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Scavenger receptor class B type I (SR-BI) is a high-density lipoprotein
receptor that regulates cholesterol efflux from the peripheral tissues
to the liver. SR-BI has been identified on astrocytes and vascular
smooth muscle cells in Alzheimer’s disease brain and has been
shown to mediate adhesion of microglia to fibrillar amyloid-β (Aβ).
Here we report that SR-BI mediates perivascular macrophage re-
sponse and regulates Aβ-related pathology and cerebral amyloid
angiopathy in an Alzheimer’s mouse model. Reduction or deletion
of SR-BI gene in heterozygous or homozygous deficient mice
(SR-BI+/−, −/−) resulted in a significant increase in perivascular macro-
phages in the brain. SR-BI deletion had no effect on apolipoprotein
EorapolipoproteinAI levels in themousebrain.Ouranalysis revealed
increased levels of SR-BI expression in the brains of human amyloid
precursor protein (Swedish, Indiana) transgenic mice (J20 line). To
evaluate the role of SR-BI in Alzheimer’s disease pathogenesis, we
inactivated one SR-BI allele in J20 transgenic mice. SR-BI reduction
in J20/SR-BI+/− mice enhanced fibrillar amyloid deposition and cere-
bral amyloid angiopathy and also exacerbated learning andmemory
deficits compared with J20 littermates. Immunohistochemical analy-
sis revealed localization of SR-BI on perivascular macrophages in
tight association with Aβ deposits. Our data suggest that SR-BI re-
duction impairs the response of perivascular macrophages to Aβ and
enhances theAβ-relatedphenotypeandcerebralamyloidangiopathy
in J20 mice. These results reveal that SR-BI, a scavenger receptor pri-
marily involved in high-density lipoprotein cholesterol transport,
plays an essential role in Alzheimer’s disease and cerebral amyloid
angiopathy.

high-density lipoprotein receptor | dementia

Alzheimer’s disease (AD), the major cause of dementia, is
a progressive neurodegenerative disease that impairs basic

cognitive functions, primarily memory (1). Cerebral amyloid
angiopathy (CAA), also characterized by the deposition of amy-
loid-β (Aβ) in cerebral blood vessels, is common in AD patients
(2). Scavenger receptors were originally described for their ability
to recognize a broad array of ligands, including lipoproteins (3, 4).
Studies using genetically modifiedmice have established their role
in cholesterol metabolism and cardiovascular disease (5, 6). Re-
cently, scavenger receptors have been implicated in AD, although
it is unclear whether they contribute to the pathogenesis of the
disease (7–10). Scavenger receptor class B type I (SR-BI) has
been identified as a high-density lipoprotein (HDL) receptor that
mediates cholesterol transport (11). SR-BI has been detected in
mouse brain (12), and SR-BI gene deletion in mice results in el-
evated HDL cholesterol and female sterility (5, 13). SR-BI and
ATP-binding cassette transporter-1 (ABCA1) play a major role in
“reverse cholesterol transport,” the HDL-mediated transport of
cholesterol from the periphery to the liver (14). ABCA1 has been
shown to modulate amyloid plaque formation and apolipoprotein
E (ApoE) levels in the brain of Alzheimer’s transgenic mice (15).
ApoE, a major risk factor for AD (16, 17), is involved in choles-
terol homeostasis. Studies have suggested a potential role of SR-
BI in AD pathogenesis. SR-BI has been identified on astrocytes
in AD brain and on brain macrophages, microglia, and vascular

smooth muscle cells (10, 12). SR-BI-transfected cells internalize
aggregates of Aβ, and there is evidence suggesting that SR-BI is
able to mediate microglial adhesion to fibrillar Aβ (7, 9). Genetic
analysis of AD patients has identified polymorphisms at the ge-
netic locus on chromosome 12, where SR-BI resides (18). Mac-
rophages have been implicated in AD pathogenesis; nevertheless,
their role still remains obscure. Macrophages have been shown to
degrade Aβ in vitro (19) and bone-marrow-derived perivascular
macrophages have also been implicated in AD, as they can remove
Aβ peptides from brain vessels and regulate CAA (20, 21).
In this study, we examine the role of SR-BI in the development

