Virchows Arch (1999) 434:551-560 © Springer-Verlag 1999

ORIGINAL ARTICLE

Roland Schréder - Reinhold P. Linke

Cerebrovascular involvement in systemic AA and AL amyloidosis:
a clear haematogenic pattern

Received: 2 November 1998 / Accepted: 25 January 1999

Abstract Amyloid deposits in cerebral vessels are corsence or rare occurrence [28] of cerebral amyloid in such
mon in3-amyloid diseases (Alzheimer’s disease, congcases relate to leptomeningeal, cortical and basal ganglia
philic amyloid angiopathy, Down’s syndrome and heregessels, which are routinely examined. However, in 1914
itary cerebral amyloidosis with haemorrhage of th&skanazy [1] had called attention to a regular and selec-
Dutch type). We report of 20 autopsies on patients wtiee involvement of choroid plexus vessels. Later, vascu-
had died with systemic amyloidosis of the AAN And lar depositions in systemic amyloidosis were described
AK types: the brains were examined for the occurrenoethe infundibulum [2, 7, 25, 28] and the area postrema
of amyloid. Vascular amyloid was detected in choro[@8]. Such depositions thus seem to occur only in special
plexus (in 17 of 20 cases), infundibulum (5 of 8), areagions of the brain that lack a tight blood—brain barrier
postrema (6 of 11), pineal body (3 of 7) and subfornig@ircumventricular organs) or in structures located out-
organ (2 of 3), but not in cortical and leptomeningeside the barrier, in the choroid plexus. However, informa-
vessels. Immunohistochemical classification of the cet&n on the frequency of this manifestation of the disease
bral amyloid and the systemic amyloid syndromis lacking.
showed identity proving the same origin of both. The Amyloidosis is a chemically heterogeneous group of
distribution is indicative of a haematogenic pattern dfsorders (for review see [4]). The majority of systemic
amyloid deposition in systemic amyloidosis and is ditases involve deposition of amyloid A protein (AA),
ferent from that in Alzheimer’s, prion, ATTR and cystamostly following chronic inflammatory disease and of
tin C diseases. It corresponds to areas of the brain witlmanunoglobulin light chain (AL) amyloidosis in cases of
“leaky” blood—brain barrier. Additionally, all the casesultiple myeloma or benign monoclonal B-cell prolifera-
with AA amyloidosis exhibited an [A coreactivity in tion or without any other apparent disease. In some ex-
choroid plexus vessels. In one exceptional cageedc- traordinary cases with peripheral neuropathy there is ex-
tivity of AA amyloid also occurred outside of the brain. tensive involvement of the brain, with deposition on the
outer and inner surface of brain and spinal cord, in men-

Key words Systemic amyloidosis - Brain - ingeal and choroidal vessels with some formation of
Circumventricular organs - Choroid plexus - plaques [6, 7, 24]. Some of these cases are familial amy-
Immunohistochemistry - (Acolocalization loid polyneuropathies with (ATTR) amyloid deposits of

variant transthyretin (prealbumin) origin [21, 52, 53, 56].
Still other cases of systemic amyloidosis with cerebral
Introduction deposition are at present unclassified [16, 39, 45]. Finally,
more than one kind of amyloid may be found in the same
Virchow [57] and later Lubarsch [38] never reported arpatient, both in peripheral organs [19, 35, 46] and in
yloid deposition within the brain in systemic amyloidobrain, as shown in 4 cases by Ishihara et al. [21]. These
sis, and more recent authors have also reported negativiiors demonstrate by immunohistochemistrytpeo-
findings in larger series [47]. However, reports of the atein (AB) type of meningeal and cortical vascular amyloid
and AA or AL amyloid deposits in the choroid plexus

