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Summary. With advancing age, the likelihood of B-
amyloid deposition in the cerebral vasculature increases,
particularly in individuals with Alzheimer's disease. The
B-amyloid typically accumulates in the basal lamina of
the arteriolar tunica media, and frequently extends into
the adjacent neuropil. Cerebrovascular B-amyloid
increases the risk of hemorrhagic stroke, and may also
play a role in the pathogenesis of AD. Genetic variations
have been identified that are causative or risk factors for
cerebrovascular B-amyloid, including particular
mutations in the genes for B-amyloid precursor protein,
presenilins 1 and 2, and possibly cystatin C, as well as
polymorphisms in apolipoprotein E. Cerebrovascular
amyloidosis is now being studied in a variety of in vitro
and in vivo models, including cultured vascular smooth
muscle cells, transgenic mice, and aged animals such as
nonhuman primates. Methods for delivering agents
selectively to vascular amyloid in living subjects are
now being developed, and these techniques are paving
the way to the development of diagnostic tools and
therapies for cerebrovascular amyloidosis.
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Introduction

In cerebrovascular amyloidosis (CVA), amyloid is
deposited in the walls of cerebral and meningeal blood
vessels. Because it renders the vascular wall more
susceptible to rupture, CVA increases the risk of
intracerebral bleeding, and may be responsible for 15-
20% of hemorrhagic stroke in the elderly (Vinters, 1987;
Kase, 1994). CVA may also promote intracerebral
hemorrhage in patients treated with thrombolytic agents,
such as recombinant tissue type plasminogen activator
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(Sloan et al., 1995). Although several different proteins
can form the definitive B-pleated sheets of amyloid in
the brain vasculature, the most common type of cerebro-
vascular amyloid derives from the B-amyloid peptide
(AB), which also forms the cores of senile plaques in
Alzheimer’s disease (Wong et al., 1985; Van Duinen et
al., 1987; Castano and Frangione, 1988; Joachim et al.,
1988; Prelli et al., 1988a). AB is a peptide of 39-43
amino acids that is derived from the B-amyloid precursor
protein (BPP; Haass and Selkoe, 1993; Schenk et al.,
1995). The form of AB in vascular B-amyloid differs
somewhat from that in the brain parenchyma (Prelli et
al., 1988a,b; Roher et al., 1993; Castano et al., 1996),
and also may be younger than plaque amyloid in the
Alzheimer brain (Roher et al., 1993). There is evidence
that vascular abnormalities may contribute to the genesis
of senile plaques (Miyakawa et al., 1974, 1982; Glenner,
1979), a hypothesis that remains controversial (Kawai et
al., 1990, 1992). While various conditions can promote
CVA (Vinters, 1992), the most prominent risk factors for
the disorder are increasing age (Tomonaga, 1981;
Vinters and Gilbert, 1983; Esiri and Wilcock, 1986),
Alzheimer’s disease (Mandybur, 1975; Esiri and
Wilcock, 1986; Yamada et al., 1987; Vinters, 1992; Ellis
et al., 1996; Premkumar et al., 1996), and genetic
influences (Ghiso et al., 1986; Luyendijk et al., 1986;
Castafio and Frangione, 1988; Levy et al., 1989, 1990;
Van Broeckhoven et al., 1990; Haan et al., 1991;
Hendriks et al., 1992; Graffagnino et al., 1995;
Greenberg et al., 1995; Petersen et al., 1995; Wattendorff
et al., 1995; Bornebroek et al., 1996; Olafsson et al.,
1996; Premkumar et al., 1996; Vidal et al., 1996; Warzok
et al., 1998). In Alzheimer's disease, there is a
relationship between CVA and the degree of cerebral
arteriosclerosis (Ellis et al., 1996).

Genetic influences on CVA

Genetics present a fortuitous window on the
pathobiology of CVA. Older persons with one or two
apolipoprotein E-e4 alleles, in addition to being
predisposed to Alzheimer’s disease, tend also to have a
greater vascular 8-amyloid load (Greenberg et al., 1995;
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Premkumar et al., 1996; Warzok et al., 1998). AB forms
a complex with all three isoforms of apoE; however, in
guinea pigs, the AB1-40/apoE4 complex is transported
across the BBB and sequestered by brain capillaries,
whereas complexes of AB1-40 with apoE2 and apoE3
are not (Martel et al., 1997).

CVA is caused by particular mutations in the genes
coding for the precursors of several amyloidogenic
proteins. Hereditary cerebral hemorrhage with
amyloidosis, Dutch type (HCHWA-D) arises from a mis-
sense point mutation at codon 693 (amino acid 22 within
the AB region) of BPP (Levy et al., 1990; Haan et al.,
1991; Hendriks et al., 1992; Bornebroek et al., 1996).
The substitution of adenine for guanine at the “Dutch”
locus recently has been found in Italian families with
CVA and hemorrhagic stroke (Bugiani et al., 1998).
Since the Dutch cases have a cytosine for guanine
substitution at the same locus, it appears that the site,
rather than the type, of mutation is key to the
development of CVA. The Icelandic form of hereditary
cerebral hemorrhage (HCHWA-I, or hereditary cystatin
C amyloid angiopathy) is caused by a point mutation in
the cystatin C gene (Ghiso et al., 1986; Castafio and
Frangione, 1988; Levy et al., 1989; Graffagnino et al,,
1995; Olafsson et al., 1996), and meningocerebro-
vascular deposition of transthyretin-based amyloid
results from a point mutation in the transthyretin gene
(Petersen et al., 1995; Vidal et al., 1996). Although
Icelandic cerebrovascular amyloid does not include AB,
some B-amyloid deposits in both HCHWA-D and
Alzheimer’s disease contain non-mutant cystatin C
(Maruyama et al., 1990; Vinters et al., 1990). The
presence of Icelandic cerebrovascular amyloidosis is
associated with abnormally low levels of cystatin C in

the cerebrospinal fluid (Lofberg et al., 1987; Shimode et
al., 1991), possibly because the molecule is sequestered
by the amyloidotic vessels (Lofberg et al., 1987). In
Alzheimer patients AB levels in the cerebrospinal fluid
also are reduced in the presence of abundant CVA
(Pirttila et al., 1996).

It is not yet certain how the amino acid substitution
at position 22 within AB results in the vascular
accumulation of amyloid in HCHWA-D. The
predominant form of AB in the vasculature of Dutch
cases is AB1-40 and its carboxy-terminal truncated
derivatives (Castano et al., 1996), confirming a strong
relationship between CVA and AB1-40 levels in tissue
(Suzuki et al., 1994). In vitro, AB with the Dutch
mutation more readily self-aggregates into fibrils
(Wisniewski et al., 1991) of greater stability (Fraser et
al., 1992) than does wild-type AB. Significantly, in vitro
studies also indicate that the Dutch mutation augments
the toxicity of AB1-40 toward cultured smooth muscle
cells (Davis and Van Nostrand, 1996). A link between
AB aggregation and the toxicity of the peptide to
vascular smooth muscle cells has recently been
established. Blockade of aggregation via pretreatment
with Congo Red prevents the smooth muscle cellular
degeneration associated with exposure to the Dutch
variant of AB40 in vitro (Van Nostrand et al., 1998),
suggesting that the assembly of amyloid aggregates on
smooth muscle cells represents a key step in the
pathogenesis of HCHWA-D. The fibrillar amyloid likely
triggers a cascade of immune/inflammatory events that
ultimately results in the characteristic loss of smooth
muscle cells following amyloid deposition (Fig. 3).