of the amyloid-related phenotype and CAA in a human amyloid
precursor protein (huAPP) (Swedish, Indiana) transgenic mouse
(J20 line). We show that SR-BI regulates perivascular macro-
phages in the mouse brain. Reduction or deletion of SR-BI in
heterozygous and homozygous mice caused a significant increase
in perivascular macrophages. Inactivation of a single SR-BI allele
resulted in reduction of SR-BI protein approximately by half in
the brain, as has previously been reported for the expression of
SR-BI in the liver of heterozygous mice (5). Analysis of SR-BI
expression in J20 mouse brains showed elevated SR-BI protein
levels compared with wild-type littermates. To evaluate the role of
SR-BI in AD, we generated J20/SR-BI heterozygous knockout
mice (SR-BI+/−) by mating J20 mice with SR-BI heterozygous
knockout mice (5, 22). Analysis of 11-mo-old J20/SR-BI+/− mice
revealed a significant increase in amyloid plaque formation and
vascular amyloid deposition in the brain and exacerbated learning
and memory deficits compared with their J20 littermates. Our
findings suggest that inactivation of a single SR-BI allele is suffi-
cient to impair perivascular macrophage response to Aβ and to
enhance fibrillar amyloid deposition and CAA.

Results
Generation of J20/SR-BI+/− Mice. J20 male mice were mated with
SR-BI+/− female mice. We used heterozygous mice, as SR-BI
female homozygous mutant mice are sterile (13). Probucol has
been shown to reverse the infertility problems of SR-BI mutant
mice (13), nevertheless we decided not to use it as it has been
shown to increase ApoE levels in the brain (23) that could pos-
sibly affect the phenotype of the mice. We attempted to generate
J20 mice that were SR-BI homozygote deficient (J20/SR-BI−/−) by
mating J20/SR-BI+/− male mice with SR-BI+/− female mice. In
the offspring, we identified only J20/SR-BI+/− and not any J20/
SR-BI−/− mice. We believe that the combination of the fertility
problems of the SR-BI female mice with the increased mortal-
ity and fertility problems observed in mice expressing high levels
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of huAPP including J20 (24) hindered the generation of J20/
SR-BI−/− mice. However, we cannot exclude the possibility that
this was an effect caused by the absence of SR-BI combined with
the expression of huAβ.

SR-BI Expression Is Increased in J20 Mouse Brains. SR-BI has been
identified in the human AD brain and in normal mouse brain
(12, 25). To evaluate the involvement of SR-BI in the AD phe-
notype of J20 mice, we examined for possible changes in the
expression levels of SR-BI in the brains of J20 mice. Analysis of
total protein brain extracts of 11-mo-old mice by Western blot-
ting showed a significant increase in SR-BI levels in J20 mouse
brains (Fig. 1A) (n = 4–5) (wild-type versus J20, P = 0.0072).
This result clearly suggests the involvement of SR-BI in the AD
pathology in J20 mice.

SR-BI Reduction Increases Perivascular Macrophages in the Mouse
Brain. Previous analysis of liver protein extracts of SR-BI+/− mice
revealed a reduction in SR-BI protein approximately by half in
heterozygous mutants compared with wild-type (5). To examine
the effect of inactivation of one SR-BI allele in the brain, we
analyzed brain protein extracts by Western blotting. Our results
showed a reduction approximately by half in SR-BI protein levels
in heterozygous brains (Fig. S1) (n= 3–5) (one-way ANOVA, P=
0.0276). To evaluate the impact of SR-BI reduction in perivascular
macrophages in the mouse brain, we analyzed the expression of
CD206 and CD163 in SR-BI+/− and −/− mice. CD206, a mannose
receptor, and CD163, a scavenger receptor, have been identified
as perivascular macrophage markers (26, 27). Analysis of total
protein brain extracts by Western blotting showed a significant
increase in both CD206 and CD163 in SR-BI+/− and −/− mice
compared with wild-type mice (n = 5) (CD206 wild-type versus
SR-BI+/−, P = 0.0446; wild-type versus SR-BI−/−, P = 0.0018;
CD163 wild-type versus SR-BI+/−, P = 0.0467; wild-type versus
SR-BI−/−, P = 0.0064; Fig. 1B). The same effect was observed
when brain sections from SR-BI+/− and wild-type mice were
immunostained with a CD206-specific antibody, where SR-BI+/−

