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Deposition of amyloid-β (Aβ) in cerebral arteries, known as cerebral
amyloid angiopathy (CAA), occurs both in the setting of Alzheimer’s
disease and independent of it, and can cause cerebrovascular insuf-
ficiency and cognitive deficits. The mechanisms leading to CAA have
not been established, and no therapeutic targets have been identi-
fied. We investigated the role of CD36, an innate immunity receptor
involved in Aβ trafficking, in the neurovascular dysfunction, cogni-
tive deficits, and amyloid accumulation that occurs in mice express-
ing the Swedishmutation of the amyloid precursor protein (Tg2576).
We found that Tg2576 mice lacking CD36 have a selective reduction
in Aβ1-40 and CAA. This reduced vascular amyloid deposition was
associated with preservation of the Aβ vascular clearance receptor
LRP-1, and protection from the deleterious effects of Aβ on cerebral
arterioles. These beneficial vascular effects were reflected bymarked
improvements in neurovascular regulation and cognitive perfor-
mance. Our data suggest that CD36 promotes vascular amyloid de-
position and the resulting cerebrovascular damage, leading to neu-
rovascular dysfunction and cognitive deficits. These findings identify
a previously unrecognized role of CD36 in the mechanisms of vas-
cular amyloid deposition, and suggest that this scavenger receptor
is a putative therapeutic target for CAA and related conditions.
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There is increasing evidence that alterations in the structure and
function of cerebral blood vessels contribute to the brain dys-

function underlying Alzheimer’s disease (AD) (1, 2). Whereas
resting cerebral blood flow (CBF) is reduced early in course of AD
(3, 4), the increase in CBF induced by brain activity (functional
hyperemia), a vital mechanismmatching the metabolic demands of
active neurons with the delivery of nutrients through blood flow, is
suppressed (5, 6).With disease progression, deposition of amyloid-β
(Aβ) in cerebral blood vessels, a condition known as cerebral am-
yloid angiopathy (CAA), damages cerebrovascular cells, weakens
vessel walls, and disrupts vascular function further (7). CAA also
occurs independent of AD and has emerged as a frequent cause of
brain hemorrhage, silent infarct, and cognitive impairment (8, 9).
Studies in mice overexpressing mutated forms of the amyloid

precursor protein (APP) have demonstrated that Aβ peptides,
especially Aβ1-40, which accumulates preferentially in cerebral
blood vessels, alter cerebrovascular function, resulting in vaso-
constriction, impaired functional hyperemia, and inability of the
endothelium to regulate vascular tone (10–12).These studies have
raised the possibility that Aβ, in addition to damaging neurons
and glia, also threatens the cerebral blood supply and increases the
brain’s susceptibility to hypoxia-ischemia (1, 13). Furthermore,
considering that vascular transport is a key pathway for clearance
of Aβ from the brain (14), these vascular alterations also may en-
hance the accumulation of Aβ in brain and cerebral blood vessels.
Converging evidence indicates that Aβ exerts its deleterious

vascular effects by producing reactive oxygen species (ROS) (11,
15, 16) through the enzyme NADPH oxidase (17–20). A key
signaling pathway through which Aβ activates NADPH oxidase
in cerebral blood vessels involves CD36 (21), a critical innate

immunity receptor that binds Aβ and is present in endothelial
cells and microglia/macrophages (22, 23). Genetic deletion of
CD36 was shown to abrogate Aβ-induced vascular oxidative
stress and cerebrovascular dysfunction in 3-mo-old mice over-
expressing the Swedish mutation of APP (Tg2576) (21). How-
ever, those studies were performed in young mice before they
developed Aβ deposition and cognitive impairment, and the
impact of the cerebrovascular improvement afforded by CD36
deletion on amyloid load, CAA, and cognitive function could
not be established.
To address this issue, we examined the role of CD36 in neu-

rovascular regulation, Aβ deposition, and cognitive function in
Tg2576 mice at an advanced age. We found that elderly Tg2576
mice lacking CD36 showed marked improvement in cerebrovas-
cular function and cognitive performance in the Y maze test.
Surprisingly, these beneficial vascular and cognitive effects were
linked to a selective reduction in CAA, but not in amyloid plaques.
Our findings implicate CD36 in the mechanisms of CAA and
suggest that improved cerebrovascular health is able to preserve
cognitive function irrespective of parenchymal amyloid burden.