Recently, CVA has been linked to two rare, familial
forms of Alzheimer's disease involving mutations in

Fig. 1. Congophilic blood vessel in the neocortex
of a person who had died of Alzheimer's
disease. A and B show the same vessel under
crossed polarizing filters; note the shift in
birefringence when one polarizer is rotated
slightly (arrows). Bar: 50 um.
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presenilin genes. In a Volga German family, a mutation
in presenilin-2 causes dementia with considerable CVA
and relatively few senile plaques and neurofibrillary
tangles (Nochlin et al., 1998). An unusual Finnish
variant of Alzheimer's disease with deletion of exon 9 of
presenilin-1 is characterized by spastic paraparesis
followed by dementia, and a pathological signature of
very large, diffuse-type B-amyloid plaques, neuro-
fibrillary tangles and CVA (Crook et al., 1998). Thus,
certain mutations in the presenilins can be added to the
list of genetic causative or risk factors for CVA.

Anatomical and histological distribution of CVA

Amyloidotic cerebral blood vessels usually are
located in the neocortex and adjacent leptomeninges;
they are less common in the hippocampus, rare in the
cerebellum and basal ganglia, and occur seldom, if ever,
in the diencephalon and lower brainstem. Vessels in the
white matter are infrequently involved. Arterioles are the
most commonly affected vessel type, but amyloidotic
venules and capillaries are sometimes seen (Mandybur,
1975). In any particular patient, CVA can be found in
any lobe of the brain, and when vascular amyloid is
abundant, more than one region is usually involved
(Kase, 1994).

Cerebrovascular amyloidosis also is termed cerebral
amyloid angiopathy or, because it frequently stains

Fig. 2. A. Immunostained B-amyloid (arrow) in the tunica media of an
arteriole in the neocortex of an aged (56-year old) Chimpanzee (Pan
troglodytes) Bar: 25 um. B. Electron microscopic image of B-amyloid fibrils
in the basal lamina (tunica media) of the aged chimpanzee. Bar: 100 nm.

Fig. 3. Hematoxylin and eosin- (H&E) stained
amyloidotic cortical arteriole in a case of
Alzheimer's disease. The amyloid depositis
are eosinophilic and smooth muscle cells are
sparse, giving the vascular wall a hyaline
appearance. Bar: 50 um.
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strongly with Congo Red (Fig. 1), congophilic angio-
pathy. CVA occurs primarily in the tunica media and
tunica adventitia of arterioles. Within the vascular wall,
the basal lamina appears to be a primary site of
deposition (Miyakawa et al., 1974; Yamada et al., 1987,
Perlmutter and Chui, 1990; Fig. 2); other components of
the vessel are sometimes affected in CVA, such as the
smooth muscle cells (Coria et al., 1989; Kawai et al.,
1993; Wisniewski et al., 1994). Radiolabeled AB1-40
binds selectively to amyloid deposits in the tunica media
of sectioned arterioles in vitro (Maggio et al., 1992).
When stained with hematoxylin and eosin, the
amyloidotic arteriolar wall appears thickened and
eosinophilic, with an amorphous, hyaline appearance; if
amyloid is ample, the nuclei of smooth muscle cells
within the tunica media are indistinct or absent (Fig. 3).
In some cases, vascular amyloid deposits are coextensive
with diffuse or plaque-like amyloid in the neuropil (Fig.
4). Ultrastructurally, cerebrovascular amyloid is
composed of masses of fibrils of approximately 7-10 nm
diameter (Fig. 2B).

In affected vessels, A3 sometimes coexists with BPP
(Tagliavini et al., 1990; Uno et al., 1996), and smooth
muscle cells are implicated in the pathogenesis of CVA
(Kawai et al., 1990; Wisniewski and Wiegel, 1994;
Frackowiak et al., 1995; Wisniewski et al., 1995; Davis
and Van Nostrand, 1996). The CSF contains soluble Al
(Seubert et al., 1992), which, particularly in sub-
arachnoid vessels, could be one source of vascular
amyloid (Ghersi-Egea et al., 1996). However, other
sources of AB must be considered in capillaries and
venules of the neuroparenchyma, since these vessels lack
smooth muscle cells. The bloodstream, pericytes, and
cells within the neural parenchyma are three

possibilities. In humans with AD, the levels of soluble
AB1-40 in the brain correlate with the severity of CVA
(Suzuki et al., 1994).

CVA is sometimes associated with cerebral
vasculitis, and activated macrophages coexist with the
amyloid deposits in granulomatous angiitis, sporadic
CVA, and HCHWA-I (Wisniewski et al., 1996). In
Alzheimer's disease, activated microglia colocalize with
perivascular A3 deposits as well (Uchihara et al., 1997).
Nonsteroidal antiinflammatory drugs (NSAIDs) may
reduce the risk of Alzheimer's disease (Rogers et al.,
1996; Stewart et al., 1997), and have recently been
shown to reduce activated microglia in the AD brain
(Mackenzie and Munoz, 1998). It will be important to
determine whether NSAIDs suppress microglial/peri-
cytic involvement in CVA; animal models of the
disorder will be useful for testing this hypothesis.

Given the rather uneven distribution of amyloid
deposits within the walls of cerebral vessels, under-
standing the local factors that permit or promote the
seeding and growth of aggregates is a significant issue.
Bronfman et al. (1998) have begun to address this
problem by demonstrating that laminin inhibits the
aggregation of both wild-type AB40 and the Dutch
variant of AB40. This process was blocked even when
pre-aggregated fibrils were added to the solution,
suggesting that laminin blocks the step at which
additional fibrils/protofibrils are added to the existing
aggregate. Laminin thus may be an important inhibitor
of aggregation, especially at the level of the cerebral
vessel.

A better understanding of the factors that influence
amyloid aggregation in vessels also will have
implications for treating CVA in the clinic. The

Fig. 4. B-amyloid-immunostained section of
neocortex from a case of Alzheimer's disease
with profuse CVA, Note the deposition of
amyloid in the neural parenchyma
surrounding the affected blood vessel. Bar:
100 um.




831

Cerebrovascular amyloidosis

progression of CVA from mild (asymptomatic) to severe
(association with hemorrhage) represents an
accumulation of amyloid in affected vessels rather than
an increase in the number of vessels affected. Alonzo et
al. (1998) studied this progression by evaluating the
vasculature in postmortem brain samples. The severity
of CVA in these cases was most closely correlated with
an increase in the amount of AB40 per vessel, while the
proportion of vessels affected remained constant
between mild and severe cases. Furthermore, increasing
gene dosage of the ApoE4 allele from 0, 1 to 2 copies
was associated with increased AB40 load per vessel
(Alonzo et al., 1998). Thus the progression from
asymptomatic to advanced CVA is a result of the
accumulation of amyloid in vessels that have been
previously seeded with amyloid, and apolipoprotein E4
somehow promotes this process. The therapeutic
implications of these findings are obvious; compounds
that can inhibit the accretion of AB onto existing
vascular amyloid deposits would be expected to prevent
the development of amyloid-associated hemorrhagic
stroke.