brain sections exhibited a more intense staining compared with
wild-type (Fig. 1C) (n = 4) (wild-type versus SR-BI+/−, P =
0.0445). We next examined CD206 levels by Western blotting
from wild-type, J20, SR-BI+/−, and J20/SR-BI+/− mice. We found
a significant increase in the J20 mice compared with the wild-type
mice. Comparison of CD206 levels between the J20/SR-BI+/− and
the SR-BI+/− mice also showed a significant increase that was
twofold the increase between wild-type and J20 mice (Fig. 1D)
(n = 4–5) (wild-type versus J20, P = 0.0452; J20 versus J20/SR-
BI+/−, P = 0.00169; SR-BI+/− versus J20/SR-BI+/−, P = 0.0183).
Our results clearly support that SR-BI protein levels have a direct
effect on the perivascular macrophage and suggest that this in-
crease compensates for the loss of SR-BI.

SR-BI Reduction in the Brain of J20/SR-BI+/− Mice Accelerates Cerebro-
vascular and Parenchymal Amyloid Plaque Formation. Brains of 11-
mo-old J20 and J20/SR-BI+/− mice (n = 12) were analyzed for
vascular and parenchymal amyloid deposits with thioflavine-S. In all
J20/SR-BI+/− brains examined, blood vessels in the hippocampus
(Fig. 2B) and the cortex (Fig. 2D) contained large thioflavin-S–
positive deposits with a characteristic pattern of amyloid deposition
in concentric rings (Fig. 2B). J20 littermates also exhibited vascular
deposits positive for thioflavine-S but to a much lesser extent (Fig.
2 A and C). Densitometric analysis of vascular thioflavine-S de-
position revealed a significant increase in J20/SR-BI+/− brains (Fig.
2E) (P = 0.0273). We next examined for parenchymal amyloid
deposition in the brains of the mice. In both groups, the majority of
thioflavine-S–positive deposits were predominantly localized in the
hippocampus, with a few plaques in the cortex (Fig. 2 F andG).Our
analysis revealed a statistically significant increase in thioflavine-S–
positive plaques in the hippocampi of J20/SR-BI+/−mice compared
with J20 (Fig. 2H) (P = 0.0190). No obvious differences were ob-
served in the anatomical distribution or the staining pattern of the
plaques between the two groups. To determine differences in am-

yloid deposition, we immunostained brain sections of the same
animals using an Aβ-specific antibody (Fig. 2 I and J). Strong Aβ
staining was observed in both groups, nevertheless quantitation did
not reveal any significant difference between them (Fig. 2K). Next
we analyzed the insoluble (guanidine fraction) and soluble (lysis
fraction) Aβ40 and Aβ42 levels by ELISA between J20 and J20/SR-
BI+/−mice, where we noticed a small but nonsignificant increase in
Aβ42 levels in the guanidine extract of J20/SR-BI+/−brains (Fig. S2).
These results suggest that SR-BI reduction clearly promotesfibrillar
Aβ formation, with the brain vasculature being more affected.

ApoE and ApoAI Levels in the Mouse Brain Are Not Affected by SR-BI.
To evaluate for possible changes in ApoE and ApoAI in the
mouse brain, we examined by Western blotting total protein
brain extracts of SR-BI+/+, +/−, and −/− mice. Our analysis
showed no differences in ApoE (Fig. S3A) or ApoAI (Fig. S4).
To further examine the effects of SR-BI reduction on ApoE
expression in the J20 and J20/SR-BI+/− brains, we analyzed by
Western blotting different fractions of brain extracts (PBS/lysis/

