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Summary. Increased production and reduced clearance of amyloid b (Ab)
plays a central role in the pathogenesis of Alzheimer’s disease (AD). We have
recently shown that the neurotrophic peptide mixture CerebrolysinTM (Cbl) has
the ability of improving synaptic functioning and reducing amyloid deposition
in a transgenic (tg) animal model of Alzheimer’s disease (AD). Since in AD,
potentially toxic Ab aggregates accumulate not only around neurons but also in
the blood vessels, then it is important to investigate whether bioactive com-
pounds such as Cbl might have the capacity to ameliorate the age-related cere-
bral amyloid angiopathy (CAA) in tg models. To this end, tg mice expressing
mutant human amyloid precursor protein (APP) under the Thy1 promoter were
treated with Cbl or saline alone starting at 7 or 12 months of age for a total of
three months. Neuropathological analysis with an antibody against Ab showed
that Cbl decreased amyloid deposition around the blood vessels in a time de-
pendant manner. These effects were accompanied by a reduction in perivascular
microgliosis and astrogliosis and increased expression of markers of vascular
fitness such as CD31 and ZO-1. No lymphocytic infiltration was observed
associated with Ab in the vessels. Consistent with these findings, ultrastructural
analysis showed that while in tg mice treated with saline alone there was an
abundant accumulation of amyloid fibers in the vascular wall accompanied by
thickening of the basal membrane and endothelial cell damage, in Cbl-treated
mice there was considerable reduction in the subcellular alterations of endothe-
lial and smooth muscle cells with preservation of basal membranes and in-
tercellular junctions. Taken together, these results suggest that Cbl treatment
might have beneficial effects in patients with cognitive impairment due to



cerebrovascular amyloidosis by reducing Ab accumulation and promoting the
preservation of the cerebrovasculature.
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Introduction

Abnormal processing of amyloid precursor protein (APP) leading to increased
amyloid beta protein (Ab) production has been centrally implicated in the
pathogenesis of Alzheimer’s disease (AD) because APP mutations are asso-
ciated with familial AD (FAD) (Goate et al., 1991; Clark and Goate, 1993),
APP degradation products are found in AD brains (Sisodia et al., 1990), and
over expression of mutated APP in transgenic (tg) mice results in AD-like
pathology (Games et al., 1995). Cleavage of APP by a-secretase results in
the secretion of a large N-terminal ectodomain (Maruyama et al., 1994). In
an alternative pathway, b-secretase generates a shorter N-terminal fragment
and a 12-kDa C-terminal fragment (C99), which remains membrane bound
(Evin et al., 2003). C99 is then further cleaved by g-secretase, resulting in
the production of Ab peptides (Beher et al., 2002; Evin et al., 2003). These
fragments accumulate in the neurons as well as at the synaptic sites triggering
pro-apoptotic pathways (Mattson, 2000; Bertrand et al., 2001; Mattson et al.,
2001; Lu et al., 2003a, b). Furthermore, fibrillar Ab peptides accumulate in the
extracellular space forming plaques and around blood vessels leading to cere-
bral amyloid angiopathy (CAA). CAA is a common feature of both sporadic
and FAD where amyloid is found around arteries, arterioles and less often
around capillaries and veins (Revesz et al., 2002). Immunocytochemical studies
have shown that Ab1-40 is the predominant form of Ab accumulating in the
blood vessels in sporadic AD, while in FAD Ab1-42 is also deposited (Revesz
et al., 2002). Although Ab peptides are primarily deposited as amyloid in CAA,
monomeric and oligomeric forms of this peptide are also found. In cases with
moderate to severe forms of CAA there is a significantly higher frequency of
hemorrhagic or ischemic lesions contributing to the worsening of the cognitive
impairment in these patients (Revesz et al., 2002; Van Nostrand et al., 2002;
Weller and Nicoll, 2003). Thus, developing strategies directed at reducing ce-
rebrovascular amyloidosis and protecting the microvasculature might be an
important adjuvant therapy in patients with AD.

