 35, 46] and in
brain, as shown in 4 cases by Ishihara et al. [21]. These
authors demonstrate by immunohistochemistry the β-pro-
tein (Aβ) type of meningeal and cortical vascular amyloid
and AA or AL amyloid deposits in the choroid plexus
identical with the peripheral amyloid type found. Thus, in
such cases the meningocortical vessels follow the pattern
of the age-dependent Aβ amyloidosis that develops inde-
pendently of the systemic amyloid disease.

We report the frequency of cerebrovascular amyloid
depositions with particular reference to the regions with
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higher permeability in 20 cases of systemic AA and AL
amyloidosis. We show that cerebral involvement is com-
mon. The immunohistochemical identity of the cerebral
and the visceral amyloid type was established in every
case tested.

Materials and methods

Systemic amyloidosis was examined in 20 consecutive autopsy
cases (14 men, 6 women) from 1970 to 1994 (Table 1), in all of
which amyloid was present in peripheral organs (kidneys, liver,
spleen, adrenals, heart and others). Underlying diseases identified
at autopsy were: 11 chronic inflammatory diseases, 3 B-cell neo-
plasia and 6 amyloidoses of undisclosed cause. The ages at death
ranged from 30 to 72 years. For immunohistochemical classifica-
tion selected paraffin blocks of formalin-fixed kidney, spleen or
liver were used. Formalin-fixed paraffin-embedded brain speci-
mens of the frontoparietal cortex and choroid plexus were
screened with Congo red in all cases (which had had no clinical
signs of cerebral disease), of the infundibulum in 8 cases, of the
area postrema of the IV ventricle in 11 cases, and of the pineal
body in 7 cases. In addition, the subfornical organ and subcom-
missural organ were investigated in 3 cases, each by serial sec-
tions. The anatomical sites from which the examined specimen
were taken are depicted in Fig. 1.

Amyloid was identified as congophilic and green birefringent
material according to Puchtler et al. [44]. Immunohistochemical
classification [33] was performed on paraffin sections with amy-
loid deposits using the PAP or ABC method with amino-ethyl-
carbazole as chromogen, and evaluated blindly. The following sev-
en primary antibodies were applied, which have been shown to be
suitable for specific identification of the respective amyloid depos-
its [50]: monoclonal anti-human AA (mc1) ([31]; available from
Dakopatts, Glostrup/Denmark; dilution 1:10), polyclonal anti-
human Aλ (HAR) ([33], dilution 1:8000), polyclonal anti-
human Aκ(SIN) ([30]; dilution 1:4000), polyclonal anti-human
ATTR(TIE) (amyloid of transthyretin origin; [30]; dilution
1:1000), polyclonal anti-human Aβ2M(WOE) (amyloid of β2-mi-
croglobulin origin; [34]; dilution 1:800) and polyclonal anti-
human Aβ(RAP) (β-amyloid from Alzheimer’s disease; [36]; dilu-
tion 1:1000). For the latter and the following antigens a guanidine
HCl (6 M) pretreatment was applied to increase the sensitivity.

In addition, an antiserum against the scrapie-associated prion
protein amyloid (AScr) in man was applied. This antiserum
against AScr stained specifically the cerebral amyloid plaques of
all 7 patients with Creutzfeldt-Jakob and Gerstmann-Sträussler-
Scheinker diseases tested immunohistochemically (for method see
[31]) on formalin-fixed and paraffin-embedded tissue sections.
This antiserum directed against AScr was induced in an outbred
rabbit with subcutaneous injections of an emulsion in complete
Freund’s adjuvant containing 250 µg in 250 µl phosphate-buffered
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Table 1 Clinicopathological
data of the examined cases and
the results of the immunohisto-
chemical classification (n.a.not
available for immunohisto-
chemistry, 0 no deposits of am-
yloid detected&/tbl.c:&tbl.b:

Case Autopsy Age Sex Underlying disease Amyloid type 

Peripheral Cerebral

1 219/70 66 f Chronic glomerulonephritisa n.a. AA
2 466/71 30 m Chronic pyelonephritis, haemophilia n.a. AA
3 19/76 56 m Crohn’s disease n.a. AA
4 27/76 50 f Chronic polyarthritis AA AA
5 391/77 61 m Chronic pyelonephritis n.a. AA
6 349/80 47 m Crohn’s disease AA AA
7 177/83 69 f Chronic polyarthritis AA AA
8 213/86 61 m Chronic pulmonary tuberculosis AA AA
9 87/93 59 m Psoriasis, colitis AA AA

10 278/72 60 m Chronic pyelonephritis n.a. Aλ
11 482/74 67 m No underlying disease n.a. Aλ
12 185/83 43 f Crohn’s disease Aλ Aλ
13 392/83 59 f Monoclonal gammopathy, IgA, λ Aλ Aλ
14 198/84 59 f No underlying disease Aλ 0
15 327/85 51 m No underlying disease Aλ Aλ
16 199/88 68 m No underlying disease Aλ Aλ
17 134/91 69 m Multiple myeloma, λ light chains Aλ 0
18 223/78 62 m No underlying disease n.a. Aκ
19 256/82 65 m Multiple myeloma, κ light chains Aκ 0
20 36/83 72 m No underlying disease Aκ Aκa No other disease is known

from clinical or autopsy data&/tbl.b:

Fig. 1 Location of the circumventricular organs in a sagittal sche-
matic plain of the third (III ) and fourth (IV) ventricle (AP area
postrema, Cc corpus callosum, CL cerebellum, F fornix, INF
infundibulum and neurohypophysis, OVLT organum vasculosum
laminae terminalis, PB pineal body, SFOsubfornical organ, SCO
subcommissural organ)&/fig.c:



Table 2 Immunohistochemical results of cerebral amyloid in spe-
cial regions in relation to the peripheral amyloid type (P peripher-
al organs, CP choroid plexus vessels, INF infundibulum, AP area
postrema, PB pineal body, SFO subfornical organ. + Congo red-
positive vascular deposits, but not available for immunohistochem-
istry, 0 no Congo red-stainable material, n.a.not available)&/tbl.c:&tbl.b:

Case P CP INF AP PB SFO

1 n.a. AA n.a. 0 n.a. n.a.
2 n.a. AA AA n.a. + n.a.
3 n.a. AA n.a. n.a. n.a. n.a.
4 AA AA n.a. AA + n.a.
5 n.a. AA n.a. n.a. n.a. n.a.
6 AA AA 0 0 n.a. n.a.
7 AA AA n.a. n.a. n.a. n.a.
8 AA AA n.a. AA n.a. n.a.
9 AA AA AA + n.a. +

10 n.a. Aλ + n.a. n.a. n.a.
11 n.a. Aλ n.a. n.a 0 n.a
12 Aλ Aλ n.a. n.a. n.a. n.a.
13 Aλ Aλ n.a. n.a. n.a. n.a.
14 Aλ 0 0 0 0 n.a.
15 Aλ Aλ + + n.a. 0
16 Aλ Aλ Aλ Aλ 0 +
17 Aλ 0 n.a. 0 n.a. n.a.
18 n.a. Aκ 0 0 + n.a.
19 Aκ 0 n.a. n.a. n.a. n.a.
20 Aκ Aκ n.a. Aκ 0 n.a.

&/tbl.b:
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saline of a peptid conjugate to bovine thyroglobulin (Sigma,
Deisenhofen, Germany) with carbodiimid (Sigma) as detailed
elsewhere [14]and 250 µl of complete Freund’s adjuvant (Behring,
Marburg, Germany). The synthetic peptid represented position
138–152 (IIHFGSDYEDRYYRE) of the human prion protein [22,
23]. Booster injections were given monthly. Specific antibodies di-
rected against amyloid plaques of patients with spongiform en-
cephalopathies appeared after the second booster injection.

Specificity of all immunohistochemical reactions was ensured
by corresponding negative and positive controls. As controls and
for comparison we examined 10 biopsies of visceral organs from
other patients with AA amyloidosis with the same panel of anti-
bodies and the same technique.