Fig. 1. J20 mouse brains have increased SR-BI protein levels, and SR-BI re-
duction or deletion increases perivascular macrophages in the mouse brain.
(A) Western and densitometric analysis of brain lysates of wild-type and J20
revealed a significant increase in SR-BI protein in J20 brains. First lane is wild-
type liver lysate as positive control (*P < 0.01). (B) Western and densitometric
analysis of brain lysates of SR-BI+/+, +/−, and −/− mice revealed a significant
increase in CD206 and CD163 (*P < 0.05; **P < 0.01). (C) Representative
images and densitometric analysis of cortex immunostained for CD206
depicting strong immunoreactivity in the SR-BI+/− brain (*P < 0.05). (Scale bar,
10 μm.) (D) Western and densitometric analysis of brain lysates of SR-BI+/+, J20/
SR-BI+/+, SR-BI+/−, and J20/SR-BI+/− mice showed increased CD206 levels for J20
and J20/SR-BI+/− mice (*P < 0.05). Protein levels were standardized with
GAPDH. Western blots show two representative samples per group. Values
represent mean ± SEM of samples.
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guanidine fractions), where we found no significant differences
in ApoE (Fig. S3B). Our results showed that SR-BI reduction
did not have any effect on the expression levels of ApoE either in
the non-huAPP or the huAPP transgenic brains.

SR-BI Is Located on Perivascular Macrophages and Colocalizes with
Aβ. Immunostaining for SR-BI and CD206 in wild-type brain
showed colocalization that demonstrates the presence of SR-BI
on perivascular macrophages in capillary blood vessels in the
meninges (Fig. 3E) and in the brain parenchyma (Fig. 3F). Next
we stained brain sections of J20 mice for SR-BI and Aβ to ex-
amine the association between SR-BI and Aβ. We used an SR-BI-
specific antibody together with an Aβ-specific antibody (6E10)
that stains Aβ in diffuse amyloid plaques (Fig. 3 A and B) or
thioflavine-S that stains fibrillar Aβ in compact amyloid plaques
(Fig. 3 C and D). Our analysis showed that SR-BI is in tight as-
sociation with Aβ deposits in meningeal (Fig. 3A) and cortical
capillary vessels (Fig. 3B) and colocalizes with thioflavine-S–
positive meningeal vessels (Fig. 3C). In some cases, we could
clearly distinguish a layer of Aβ surrounded by CD206 in cortical
and meningeal blood vessels (Fig. 3A). There was strong expres-
sion of SR-BI in the blood vessels close to amyloid deposits (Fig.
3D). Our results show colocalization of SR-BI with fibrillar Aβ
and CD206 that implies the involvement of SR-BI and peri-
vascular macrophages in Aβ clearance.

SR-BI Reduction Has No Effect on the Capacity of Peripheral Macro-
phages and Microglia to Phagocytose Aβ. To evaluate the effect of
SR-BI reduction in the phagocytic activity of peripheral macro-
phages and microglia toward Aβ, we analyzed Aβ phagocytosis by
peripheral macrophages and neonatal microglia from SR-BI+/−

and wild-type adult mice and newborn pups, respectively. Confocal
microscopic analysis clearly revealed microglial and peripheral
macrophages containing FITC-labeled Aβ in SR-BI+/− and wild-
type cells. Quantitation analysis showed no significant differences
in Aβ phagocytosis between SR-BI+/− and wild-type for both the
microglial and the peripheral macrophage cultures (Fig. S5). This
result implies that SR-BI reduction does not have an obvious ef-
fect on the capacity of these cell types to phagocytose Aβ.

SR-BI Reduction Has No Effect on Astrocytes and Microglia. To eval-
uate the role of SR-BI in reactive astrocytes and activatedmicroglial
cells inamyloiddeposition,weexaminedbrain sections fromJ20and
J20/SR-BI+/− mice. We located Iba-1–positive microglia and glial
fibrillary acidic protein (GFAP)-positive astrocytes surrounding
thioflavine-S–positive amyloid plaques. We did not observe any
significant differences between the two groups (Fig. S6 A and B).

SR-BI Reduction Has No Effect on Oxidative Stress and APP Processing.
Oxidative damage and mitochondrial dysfunction have been im-
plicated in the pathogenesis of AD. Brains from SR-BI+/+ and +/−

mice were analyzed by Western blotting for superoxide dismutase-
2 (SOD2) protein levels, a marker of oxidative stress. No signifi-
cant difference was observed (Fig. S7A). In addition, we analyzed
total brain extracts of J20 and J20/SR-BI+/− mice, where again
there was no obvious difference between the two groups (Fig.
S7B). To examine whether the reduction of SR-BI affects APP
processing, we examined the levels of cell-associated carboxy-
terminal fragments (CTFα and CTFβ) as well as the amount of
full-length APP protein of total brain extracts of J20 and J20/SR-
BI+/− mice by Western blotting. There was no difference between
J20 and J20/SR-BI+/− mice. These results demonstrate that re-
duction of SR-BI did not affect APP processing (Fig. S7C).