|F§{ ﬁ‘f?r?-?%@t@ odie. Neuronathologie. Universitat Kain identical with the peripheral amyloid type found. Thus, in
Joseph-StelemanrStrasss &, D-50024 Cologne. Germany ~ SUch cases the meningocortical vessels follow the pattern
Fax: +49-221-478-6360 ’ ’ of the age-dependentfamyloidosis that develops inde-
RP. Linke pendently of the systemic amyloid disease.
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Germany depositions with particular reference to the regions with
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Table 1 Clinicopathological

data of the examined cases andCase Autopsy Age  Sex Underlying disease Amyloid type
the results of the immunohisto- -
chemical classificatiom(a. not Peripheral  Cerebral

available for immunohisto-

chemistry,0 no deposits of am- 1 219/70 66 f Chronic glomerulonephriis n.a. AA
yloid detecte:’ 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. AA
11 482/74 67 m No underlying disease n.a. AA
12 185/83 43 f Crohn’s disease AA AA
13 392/83 59 f Monoclonal gammopathy, Igh,  AA A
14 198/84 59 f No underlying disease AA 0
15 327/85 51 m No underlying disease AA A
16 199/88 68 m No underlying disease AA A
17 134/91 69 m Multiple myeloma, light chains A 0
18 223/78 62 m No underlying disease n.a. KA
a . . 19 256/82 65 m Multiple myelomg, light chains X 0
No other disease is known — 5q 36/83 72 m No underlying disease KA AK
from clinical or autopsy daia
higher permeability in 20 cases of systemic AA and AL
amyloidosis. We show that cerebral involvement is com- B LT

mon. The immunohistochemical identity of the cerebal . _..ohe
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 identjfie
at autopsy were: 11 chronic inflammatory diseases, 3 B-cell ngo-
plasia and 6 amyloidoses of undisclosed cause. The ages at dea
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 spegi-
mens of the frontoparietal cortex and choroid plexus wedre
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 birefringefd: 1 Location of the circumventricular organs in a sagittal sche-
material according to Puchtler et al. [44]. Immunohistochemic&RliC plain of the thirdIll) and fourth V) ventricle AP area
classification [33] was performed on paraffin sections with ampoStrema,Cc corpus callosumCL cerebellum,F fornix, INF
loid deposits using the PAP or ABC method with amino-ethyjffundibulum and neurohypophysi§VLT organum vasculosum
carbazole as chromogen, and evaluated blindly. The following siyninae terminalisPB pineal body,SFO subfornical organ3CO
en primary antibodies were applied, which have been shown to>HBcommissural orga:)
suitable for specific identification of the respective amyloid depos-
its [50]: monoclonal anti-human AA (mcl) ([31]; available from
Dakopatts, Glostrup/Denmark; dilution 1:10), polyclonal anti- In addition, an antiserum against the scrapie-associated prion
human A (HAR) ([33], dilution 1:8000), polyclonal anti- protein amyloid (AScr) in man was applied. This antiserum
human A(SIN) ([30]; dilution 1:4000), polyclonal anti-humanagainst AScr stained specifically the cerebral amyloid plagues of
ATTR(TIE) (amyloid of transthyretin origin; [30]; dilution all 7 patients with Creutzfeldt-Jakob and Gerstmann-Straussler-
1:1000), polyclonal anti-humanBM(WOE) (amyloid off,-mi-  Scheinker diseases tested immunohistochemically (for method see
croglobulin origin; [34]; dilution 1:800) and polyclonal anti{31]) on formalin-fixed and paraffin-embedded tissue sections.
human A3(RAP) (3-amyloid from Alzheimer’s disease; [36]; dilu-This antiserum directed against AScr was induced in an outbred
tion 1:1000). For the latter and the following antigens a guanidirebbit with subcutaneous injections of an emulsion in complete
HCI (6 M) pretreatment was applied to increase the sensitivity. Freund’s adjuvant containing 250 pg in 250 pl phosphate-buffered