Results
CD36 Deletion Improves Neurovascular Function in Aged Tg2576 Mice.
We first investigated whether lack of CD36 mitigates cerebro-
vascular dysfunction in older Tg2576 mice, at the age marked by
extensive amyloid deposition in brain and cerebral blood vessels
(1, 24). In nontransgenic littermates, the increase in somatosen-
sory cortex CBF induced by neural activity (whisker stimulation)
was greatest at age 3 mo and was progressively attenuated in 18-
and 22 mo-old mice (P < 0.05, ANOVA; n = 5/group) (Fig. 1A),
reflecting the cerebrovascular dysfunction associated with aging.
Similarly, the increases in CBF induced by neocortical application
of the endothelium-dependent vasodilators acetylcholine and
bradykinin, and by hypercapnia, a response mediated by both
neural and vascular factors (25), were reduced in older non-
transgenic mice as well (P < 0.05) (Fig. 1 B and C and Fig. S1A).
In Tg2576 mice expressing WT CD36 (Tg2576/CD36wt/wt),
these responses were attenuated already at age 3 mo, with the re-
duction becoming more pronounced at 18 mo and 22 mo (Fig. 1 B
and C and Fig. S1A). The increase in CBF evoked by the Ca2+

ionophore A23187 or the nitric oxide donor SNAP was attenuated
starting at age 3 mo (Fig. S1 B and C), whereas the CBF response
to adenosine was disrupted only at 22 mo (Fig. 1D), reflecting
amyloid-induced cerebrovascular damage at this age. However, in
Tg2576 mice lacking CD36 (Tg2576/CD360/0), these cerebrovas-
cular alterations were markedly improved at all ages (Fig. 1 and
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Fig. S1). Interestingly, CD36 deletion rescued the cerebrovascu-
lar dysfunction in nontransgenic mice as well, in full at 18 mo and
partially at 22 mo (Fig. 1 and Fig. S1), implicating CD36 in the
cerebrovascular alterations induced by aging (26). These obser-
vations indicate that CD36 deletion counteracts the cerebrovas-
cular dysfunction in Tg2576 mice even at an advanced age.

CD36 Deletion Reduces Amyloid Angiopathy, But Not Amyloid Plaques.
Accumulation of Aβ in cerebral blood vessels plays an important
role in the neurovascular dysfunction of aged Tg2576 mice (20,
27). Consequently, we examined whether the rescue in neuro-
vascular and vasomotor function observed in aged Tg2576 mice
could be related to reduction in vascular amyloid deposition. We
measured levels of SDS-soluble and formic acid (FA)-soluble
(SDS-insoluble) Aβ in the brains of 18-mo-old Tg2576 mice with
and without CD36 deletion. We found a reduction in Aβ1-40, but
not in Aβ1-42, in Tg2576 mice lacking CD36 at 18 mo, but not at
22 mo (Fig. 2 A and B and Fig. S2 A and B).
Considering that Aβ1-40 is associated predominately with blood

vessels (7), we examined vascular amyloid deposition to determine
whether CAA is selectively reduced in Tg2576 mice lacking CD36.
In Tg2576/CD36wt/wt mice, we found thioflavin-S+ deposits and
Aβ1-40 immunoreactivity in association with somatosensory cor-
tex pial arterioles, identified by the smooth muscle marker α-actin
(Fig. 3 A–C and Fig. S3 Aa–Ac). The amyloid deposits were asso-
ciated with fragmentation of smooth muscle cells in cerebral re-
sistance arterioles, reflecting Aβ-induced structural damage to the
vasomotor apparatus (Fig. 3 G–J). In Tg2576/CD360/0 mice, vas-
cular thioflavin-S+ deposits, vascular Aβ1-40, and smooth muscle
cell fragmentation were reduced at both 18 mo and 22 mo (Fig. 3
D–F, H, I, K, and L and Fig. S3 Ad–Af and B). In contrast, neo-
cortical and hippocampal amyloid burden, expressed as number of
amyloid plaques per square millimeter and percent area occupied
by the plaques, did not differ between Tg2576/CD36wt/wt mice and
Tg2576/CD360/0 mice (Fig. 2 C–F and Fig. S2 C–F).
Given that CD36 in microglia may play a role in microglial

phagocytosis and amyloid clearance (28), we investigated the re-
lationship between microglial cells and amyloid deposits in aged
Tg2576mice with and without CD36.We found that the number of
microglial cells and their concentration around thioflavin-S+ blood

vessels and amyloid plaques did not differ between Tg2576/
CD36wt/wt mice and Tg2576/CD360/0 mice (Figs. S4 and S5).
Therefore, the reduced vascular amyloid accumulation afforded
by CD36 deletion cannot be attributed to selective recruitment
of perivascular microglia resulting in increased amyloid se-
questration or catabolism.