SR-BI Reduction Accelerates Behavioral Deficits in huAPP Mice. To
evaluate whether SR-BI reduction worsened the cognitive defi-
cits, we compared the behavior of huAPP/SR-BI+/− and huAPP
mice as opposed to wild-type controls in open-field, novel object
recognition, and water-maze tests. In the open field, no statisti-
cally significant difference was observed in horizontal (crosses) or
vertical (rears) activity among the groups (Fig. 4 A and B). No
difference in activity was found either on the first day of testing in
a novel environment (crosses: one-way ANOVA: F(2,21) = 0.300,
P= 0.744; rears: one-way ANOVA: F(2,21) = 0.869, P= 0.902) or
on the second day of testing in a more familiar environment
(crosses: one-way ANOVA: F(2,21) = 0.104, P= 0.902; rears: one-
way ANOVA: F(2,21) = 0.590, P = 0.565). To evaluate proper
recognition memory, we used the novel object recognition task
(28). All animals subjected to this task were able to discriminate

Fig. 2. SR-BI reduction increases vascular and hippocampal
fibrillar amyloid deposition in the mouse brain. (A and B)
Sagittal sections of hippocampus from J20 and J20/SR-BI+/−

mice showing amyloid deposition in vessel walls. (C and D)
Amyloid deposition in cortical vessels in J20 and J20/SR-BI+/−

mice. (Scale bars, 10 μm.) (E) Densitometric analysis of vascular
thioflavine-S load revealed increased vascular fibrillar Aβ de-
position in J20/SR-BI+/− mice (*P < 0.05). (F and G) Sagittal
sections of 11-mo-old J20 and J20/SR-BI+/− hippocampi stained
with thioflavine-S or immunostained with an anti-Aβ antibody
(I and J). (Scale bar, 200 μm.) (H and K) Percent area covered by
thioflavine-S fluorescence (*P < 0.05, n = 12) (H) or Aβ staining
[P = N.S. (nonsignificant), n = 12] (K) were quantified in the
hippocampus, showing a significant increase in thioflavine-S–
positive amyloid deposits.
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between the familiar and the novel objects. Nevertheless, when the
discrimination ratio was examined, a statistically significant effect
of genotype was observed (Fig. 4C) (discrimination ratio: one-way
ANOVA: F(2,1) = 6.495, P = 0.007). Post hoc analysis revealed
that huAPP/SR-BI+/− mice performed worse on this task com-
pared with their wild-type and huAPP littermates. Hippocampus-
dependent spatial learning was also examined, using the water-
maze task (29). Irrespective of their genotype, all mice used in this
task appeared to swim normally and had no difficulty in mounting
the platform provided. Furthermore, when the escape platformwas
marked with a visible cue, all mice learned to approach it directly
and gradually reduced their latency across the 3-d training period
(Fig. 4D) (time required to reach the escape platform: ANOVA
repeated measures: F(2,19) = 1.734, P= 0.203). After training with
the visible platform, mice were tested in the hidden-platform ver-
sion of the water-maze task and latency to reach the hidden plat-
form was used as a parameter of learning. Compared with their
wild-type littermates, both J20 and J20/SR-BI+/− mice took longer
to find the hidden platform (Fig.4D) (ANOVA for repeated mea-
sures: F(2,19) = 19.551, P < 0.001 and Bonferroni post hoc analysis).
Interestingly, J20/SR-BI+/−mice appeared to perform worse in this
task compared with the two other mouse groups (Fig. 4D) (Bon-
ferroni post hoc analysis). Finally, when swim speed was examined,
no difference was observed among mice of different genotype
(wild-type: 16.3 cm/s ± 1.3; J20: 16.6 cm/s ± 2; J20/SR-BI = 12.3
cm/s ± 1.3; one-way ANOVA: F(2,21) = 2.685, P = 0.094). In the
probe trial, only wild-type mice displayed a preference for the
target quadrant, and spent more than 30% of their time in this
quadrant. Our statistical analysis revealed a genotype effect on
time spent both in the target and opposite quadrants (Fig. 4E)
(target: one-way ANOVA: F(2,21) = 9.608, P = 0.001; opposite:
one-way ANOVA: F(2,21) = 6.694, P = 0.006). Compared with