Results

In 13 cases of systemic amyloid the visceral amyloid
was classified immunohistochemically as AA in 5, Aλ in
6 and Aκ in 2 cases (Table 1). Because of lack of paraf-

Fig. 2a–d Case 16, Aλ amyloidosis. Identity of the amyloid class
in peripheral and cerebral deposits. a Kidney, anti-Aλ, positive re-
action of glomerular amyloid deposits (arrow). b kidney, anti-AA,
no immunohistochemical staining of the glomerular amyloid (ar-
row). c choroid plexus, anti-Aλ, positive reaction of vascular amy-
loid deposits (arrow). d choroid plexus, anti-AA, no staining of
the deposits in a parallel section (arrow). a, b ×160, c, d ×75&/fig.c:
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fin material in 7 cases only Congo red-stained slides
were available for diagnosing systemic amyloid deposits.

In all 20 cases of systemic amyloidosis the brain was
examined, and in 17 cases (85%) cerebrovascular amy-
loid was detected. However, the frequency must be spec-
ified according to the location. In vessels of the choroid
plexus, mostly arteries, amyloid was detected in 17 of
20 cases investigated (85%), in small vessels of the in-
fundibulum in 5 of 8 cases (63%), of the area postrema

Fig. 3a–d AA amyloidosis. Amyloid in peripheral organs and in
various peculiar cerebral locations showing the same intense anti-
AA reaction. a Case 4, kidney with amyloid in glomerulum (be-
tween arrows) and artery (small arrow). b Case 4, choroid plexus
containing vessels with AA-reactive deposits (between arrows).
c Case 2, infundibulum surrounding a recessus of the III ventricle
with numerous small vessels showing AA-reactive deposits (ex-
amples between arrows). d Case 8, area postrema in the upper part
of the figure lining the IV ventricle with AA-reactive deposits in
small vessels as indicated by arrows. a–d Anti-AA, a ×160,
b ×75, c ×18, d ×45&/fig.c:



most likely. When, however, an AA reaction is found be-
sides the Aλ reaction, an AA amyloidosis is considered.
This rule was formulated after biochemical analyses of
cases with double reactions of the same amyloid deposits
[32].

In all cases of AA amyloidosis the deposits in choroid
plexus vessels exhibited an Aβ reactivity in addition to
the AA immunoreactivity (Table 3). The Aβ immuno-
reactivity was mostly of lower intensity (Fig. 4b), but in
case 9 partly of high intensity (Fig. 5c). In contrast to
AA amyloid, Aβ colocalization was not noted in the
choroid plexus amyloid in cases of Aλ or Aκ amyloido-
sis. The finding of colocalization of AA amyloid and
Aß-immunoreactivity was limited to the choroid plexus
and was not observed in other cerebral structures exam-
ined in cases of AA amyloidosis, such as infundibulum
(case 2) and area postrema (cases 4 and 8), with the ex-
ception of case 9 only (see below).

The examination of the viscera (Table 3) also revealed
no such colocalization, again with the exception of case
9. To answer the question as to whether peripheral amy-
loid deposits regularly also showed Aβ immunoreactivi-
ty, peripheral organ biopsies of additional 10 patients
with AA amyloidosis were examined. No Aβ reactivity
of AA amyloid deposits was noted.

Case 9 seems to be unique in that visceral systemic
amyloid colocalized with Aβ immunoreactivity. The pa-
tient was 59 years of age at his death and had had psoria-
sis since he was 20. Thirteen years before death he had
chronic inflammatory colitis, which was later treated by
right-sided hemicolectomy. Progressive renal insufficien-
cy had been manifest for 10 years; dialysis was necessary
because of biopsy-proven amyloid nephropathy. Later a
renal transplant was performed, with good function of the
organ in subsequent 4 years, but for 2 months there had
been further renal insufficiency, which was finally life
limiting. At autopsy massive amyloid deposits were
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in 6 of 11 cases (55%), in a few capillaries of the pineal
body in 3 of 7 cases (43%) and in vessels of the sub-
fornical organ in 2 of 3 cases (67%). The results are list-
ed in Table 2. Altogether, excluding the choroid plexus,
the circumventricular organs were involved in 9 of 14
cases (64%). In the region of the subcommissural organ
with intact blood–brain barrier [29] no amyloid could be
observed in 3 cases. No amyloid was detectable in lepto-
meningeal, cortical or white matter vessels in any of the
20 cases. Thus, the relatively frequent cerebrovascular
pattern of Aβ amyloid was not present in the cases ex-
amined.