CD36 Deletion Rescues Alterations in Pericytes in Tg2576 Mice.Aβ has
toxic effects on pericytes (29, 30), and pericyte damage has been
implicated in the neurovascular dysfunction associated with AD
(31). Thus, we investigated whether pericytes are altered in Tg2576
mice and if so, whether the effect is dependent on CD36. In the
somatosensory cortex of nontransgenic littermates, platelet-de-
rived growth factor receptor-β (PDGFR-β) immunocytochemistry
identified pericytes in association with cerebral microvessels (Fig. 4
A–D). In brain sections double-labeled with PDGFR-β and the
basement membrane marker collagen IV (Col IV), pericyte cell
bodies and processes were closely apposed to the vessel wall (Fig. 4
A–D). EM confirmed and expanded these findings using PDGFR-β
as a pericyte marker. At the ultrastructural level, pericytes were
embedded within the vascular wall, enveloped by the vascular
basement membrane (Fig. 4E). In Tg2576/CD36wt/wt mice, the
number of pericytes was reduced, but the remaining cells had
elongated and hypertrophic processes surrounding the vessel wall
and outlining its contours (Fig. 4 F–I and P). Ultrastructurally,
these cells exhibited extensive processes encased by a thickened
vascular basement membrane, increasing the vessel area covered
by pericyte processes (Fig. 4 J and Q). These alterations were less
marked in Tg2576/CD360/0 mice, in which pericyte number and
morphology were partially normalized (Fig. 4 K–P). These findings
indicate that CD36 deletion ameliorates the alterations in pericyte
number and morphology occurring in Tg2576 mice.

CD36 Deletion Counteracts Loss of Vascular LPR-1 and ZO-1 in Tg2576
Mice. Low density lipoprotein receptor-related protein-1 (LRP-1)
is involved in the brain-to-blood vascular clearance of Aβ and is
reduced in cerebral vessels of mice overexpressing APP (14, 32).

Fig. 1. CD36 deletion in 3-, 18-, and 22-mo-old Tg2576 mice improves atten-
uation in the increased CBF produced by neural activity (whisker stimulation)
(A), endothelium-dependent vasodilator acetylcholine (B), hypercapnia (C), and
smoothmuscle relaxant adenosine (D) (n= 5/group). The attenuation in the CBF
responses induced by aging in CD36wt/wt littermates is also ameliorated by CD36
deletion. *P< 0.05 from 3mo; #P< 0.05 fromCD36wt/wt, ANOVAand Tukey test.

Fig. 2. CD36 deletion attenuates Aβ1-40, but not Aβ1-42 or plaque load, in
18-mo-old Tg2576mice. (A and B) SDS-soluble Aβ1-40 (A) and FA-soluble (SDS-
insoluble) Aβ1-40 (B) are reduced in Tg2576/CD360/0 mice (n = 5/group; P <
0.05). (C–F) The distribution of amyloid plaques, assessed using 4G8 immu-
nocytochemistry (C and D), and the number per square millimeter (E) and
percent occupied area (F) do not differ between Tg2576/CD36wt/wt and
Tg2576/CD360/0 mice (n = 5/group; P > 0.05).
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Because vascular amyloid and the vasculotropic Aβ1-40 peptide
were reduced in Tg2576/CD360/0 mice, we examined whether
CD36 deletion may rescue the cerebrovascular expression of
LRP-1. In Tg2576/CD36wt/wt mice LPR-1 expression was reduced
compared with WT littermates (Fig. 5 A, B, and G). Similarly, the
tight junction protein zonula occludens-1 (ZO-1) was reduced
(Fig. 5 D, E, and H). LPR-1 and ZO-1 expression were improved
in Tg2576/CD360/0 mice (Fig. 5 C, F–H). The rescue of LRP-1
and ZO-1 expression was not related to any changes in the number
of vascular profiles in the groups of mice studied (Fig. 5I).