Animal models of CVA

A variety of nonhuman species naturally manifest
CVA as they age, most notably nonhuman primates and
dogs (see Walker, 1997 for review). While a small
amount of immunoreactive vascular AB can be found in
the brains of some BPP-transgenic mice (Fig. 5), it is not
plentiful in most mouse models; however, one transgenic
mouse expressing human BPP751 via a Thy-1 promoter
(Sturchler-Pierrat et al., 1997) does develop significant
CVA (Jucker et al., 1998). Full-length human BPP with

the Dutch mutation has been expressed in at least one
line of transgenic mice, with no apparent cerebral B-
amyloidosis in hemizygous animals up to 11 months of
age (Greenberg et al., 1996). Furthermore, mice
transgenic for the C-terminal 99 amino acids of human
BPP have high blood levels of AB, yet they do not
develop cerebral amyloidosis up to the age of 29 months
(Fukuchi et al., 1996). Elevated circulating AB alone
thus is not sufficient to induce CVA or senile plaques, at
least in rodents. In aged nonhuman primates, however,
cerebral B-amyloid can be labeled by circulating,
synthetic AB (below).

Cerebrovascular 3-amyloidosis is a common finding
with age in many species of nonhuman primates, from
prosimians to great apes (Walker, 1997) Some primate
species are particularly prone to CVA, for example
squirrel monkeys (Walker et al., 1990). In monkeys,
CVA most frequently afflicts the neocortex. The globus
pallidus, diencephalon, lower brainstem and cerebellum
are unaffected. Between these two extremes lie a number
of areas with varying degrees of CVA, including the
amygdala, hippocampus, and the anterior neostriatum
(the nucleus accumbens, in particular, sometimes has
prominent vascular amyloid in monkeys; the caudate
nucleus and putamen do not). Just as the extent of CVA
varies among animals, so does the pattern of vascular
involvement in susceptible regions. Within the neocortex
as a whole, CVA often ranges from areas with severe
CVA to areas with none at all. For example, both CVA
and parenchymal amyloid are rare in the occipital lobe
of rhesus monkeys, and relatively abundant in the
anterior frontal and temporal lobes. The paucity of CVA
in the occipital lobe of monkeys differs from AD cases
with CVA and HCHWA-D cases, in which the occipital

Fig. 5. Immunoreactive B-amyloid (arrow) in
the wall of a cortical blood vessel from a
mouse transgenic for human APP (APP695.
K670N-M671L; Tg 2576 (Hsiao et al., 1996).
CVA is rare in this transgenic model of cerebral
B-amyloidosis. Note that the immunoreactivity
appears to be within delimited structures,
possibly cellular processes. Note also the
parenchymal amyloid deposits in the region.
Bar: 50 um.
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lobe can be substantially involved (Tomonaga, 1981;
Wong et al., 1985; Vinters, 1987; Wattendorff et al.,
1995).

Human vascular 3-amyloid has relatively less of the
longer, 42-amino acid form of the peptide than the
shorter forms (Prelli et al., 1988a,b; Roher et al., 1993).
In rhesus monkeys, arteriolar amyloid was labeled
similarly with antibodies specific to the AB40 and A342
carboxy-terminals, but many small cortical vessels were
positive only for AB42 (Gearing et al., 1996). A similar
finding has been reported in cynomolgus monkeys
(Macaca fascicularis) (Nakamura et al., 1995), and
preliminary observations indicate a preponderance of
AB42 also in squirrel monkey capillaries, suggesting that
capillaries and arterioles may contain different ratios of
the C-terminal AB40 and AB42 molecules (see below).
We should note in this regard that enzyme-linked
immunosorbent assays (ELISA) indicate that immuno-
histochemistry-based quantitation may underestimate the
levels of AB42 in primate brain (Sawamura et al., 1997).

The squirrel monkey model of CVA

Squirrel monkeys (Saimiri sciureus) are small, New
World monkeys that usually develop some degree of
CVA by the age of about 15 years (Walker et al., 1990;
Walker, 1993). Capillaries are more frequently affected
in Saimiri than in rhesus monkeys and humans (Fig. 6).
AB immunohistochemistry is the most sensitive method
for detecting CVA in squirrel monkeys; conventional
Thioflavin stains are somewhat less sensitive, and Congo
Red birefringence marks only a small fraction of the
vessels seen using immunohistochemistry. Capillaries in
particular are seldom birefringent with Congo Red when
viewed with cross-polarized light, and amyloid fibrils in

small vessels are difficult to detect by electron
microscopy. Amyloid in large vessels is immunoreactive
with C-terminal antibodies to both AB40 and AB42 in
Saimiri, but capillaries contain mainly AB42, (Walker,
1997) the form that predominates in diffuse parenchymal
plaques. Capillary AB in squirrel monkeys thus may be
soluble, or prefibrillar, in nature.

The preferential deposition of amyloid in the
vasculature of squirrel monkeys might have a genetic
basis. Our initial studies (Levy et al., 1995) found no
evidence for a mutation either at codon 692 (Hendriks et
al., 1992) or codon 693 (Levy et al., 1990) of PP, and
apoE in squirrel monkeys is essentially the same as that
in other nonhuman primates (Gearing et al., 1994
Mufson et al., 1994; Poduri et al., 1994; Weisgraber et
al., 1994; Calenda et al., 1995; Morelli et al., 1996).
Because the amyloidogenic protein comprising CVA in
squirrel monkeys is primarily A3, we were surprised
to discover that these animals have a missense
mutation in cystatin C at the Icelandic locus (Wei et
al., 1996). An Icelandic-like mutation also has been
implicated in a case of sporadic CVA in which both
AB and cystatin C were deposited in the vascular walls
(Graffagnino et al., 1995). Thus there may be link,
as yet unexplained, between these two amyloidogenic
proteins in some cases of human CVA. Mice trans-
genic for mutant human cystatin C might furnish clues to
the role of this protein in both HCHWA-I and ABCVA.
Experimental analysis of cerebrovascular
amyloidosis in vitro and in vivo

In vitro studies

A number of elegant studies have been conducted

Fig. 6. Amyloidotic cortical capillary from
an aged (14 years) squirrel monkey
(Saimiri sciureus). Note the amyloid
«bloom» extending from the vessel into
the adjacent neuropil (arrow). Bar: 50
um,




833

Cerebrovascular amyloidosis

using in vitro models of CVA, usually in cells or tissues
from dogs. Canine amyloid deposits generally occur in
the intercellular spaces of the arteriolar tunica media,
similar to deposits in humans (Pauli and Luginbiihl,
1971; Yamaguchi et al., 1992) and nonhuman primates
(Cork and Walker, 1993; Uno et al., 1996), and
supporting the hypothesized role of vascular smooth
muscle cells in the production of arteriolar CVA (Kawai
et al., 1993; Wisniewski and Wiegel, 1994; Frackowiak
et al., 1995; Davis and Van Nostrand, 1996). Wisniewski
et al. (1995) analyzed AB production in cultured smooth
muscle cells, fibroblasts and endothelial cells from
cerebral and peripheral blood vessels of young and aged
dogs. Only myocytes from aged animals accumulated
intracellular AB, and in some myocytes, electron
microscopy showed that at least some of the A was in
fibrillar form. In living, organotypic cultures of lepto-
meninges and blood vessels from aged dogs, Prior et al.
(1995) studied the binding of exogenous, fluorescein-
labeled AB1-40 to endogenous vascular amyloid. These
researchers found that physiological concentrations of
exogenous Al selectively bind to existing, extracellular
deposits, and thereby contribute to the progression of
CVA. In addition, the viability of cells in the vascular
wall is diminished in many areas of B-amyloid
deposition, possibly predisposing the vessels to rupture
(Prior et al., 1996).