In this regard, previous studies have shown that CerebrolysinTM (Cbl), a
brain derived peptide preparation produced by a standardized enzymatic break-
down of purified brain proteins, has neurotrophic activity in vitro (Mallory et al.,
1999) and in animal models of cerebrovascular ischemia and neurodegeneration
(Francis-Turner and Valouskova, 1996; Masliah et al., 1999; Veinbergs et al.,
2000) and improves the memory deficits in patients with mild to moderate AD
(Ruther et al., 1994a, b) and after stroke (Koppi and Barolin, 1998). Furthermore,
we recently found that this compound is capable of reducing amyloid load and
neurodegeneration in APP tg mice expressing mutated human (h)APP751 under
the control of the murine (m)Thy-1 promoter (mThy1-hAPP751) (Rockenstein
et al., 2002). Because the mutations introduced in this APP tg mouse model are
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the same as the ones associated with FAD (Chartier-Harlin et al., 1991; Clark and
Goate, 1993), then this model might be more relevant to inherited than sporadic
forms of AD. However, it is worth noting that since in both sporadic and FAD the
same upstream event (Ab1-42 accumulation) plays a central role in the patho-
genesis of synaptic dysfunction and CAA (Haass et al., 1995; Citron et al., 1996;
Mucke et al., 2000), then the findings in this model might be useful for both
forms of AD. The advantages and disadvantages of the use of APP tg mouse
models for the study of AD pathogenesis are discussed in recent review papers
(Masliah, 1999; Masliah and Rockenstein, 2000).

Our previous studies were focused at investigating the effects of Cbl on
plaque formation and neurodegeneration in mThy1-hAPP751 tg mice, however,
it is unclear if Cbl might have similar effects in CAA. Therefore, in the present
study, we evaluated the effects of Cbl on Ab deposition in the vessels and on
vascular fitness.

Material and methods

Generation of mThy1-hAPP751 tg mice and treatment regimen

Briefly, as previously described (Rockenstein et al., 2001), the tg mice generated for these studies
express high levels of mutated hAPP751 under the control of the mThy-1 promoter (mThy1-
hAPP751). These tg mice are unique in that, compared to other single tg models, high levels of
Ab1-42 are associated with amyloid plaque formation in the CNS at a much earlier age (beginn-
ing at 3 months) (Masliah and Rockenstein, 2000; Rockenstein et al., 2001). Furthermore, these
mice develop CAA beginning at 6 months of age. Genomic DNA was extracted from tail biopsies
and analyzed by PCR amplification, as described previously (Rockenstein et al., 1995). Trans-
genic lines were maintained by crossing heterozygous tg mice with non-transgenic (nontg)
C57BL=6� Swiss Webster F1 breeders. All mice were heterozygous with respect to the transgene
and the nontg littermates served as controls. Twelve 7-month-old and twelve 12-month-old tg
mice were utilized for the present study. For the younger age group (Group I), 6 mice received
daily intraperitoneal (IP) injections of Cbl (Batch # 802772, 5 ml=kg) and the rest (n¼ 6) receiv-
ed saline alone. For the older age group (Group II), 6 tg mice received daily IP injections of Cbl
(Batch # 802772, 5 ml=kg) and the rest (n¼ 6) received saline alone. Mice from each age group
received IP injections for 1 month, followed by a month of rest and then another month of treat-
ment. At the end of this 3 month period mice were sacrificed for neuropathological analysis. Thus,
mice from Group I were sacrificed at 10 months of age and from Group II at 15 months of age.

Tissue processing

In accordance with NIH guidelines for the humane treatment of animals, mice were anesthetized
with chloral hydrate and flush-perfused transcardially with 0.9% saline. Brains were removed and
divided sagitally. One hemibrain was post-fixed in phosphate-buffered 4% paraformaldehyde (pH
7.4) at 4�C for 48 hr and sectioned at 40-mm with a Vibratome 2000 (Leica, Nussloch, Germany),
while the other hemibrain was snap frozen and stored at �70�C for protein analysis.