CD36 Deletion Improves Y Maze Performance in Tg2576 Mice. Finally,
we used a two-trial spatial-memory task in a Y maze (20, 33, 34) to
determine whether the reduced neurovascular dysfunction and
CAA in Tg2576/CD360/0 mice are associated with improved cog-
nitive performance.We chose theYmaze test for its high sensitivity
to the behavioral dysfunction of Tg2576 mice (35). As described
elsewhere (20), in the first trial (acquisition), mice were placed in
the Y maze with the third arm blocked. During the second trial
(retrieval), performed 30 min later, the closed arm was open,
allowing the mice to explore all arms of the maze. Novel arm
entries, time spent in the novel arm, arm alternation, and total arm
visits were recorded. Nontransgenic littermates (n = 10/group)
tended to ignore the novel arm (P < 0.05, χ2 test) and spend less

time in it (P < 0.05, ANOVA) only at 22 mo of age (Fig. 6A).
In contrast, Tg2576/CD36wt/wt mice (n = 10–15 group) spent less
time in the novel arm and demonstrated reduced arm alternation
already at 3 mo (P < 0.05, ANOVA) (Fig. 6 B and C) and reduced
entry in the novel arm at both 18 mo and 22 mo (P < 0.05, χ2 test)
(Fig. 6A). The total number of arm visits was increased in Tg2576
mice (P < 0.05) (Fig. 6D), reflecting increased locomotor activity.
These alterations are consistent with the reported behavioral def-
icits in Tg2576 mice (20, 35). However, novel arm entries, time
spent in the novel arm, and arm alteration were comparable be-
tween in Tg2576/CD360/0 mice and nontransgenic littermates or
CD360/0 mice (P > 0.05), with reductions seen only at age 22 mo
(Fig. 6 A–C). The number of total arm visits was reduced in
Tg2576/CD360/0 mice, but only partially (P > 0.05 from non-
transgenic and CD360/0 littermates) (Fig. 6D). These results in-
dicate that Tg2576 mice lacking CD36 are protected from the
cognitive dysfunction induced by APP overexpression.

Discussion
We have demonstrated that CD36 deletion ameliorates cere-
brovascular function in Tg2576 mice at an age marked by ex-
tensive amyloid deposition in brain and cerebral blood vessels.
The improvement is observed in vascular responses initiated by
neural activity (functional hyperemia), endothelium, and smooth
muscle cells, reflecting a broad beneficial impact on vasomotor
regulation and function. Underlying these vascular effects is
a selective reduction of CAA, but not of amyloid plaques, as well
as preservation of the phenotype of smooth muscle cells, endo-
thelia, and pericytes. Importantly, CD36 deletion in Tg2576 mice
is associated with improved cognitive function assessed using the
Y maze test. Collectively, these findings implicate CD36 in the
mechanisms of vascular amyloid deposition and provide insight
into the pathobiology of CAA.
We previously reported that CD36 is required for the cere-

brovascular dysfunction observed in 3-mo-old Tg2576 mice, an
effect mediated by suppression of NADPH oxidase-dependent
production of vascular ROS (19, 20). Those observations provide
evidence that CD36 is the link between Aβ1-40 and NADPH
oxidase-derived ROS resulting in neurovascular dysfunction.
However, 3-mo-old Tg2576 mice exhibit no alterations in cere-
brovascular structure, and no amyloid deposition in brain and
blood vessels (11). Therefore, previous studies could not de-
termine whether CD36 is involved in the full expression of the
brain pathology observed in aged Tg2576 mice, including amy-
loid plaques, CAA, vascular damage, and cognitive dysfunction
(20). In the present study, we have demonstrated that CD36
deletion has a profound effect in aged Tg2576 mice, ameliorating
both neurovascular and cognitive function. Although we studied
the cerebrovascular effects of CD36 deletion in Tg2576 mice
only in the somatosensory cortex, similar neurovascular improve-
ments likely occur in other brain regions in which Aβ levels are
increased, such as the hippocampus.
Remarkably, the behavioral improvements were linked not to