The pathophysiological effects of beta-amyloid have
been investigated using bovine middie cerebral arteries.
AB-induced endothelial damage was evidenced by
increased vasoconstriction and reduced responsiveness
to endothelium-dependent vasodilatory substances, i.e.
acetylcholine and bradykinin (Price et al., 1997; Suo et
al., 1997; Sutton et al., 1997; Thomas et al., 1997).
Reactive oxygen species were implicated in the AB-
induced cytotoxicity, since co-administration of SOD
blocked the AB-induced increase in vasoconstriction.
These findings suggest that alterations in vascular tone
are the result of damage to the endothelial cells that is
mediated by reactive oxygen species. More recently, an
additional report has concluded that AB can increase
vessel tone in an endothelium-independent fashion.
Unlike AB-induced cytotoxicity, AB-induced
vasoactivity is immediate, occurs in response to low
doses of freshly solubilized peptide, and appears to be
inversely related to the amyloidogenic potential of the
AB peptides (Crawford et al., 1998). These effects were
obtained in vessels lacking the endothelial layer. The
investigators therefore concluded that the mechanism of
AB-vasoactivity is distinct from that of AB-cytotoxicity.
Although free radicals appear to modulate the vasoactive
effects, the lack of requirement for endothelium suggests
that the loss of the free radical balance (between NO and
0?°) may be a secondary influence on AB enhancement
of vasoconstriction. Although the mechanism of
augmented vascular tone is not yet apparent, one could
imagine a scenario in which elevated levels of AB induce
a state of chronic, subclinical ischemia that could have
long-term consequences for the pathogenesis of both

CVA and Alzheimer's disease.

The transendothelial transport of AB in nonhuman
primates

There is a growing list of receptors that are capable
of binding and/or transporting free AB as well as AB
complexed to apolipoproteins J and E, including the
receptor for advanced glycation end products (RAGE),
gp330/megalin, scavenger receptor, and lipoprotein
receptors (Martel et al., 1996; Zlokovic, 1996; Zlokovic
et al., 1996; Poduslo et al., 1997). Circulating AB can be
transported across the blood-brain barrier by a specific
mechanism (Zlokovic et al., 1993; Maness et al., 1994;
Poduslo et al., 1997). The permeability of the BBB to an
AB/Apol complex is among the highest yet determined
for a peptide or protein (Zlokovic et al., 1996). Further-
more, infusion of radiolabeled AB into the bloodstream
of aged monkeys results in selective labeling of existing
cerebrovascular amyloid deposits (Ghilardi et al., 1996;
Mackic et al., 1998). The delivery of AB1-40 to brain
can be enhanced also by conjugating the peptide to a
monoclonal antibody directed against the human insulin
receptor (Wu et al., 1997). In contrast to other studies,
Wu et al. (1997) found no evidence of transendothelial
transport of circulating A3 (not complexed to the insulin
antibody) in normal adult rhesus monkeys. However,
several factors, alone or in combination, could enhance
the BBB transport and brain sequestration of AB in aged
monkeys. For example, there may be augmented binding
of AB to endogenous ligands for specific BBB transport
systems (Zlokovic, 1996), reduced systemic clearance of
the peptide, reduced peripheral and central metabolism,
and greater concentration and retention of A by pre-
existing amyloid deposits (Mackic et al., 1998).
Furthermore, species prone to developing CVA might
have more vigorous (or more numerous) BBB transport
systems for AB (Zlokovic et al., 1997). In any case, it is
now clear that amyloid deposits in cerebral blood vessels
can be labeled by ligands delivered through the
bloodstream. The bulk of the data also indicate that
naturally occurring AB in the bloodstream is one
potential source of amyloid deposits in the senescent
cerebral vasculature. Aged squirrel monkeys and dogs
are presently the best available animal models for
studying CVA in vivo, but we expect that transgenic
mouse models of the disorder will soon become
available to the research community as well.

Seeding of CVA in vivo

Finally, it is worth mentioning that studies with
nonhuman primates suggest that CVA and senile plaques
can be induced by intracerebral injection of Alzheimeric
brain tissue. B-amyloid-containing human brain
homogenates were injected into the brains of young
marmosets (~2 years old), and the brains were analyzed
6-7 years later (Baker et al., 1993). CVA and senile
plaques were found in several of the experimental
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animals, but not in age-matched controls. The results
suggest that, like prion diseases (Prusiner, 1995), B-
amyloid deposits in the neuroparenchyma and blood
vessels can be induced by exogenously administrated
material. Although infusions of purified AB1-40 into the
primate brain have not produced plaques or CVA
(Kowall et al., 1992; Podlisny et al., 1992), the elapsed
time between infusion and sacrifice was only weeks to
months, possibly too short for mature amyloid deposits
to develop. In addition, the aged brain might be more
vulnerable to exogenously administered amyloid
(Yankner et al., 1998). Furthermore, AB1-42 should
promote in vivo fibrillization more effectively than does
AB1-40, and the inclusion of cofactors or “chaperones”
for AB also might facilitate deposition (Afagh et al.,
1996). The growing list of in vitro and animal models
should accelerate hypothesis-testing on the cause,
diagnosis and treatment of CVA in humans.

Acknowledgments. We gratefully acknowledge Dr. Margaret L. Walker
for essential support in the development and preparation of this
manuscript. Portions of the research were underwritten by grants from
the U.S. Public Health Service (NS20471 and AG05146) and from the
Deutsche Forschungsgemeinschaft (Ke 599/1-1).

References

Afagh A., Cummings B.J., Cribbs D.H., Cotman C.W. and Tenner A.J.
(1996). Localization and cell association of C1q in Alzheimer’s
disease brain. Exp. Neurol. 138, 22-32.

Alonzo N.C., Human B.T., Rebeck G.W. and Greenberg S.M. (1998).
Progression of cerebral amyloid angiopathy: accumulation of
amyloid-beta40 in affected vessels. J. Neuropathol. Exp. Neurol. 57,
353-359.

Baker H.F., Ridley R.M., Duchen L.W., Crow T.J. and Bruton C.J.
(1993). Evidence for the experimental transmission of cerebral -
amyloidosis to primates. Int. J. Exp. Pathol. 74, 441-454,

Bornebroek M., Haan J., Maat-Schieman M.L.C., Van Duinen S.G. and
Roos R.A.C. (1996). Hereditary cerebral hemorrhage with
amyloidosis-Dutch type (HCHWA-D): |- a review of clinical,
radiologic and genetic aspects. Brain Pathol. 6, 111-114.

Bronfman F.C., Alvarez A., Morgan C. and Inestrosa N.C. (1998).
Laminin blocks the assembly of wild-type A beta and the Dutch
variant peptide into Alzheimer’s fibrils. Amyloid 5, 16-23.

Bugiani O., Padovani A., Magoni M., Andora G., Sgarzi M., Savoiardo
M., Bizzi A., Giaccone G., Rossi G. and Tagliavini F. (1998). An
Italian type of HCHWA. Neurobiol. Aging 19, S238.

Calenda A., Jallegeas V., Silhol S., Bellis M. and Bons N. (1995).
Identification of a unique apolipoprotein E allele in Microcebus
murinus; apoe brain distribution and co-localization with B-amyloid
and tau proteins. Neurobiol. Dis. 2, 169-176.

Castano E.M. and Frangione B. (1988). Biology of disease. Human
amyloidosis, Alzheimer disease and related disorders. Lab. Invest.
58, 122-132,

Castano E.M., Prelli F., Soto C., Beavis R., Matsubara E., Shoji M. and
Frangione B. (1996). The length of amyioid-B in hereditary cerebral
hemorrhage with amyloidosis, Dutch type. J. Biol. Chem. 271,
32185-32191.