Neuropathological analysis and detection of A� deposits

Vibratome sections were incubated overnight at 4�C with the mouse monoclonal antibody against
Ab protein (clone 6E10, 1:600, Signet Labs, Inc., Dedham, MA), followed by fluorescein iso-
thiocyanate (FITC)-conjugated anti-mouse IgG (1:75, Vector Laboratories, Burlingame, CA). The
FITC-labeled sections were imaged with the laser scanning confocal microscope (LSCM, BioRad
1024; BioRad Laboratories, Hercules, CA), as described previously (Mucke et al., 2000). From
each case a total of 10 digital images (0.1 mm2) from the frontal cortex were analyzed to
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determine the percent area occupied by interstitial amyloid deposits and CAA score. A semi-
quantitative scale ranging from 0–3 was used to score the severity of the CAA (Wyss-Coray et al.,
1997) in each image. A score of 0¼ no amyloid deposition in vessels, 1¼ approximately 1 to 4
vessels showing amyloid deposits, 2¼ amyloid deposits in 5 to 9 vessels and 3¼ 10 to 15 vessels
with amyloid deposition. Additional analysis of the neuroinflammatory response and vascular
alterations in the mThy1-hAPP751 tg mice was performed in sections immunolabeled with the
antibody against glial fibrillary acidic protein (GFAP, 1:500, Chemicon, Temecula, CA), a marker
of astroglial cells (Mucke et al., 2000), Iba1 (1:2000, Wako Chemicals USA, Inc., Richmond,
VA), a microglial marker (Kanazawa et al., 2002) and with antibodies against CD3 (undiluted,
R&D Systems, Minneapolis, MN), a T cell marker, CD20 (1:250, DakoCytomation, Carpinteria,
CA), a B cell marker, CD31 (1:200, DakoCytomation) and ZO-1 (1:500, Chemicon) to deter-
mine patterns of vascular damage and preservation. Sections reacted with diaminobenzidine
(DAB)=H2O2 were examined with a 20� objective of the Olympus light microscope. Digitized
images were analyzed with the Quantimet 570C (Leica) to determine relative levels of vascular
immunoreactivity (optical density). For all experiments, three immunolabeled sections were
analyzed per mouse and the average of individual measurements was used to calculate group
means.

Electron microscopic studies of CAA

For ultrastructural analysis, vibratome sections were postfixed with 2% glutaraldehyde=0.1%
osmium tetroxide in 0.1 M sodium cacodylate buffer and fragments from the frontal cortex were
embedded in Epoxy. Blocks were sectioned with an Ultracut E ultramicrotome (Leica) and ana-
lyzed with a Zeiss EM10 electron microscope (Carl Zeiss, Oberkochen, Germany) (Rockenstein
et al., 2001). From each case a total of 20 electron micrographs were obtained, 10 at a final
magnification of 5000x and 10 at 15,000x. Digitized micrographs of the vessels were used to
determine the thickness of the basal membranes and percent area occupied by endothelial cells
in small arterioles (Wyss-Coray et al., 2000).

Statistical analysis

Analyses were carried out with the StatView 5.0 program (SAS Institute Inc., Cary, NC). Differ-
ences among means were assessed by one-way ANOVA with post-hoc Dunnett’s. Comparisons
between 2 groups were done with the two-tailed unpaired Student’s t-test. Correlation studies were
carried out by simple regression analysis and the null hypothesis was rejected at the 0.05 level.

1

Fig. 1. Age-dependent patterns of amyloid deposition in the microvasculature in mThy1-hAPP751
tg mice. Sections were immunolabeled with an antibody against Ab and analyzed with the
LSCM. Panels A–C are from 7 month old mice and D–F are from 12 month old mice. A, C
Amyloid angiopathy in the pial surface vessels in the frontal cortex. B, D Amyloid deposition in
the vessels in the hippocampal fissure. C, E Amyloid involvement in the vessels in the thalamus.

PS pial surface, BV blood vessel, HF hippocampal fissure, P plaque, Bar¼ 20mm

Fig. 2. Effects of Cbl on CAA in mThy1-hAPP751 tg mice. Sections were immunolabeled with
an antibody against Ab and analyzed with the LSCM. All images are from the frontal cortex. A
Nontg control displaying unaffected blood vessels. B Saline-treated tg mice from Group I (mice
that started treatment at 7 months of age and were sacrificed at 10 months of age) display
moderate amyloid deposition in vessels of small and intermediate caliber. C Saline-treated tg
mice from Group II (mice that started treatment at 12 months of age and were sacrificed at 15
months of age) display abundant amyloid deposition in vessels of small and intermediate
caliber. D Cbl-treated nontg control. E, F Cbl-treated mice from Groups I and II, respectively,
display reduction of CAA and only occasional and compact plaques in the neuropil. P plaque,

BV blood vessel, Bar¼ 20 mm
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Results