wild-type controls, both J20 and J20/SR-BI+/− mice spent less time
in the target (Bonferroni post hoc analysis), whereas only J20/
SR-BI+/− mice spent more time in the opposite one (Fig. 4E) (post
hoc analysis). Representative paths followed by animals of different
groups are shown in Fig. 4F.

Discussion
In this study, we focused on the role of SR-BI in the develop-
ment of the AD-like phenotype in huAPP transgenic mice (J20).
We show that SR-BI expression is distinctively elevated in the
J20 mouse brains. Inactivation of a single SR-BI allele is suffi-
cient to promote a significant increase in fibrillar Aβ vascular
deposition and fibrillar amyloid plaque formation in the brain as
well as to exacerbate Aβ-dependent behavioral abnormalities.
We suggest that this phenotype results from the reduction of SR-
BI in the brain. We propose that this effect is mediated primarily
by perivascular macrophages, as SR-BI reduction causes a sig-
nificant increase in perivascular macrophages in the brain.
In this study, we demonstrate that SR-BI is clearly associated

with perivascular macrophages. Perivascular macrophages are
bone-marrow-derived innate immune cells (30). They have been
implicated in CNS inflammation andmore recently in AD (21). To
identify perivascular macrophages, we used CD163, a hemoglobin-
haptoglobin scavenger receptor, and CD206, a mannose receptor
(20, 26, 27). Analysis of SR-BImutant mice revealed a remarkable
increase in CD206 and CD163 in the brain. This was confirmed
both for homozygous and the heterozygous SR-BI mice, implying
that reduction of SR-BI is sufficient to trigger this effect. We hy-
pothesize that the increase in perivascular macrophages compen-
sates for the loss of SR-BI. Next we examined CD206 expression in
the brains of J20mice, where it was elevated.We suggest that this is
due to the recruitment of perivascular macrophages to Aβ. To
evaluate the effect of SR-BI reduction in the response of peri-
vascular macrophages to Aβ, we compared CD206 expression
between J20/SR-BI+/− and control SR-BI+/− mouse brains. We
observed a significant increase in CD206 levels in J20/SR-BI+/−

brains, which was approximately twofold the increase in CD206
we observed between wild-type and J20 mice. The latter finding
suggests that in the J20/SR-BI+/− mice the increase in perivascular
macrophages compensates for the reduction of SR-BI. Our data
imply that SR-BI plays a major role in the response of perivas-
cular macrophages to Aβ and that reduction of SR-BI impairs
this response.
In our study, we used J20 mice that develop amyloidosis and

cerebrovascular pathology (22, 31). Analysis for fibrillar amyloid
deposition revealed a significant increase in vascular amyloid
deposits and in the fibrillar amyloid plaques in the hippocampus
in J20/SR-BI+/− mice. More prominent was the effect on the fi-
brillar amyloid deposition in J20/SR-BI+/− mice. Given that SR-
BI is located on perivascular macrophages in the brain vessels, it
is possible that the increase of the fibrillar amyloid deposits in
J20/SR-BI+/− mice in the brain parenchyma can be attributed to
the incapacity of the vasculature to clear Aβ.
Previous work has suggested that eliminating perivascular mac-

rophages can bring an increase in Aβ42 levels in the vasculature and
a decrease in the cortex parenchyma (20). This effect is more likely
to reflect a redistribution of Aβ in blood vessels and brain paren-
chyma rather than a substantial change in total Aβ levels in the
brain. Our analysis revealed a small but nonsignificant increase in
Aβ42 levels between J20 and J20/SR-BI+/−, as it was done on total
brain protein extracts that included the vasculature and brain pa-
renchyma. Immunohistochemical analysis of brain sections for Aβ
deposition showed no significant differences as well.
To evaluate the effect of SR-BI deletion on ApoE in the mouse

brain, we analyzed ApoE expression in SR-BI+/+, +/−, and −/−

mice without detecting any differences. This was anticipated, as
SR-BI deletion in mutant mice has been shown to have no
effect on ApoE (6). To investigate for any relevance between the
increase in amyloid deposition and ApoE, we compared ApoE
levels in J20/SR-BI+/− and J20 brains, where we again found
no differences. Because SR-BI deletion up-regulates ApoAI in