suppression of amyloid plaques accumulating in the brain pa-
renchyma, but rather to a selective reduction in CAA and its
detrimental vascular effects. Thus, in aged mice, the damage to
smooth muscle cells and pericytes, key cells in vasomotor func-
tion, resulted in a global vascular impairment involving not only
neurovascular coupling and endothelium-dependent responses,
as in young mice, but also responses to agents acting specifically
on vascular smooth muscles. CD36 deletion in Tg2576 mice
attenuated the damage to smooth muscle cells and pericytes,
resulting in functional improvement in the vasomotor apparatus
and restoration of all cerebrovascular responses. CD36 deletion
also increased pericyte numbers and improved pericyte mor-
phology in Tg2576 mice. Considering the link between pericytes
and the blood-brain barrier (BBB) (36), this finding may indicate
an improvement in BBB function, as reflected by preservation of
the BBB protein ZO-1 in Tg2576 mice lacking CD36. Preser-
vation of the BBB is vital for the bidirectional transfer of mol-
ecules between blood and brain, as well as for homeostasis of the

Fig. 3. CD36 deletion selectively attenuates CAA and reduces smooth
muscle cell fragmentation in 18- and 22-mo-old Tg2576 mice. Confocal
images illustrate thioflavin-S+ vessels, identified by double-labeling with the
smooth muscle marker α-actin in the somatosensory cortex. (A–C) Dense
amyloid deposits are seen in pial and penetrating arterioles (arrows) in
Tg2576 mice. (D–F) CAA load is attenuated in Tg2576 mice lacking CD36.
(G–J) Smooth muscle cells are fragmented in Tg2576 mice compared with WT
mice (G and H, arrowheads), which is attenuated by CD36 deletion (I and J).
(K) CAA burden, expressed as percent of α-actin+ vessels that also display
thioflavin-S, is attenuated in Tg2576 mice lacking CD36 (n = 5/group). *P <
0.05 from Tg2576/CD36wt/wt. (L) The number of smooth muscle cell frag-
ments, reflecting smooth muscle damage and expressed as fragmentation
index (SI Materials and Methods), is normalized in Tg2576 mice lacking CD36
at age 18 mo and reduced in these mice at age 22 mo (n = 40–60 arterioles/
group). *P < 0.05 from CD36wt/wt; #P < 0.05 from Tg2576/CD36wt/wt.
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cerebral microenvironment (14). Thus, CD36 is involved in key
upstream events leading to CAA and to the associated vascular
damage and neurovascular dysfunction.
CD36 deletion reduces Aβ1-40 and CAA in Tg2576 mice, but

has no affect on Aβ1-42 and amyloid plaques. This observation
reveals a unique role for CD36 in vascular Aβ1-40 accumulation

and amyloid deposition. Given that the effect of CD36 is re-
stricted to Aβ1-40, it is unlikely that the attenuation is related to
reduced Aβ cleavage from APP by secretases, because in that
case reductions in both Aβ1-40 and Aβ1-42 would be anticipated
(37). Rather, the selectivity of the reduction in Aβ1-40 points to
an enhanced clearance or catabolism of the peptide. Although

Fig. 4. CD36 deletion rescues the alterations in
pericytes in Tg2576 mice. Pericytes, identified by
PDGFR-β immunostaining, and microvessels, identi-
fied by the basement membrane marker Col IV, in
18-mo-old CD36wt/wt (A–E), Tg2576/CD36wt/wt (F–J),
and Tg2576/CD360/0 (K–O) mice. (G and P) In Tg2576/
CD36wt/wt mice (n = 5/group), pericyte cell bodies are
reduced in number (P), but their processes are hy-
pertrophic and envelop the capillaries outlining
their contours (G). (J and Q) On EM, the vascular
basal lamina is thickened and the pericyte processes
are more extensive (J), such that the area of the
vessel covered by processes is increased (n = 130–143
vessels from 3 mice/group) (Q). These alterations are
ameliorated in Tg2576mice lacking CD36 inK–Q (P<
0.05 from CD36wt/wt).