Immunohistochemically both systemic visceral and
cerebral deposits could be examined in 10 cases. The re-
sults showed an identical amyloid class in all cases. Five
cases were of AA, 4 of Aλ and 1 of Aκ type (Table 1).
As shown in Table 2, the corresponding amyloid protein
appeared both in the vessels of the choroid plexus and in
those of the special regions of the brain mentioned above
(Figs. 2, 3). Other amyloid classes, such as ATTR, Aβ,
Aβ2M or AScr, were not present and could not be identi-
fied with the respective antibodies. The generalized amy-
loid in cases 1–3, 5, 10, 11 and 18, which could not be
analysed directly, was probably identical to the cerebral
vascular amyloid, since deposits of these kinds of amy-
loid in these peculiar locations have not been reported as
independent asymptomatic diseases. Summarizing all
cases, therefore, cerebrovascular deposits were detected
more frequently in AA (5/5) than in AL amyloidosis
(5/8).

Since amyloid in tissue sections is not a pure sub-
stance but displays many other proteins adsorbed to the
amyloid fibril, including light chains (preferentially λ-
light chains), every light chain reaction has to be ques-
tioned and checked by means of antibodies against other
amyloid proteins. When no other antibody suitable for
amyloid classification is reactive, an AL amyloid is the

Table 3 Colocalizaion of AA
and Aβ immunoreactivity
according to immunohisto-
chemical results with a panel of
antibodies against some of dif-
ferent amyloid types in periph-
eral organs and in choroid plex-
us vessels (n.a.not available,
0 to ++++ staining intensity
with the respective antibody,
where 0/++ means the range of
the reaction intensity within the
same section)&/tbl.c:&tbl.b:

Case Peripheral organs Choroid plexus

Amyloid class Anti-Aß Anti-AA Anti-Aλ Anti-Aκ Anti-Aß

1 n.a. ++++ 0/++ 0 0/+++
2 n.a. ++++ 0 0 ++
3 n.a. +++ 0/+ 0 ++/+++
4 AA 0 +++ 0/+ 0/+ +++
5 n.a. +++ 0 0 +/++
6 AA 0 +++ 0/+ 0 ++
7 AA 0 ++/+++ + + ++
8 AA 0 ++/+++ 0 0 ++/+++
9 AA ++/+++ ++/+++ 0/++ 0 +/+++

10 n.a. 0 +++ 0/++ 0
11 n.a. 0 +++ 0 0
12 Aλ 0 0 +++ 0/+ 0
13 Aλ 0 0 +++ 0 0
14 Aλ 0 No amyloid
15 Aλ 0 0 ++/+++ 0/+ 0
16 Aλ 0 0/+ +/+++ 0 0
17 Aλ 0 No amyloid
18 n.a. 0 + ++/+++ 0
19 Aκ 0 No amyloid
20 Aκ 0 0 0 ++ 0