Fig. 3. SR-BI is in tight association with Aβ and colocalizes with CD206. (A and
B) Immunostaining for SR-BI and Aβ. (A) Meningeal blood vessel showing
a layer of Aβ coated with SR-BI. (B) Cortical blood vessels showing colocaliza-
tion of SR-BI and Aβ. (C and D) Immunostaining for SR-BI and thioflavine-S–
positive amyloid deposition. (C) Meningeal blood vessel showing colocaliza-
tion between SR-BI and thioflavine-S–positive amyloid deposits. (Scale bars for
A–C, 30 μm.) (D) Thioflavine-S–positive amyloid plaques extending toward an
SR-BI–positive cortical blood vessel. (Scale bar, 30 μm.) (E and F) Immunofluo-
rescence staining for SR-BI and CD206 in themeninges (E) and in the cortex (F)
of wild-type mouse brain shows colocalization. (Scale bars for E and F, 50 μm.)
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the periphery (6), we asked whether reduction of SR-BI would
have any impact on ApoAI in the mouse brain. Our analysis on
SR-BI+/+, +/−, and −/− brains showed no differences in ApoAI
levels. In conclusion, our results demonstrate that ApoE and
ApoAI are not affected by SR-BI in the mouse brain and suggest
that the effects of SR-BI on amyloid deposition are independent
of ApoE.
In a similar study, detection of perivascular macrophages with

CD206 confirmed colocalization with fibrillar amyloid deposits
(20). Our results revealed colocalization of SR-BI with CD206
and fibrillar Aβ on meningeal and cortical vessels. We observed
SR-BI in tight association with amyloid deposits in the blood
vessels. Interestingly, we noticed persistent and intense SR-BI
staining in blood vessels in close vicinity of parenchymal fibrillar
amyloid plaques.
Although SR-BI has been detected in astrocytes in the human

AD brain (12), we observed SR-BI staining primarily located in
the blood vessels in the mouse brain. Immunohistochemical
analysis for GFAP and Iba-1 immunoreactivity did not reveal any
significant differences, demonstrating that SR-BI reduction did
not affect astrocytic or microglial response to Aβ. Our data are in
agreement with previous findings where inhibition of SR-BI–Aβ
interactions with a blocking antibody to SR-BI did not affect
binding of Aβ by astrocytes and suggest a limited role for SR-BI
in the interaction of mouse astrocytes with Aβ (32). Moreover,
we showed that SR-BI reduction has little effect on the capacity
of peripheral macrophage and microglial cell cultures to bind
labeled Aβ, indicating that the effect on amyloid deposition by
SR-BI is mediated primarily by perivascular macrophages.
SR-BI deletion promotes a significant increase in oxidative

stress markers in the blood serum in SR-BI knockout mice (33).
J20 mice have been shown to have increased production of su-
peroxide (O2

.−) and elevated levels of superoxide dismutase-2

(SOD2) (34). Analysis of SOD2 expression in SR-BI+/+ and +/−

mice as well as in J20/SR-BI+/− and J20 showed no changes,
implying that SR-BI does not affect oxidative stress in the brain.
In addition to the histopathological findings, behavioral and

memory analysis of J20/SR-BI+/− mice clearly revealed further
cognitive impairment compared with J20 littermates. HuAPP
mice have been shown to have a range of behavioral alterations
and memory deficits (35). SR-BI homozygous deficient mice, on
the other hand, are normal on a variety of behavioral tests, in-
cluding open field, novel object recognition, and water maze, at
all ages with the exception of very old (20- to 26-mo-old) ho-
mozygous mice, which have impaired long-term potentiation
(LTP) (36). In our experiments, we used 11-mo-old mice that
were heterozygous knockout for SR-BI. Our behavioral data
showing exacerbated learning and memory deficits in J20/SR-
BI+/− mice support our histopathological findings and confirm
the essential role of SR-BI in the development of the AD phe-
notype in J20 mice.
Our study links SR-BI to perivascular macrophages and estab-