Coria F., Larrondo-Lillo M. and Frangione B. (1989). Degeneration of
smooth muscle cells in beta-amyloid angiopathies. J. Neuropathol.
Exp. Neurol. 48, 368.

Cork L.C. and Walker L.C. (1993). Age-related lesions, nervous system.
In: Nonhuman primates Il. Jones T.C., Mohr U. and Hunt R.D. (eds).
Springer-Verlag. New York. pp 173-183.

Crawford F., Suo Z., Frang C. and Mullan M. (1998). Characteristics of
the in vitro vasoactivity of beta-amyloid peptides. Exp. Neurol. 150,
159-168.

Crook R., Verkkoniemi A., Perez-Tur J., Mehta N., Baker M., Houlden
H., Farrer M., Hutton M., Lincoln S., Hardy J., Gwinn K., Somer M.,
Paetau A., Kalimo H., Ylikoski R., Poyhonen M., Kucera S. and
Haltia M. (1998). A variant of Alzheimer's disease with spastic
paraparesis and unusual plagues due to deletion of exon 9 of
presenilin 1. Nat. Med. 4, 452-455,

Davis J. and Van Nostrand W.E. (1996). Enhanced pathologic
properties of Dutch-type mutant amyloid B-protein. Cell Biol. 93,
2996-3000.

Ellis R.J., Olichney J.M., Thal L.J., Mirra S.S., Morris J.C., Beekly D.
and Heyman A. (1996). Cerebral amyloid angiopathy in the brains of
patients with Alzheimer's disease: The CERAD experience, part XV.
Neurology 46, 1592-1596.

Esiri M.M. and Wilcock G.K. (1986). Cerebral amyloid angiopathy in
dementia and old age. J. Neurol. Neurosurg. Psychiat. 49, 1221-
1226.

Frackowiak J., Mazur-Kolecka B., Wisniewski H.M., Potempska A.,
Carroll R.T., Emmerling M.R. and Kim K.S. (1995). Secretion and
accumutation of Alzheimer's B-protein by cultured vascular smooth
muscle cells from old and young dogs. Brain Res. 676, 225-230.

Fraser P.E., Nguyen J.T., Inouye H., Surewicz W.K., Selkoe D.J.,
Podlisny M. and Kirschner D.A. (1992). Fibril formation by primate,
rodent, and Dutch- hemorrhagic analogues of Alzheimer amyloid B-
protein. Biochemistry 31, 10716-10723.

Fukuchi K., Ho L., Younkin S.G., Kunkel D.D., Ogburn C.E., Deeb S.S.,
Nochlin D., Wegiel J., Wisniewski H.M. and Martin G.M. (1996). High
levels of circulating B-amyloid peptide do not cause cerebral B-
amyloidosis in transgenic mice. Am. J. Pathol. 149, 219-227.

Gearing M., Rebeck G.W., Hyman B.T., Tigges J. and Mirra S.S. (1994).
Neuropathology and apolipoprotein E profile of aged chimpanzees:
implications for Alzheimer disease. Proc. Natl. Acad. Sci. USA 91,
9382-9286.

Gearing M., Tigges J., Mori H. and Mirra S.S. (1996). AB,q is a major
form of B-amyloid in nonhuman primates. Neurobiol. Aging 17, 903-
908.

Geula C., Wu C.K,, Saroff D., Lorenzo A., Yuan M. and Yankner B.A.
(1998). Aging renders the brain vulnerable to amyloid beta-protein
neurotoxicity. Nat. Med. 4, 827-831.

Ghersi-Egea J.-F., Gorevic P.D., Ghiso J., Frangione B., Patlak C.S.
and Fenstermacher J.D. (1996). Fate of cerebrospinal fluid-borne
amyloid B-peptide: Rapid clearance into blood and appreciable
accumulation by cerebral arteries. J. Neurochem. 67, 880-883.

Ghilardi J.R., Catton M., Stimson E.R., Rogers S., Walker L.C., Maggio
J.E. and Mantyh P.W. (1996). Intra-arterial infusion of [1251]AB1-40
labels amyloid deposits in the aged primate brain in vivo.
Neuroreport 7, 2607-2611.

Ghiso J., Jensson O. and Frangione B. (1986). Amyloid fibrils in
hereditary cerebral hemorrhage with amyloidosis of Icelandic type is
a variant of y-trace basic protein (cystatin C). Proc. Natl. Acad. Sci.
83, 2974-2978.




835

Cerebrovascular amyloidosis

Glenner G.G. (1979). Congophilic microangiopathy in the pathogenesis
of Alzheimer's syndrome (presenile dementia). Med. Hypotheses 5,
1231-1236.

Graffagnino C., Herbstreith M.H., Schmechel D.E., Levy E., Roses A.D.
and Alberts M.J. (1995). Cystatin C mutation in an elderly man with
sporadic amyloid angiopathy and intracerebral hemorrhage. Stroke
26, 2190-2193.

Greenberg B.D., Savage M.J., Howland D.S., Ali S.M., Siedlak S.L.,
Perry G., Siman R. and Scott R.W. (1996). APP transgenesis:
approaches toward the development of animal models for Alzheimer
disease neuropathology. Neurobiol. Aging 17, 153-172,

Greenberg S.M., Rebeck G.W., Vonsattel J.-P.G., Gomez-Isla T. and
Hyman B.T. (1995). Apalipoprotein Ee 4 and cerebral hemorrhage
associated with amyloid angiopathy. Ann. Neurol. 38, 254-259,

Haan J., Hardy J.A. and Roos R.A.C. (1991). Hereditary cerebral
hemorrhage with amyloidosis - Dutch type: its importance for
Alzheimer research. Trends Neurosci. 14, 231-234.

Haass C. and Selkoe D.J. (1993). Cellular processing of B-amyloid
precursor protein and the genesis of amyloid B-peptide. Cell 75,
1039-1042.

Hendriks L., van Duijn C.M., Cras P., Cruts M., Van Hul W., van
Harskamp F., Warren A., Mclnnis M.G., Antonarakis S.E., Martin J-
J., Hofman A. and Van Broeckhoven C. (1992). Presenile dementia
and cerebral haemorrhage linked to a mutation at codon 692 of the
B-amyloid precursor protein gene. Nature Genet. 1, 218-221.

Hsiao K., Chapman P., Nilsen S., Eckman C., Harigaya Y., Younkin S.,
Yang F. and Cole G. (1996). Correlative memory deficits, AB
elevation, and amyloid plaques in transgenic mice. Science 274, 99-
102.

Joachim C.L., Duffy L.K., Morris J.H. and Selkoe D.J. (1988). Protein
chemical and immunocytochemical studies of meningovascular 8-
amyloid protein in Alzheimer's disease and normal aging. Brain Res.
474, 100-111.

Jucker M., Stalder M., Tolnay M., Wiederhold K.H., Abramowski D.,
Sommer B., Staufenbiel M. and Calhoun M.E. (1998). Cerebral
amyloid angiopathy occurs in conjunction with amyloid plague
formation in APP transgenic mice. Neurobiol. Aging 19, S276-S277.

Kase C.S. (1994). Cerebral amyloid angiopathy. Intracerebral
hemorrhage. Kase C.S. and Caplan L.R. {eds). Butterworth-
Heinemann. Boston. pp 179-200.