Fig. 2a—d Case 16, A amyloidosis. Identity of the amyloid classTable 2 Immunohistochemical results of cerebral amyloid in spe-
in peripheral and cerebral deposaKidney, anti-A\, positive re- cial regions in relation to the peripheral amyloid tyPepéripher-
action of glomerular amyloid deposi@r{ow). b kidney, anti-AA, al organsCP choroid plexus vessel8\NF infundibulum, AP area

no immunohistochemical staining of the glomerular amylaid ( postremaPB pineal body,SFO subfornical organ. + Congo red-
row). ¢ choroid plexus, anti-A, positive reaction of vascular amy-positive vascular deposits, but not available for immunohistochem-
loid deposits drrow). d choroid plexus, anti-AA, no staining of istry, 0 no Congo red-stainable materiala. not available;

the deposits in a parallel section (arroa)b x160,c, d x75

Case P CP INF AP PB SFO
1 n.a. AA n.a. 0 n.a. n.a.
saline of a peptid conjugate to bovine thyroglobulin (Sigma?2 n.a. AA AA n.a. + n.a.
Deisenhofen, Germany) with carbodiimid (Sigma) as detailed n.a. AA n.a. n.a. n.a. n.a.
elsewhere [14]and 250 pl of complete Freund’s adjuvant (Behring, AA AA n.a. AA + n.a.
Marburg, Germany). The synthetic peptid represented positidn n.a. AA n.a. n.a. n.a. n.a.
138-152 (IIHFGSDYEDRYYRE) of the human prion protein [22,6 AA AA 0 0 n.a. n.a.
23]. Booster injections were given monthly. Specific antibodies di? AA AA n.a. n.a. n.a. n.a.
rected against amyloid plaques of patients with spongiform er® AA AA n.a. AA n.a. n.a.
cephalopathies appeared after the second booster injection. 9 AA AA AA + n.a. +
Specificity of all immunohistochemical reactions was ensurd® n.a. A + n.a. n.a. n.a.
by corresponding negative and positive controls. As controls akid n.a. A n.a. n.a 0 n.a
for comparison we examined 10 biopsies of visceral organs frd AN AA n.a. n.a. n.a. n.a.
other patients with AA amyloidosis with the same panel of anfi3 AN AA n.a. n.a. n.a n.a.
bodies and the same technique. 14 AN 0 0 0 0 n.a.
15 A\ A + + n.a. 0
16 AN AN AN AN 0 +
17 AN 0 n.a. 0 n.a. n.a.
Results 18 n.a. A 0 0 + n.a.
. ) ) 19 AK 0 n.a. n.a. n.a. n.a.
In 13 cases of systemic amyloid the visceral amylaid AK AK n.a. A 0 n.a.

was classified immunohistochemically as AA in 5\ ik
6 and A in 2 cases (Table 1). Because of lack of paraf-
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Fig. 3a—d AA amyloidosis. Amyloid in peripheral organs and iffin material in 7 cases only Congo red-stained slides
various peculiar cerebral locations showing the same intense apisre gvailable for diagnosing systemic amyloid deposits
AA reaction.a Case 4, kidney with amyloid in glomerulurbe¢ - . : - )

tween arrowk and artery §mall arrow). b Case 4, choroid plexus In all 20 cases of systemic ar(1’1yI0|dOS|s the br?ln was

containing vessels with AA-reactive depositeetiveen arrows €Xamined, and in 17 cases (85%) cerebrovascular amy-
c Case 2, infundibulum surrounding a recessus of the Ill ventridtid was detected. However, the frequency must be spec-
wnhlngbm?rous Sma\ubsvgsgels ghowlng Aﬁ-react.lvethdePOS'tS (§#ed according to the location. In vessels of the choroid

amplesbetween arro ase 8, area postrema in the upper p ; ; ;

of the figure lining the IV ventricle with AA-reactive deposits i ‘exus’ mQStIy farte”es’ aLnon_ld was detected in 17 .Of
small vessels as indicated yrows a—d Anti-AA, a x160, 20 cases investigated (85%), in small vessels of the in-