lishes a significant role for SR-BI among other scavenger recep-
tors in AD and CAA (37). Our work supports the hypothesis that
SR-BI is involved in amyloid pathology primarily as a modulator
of the perivascular macrophage response. Activation of the pe-
ripheral immune cells through receptors of the innate immune
system, such as the TLR9, has been shown to reduce AD-related
pathology and CAA in AD mouse models (38). Similarly, SR-BI
activation could possibly have a beneficial effect in AD pathology.
SR-BI expression has been shown to be induced by statins (39, 40),
and simvastatin treatment of J20 mice has shown a positive effect
on cerebrovascular function (34). These data combined with ours
suggest SR-BI as a potential mediator of the beneficial effect of
statins in cerebrovascular function. Our study relates SR-BI with
perivascular macrophages and demonstrates a significant role for

Fig. 4. Reduction of SR-BI exacerbated learning and memory deficits, but not motor skills, of J20 animals. (A and B) Performance in the open field. (A)
Horizontal activity was assessed by scoring cross-overs in the open field (data points depict mean ± SEM); no difference was observed among the animal
groups examined in both a novel (first day of testing) and a familiar (second day of testing) environment. (B) Vertical activity was assessed by scoring rears in
the open field (data points depict mean ± SEM); no difference was observed among the animals in either the first or second day of testing. (C) Mean dis-
crimination ratio (± SEM) in the novel object recognition task. All animals were able to discriminate between the novel and the familiar object. Interestingly,
J20/SR-BI+/− mice perform worse in this task. (D–F) Performance in the water-maze task. (D) Mean latency (± SEM) across visible and training sessions of the
water maze. No difference was observed in the latency to reach a visible platform. In the training session, J20/SR-BI+/− mice perform worse compared with
the other two mouse groups. (E) Mean time spent (± SEM) in the target and the opposite quadrants of the water maze during the probe trial. In the absence of
the escape platform, wild-type animals showed a preference for the target quadrant. J20/SR-BI+/−mice spent significantly more time in the more distant (opposite)
quadrant compared with the other two groups. (F) Representative paths followed by mice of each group during the probe trial. T, target. *P < 0.05.
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SR-BI in CAA and AD. These findings could possibly have major
implications for the treatment of AD and CAA and designate SR-
BI as a therapeutical target.

Methods
Animals. All animal procedureswere approvedby the Bioethical Committee of
the Biomedical Research Institute. All animal experiments were in agreement
withethical recommendationsof theEuropeanCommunitiesCouncilDirective
(86/609/EEC). J20 transgenic and SR-BI mice were on C57Bl6/J background.

Immunohistochemistry. Vibratome sections were incubated overnight with
anti-Aβ biotinylated 6E10 and developed by using 3,3-diaminobenzidine/
nickel. For thioflavine-S plus GFAP/Iba-1/SR-BI double labeling, sections were
incubated overnight with anti-GFAP, anti–Iba-1, and anti–SR-BI, exposed to
secondary antibodies, and then processed for thioflavine-S staining. Cry-
osections were incubated overnight with anti-CD206, and developed with an
anti-rat FITC antibody. For CD206 plus SR-BI double labeling, sections were
incubated overnight with anti-CD206 and then processed for SR-BI.

Immunoblotting. Hemibrain homogenates were separated by SDS/PAGE elec-
trophoresis, transferred to nitrocellulose or PVDF membrane, and incubated
with anti-CD206, anti-CD163, anti-muApoAI, or anti-muApoE antibodies.
Membranes were stripped and reprobed with anti-GAPDH or anti-tubulin to
ensure equal protein loading.

Behavioral Studies.Micewere tested in three behavioral tasks in the following
order: open field, novel object recognition, and water maze. Open-field,
novel object recognition, and water-maze experiments were conducted as
previously described with some modifications (41).

Additional Methods. A more detailed description is provided in SI Methods.
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