Kawai M., Cras P. and Perry G. (1992). Serial reconstruction of beta-
protein amyloid plaques: relationship to microvessels and size
distribution. Brain Res. 592, 278-282.

Kawai M., Cras P., Siedlak S., Lowery D., Gonzales-DeWhitt P.,
Greenberg B., Shelton E., Gambetti P. and Perry G. (1990). Role of
vascular smooth muscle cells in amyloid deposition in cerebral
amyloid angiopathy. J. Neuropathol. Exp. Neurol. 49, 331.

Kawai M., Kalaria R.N., Harik S.I. and Perry G. (1990). The relationship
of amyloid plagues to cerebrai capillaries in Alzheimer's disease.
Am. J. Pathol. 137, 1435-1446.

Kawai M., Kalaria R.N., Cras P., Siedlak S.L., Velasco M.E., Shelton
E.R., Chan H.W., Greenberg B.D. and Perry G. (1993).
Degeneration of vascular muscle cells in cerebral amyloid angio-
pathy of Alzheimer disease. Brain Res. 623, 142-146.

Kowall N.W., McKee A.C., Yankner B.A. and Beal M.F. (1992). In vivo
neurotoxicity of beta-amyloid [3(1-40)] and the B(25-35) fragment.
Neurobiol. Aging 13, 537-542.

Levy E., Amorim A., Frangione B. and Walker L.C. (1995). B-amyloid
precursor protein gene in squirrel monkeys with cerebral amyloid

angiopathy. Neurobiol. Aging 16, 805-808.

Levy E., Carman M.D., Fernandez-Madrid 1.J., Power M.D., Lieberburg
1., van Duinen 8.G., Bots G.T.A.M., Luyendijk W. and Frangione B.
(1990). Mutation of the Alzheimer’s disease amyloid gene in
hereditary cerebral hemorrhage, Dutch type. Science 248, 1124-
1126.

Levy E., Lopez-Otin C., Ghiso J., Geltner D. and Frangione B. (1989).
Stroke in Icelandic patients with hereditary amyloid angiopathy is
related to a mutation in the cystatin C gene, an inhibitor of cysteine
proteases. J. Exp. Med. 169, 1771-1778.

Lofberg H., Grubb A.O., Nilsson E.K., Jensson O., Budmundsson G.,
Bléndal H., Arnason A. and Thorsteinsson L. (1987). Immunohisto-
chemical characterization of the amyloid deposits and quantitation of
pertinent cerebrospinal fluid proteins in hereditary cerebral
hemorrhage with amyloidosis. Stroke 18, 431-440.

Luyendijk W., Vegter-van der Vlis M. and Went L.N. (1986).
Epidemiological and clinical aspects of hereditary cerebral
hemorrhage in Dutch families. Acta Neurol. Scand. 73, 313.

Mackenzie I.R. and Munoz D.G. (1998). Nonsteroidal anti-inflammatory
drug use and Alzheimer-type pathology in aging. Neurology 50, 986-
990.

Mackic J.B., Weiss M.H., Miao W., Kirkman E., Ghiso J., Calero M.,
Bading J., Frangione B. and Zlokovic B.V. (1998). Cerebrovascular
accumulation and increased blood-brain barrier permeability to
circulating Alzheimer's amyloid B peptide in aged squirrel monkey
with cerebral amyloid angiopathy. J. Neurochem. 70, 210-215.

Maggio J.E., Stimson E.R., Ghilardi J.R., Allen C.J., Dahl C.E.,
Whitcomb D.C,, Vigna S.R., Vinters H.V., Labenski M.E. and Mantyh
P.W. (1992). Reversible in vitro growth of Alzheimer disease B-
amyloid plaques by deposition of labeled amyloid peptide. Proc.
Natl. Acad. Sci. USA 89, 5462-5466.

Mandybur T.I. (1975). The incidence of cerebral amyloid angiopathy in
Alzheimer's disease. Neurology 25, 120-126.

Maness L.M., Banks W.A., Podlisny M.B., Selkoe D.J. and Kastin A.J.
(1994). Passage of human amyloid B-protein 1-40 across the murine
blood-brain barrier. Life Sci. 55, 1643-1650.

Martel C.L., Mackic J.B., Matsubara E., Governale S., Miguel C., Miao
W., McComb J.G., Frangione B., Ghiso J. and Zlokovic B.V. (1997).
Isoform-specific effects of apolipoproteins E2, E3, and E4 on
cerebral capillary sequestration and blood-brain barrier transport of
circulating Alzheimer's amyloid 8. J. Neurochem. 69, 1995-2004.

Martel C.L., Mackic J.B., McComb J.G., Ghiso J. and Zlokovic B.V.,
(1996). Blood-brain barrier uptake of the 40 and 42 amino acid
sequences of circulating Alzheimer's amyloid B in guinea pigs.
Neurosci. Lett. 2086, 157-160.

Maruyama K., lkeda S.I.T., Allsop D. and Yanagisawa N. (1990).
Immunohistochemical characterization of cerebrovascular amyloid in
46 autopsied cases using antibodies to B protein and cystatin C.
Stroke 21, 397-403.

Miyakawa T., Shimoji A., Kuramoto R. and Higuchi Y. (1982). The
relationship between senile plaques and cerebral blood vessels in
Alzheimer's disease and senile dementia. Virchows Arch. 40, 121-
129.

Miyakawa T., Sumiyoshi S., Murayama E. and Deshimaru M. (1974).
Ultrastructure of capillary plaque-like degeneration in senile
dementia. Acta Neuropathol. 29, 229-236.

Morelli L., Wei L., Amorim A., McDermid J., Abee C.R., Frangione B.,
Walker L.C. and Levy E. (1996). Cerebrovascular amyloidosis in
squirrel monkeys and rhesus monkeys: apolipoprotein E genotype.



836

Cerebrovascular amyloidosis

FEBS Lett. 379, 132-134.

Mufson E.J., Benzing W.C., Cole G.M., Wang H., Emerich D.F., Sladek
J.R., Morrison J.H. and Kordower J.H. (1994). Apolipoprotein E-
immunoreactivity in aged rhesus monkey cortex: Colocalization with
amyloid plaques. Neurobiol. Aging 15, 621-627.

Nakamura S., Tamaoka A., Sawamura N., Shoji S., Nakayama H., Ono
F., Sakakibara I., Yoshikawa Y., Mori H., Goto N. and Doi K. (1995).
Carboxyl end-specific monoclonal antibodies to amyloid B protein
(AB) subtypes (AB42-43) differentiate AB in senile plaques and
amyloid angiopathy in brains of aged cynomolgus monkeys.
Neurosci. Lett. 201, 151-154.

Nochlin D., Bird T.D., Nemens E.J., Ball M.J. and Sumi S.M. (1998).
Amyloid angiopathy in a Volga German family with Alzheimer’s
disease and a presenilin-2 mutation (N1411). Ann. Neurol. 43, 131-
135.

Olafsson i., Thorsteinsson L. and Jensson O. (1996). The molecular
pathology of hereditary cystatin C amyloid angiopathy causing brain
hemorrhage. Brain Pathol. 6, 121-126.

Pauli B. and Luginblihl H. (1971). Fluorescenzmikroskopische
Untersuchungen der cerebralen Amyloidose bei alten Hunden und
senilen Menschen. Acta Neuropathol. 19, 121-128.

Perimutter L.S. and Chui H.C. (1990). Microangiopathy, the vascular
basement membrane and Alzheimer's disease: A review. Brain Res.
Bull. 24, 677-686.