Effects of Cbl treatment in the CAA in mThy1-hAPP751 tg mice

As expected, saline-treated mThy1-hAPP751 tg mice developed a progressively
more severe age-related CAA (Fig. 1) compared to age matched nontg controls
(Fig. 2A, D). Abundant amyloid deposits were frequently found in larger
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vessels in the cortical pial surface (Fig. 1A, D; Fig. 2B, C) as well as in smaller
vessels in the hippocampus and thalamus (Fig. 1C, F). In addition, abundant ma-
ture and diffuse plaques were found in the neuropil of these mice (Fig. 1D–F).
In contrast, in tg mice treated with Cbl there was a considerable reduction
in the scores for CAA (Fig. 2E, F; Fig. 3A) and interstitial amyloid deposits

Fig. 3. Computer-aided image analysis of the cerebrovascular pathology in Cbl-treated mThy1-
hAPP751 tg mice. Group I consisted of 7 month old mice treated with daily injections of Cbl
over a 3 month period, and Group II consisted of 12 month old mice subjected to the same
treatment procedure. All levels are measured in the frontal cortex. A Perivascular Ab immu-
noreactivity expressed as CAA score. Cbl treatment reduced CAA in both Group I and Group
II, but most significantly in Group II. B Levels of interstitial Ab immunoreactivity expressed as
percent area of the neuropil occupied by diffuse and mature amyloid plaques. Cbl treatment
significantly reduced amyloid plaques in both groups. C Levels of perivascular GFAP immu-
noreactivity expressed as corrected optical density. Cbl treatment significantly reduced levels of
astroglial reactivity in both groups. D Levels of interstitial GFAP immunoreactivity expressed
as corrected optical density. This represents astrogliosis in the neuropil that does not include the
vasculature. Cbl treatment significantly reduced astrogliosis in Group II. E Levels of CD31
immunoreactivity expressed as corrected optical density. Cbl treatment significantly increased
levels of this vascular marker in both groups. F Levels of ZO-1 immunoreactivity expressed as
corrected optical density. Cbl treatment significantly increased expression of this vascular
marker in Group II. For Group I, n¼ 6 tg mice treated with saline and 6 tg mice treated with
Cbl. For Group II, n¼ 6 tg mice treated with saline and 6 tg mice treated with Cbl. *¼ p<0.05

by one-way ANOVA with post-hoc Fisher
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(Fig. 3B). This effect was more apparent in the older group of mice, Group II
(Fig. 3A, B), where only a few deposits were observed in smaller vascular
branches penetrating the cortical neuropil (Fig. 2E, F), hippocampus and tha-
lamus (not shown). Only occasional deposits were observed in the pial surface
of these mice (Fig. 2E, F).

Effects of Cbl treatment on neuroinflammation
and markers of vascular integrity

To further investigate the effects of Cbl on neuroinflammation and vascular
fitness, immunocytochemical studies with antibodies against astroglial, micro-
glial, lymphocytic and vascular markers were performed. In saline-treated
mThy1-hAPP751 tg mice no perivascular lymphocytic infiltrates were detected
in hematoxylin and eosin (H&E) stained sections (Fig. 4A–C) or in sections
stained with CD3 or CD20 (not shown). In contrast, in these mice there was
intense perivascular and interstitial (Fig. 4E) microgliosis and astrogliosis
(Fig. 3C, D; Fig. 4H) that were more severe in older mice. Cbl treatment
resulted in a significant decrease in the levels of perivascular microgliosis
(Fig. 4F) and astrogliosis (Fig. 4I) in both groups of mice (Fig. 3C). Cbl treat-
ment also reduced interstitial astrogliosis but this effect was only significant in
mice from Group II (Fig. 3D). In the control mice, the antibodies against CD31
(Fig. 4J) and ZO-1 (Fig. 4M) labeled the wall of the vessels of small and
intermediate caliber. Compared to controls, in the saline-treated mThy1-hAPP
tg mice levels of immunoreactivity for those vascular markers was decreased
(Fig. 4K, N). In contrast, Cbl treatment resulted in the amelioration of the
vascular alterations with close to control levels of CD31 (Fig. 4L) and ZO-1
(Fig. 4O) immunoreactivity in tg mice. Computer-aided image analysis showed
that Cbl treatment rescued the levels of CD31 immunoreactivity in both groups
of mice (Fig. 3E). Similar effects were observed for ZO-1 immunoreactivity,
however, statistical significance was only obtained for Group II (Fig. 3F).