&/tbl.b:
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Fig. 4a–c Case 8, AA amyloi-
dosis with colocalized Aβ reac-
tivity in choroid plexus vessels,
parallel sections. a Anti-AA,
intense staining of vascular am-
yloid deposits (large arrow).
b Anti-Aβ, moderate staining
of the vascular deposits in the
same area as in a (large arrow).
c Anti-ATTR, no reaction of
the vascular deposits (see tip of
arrow), but staining of plexus
epithelium (small arrows; in a
and b small arrowsindicate un-
stained plexus epithelium).
×110&/fig.c:
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Fig. 5a–d Case 9, AA amyloidosis with strong Aβ reactivity in
all locations. a Transplanted kidney, anti-AA, intense staining of
glomerular (large arrows)and arterial (small arrows) amyloid de-
posits. b Transplanted kidney, anti-Aβ, intense staining of glomer-
ular (large arrows) and arterial (small arrows) AA amyloid depos-

its. c Choroid plexus, anti-Aβ, intense staining of vascular AA am-
yloid deposits (example between arrows). d Infundibulum, anti-
Aβ, intense staining of numerous vascular AA amyloid deposits
throughout the section. a–c×120, d ×20&/fig.c:



found in the autochthonous kidneys, lesser amounts in the
transplanted kidney and in the submandibular gland, thy-
roid gland, spleen, liver, adrenals, bile ducts, colon, pan-
creas, peripheral nerves, prostate, and testes, and trace-
like amounts in the myocardium. The immunohistochem-
ical findings, including those recorded in the brain, are
shown in Tables 2 and 3. The results revealed strong la-
belling with the anti-AA antibody and a strong Aβ reac-
tivity in both the original and the transplanted kidney as
well as in the choroid plexus and infundibulum  (Fig. 5).

In all cases examined plexus epithelium showed a
consistent immunohistochemical reaction independent of
the type of systemic amyloid. Since these cells are the
site of intense transthyretin synthesis [17] they stained
diffusely with the anti-ATTR antibody (Fig. 4c), as
shown by other authors [20, 26, 49]. The reaction was
not congruent with the intracellular age-related Congo
red-staining protein fibrils and Biondi rings, which seem
to consist of a special type of intracellular amyloid [8, 9]
with Aβ features [42, 58]. Corresponding to this a weak
cytoplasmic anti-Aβ reactivity was seen in 6 of our cases
(5/9 being of the AA and 1/8 of the AL class).

Discussion

The data presented demonstrate that cerebral amyloid
deposits in special regions are very common in systemic
AA and AL amyloidoses, as we found in 17 of our 20
cases (85%). The amyloid deposits described are of the
same chemical amyloid class as the visceral amyloid in
all 10 cases comparatively examined by immunohisto-
chemistry. AA amyloid deposits in vessels of the choroid
plexus show immunohistochemical coreactivity with an-
tigenic determinants of Aβ amyloid in all 9 cases exam-
ined in the absence of Alzheimer’s disease (evaluated by
clinical data and neuropathological findings), whereas
visceral and the other cerebral AA amyloid deposits re-
vealed this colocalization in only 1 of 5 cases, or 1 of 15
cases if the 10 visceral biopsies are included.

These findings suggest that cerebral and visceral amy-
loid deposits in systemic amyloidoses have the same ori-
gin and arise by the same pathogenesis. The AA amyloid
deposits originate from the acute phase serum protein
(aSAA) and the AL amyloid derives from monoclonal
immunoglobulin light chains [13, 27]. These circulating
precursors, infiltrating some cerebral vessels, may either
represent intact amyloidogenic proteins, which may be
cleaved locally within the tissue [13], or represent pre-
cleaved preamyloid fragments, as demonstrated by light
chain intermediates [11].

In contrast to the systemic nature of the amyloid de-
scribed here, with a characteristic haematogenic distribu-
tion pattern of the cerebral deposits, local tumour-like
amyloid deposits or amyloidomas of the Aλ type, caus-
ing severe clinical symptoms, are reported as likely to
have originated from a plasma cell clone restricted to the
brain [10, 37, 48, 55].

Other cerebrovascular amyloid diseases, such as the
frequent Aβ amyloidoses, the ATTR amyloidoses of dif-

ferent hereditary, mostly polyneuropathic syndromes (the
non-relevant hereditary cystatin C-type Icelandic cere-
bral amyloidosis was not examined) and prion protein
diseases were excluded in our series by investigation
with specific antibodies.