Petersen R.B., Tresser N.J., Richardson S.L., Gali M., Goren H. and
Gambetti P. (1995). A family with oculoleptomeningeal amyloidosis
and dementia has a mutation in the transthyretin gene. J.
Neuropathol. Exp. Neurol. 54, 8.

Pirttila T., Mehta P.D., Soininen H., Kim K.S., Heinonen O., Paljarvi L.,
Kosunen O., Riekkinin P. and Wisniewski H.M. (1996). Cerebro-
spinal fluid concentrations of soluble amyloid B-protein and apolipo-
protein E in patients with Alzheimer's disease. Arch. Neurol. 53,
189-193.

Podlisny M.B., Stephenson D.T., Frosch M.P., Lieberburg I., Clemens
J.A. and Selkoe D.J. (1992). Synthetic amyloid B-protein fails to
produce specific neurotoxicity in monkey cerebral cortex. Neurobiol.
Aging 13, 561-567.

Poduri A., Gearing M., Rebeck G.W., Mirra S.S., Tigges J. and Hyman
B.T. (1994). Apolipoprotein E4 and beta amyloid in senile plagues
and cerebral blood vessels of aged rhesus monkeys. Am. J. Pathol.
144, 1183-1187.

Podusio J.F., Curran G.L., Haggard J.J., Biere A.L. and Selkoe D.J.
(1997). Permeability and residual plasma volume of human, Dutch
variant, and rat amyloid beta-protein 1-40 at the blood-brain barrier.
Neurobiol. Dis. 4, 27-34.

Prelli F., Castano E., Glenner G.G. and Frangione B. (1988a).
Differences between vascular and plagque core amyloid in
Alzheimer’s disease. J. Neurochem. 51, 648-651.

Prelli F., Castano E.M., van Duinen S.G., Bots G.T.A.M., Luyendijk W.
and Frangione B. (1988b). Different processing of Alzheimer's B-
protein precursor in the vessel wall of patients with hereditary
cerebral hemorrhage with amyloidosis-Dutch type. Biochem.
Biophys. Res. Commun. 151, 1150-1155,

Premkumar D.R.D., Cohen D.L., Hedera P., Friedland R.P. and Kalaria
R.N. (1996). Apolipoprotein E-¢4 alleles in cerebral amyloid angio-
pathy and cerebrovascular pathology associated with Alzheimer’s
disease. Am. J. Pathol. 148, 2083-2095.

Price J.M., Sutton E.T., Hellermann A. and Thomas T. (1997). Beta-
amyloid induces cerebrovascular endothelial dysfunction in the rain

brain. Neuro. Res. 19, 534-538.

Prior R., D'Urso D., Frank R., Prikulis 1. and Paviakovic G. (1995).
Experimental deposition of Alzheimer's amyloid B-protein in canine
leptomeningeal vessels. Neuroreport 6, 1747-1751.

Prior R., D’'Urso D., Frank R., Prikulis |. and Pavlakovic G. (1996). Loss
of vessel wall viability in cerebral amyloid angiopathy. Neuroreport 7,
562-564.

Prusiner S.B. (1995). The prion diseases. Sci. Am. 272, 48-57.

Rogers J., Webster S., Lue L.F., Brachova L. and Civin W.H. (1996).
Inflammation and Alzheimer’s disease pathogenesis. Neurobiol.
Aging 17, 681-686.

Roher A.E., Lowenson, J.D., Clarke S., Woods A.S., Cotter R.J.,
Gowing E. and Ball M.J. (1993). B-Amyloid (1-42) is a major
component of cerebrovascular amyloid deposits: Implications for the
pathology of Alzheimer disease. Proc. Natl. Acad. Sci. USA 90,
10836-10840.

Sawamura N., Tamaoka A., Shoji S., Koo E.H., Walker L.C. and Mori H.
(1997). Characterization of amyloid beta protein species in cerebral
amyloid angiopathy of a squirrel monkey by immunocytochemistry
and enzyme-linked immunosorbent assay. Brain Res. 764, 225-229.

Schenk D.B., Rydel R.E., May P, Little S., Panetta J., Lieberburg |. and
Sinha S. (1995). Therapeutic approaches related to amyloid--
peptide and Alzheimer's disease. J. Med. Chem. 38, 4141-4154.

Seubert P., Vigo-Pelfrey C., Esch F., Lee M., Dovey H., Davis D., Sinha
S., Schlossmacher M., Whaley J., Swindlehurst C., McCormach R.,
Wolfert R., Selkoe D., Lieberburg |. and Schenk D. (1992). Isolation
and quantification of soluble Alzheimer's B-peptide from biological
fluids. Nature 359, 325-327.

Shimode K., Fujihara S., Nakamura M., Kobayashi S. and Tsunematsu
T. (1991). Diagnosis of cerebral amyloid angiopathy by enzyme-
linked immunosorbent assay of cystatin C in cerebrospinal fluid.
Stroke 22, 860-866.

Sloan M.A., Price T.R., Petito C.K., Randall A.M.Y., Solomon R.E.,
Terrin M.L., Gore J., Collen D., Kleiman N., Feit F., Babb J., Herman
M., Roberts W.C., Sopko G., Bovill E., Forman S. and Knatterud
G.L. (1995). Clinical features and pathogenesis of intracerebral
hemorrhage after rt-PA and heparin therapy for acute myocardial
infarction: The thrombolysis in myocardial infarction (TIMI) Il pilot
and randomized clinical trial combined experience. Neurology 45,
649-658.

Stewart W.F., Kawas C., Corrada M. and Metter E.J. (1997). Risk of
Alzheimer's disease and duration of NSAID use. Neurology 48, 626-
632.

Sturchler-Pierrat C., Abramowski D., Duke M., Wiederhold K.-H., Mistl
C., Rothacher S., Ledermann B., Burki K., Frey P., Paganetti P.A.,
Waridel C., Calhoun M.E., Jucker M., Probst A., Staufenbiel M. and
Sommer B. (1997). Two amyloid precursor protein transgenic mouse
models with Alzheimer disease-like pathology. Proc. Natl. Acad. Sci.
USA 94, 13287-13292.

Suo Z., Fang C., Crawford F. and Mullan M. (1997). Superoxide free
radical and intracellular calcium mediate A beta (81-42) induced
endothelial toxicity. Brain Res. 762, 144-152,

Sutton E.T., Hellermann G.R. and Thomas T. (1997). Beta-amyloid-
induced endothelial necrosis and inhibition of nitric oxide production.
Exp. Cell Res. 230, 368-376.

Suzuki N., Iwatsubo T., Odaka A., Ishibashi Y., Kitada C. and |hara Y.
(1994). High tissue content of soluble 31-40 is linked to cerebral
amyloid angiopathy. Am. J. Pathol. 145, 452-460.

Tagliavini F., Ghiso J., Timmers W.F., Giaccone G., Bugiani O. and




837

Cerebrovascular amyloidosis

Frangione B. (1990). Coexistence of Alzheimer's amyloid precursor
protein and amyloid protein in cerebral vessel walls. Lab. Invest. 62,
761-767.

Thomas T., Sutton E.T., Hellermann A. and Price J.M. (1997). Beta-
amyloid-induced coronary artery vasoactivity and endothelial
damage. J. Cardiovasc. Pharmacol. 30, 517-522.

Tomonaga M. (1981). Cerebral amyloid angiopathy in the elderly. J Am.
Geriat, Soc. 24, 151-157.