b x75,c x18,d x45 fundibulum in 5 of 8 cases (63%), of the area postrema
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Table 3 Colocalizaion of AA

and AB immunoreactivity Case Peripheral organs Choroid plexus
gﬁg%fﬁgf’ rg)sﬂén VL\J,,Q?, Z{Sggnd of Amyloid class  Anti-AR Anti-AA  Anti-A\ Anti-AK Anti-AR
antibodies against some of dif-
ferent amyloid types in periph- 1 n.a. et Of++ 0 O/+++
eral organs and in choroid plex- 2 n.a. ++++ 0 0 ++
us vesselsn(a.not available, 3 n.a. +++ 0/+ 0 ++H/+++
0 to ++++ staining intensity AA 0 +H+ 0/+ o/+ +++
with the respective antibody, n.a. +++ 0 0 +++
where 0/++ means the range of 6 AA 0 +++ O/+ 0 ++
the reaction intensity within the AA 0 +H/+++ + + ++
same sectiol) 8 AA 0 +H+++ 0 0 [
’ 9 AA ++/+++ ++/+++ O/++ 0 +/+++

10 n.a. 0 +++ 0/++ 0

11 n.a. 0 +++ 0 0

12 AN 0 0 +++ 0/+ 0

13 A\ 0 0 +++ 0 0

14 A\ 0 No amyloid

15 A\ 0 0 ++/+++ 0/+ 0

16 A\ 0 0/+ +H+++ 0 0

17 A\ 0 No amyloid

18 n.a. 0 + +H/+++ 0

19 Ak 0 No amyloid

20 Ak 0 0 0 ++ 0

in 6 of 11 cases (55%), in a few capillaries of the pineabst likely. When, however, an AA reaction is found be-
body in 3 of 7 cases (43%) and in vessels of the ssides the A reaction, an AA amyloidosis is considered.
fornical organ in 2 of 3 cases (67%). The results are li$tis rule was formulated after biochemical analyses of
ed in Table 2. Altogether, excluding the choroid plexusases with double reactions of the same amyloid deposits
the circumventricular organs were involved in 9 of 182].
cases (64%). In the region of the subcommissural orgarin all cases of AA amyloidosis the deposits in choroid
with intact blood—brain barrier [29] no amyloid could bplexus vessels exhibited ar3Aeactivity in addition to
observed in 3 cases. No amyloid was detectable in legtee AA immunoreactivity (Table 3). The fAimmuno-
meningeal, cortical or white matter vessels in any of theactivity was mostly of lower intensity (Fig. 4b), but in
20 cases. Thus, the relatively frequent cerebrovascuase 9 partly of high intensity (Fig. 5¢). In contrast to
pattern of A8 amyloid was not present in the cases e”AA amyloid, AB colocalization wasnot noted in the
amined. choroid plexus amyloid in cases oA Ar Ak amyloido-
Immunohistochemically both systemic visceral argls. The finding of colocalization of AA amyloid and
cerebral deposits could be examined in 10 cases. TheAfd-immunoreactivity was limited to the choroid plexus
sults showed an identical amyloid class in all cases. Fard was not observed in other cerebral structures exam-
cases were of AA, 4 of Aand 1 of X type (Table 1). ined in cases of AA amyloidosis, such as infundibulum
As shown in Table 2, the corresponding amyloid protefoase 2) and area postrema (cases 4 and 8), with the ex-
appeared both in the vessels of the choroid plexus andeption of case 9 only (see below).
those of the special regions of the brain mentioned aboveThe examination of the viscera (Table 3) also revealed
(Figs. 2, 3). Other amyloid classes, such as ATTR, Ano such colocalization, again with the exception of case
AB2M or AScr, were not present and could not be idendi- To answer the question as to whether peripheral amy-
fied with the respective antibodies. The generalized antgid deposits regularly also showe@ Ammunoreactivi-
loid in cases 1-3, 5, 10, 11 and 18, which could not tye peripheral organ biopsies of additional 10 patients
analysed directly, was probably identical to the cerebwith AA amyloidosis were examined. NofAreactivity
vascular amyloid, since deposits of these kinds of anof-AA amyloid deposits was noted.
loid in these peculiar locations have not been reported aase 9 seems to be unique in that visceral systemic
independent asymptomatic diseases. Summarizing aatlyloid colocalized with & immunoreactivity. The pa-
cases, therefore, cerebrovascular deposits were detetited was 59 years of age at his death and had had psoria-
more frequently in AA (5/5) than in AL amyloidosissis since he was 20. Thirteen years before death he had
(5/8). chronic inflammatory colitis, which was later treated by
Since amyloid in tissue sections is not a pure suight-sided hemicolectomy. Progressive renal insufficien-
stance but displays many other proteins adsorbed to diidhad been manifest for 10 years; dialysis was necessary
amyloid fibril, including light chains (preferentiall- because of biopsy-proven amyloid nephropathy. Later a
light chains), every light chain reaction has to be quesnal transplant was performed, with good function of the
tioned and checked by means of antibodies against othiggan in subsequent 4 years, but for 2 months there had
amyloid proteins. When no other antibody suitable fbeen further renal insufficiency, which was finally life
amyloid classification is reactive, an AL amyloid is themiting. At autopsy massive amyloid deposits were
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Fig. 4a—c Case 8, AA amyloi-
dosis with colocalized Breac-
tivity in choroid plexus vessels,
parallel sectionsa Anti-AA,
intense staining of vascular am-
yloid depositslarge arrow).