Fig. 5. CD36 deletion rescues the reduced LRP-1 and
ZO-1 in the somatosensory cortex of Tg2576 mice.
LRP-1 (A–C) and ZO-1 (D–F) immunofluorescence in
WT (CD36wt/wt), Tg2576 (Tg2576/CD36wt/wt), and
Tg2576 mice lacking CD36 (Tg2576/CD360/0). (G–I)
Quantification of LRP-1, ZO-1, and number of
microvessels, identified by the endothelial marker
CD31. Microvascular expression of LRP-1 (A, B, andG,
n = 5/group; P < 0.05) and ZO-1 (D, E, and H, n = 5/
group; P < 0.05) is suppressed in Tg2576 mice, an
effect rescued by CD36 deletion (C, F, G, and H; P >
0.05 from CD36wt/wt). (I) The number of cortical
microvessels does not differ between groups (n = 5/
group; P > 0.05).
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increased Aβ metabolism by the peptidase neprilysin could play
a role (38), Aβ1-40 is rapidly removed from the brain by vascular
transport and is less susceptible than Aβ1-42 to cleavage by
neprilysin (39). Moreover, considering that Aβ1-40 is associated
preferentially with blood vessels, it is conceivable that enhanced
vascular clearance of Aβ1-40 contributes to the mechanisms by
which CD36 deletion reduces CAA. Interestingly, the reduction in
CAA is seen at both 18 and 22 mo of age, but the reduction in
Aβ1-40 is seen only at 18 mo. This is most likely related to the
massive increase in Aβ1-40 occurring in 22 mo-old Tg2576 mice
(24), which overloads the amyloid clearance pathways. However,
despite the increased amyloid production, CD36 is still able to
protect the blood vessels and reduce the vascular accumulation of
Aβ even at this advanced age.
Aβ can be removed from the brain through perivascular lym-

phatic-like drainage, a pathway impaired by vascular damage and
CAA (40, 41). In addition, Aβ can be transported from brain to
blood by LRP-1, a protein that acts in concert with P-glycoprotein,
ApoE, ApoJ, and α2-macroglobulin to regulate brain Aβ homeo-
stasis (14). LRP-1 down-regulation reduces brain-to-blood Aβ
transport and promotes Aβ accumulation (42), whereas its up-
regulation facilitates brain-to-blood Aβ clearance (43). Our finding
that CD36 deletion rescues vascular LRP-1 expression in Tg2576
mice implicates this pathway in the mechanisms by which CD36
leads to Aβ1-40 accumulation. Indeed, LPR-1 has greater affinity
for Aβ1-40 than for Aβ1-42 (44), possibly contributing to the se-
lective reduction in Aβ1-40 afforded by the rescue of LRP-1 ex-
pression associated with CD36 deletion in Tg2576 mice. Thus, our
data suggest that CD36 may promote CAA by reducing Aβ1-40
clearance, an effect resulting from vasomotor dysfunction, vascular
damage, and down-regulation of vascular LPR-1. The cell type(s)
responsible for the cerebrovascular effects of CD36 have not yet
been identified, however. The study of mice with cell-specific de-
letion of CD36 will go a long way toward addressing this important
question.
CAA is a major cause of cognitive decline, lobar cerebral

hemorrhage, and cerebrovascular insufficiency in elderly persons
(7, 13); however, the factors contributing to the amyloid accu-
mulation specifically in blood vessels remain to be defined. Our
present findings implicate CD36 in vascular amyloid deposition

and provide insight into the mechanisms of CAA, a highly
prevalent condition with no current treatment. Our data raise
the possibility that CD36 is a putative therapeutic target for
CAA. Approaches to down-regulation of CD36 signaling using
antibodies blocking the Aβ binding site (21, 45) would offer the
prospect of reducing vascular Aβ accumulation and ameliorating
the devastating effects of CAA on cerebrovascular structure and
function. Identification of the cell type(s) expressing CD36 and
responsible for the Aβ accumulation could provide a cellular
target for potential interventions to dampen CD36 signaling and
forestall vascular Aβ accumulation.
In conclusion, we have demonstrated that CD36 deletion

ameliorates neurovascular dysfunction in aged Tg2576 mice. The
effect is related to a selective reduction of CAA, but not of am-
yloid plaques. The reduced vascular amyloid deposition results in
a reduction of the attendant damage to smooth muscle cells and
pericytes. Importantly, the improved neurovascular function is
associated with cognitive improvement, as assessed by the Ymaze
test. Our findings reveal a previously unrecognized involvement
of CD36 in CAA and provide insight into the pathobiology of this
debilitating condition. They also provide evidence that amelio-
rating CAA can improve cognitive function independent of am-
yloid plaques, and point to CD36 as a presumptive therapeutic
target for the vascular damage induced by amyloid accumulation
in AD and CAA.

Materials and Methods
Mice. All procedures were approved by the Institutional Animal Care and Use
Committee of Weill Cornell Medical College. Transgenic mice expressing the
Swedish mutation of APP (Tg2576) were crossed with CD360/0 mice as de-
scribed previously (21). To minimize confounding effects of background
heterogeneity and genetic modifiers, experiments were performed in age-
matched littermates, male mice aged 3, 18, or 22 mo.