Effects of Cbl on the subcellular organization
of the cerebral vasculature

Ultrastructural analysis of the leptomeningial, neocortical and hippocampal
arteries of the saline-treated mThy1-hAPP751 tg mice showed an abundant
accumulation of amyloid fibrils in the walls of arterial vessels of small and
intermediate caliber (Fig. 5A, B). Amyloid fibrils were found within smooth
muscle cells and the elastic lamina disrupting the vascular architecture
(Fig. 5A). The vascular amyloid deposits consisted of randomly oriented bun-
dles of fibers measuring approximately 8–10 nm in diameter (Fig. 5B). Further-
more, the basal lamina was thickened and contained focal electrodense deposits
(Fig. 5B). In some vessels, the adventitia was expanded by foamy appearing
structures containing electrodense vacuoles, phagolysosomes and laminated
bodies (Fig. 5C). The pericytes of some of these vessels also contained large
lipid droplets (Fig. 5D, E). These alterations were more abundant in the older
mice compared to the younger group. Capillaries were relatively well pre-
served, however vacuolized cellular processes containing laminated structures
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were often found around them (Fig. 5F). In contrast, in the vessels of Cbl-
treated mThy1-hAPP751 tg mice only occasional amyloid fibrils were found
(Fig. 6A–C). The basement membranes displayed relatively normal character-
istics and no vacuoles or laminar bodies were found (Fig. 6D, E). The cellular
junctions among endothelial cells were preserved and only sporadic electro-
dense deposits were identified (Fig. 6D, E). Capillaries and pericytes showed
normal characteristics (Fig. 6F).
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Fig. 5. Ultrastructural analysis of the vasculature in saline-treated mThy1-hAPP751 tg mice.
All images are from the frontal cortex of mice from Group II. A Low-power view (5000�) of an
intermediate caliber vessel displaying abundant amyloid deposition in the media. B Higher
power view (15000�) of amyloid deposits around the basement membrane and thickening of
the membrane. C Accumulation of perivascular electrodense and vacuolized bodies (10000�).
D Intermediate caliber vessel displaying abundant electrodense lipid-like vacuoles in the cyto-
plasm of pericytes (5000�). E Higher power magnification (15000�) of electrodense vacuoles
and thickened basement membrane containing electrodense deposits. F Vacuolized cellular
processes surrounding an otherwise unaffected capillary (10000�). A amyloid deposit, BM

basement membrane, PVEDB perivascular electrodense bodies, V vacuoles

1
Fig. 4. Neuropathological and immunocytochemical analysis of the patterns of vascular dam-
age in Cbl and saline-treated mThy1-hAPP751 tg mice and nontg control mice. Images are
from the frontal cortex of mice from Group II. Panels A–C show the microvasculature in
sections stained with hematoxylin and eosin (H&E). No inflammatory lymphocytic infiltration
is observed in the vessels (arrows) displaying amyloid angiopathy (CAA). Panels D–F show
increased microglial Iba1 immunoreactivity around vessels (arrows) in tg mice treated with
saline. In mice treated with Cerebrolysin, there is a decrease in the intensity of this microglial
reaction. Panels G–I show GFAP immunoreactivity demonstrating an increase in astrogliosis
around the vessels in tg mice treated with saline and an amelioration of this process in Cbl
treated mice. Panels J–L demonstrate CD31 immunoreactivity showing a decrease in CD31
expression in saline-treated tg mice compared to nontg control and Cbl-treated tg mice. Panels
M–O display ZO-1 immunoreactivity, also displaying a decrease in expression in saline-treated
tg mice compared to control and Cbl-treated tg mice. A, D, G, J, M Nontg control. B, E, H, K,
N Saline-treated tg mouse section. C, F, I, L, O Cbl-treated tg mouse section. BV blood vessel,

Bar¼ 20 mm
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Discussion

The present study showed that Cbl treatment ameliorated the age-associated
amyloid deposition and degenerative alterations in the vasculature of mThy1-
hAPP751 tg mice. Consistent with the vascular changes that characterize this
tg model, previous studies have shown that tg mice overexpressing the London
mutant of APP under a similar promoter develop significant CAA that increases
with age (Van Dorpe et al., 2000). Consistent with our findings that Cbl amelio-
rates such alterations, previous studies have shown that Cbl decreases Ab pro-
duction in tg mice and decreases the formation of amyloid plaques (Rockenstein
et al., 2002, 2003). Cbl might reduce CAA and protect the cerebral vasculature
through several mechanisms, including regulation of APP metabolism and by
increasing the expression of factors that promote vascular fitness. In this regard,
previous studies have shown that Cbl alters the ratio of APP 770=751 to 695, fa-
voring APP processing through non-amyloidogenic pathways that also stimulate
synapse formation (Mallory et al., 1999; Rockenstein et al., 2002). In addition,
Cbl was capable of reducing total APP expression and production of Ab1-42
and Ab1-40 in young mThy1-hAPP751 tg mice (Rockenstein et al., 2002). Since
previous studies have shown that both sporadic and familial forms of CAA