b Anti-A B, moderate staining
of the vascular deposits in the
same area as m(large arrow).

c Anti-ATTR, no reaction of
the vascular deposits (sgp of
arrow), but staining of plexus
epithelium émall arrows in a
andb small arrowsindicate un-
stained plexus epithelium).
x11C




Fig. 5a—d Case 9, AA amyloidosis with strongBAreactivity in its.c Choroid plexus, anti-B, intense staining of vascular AA am-
all locations.a Transplanted kidney, anti-AA, intense staining ofloid deposits (exampléetween arrows d Infundibulum, anti-
glomerular [arge arrowgand arterial gmall arrow3 amyloid de- AR, intense staining of numerous vascular AA amyloid deposits
posits.b Transplanted kidney, antiff intense staining of glomer- throughout the sectiola—cx120,d x2C

ular (arge arrowg and arterialg§mall arrow3 AA amyloid depos-
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found in the autochthonous kidneys, lesser amounts in fdaeent hereditary, mostly polyneuropathic syndromes (the
transplanted kidney and in the submandibular gland, tmgn-relevant hereditary cystatin C-type Icelandic cere-
roid gland, spleen, liver, adrenals, bile ducts, colon, pdmal amyloidosis was not examined) and prion protein
creas, peripheral nerves, prostate, and testes, and trdiseases were excluded in our series by investigation
like amounts in the myocardium. The immunohistochemwith specific antibodies.

ical findings, including those recorded in the brain, are Since amyloid is only detected at sites where the
shown in Tables 2 and 3. The results revealed stronghdbzod—brain barrier is not tight, such as in the small ar-
belling with the anti-AA antibody and a stron@3 Aeac- eas of the circumventricular organs [29] around the I
tivity in both the original and the transplanted kidney asd IV ventricles (Fig. 1), the circulating precursor
well as in the choroid plexus and infundibulum (Fig. 5).molecules may pass through the fenestrated endotheli-