General Surgical Procedures. As detailed elsewhere (11, 20, 21) and in SI
Materials and Methods, mice were anesthetized (urethane-chloralose) and
ventilated (SAR-830; CWE) (11, 20, 21). Arterial pressure and blood gases
were controlled (Table S1). Rectal temperature was maintained at 37 °C.

Recording of CBF. The somatosensory cortex was exposed (2 × 2 mm) and
superfused with modified Ringer’s solution (pH 7.3–7.4) at 37 °C (20, 21, 46).
CBF was recorded continuously at the site of superfusion with a laser
Doppler probe (Vasamedic).

Experimental Protocol for CBF Experiments. CBF recordings were started once
physiological parameters were at steady state (Table S1). To study the in-
crease in CBF produced by somatosensory activation, the whiskers were ac-
tivated by side-to-side deflection for 60 s. Acetylcholine (10 μM), bradykinin
(50 μM), A23187 (3 μM), SNAP (50 μM), or adenosine (400 μM) (all Sigma-
Aldrich) was topically superfused for 3–5 min, and the resulting changes in
CBF were monitored (20, 21). Response of CBF to hypercapnia was examined
by elevating arterial pCO2 to 50–60 mmHg (20, 47).

Measurement of Aβ and Determination of Plaque or CAA Load. Aβ1-40 and
Aβ1-42 levels (SDS-soluble and FA-soluble)were determinedusing ELISA-based
assays, as described previously (20, 21). The number of plaques per square
millimeter and the percent area occupied by the plaques were determined
stereologically in the somatosensory cortex and hippocampus in sections
immunostainedwith the 4G8 antibody (20). CAA burden, expressed as percent
vessels with CAA, was determined in sections stained with thioflavin-S and
counterstained with the smooth muscle marker α-actin (20, 48, 49).

Immunofluorescence and EM. Mice were anesthetized and perfused trans-
cardially with a fixative (20, 21, 50). Brains were sectioned (40 μm), and free-
floating sections were processed for immunofluorescence or EM. For con-
focal microscopy, fluorescently labeled images (α-actin, CD31, Col IV, ZO-1,
LRP-1, and PDRFR-β) were acquired randomly in the somatosensory cortex
underlying the cranial window (0.38 to −1.94 mm from the bregma) (20, 21).
For EM, random portions of the somatosensory cortex were excised, and thin
sections (65 nm) were examined on a Tecnai electron microscope (FEI) (50).
Brain sections from Tg2576/CD36wt/wt and Tg2576/CD360/0 mice were pro-
cessed under identical conditions and imaged and analyzed using identical
settings (SI Materials and Methods).

Fig. 6. CD36 deletion ameliorates cognitive function in Tg2576 mice
assessed using the Y maze (n = 10/group). (A–C) The reductions in novel arm
entry (A), time spent in the novel arm (B), and arm alternation (C) observed
in Tg2576/CD36wt/wt mice are partially rescued by CD36 deletion. (D) The
number of arm visits is increased in Tg2576/CD36wt/wt mice, reflecting hy-
peractivity, an effect also attenuated by CD36 deletion. *P < 0.05 from
CD36wt/wt; #P < 0.05 from 3 mo, χ2 test in A, ANOVA and Tukey test in B–D.
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Behavioral Assessment by the Y Maze. Behavioral assessment was performed
using the Y maze as described previously (20). After acclimatization to the
apparatus, a mouse was placed into an arm of the maze (start arm) and
allowed to explore only two of the arms for 5 min (training trial). The third
arm, which remained closed, was randomly chosen in each trial. The closed
arm was opened in the test trial, serving as the novel arm. After a 30-min
intertrial interval, the mouse was returned to the same start arm and
allowed to explore all three arms for 5 min (test trial). Sessions were vid-
eorecorded and replayed for determination of the parameters of interest by
an observer blinded to mouse genotype.

Data Analysis. Data are expressed as mean ± SEM. Two-group comparisons
were analyzed using the two-tailed t test. Multiple comparisons were eval-
uated by ANOVA and the Tukey test. Differences in novel arm entries were
analyzed using the χ2 test. Differences were considered statistically signifi-
cant at P < 0.05.
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