Since amyloid is only detected at sites where the
blood–brain barrier is not tight, such as in the small ar-
eas of the circumventricular organs [29] around the III
and IV ventricles (Fig. 1), the circulating precursor
molecules may pass through the fenestrated endotheli-
um of these vessels, being processed and deposited as
amyloid between the endothelial and glial basement
membranes.

There are no data on the frequency of amyloid depo-
sition in systemic amyloidoses within the special vessels
of infundibulum or area postrema. We found an involve-
ment in 9 of 14 cases (64%), with identity to the viscer-
al amyloid class in all 6 cases comparatively tested. In
the epiphysis cerebri and in the subfornical organ we
further observed amyloid; this has not been reported
previously.

The frequent involvement of vessels of the choroid
plexus in systemic amyloidoses [1] is presumably due to
the fact that these vessels are outside the barrier to the
cerebrospinal fluid built up by the plexus epithelium.
They follow visceral amyloid expansion. The immuno-
histochemical identity of these deposits with visceral
amyloid has been demonstrated in 9 cases of systemic
AA and AL amyloidosis by Ishihara et al. [21]. We can
confirm this in 10 further cases.

Our results together with those of Ishihara et al. [21]
show that the choroid plexus vessels were involved in all 7
AA cases examined (100%) and in 12 of 19 AL cases
(63%). This quantitative difference, which needs to be veri-
fied by observations in a larger number, may be related to
the different organ distribution pattern known to occur in
the two amyloid syndromes, AL being discontinuous [5].

In other systemic (hereditary) amyloidoses, including
variant ATTR and apolipoprotein A I (AApoAI), choroid
plexus vessels are also affected [15, 21, 53, 54].

In contrast, the involvement of meningocortical ves-
sels has rarely been described in systemic amyloidoses.
Rukavina [47] found no case in a collection of 56 cases,
Mathews [40] 2 cases in 50 and Lampert [28] 1 case
among 36. The meningocortical vessels in cases of this
kind may be found on immunohistochemical or chemical
investigation to be affected by another amyloid protein,
the Aβ type [21, 49]. In a few cases the protein belongs to
other types, including transthyretin in senile systemic am-
yloidosis [21], type I familial amyloidotic polyneuropa-
thy [21, 53], a familial ATTR syndrome with central neu-
rological deficits [18, 56] and familial oculoleptomenin-
geal amyloidosis [43, 51]. They are of the gelsolin type in
type IV familial amyloidotic polyneuropathy [41]. Grey
matter and white matter vessels may also be affected in
prion diseases [12]. In systemic AA and AL amyloidosis
no case has yet been reported with immunohistochemi-
cally verified depositions of the visceral amyloid type in
meningocortical vessels. Similarly, in our cases there
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was no involvement of this vascular domain, where ap-
parently the intact blood–brain barrier prevents the per-
meation of the circulating precursor proteins through the
vessel wall.

No Aβ immunoreactivity has been reported in choroid
plexus vessels, as we have found in cases of AA amyloi-
dosis. Since this reactivity pattern was not demonstrated
in circumventricular or in visceral amyloid of AA type
(in a total of 14 cases, with the only exception of case 9)
and in non-AA type amyloid (8 cases), this codeposition
of AA and Aβ reactivity needs further attention.

Finally, the frequent involvement of special regions of
the brain lacking a tight blood–brain barrier in systemic
AA and AL amyloidosis is comparable to the situation in
some other systemic diseases, including haemochromat-
osis [3] and primary oxalosis (personal observation, un-
published), with a similar exclusive distribution of depo-
sitions. This haematogenic pattern in both types of sys-
temic amyloidoses can be distinguished from that in
brain-specific Aβ amyloidosis. The situation is different
again in cases with systemic ATTR amyloidosis, in
which the involvement of both choroidal and meningo-
cortical vessels and of the outer and inner surface of the
brain [21, 52, 53] results from the synthesis of the regu-
lar or mutant transthyretin by both liver and choroid
plexus epithelium. There is circulation of the protein in
plasma as well as in cerebrospinal fluid.
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