In all cases examined plexus epithelium showedue of these vessels, being processed and deposited as
consistent immunohistochemical reaction independentamfiyloid between the endothelial and glial basement
the type of systemic amyloid. Since these cells are thembranes.
site of intense transthyretin synthesis [17] they stainedThere are no data on the frequency of amyloid depo-
diffusely with the anti-ATTR antibody (Fig. 4c), assition in systemic amyloidoses within the special vessels
shown by other authors [20, 26, 49]. The reaction wakinfundibulum or area postrema. We found an involve-
not congruent with the intracellular age-related Conguoent in 9 of 14 cases (64%), with identity to the viscer-
red-staining protein fibrils and Biondi rings, which seem amyloid class in all 6 cases comparatively tested. In
to consist of a special type of intracellular amyloid [8, ®fe epiphysis cerebri and in the subfornical organ we
with A features [42, 58]. Corresponding to this a wedlrther observed amyloid; this has not been reported
cytoplasmic anti-g reactivity was seen in 6 of our casepreviously.

(5/9 being of the AA and 1/8 of the AL class). 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.
The data presented demonstrate that cerebral amylbigty follow visceral amyloid expansion. The immuno-
deposits in special regions are very common in systerhistochemical identity of these deposits with visceral
AA and AL amyloidoses, as we found in 17 of our 28@myloid has been demonstrated in 9 cases of systemic
cases (85%). The amyloid deposits described are of &# and AL amyloidosis by Ishihara et al. [21]. We can
same chemical amyloid class as the visceral amyloidcionfirm this in 10 further cases.

all 10 cases comparatively examined by immunohisto- Our results together with those of Ishihara et al. [21]
chemistry. AA amyloid deposits in vessels of the choroéthow that the choroid plexus vessels were involved in all 7
plexus show immunohistochemical coreactivity with afdA cases examined (100%) and in 12 of 19 AL cases
tigenic determinants of P.amyloid in all 9 cases exam-(63%). This quantitative difference, which needs to be veri-
ined in the absence of Alzheimer’s disease (evaluatedfieg by observations in a larger number, may be related to
clinical data and neuropathological findings), where#lse different organ distribution pattern known to occur in
visceral and the other cerebral AA amyloid deposits tie two amyloid syndromes, AL being discontinuous [5].
vealed this colocalization in only 1 of 5 cases, or 1 of 15 In other systemic (hereditary) amyloidoses, including
cases if the 10 visceral biopsies are included. variant ATTR and apolipoprotein A | (AApoAl), choroid

These findings suggest that cerebral and visceral amiexus vessels are also affected [15, 21, 53, 54].
loid deposits in systemic amyloidoses have the same oridn contrast, the involvement of meningocortical ves-
gin and arise by the same pathogenesis. The AA amylséls has rarely been described in systemic amyloidoses.
deposits originate from the acute phase serum protRinkavina [47] found no case in a collection of 56 cases,
(@aSAA) and the AL amyloid derives from monoclondflathews [40] 2 cases in 50 and Lampert [28] 1 case
immunoglobulin light chains [13, 27]. These circulatingmong 36. The meningocortical vessels in cases of this
precursors, infiltrating some cerebral vessels, may eitlkérd may be found on immunohistochemical or chemical
represent intact amyloidogenic proteins, which may bwestigation to be affected by another amyloid protein,
cleaved locally within the tissue [13], or represent prehe AB type [21, 49]. In a few cases the protein belongs to
cleaved preamyloid fragments, as demonstrated by ligther types, including transthyretin in senile systemic am-
chain intermediates [11]. yloidosis [21], type | familial amyloidotic polyneuropa-

In contrast to the systemic nature of the amyloid diwy [21, 53], a familial ATTR syndrome with central neu-
scribed here, with a characteristic haematogenic distrilbalogical deficits [18, 56] and familial oculoleptomenin-
tion pattern of the cerebral deposits, local tumour-likgeal amyloidosis [43, 51]. They are of the gelsolin type in
amyloid deposits or amyloidomas of th& &/pe, caus- type IV familial amyloidotic polyneuropathy [41]. Grey
ing severe clinical symptoms, are reported as likely nuatter and white matter vessels may also be affected in
have originated from a plasma cell clone restricted to thion diseases [12]. In systemic AA and AL amyloidosis
brain [10, 37, 48, 55]. no case has yet been reported with immunohistochemi-