Uchihara T., Haruhiko A., Kondo H. and lkeda K. (1997). Activated
microglial cells are colocalized with perivascular deposits of amyloid-
f3 protein in Alzheimer’s disease brain. Stroke 28, 1948-1950.

Uno H., Alsum P.B., Dong S., Richardson R., Zimbric M.L., Thieme C.S.
and Houser W.D. (1996). Cerebral amyloid angiopathy and plaques,
and visceral amyloidosis in aged macaques. Neurobiol. Aging 17,
275-282.

Van Broeckhoven C., Haan J., Bakker E., Hardy J.A., Van Hul W.,
Wehnert A., Vegter-Van der Vlis M. and Roos R.A.C. (1990).
Amyloid B-protein precursor gene and hereditary cerebral
hemorrhage with amyloidosis (Dutch). Science 248, 1120-1122.

Van Duinen S.G., Castaso E.M., Prelli F., Bots G.T.A.B., Luyendijk W.
and Frangione B. (1987). Hereditary cerebral hemorrhage with
amyloidosis in patients of Dutch origin is related to Alzheimer's
disease. Proc. Natl. Acad. Sci. USA 84, 5991-5994.

Van Nostrand W.E., Melchor J.P. and Ruffini L. (1998). Pathologic
amyloid beta-protein cell surface fibril assembly on cultured human
cerebrovascular smooth muscle cells. J. Neurochem. 70, 216-223.

Vidal R., Garzuly F., Budka H., Lalowski M., Linke R.P., Brittig F.,
Frangione B. and Wisniewski T. (1996). Meningocerebrovascular
amyloidosis associated with a novel transthyretin mis-sense
mutation at codon 18 (TTRD 18G}. Am. J. Pathol. 148, 361-366.

Vinters H.V. (1987). Cerebral amyloid angiopathy: a critical review.
Stroke 18, 311-324.

Vinters H.V. (1992). Cerebral amyloid angiopathy. In: Stroke:
Pathophysiology, diagnosis and management. Barnett H.J.M, Mohr
J.P., Stein B.M. and Yatsu F.M. (eds). Churchill Livingstone. New
York. pp 821-858.

Vinters H.V. and Gilbert J.J. (1983). Incidence and complications in the
aging brain. tl. The distribution of amyloid vascular changes. Stroke
14, 924-928.

Vinters H.V., Nishimura G.S., Lenard Secor D. and Pardridge W.M.
(1990). Immunoreactive A4 and gamma-trace peptide colocalization
in amyloidotic arteriolar lesions in brains of patients with Alzheimer’s
disease. Am. J. Pathol. 137, 233-240.

Walker L.C. (1993). Comparative neuropathology of aged nonhuman
primates. Neurobiol. Aging 14, 667.

Walker L.C. (1997). Animal models of cerebral beta-amyloid angiopathy.
Brain Res. Rev. 30, 70-84.

Walker L.C., Masters C., Beyreuther K. and Price D.L. (1990). Amyioid
in the brains of aged squirrel monkeys. Acta Neuropathol. 80, 381-
387.

Warzok R.W., Kessler C., Apel G., Schwarz A., Egensperger R.,
Schreiber D., Herbst E.W., Wolf E., Walther R. and Walker L.C.
(1998). Apolipoprotein E4 promotes incipient Alzheimer pathology in
the elderly. Alzheimer Dis. Assoc. Disord. 12, 33-39.

Wattendorff A.R., Frangione B., Luyendijk W. and Bots G.T.A.M. (1995).
Hereditary cerebral haemorrhage with amyloidosis, Dutch type

(HCHWA-D): clinicopathological studies. J. Neurol. Neurosurg.
Psychiat. 58, 699-705.

Wei L., Walker L.C. and Levy E. (1996). Cystatin C: Icelandic-like
mutation in an animal model of cerebrovascular B-amyloidosis.
Stroke 27, 2080-2085.

Weisgraber K.H., Pitas R.E. and Mahley R.W. (1994). Lipoproteins,
neurobiology, and Alzheimer's disease: structure and function of
apolipoprotein E. Curr, Opin. Struct. Biol. 4, 507-515.

Wisniewski H., Frackowiak J. and Mazur-Kolecka B. (1995). In vitro
production of B-amyloid in smooth muscle cells isolated from
amyloid angiopathy-affected vessels. Neurosci. Lett. 183, 1-4.

Wisniewski H.M., Frackowiak J., Zoltowska A. and. Kim K.S. (1994).
Vascular 3-amyloid in Alzheimer's disease angiopathy is produced
by proliferating and degenerating smooth muscle cells. Int. J. Clin.
Exp. Invest.1, 8-16.

Wisniewski H.M. and Wiegel J. (1994). B-Amyloid formation by myo-
cytes of leptomeningeal vessels. Acta Neuropathol. 87, 233-241.
Wisniewski T., Ghiso J. and Frangione B. (1991). Peptides homologous
to the amyloid protein of Alzheimer's disease containing a glutamine
for glutamic acid substitution have accelerated amyloid fibrii

formation. Biochem. Biophys. Res. Commun. 179, 1247-1254,

Wisniewski T., Lalowski M., Bobik M., Russell M., Strosznajders J. and
Frangione B. (1996). Amyloid 8 1-42 deposits do not lead to
Alzheimer's neuritic plaques in aged dogs. Biochem. J. 313, 575-
580.

Wong C.W., Quaranta V. and Glenner G.G. (1985). Neuritic plagues
and cerebrovascular amyloid in Alzheimer disease are antigenically
related. Proc. Natl. Acad. Sci. USA 82, 8729-3872.

Wu D., Yang J. and Pardridge W.M. (1997). Drug targeting of a peptide
radiopharmaceutical through the primate blood-brain barrier in vivo
with a monoclonal antibody to the human insulin receptor. J. Clin.
Invest. 100, 1804-1812.

Yamada M., Tsukagoshi H., Otomo E. and Hayakawa M. (1987).
Cerebral amyloid angiopathy in the aged. J. Neurol. 234, 371-376.
Yamaguchi H., Yamazaki T., Lemere C.A., Frosch M.P. and Selkoe D.J.
(1992). Beta amyloid is focally deposited within the outer basement
membrane in the amyloid angiopathy of Alzheimer’s disease. Am. J.

Pathol. 141, 249-259.

Zlokovic B.V. (1996). Cerebrovascular transport of Alzheimer's amyloid
3 and apolipoproteins J and E: possible anti-amyloidogenic role of
the blood-brain barrier. Life Sci. 59, 1483-1497.

Ziokovic B.V., Ghiso J., Mackic J.B., McComb J.G., Weiss M.H. and
Frangione B. (1993). Blood-brain barrier transport of circulating
Alzheimer's amylioid 8. Biochem. Biophys. Res. Commun. 197,
1034-1040.

Zlokovic B.V., Martel C.L., Matsubara E., McComb J.G., Zheng G.,
McCluskey R.T., Frangione B. and Ghiso J. (1996). Glycoprotein
330/megalin: Probable role in receptor-mediated transport of
apolipoprotein J alone and in a complex with Alzheimer disease
amyloid B at the blood-brain and blood-cerebrospinal fluid barriers.
Proc. Natl. Acad. Sci. USA 93, 4229-4234.

Zlokovic B.V., Wisniewski T., Walker L.C., McComb J.G., Ghiso J. and
Frangione B. (1997). On Alzheimer's amyloid B peptide transport at
the blood-brain barrier. J. Clin. Invest. 100, 1804-1812.

Accepted November 18, 1998