Fig. 6. Ultrastructural analysis of the effects of Cbl on the vasculature of Cbl-treated mThy1-
hAPP751 tg mice. All images are from the frontal cortex of mice from Group II. A Low-power
view (5000�) of a relatively preserved vessel of intermediate caliber. B, C A vessel of small
caliber displays mild thickening of the basement membrane and occasional electrodense
deposits but no amyloid deposition, shown at 15000� and 10000�, respectively. D, E Low
(5000�) and higher power (15000�) views, respectively, of small caliber vessels displaying
preserved endothelial cell junctions. F Unaffected capillary (10000�). BM basement membrane
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appear to be associated with a mild perivascular inflammatory response, it is
possible that Cbl might reduce the CAA in tg mice by decreasing this neuroin-
flammatory reaction (Revesz et al., 2002; Eng et al., 2004).

In fact, an inflammatory response to vascular amyloid has also been noted in
a tg model that develops CAA (Winkler et al., 2001; Lee et al., 2003). Con-
sistent with this, in the saline-treated mice, we observed mild to moderate
astroglial and microglial reaction around the amyloid containing vessels but
no lymphocytic infiltration. Cerebrolysin treatment had some modest effects
in reducing this perivascular glial reaction, that could potentially help amelio-
rate amyloid accumulation. This is of interest because preventing the clinical
effects of CAA-related inflammation might have implications for combined
therapies using neuroprotective agents such as Cbl and vaccination-based treat-
ment strategies for AD. In this regard, a clinical trial of Ab vaccination was
halted when a small proportion of patients developed meningoencephalitis
(Check, 2002). Recent autopsy reports in some of these cases have shown that
although a large proportion of amyloid in the brain was removed in these
patients, CAA persists and in some cases is associated with a prominent inflam-
matory reaction (Check, 2002). Thus, therapies targeting amyloid deposition
and CAA might require not only the use of anti-amyloid and neuroprotective
agents but also anti-inflammatory components.

The present study also showed that Cbl enhanced the expression of vas-
cular markers in the APP tg mice and it is possible that this might be asso-
ciated with the ability of this trophic compound to enhance vascular function
by increasing the expression of Glut-1 (Boado and Pardridge, 1993; Boado,
1996), a ubiquitous transporter that is involved in glucose transport in all
vertebrates and its expression is increased upon glucose deprivation (Mueckler
et al., 1985; Boado and Pardridge, 1993). The mechanism that leads to en-
hanced vascular function involves a specific mRNA regulatory element
(Boado, 2001). The effects of Cbl on glucose transport have been shown to
enhance cerebrovascular circulation (Boado et al., 1999) by regulating steady
state levels and enhancing stability of Glut1 mRNA (Boado, 1995). Further-
more, previous studies in stroke patients (Koppi and Barolin, 1998) as well as
in animal models of vascular obstruction (Schwab et al., 1997, 1998) have
shown that this compound might reduce the size of the infarct and accelerate
functional recovery. The relationship between the effects of Cbl on APP
processing and Glut-1 expression are unclear, but it is conceivable that similar
mRNA stabilizing mechanisms might be involved in promoting APP cleavage
through non-amyloidogenic pathways such as the a-secretory pathway that
results in the production of a secreted a-APP fragment containing the first
16 aa of Ab. Thus, the effects of Cbl in the cerebral vasculature are important
because they might ameliorate not only the neurodegenerative alterations in
AD, but also the frequency of cerebral hemorrhages and microinfarcts often
associated with this disease.

In summary, this study showed that Cbl decreased amyloid deposition
around the blood vessels, increased the expression of markers of vascular fit-
ness, and ameliorated cerebrovascular deficits in mThy1-hAPP751 tg mice.
Taken together, these findings suggest that Cbl might have beneficial effects
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in ameliorating cognitive deficits due to cerebrovascular damage in AD and
CAA patients by reducing amyloid accumulation around the blood vessels.
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