Other cerebrovascular amyloid diseases, such as ¢hby verified depositions of the visceral amyloid type in
frequent A3 amyloidoses, the ATTR amyloidoses of difmeningocortical vessels. Similarly, in our cases there

Discussion
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was no involvement of this vascular domain, where ali Eulitz M, Linke RP (1993) The precursor molecule offalv

; ; ; ; culates precleaved. Biochem Biophys Res Commun 194:
meation of the circulating precursor proteins through the ;5777434

vessel Wa_”- o ) 12. Ghetti B, Piccardo P, Spillantini MG, Ichimiya Y, Porro M, et
No AB immunoreactivity has been reported in choroid al (1996) Vascular variant of prion protein cerebral amyloido-
plexus vessels, as we have found in cases of AA amyloi-Sis witht-positive neurofibrillary tangles: the phenotype of the

dosis. Since this reactivity pattern was not demonstratedgs? 4‘20_‘17‘21”8 145 mutation in PRNP. Proc Natl Acad Sci USA

in circumventricular or in visceral amyloid of AA type;3 Glenner GG (1980) Amyloid deposits and amyloidosis — the
(in a total of 14 cases, with the only exception of case 9) p-fibrilloses. N Engl J Med 302:1283-1292 _
and in non-AA type amyloid (8 cases), this codepositidA. Goodfriend TL, Levine L, Fasman GD (1964) Antibody to

i ; bradykinin and angiotensin: a use of carbodiimid in immunol-
of AA and AB reactivity needs further attention. ogy. Science 144:1344-1346

Finally, the frequent involvement of special regions Q& Gimaraes A. Monteiro L, Coutinho P (1980) Pathology of the
the brain lacking a tight blood—brain barrier in systemic autonomic nervous system in Andrade type of familial amy-
AA and AL amyloidosis is comparable to the situation in loidotic polyneuropathy. In: Glenner GG, Pinho e Costa P, Fal-

some other systemic diseases, including haemochromatcdo de Freitas A (eds) Amyloid and amyloidosis. (3rd Int

. . . . Symposium on Amyloidosis) Excerpta Medica, Amsterdam
osis [3] and primary oxalosis (personal observation, un- 54 Princeton, pp 139-146

published), with a similar exclusive distribution of depas. Haberland C (1964) Primary systemic amyloidosis. Cerebral
sitions. This haematogenic pattern in both types of sys-involvement and senile plaque formation. J Neuropathol Exp
temic amyloidoses can be distinguished from that jn Neurol 13:135-150

i ) ; ; ; : e A 7. Herbert J, Wilcox JN, Pham KC, et al (1986) Transthyretin: a
bra'.n SpeCIfIC B amyIOIdOSIS' The situation Is .dlﬁe_rem.l choroid plexus-specific transport protein in human brain. Neu-
again in cases with systemic ATTR amyloidosis, in roj0gy 36:900-911

which the involvement of both choroidal and meningas. Herrick MK, De Bruyne K, Horoupian DS, Skare J, Vanefsky
cortical vessels and of the outer and inner surface of theMA, Ong T (1996) Massive leptomeningeal amyloidosis asso-
brain [21, 52, 53] results from the synthesis of the regu- glged with a Val30Met transthyretin gene. Neurology 47:988—

lar or mutant transthyretin by both liver and choroigh oghii v, Takahashi M, Ishihara T, Uchino F (1994) Immuno-

plexus epithelium. There is circulation of the protein in histochemical classification of 140 autopsy cases with system-

plasma as well as in cerebrospinal fluid. ic amyloidosis. Pathol Int 44:352-358

20. Inoue T, Matsushima T, Fukui M et al (1988) Immunohisto-

a% chemical study of intracranial cysts. Neurosurgery 23:576-581
ds
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