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It is widely accepted that cells serving immune functions in the brain, namely, microglia and astrocytes, are important mediators
of pathological phenomena observed in Alzheimer’s disease. However, it is unknown how these cells initiate the response that
results in cognitive impairment and neuronal degeneration. Here, we review the participation of the immune response mediated
by glial cells in Alzheimer’s disease and the role played by scavenger receptors in the development of this pathology, focusing on the
relevance of class A scavenger receptor (SR-A) for A𝛽 clearance and inflammatory activation of glial cell, and as a potential target
for Alzheimer’s disease therapy.

1. Introduction

Alzheimer’s disease (AD) is the most prevalent form of
dementia, being usually diagnosed in people over 65 years,
although the less prevalent early-onset forms of AD develop
at earlier ages [1]. AD shows an increasing prevalence mainly
due to the population aging. Dementia prevalence rises
exponentially, doubling the rate of AD every 5 years after the
age of 60 with a 15-fold prevalence increment from-age-60 to
85 years [2].

The pathophysiology of this dementia is characterized by
the extracellular accumulation of amyloid-𝛽 (A𝛽) and the
intracellular formation of neurofibrillary tangles of the Tau
protein in neurons, in association with neuronal dysfunction
and cell death in some brain areas as the hippocampus.
AlthoughA𝛽 has been considered to be themain agent impli-
cated inADpathogenesis, it is still uncertain if A𝛽 plaques are
causative forADor a consequence of its pathological changes.

There are several hypotheses that attempt to explain the
origin of AD [3], although the most popular is still the
“A𝛽 cascade hypothesis” [4], which considers A𝛽 as the key
pathogenic factor. The “inflammation hypothesis” [5] and

the “glial dysfunction hypothesis” [6] have lately gained
increased support. With some differences, both of them state
that A𝛽 accumulation is a consequence of the dysregulated
activation of glial cells, which in turn induce an inflammatory
response, alter their A𝛽-clearance activity, and mediate the
neurotoxic effects of A𝛽 [7, 8].

2. Glial Dysfunction Hypothesis

It is widely known that aging, the most robust risk factor for
AD, is also strongly associated with a progressive increment
on the inflammatory state of the organism. Inflammation
induces a large amount of cell changes at multiple levels,
includingmicroglial cells [9], and, as it will be discussed in the
next section, microglial cells also become more neurotoxic
in response to inflammatory states [10]. Whereas the inflam-
mation hypothesis considers that hyperreactive microglia
is the major contributor to the adverse events associated
with AD, the glial dysfunction hypothesis suggests that
impairment of normal glial functions, meaning qualitative
changes, and not only quantitative changes on microglial cell



2 Mediators of Inflammation

activation, are responsible for the synaptic dysfunction and
the neurodegenerative process observed in AD [6].

As it will be further discussed, glia are the scavenger cells
of the brain. By having a reduced capability to clear A𝛽 [11],
A𝛽 accumulates and microglial cells become activated and
create a cytotoxic environment that induce a vicious circle
that potentiates a neuroinflammatory state and neurotoxicity
[12, 13]. Because the impairment of A𝛽 clearance induce the
accumulation of the peptide even if there are no changes in
A𝛽 production, this hypothesis states that A𝛽 accumulation
would be a consequence and not a cause of the pathogenic
changes leading to AD [14, 15].

3. Neuroinflammatory Response in AD

3.1. Microglial Cell Response. There is robust evidence show-
ing high levels of inflammatory mediators in the brain of AD
patients. Around senile plaques, a strong presence of TNF-
𝛼, IL-1𝛽, IL-6, monocyte chemoattractant protein-1 (MCP-
1), complement proteins as C1q, C1r, C2, C3, C4, C5, C6, C7,
C8, and C9, C-reactive protein, and class II major histocom-
patibility complex antigen HLA-DR is observed [16–20].
When the effect of inflammatory cytokines over the produc-
tion of A𝛽 was evaluated, it was demonstrated that expo-
sure to cytokines such as IL-6 and IL-1, increase neuronal
amyloid precursor protein (APP) mRNA expression [21]. In
addition, glial cultures obtained from rapid brain autopsies
of AD patients stimulated with A𝛽 show an increased
release of prointerleukin-1𝛽 (pro-IL-1𝛽), IL-6, IL-8, TNF-
𝛽, MCP-1, macrophage inflammatory peptide-1𝛼 (MIP-1𝛼),
and macrophage colony-stimulating factor (M-CSF) [22],
corroborating the inflammatory activation of glial cells as
part of the physiopathology of AD. Despite of this, in vitro
studies have demonstrated that A𝛽 potentiates inflammatory
activation of microglia [23], with different forms of A𝛽
showing distinct patterns of cytokine release; for instance,
soluble forms of A𝛽1–40 stimulate specifically the release of
IL-1𝛽, while A𝛽1–42 induces the release of IL-1𝛼 and IFN-𝛾
[24].

Also, immunohistochemical studies of the brain of AD
patients have shown the presence of reactivemicroglia closely
associated with senile plaques [20, 25]. The exposure of
microglia to a soluble form of APP (sAPP) induces an
increase of activation markers in microglia and enhances
their production of neurotoxins [26]. More specifically, A𝛽
stimulates the NF𝜅B-dependent pathway [27], which in turn
induces the cytokines production by microglia and initiates
the neurotoxic effects mediated by these cells [17].

Using mouse models of AD, Simard et al. showed that
amyloid plaques are capable of chemoattracting immune
cells from the bone marrow into the brain parenchyma,
which adopt a microglial cell phenotype in the brain and
suggested that these immigrant cells are the main responsi-
ble for A𝛽 plaque clearance [28]. Microglial cell-associated
A𝛽 clearance was originally shown by incubating murine
microglia with fluorescent-labeled A𝛽 [11]. The study also
established the participation of scavenger receptors (SRs)
in this process by demonstrating that coincubation with an

excess of SRs ligands blocked the phagocytosis of A𝛽. Also,
the use of Chinese hamster ovary (CHO) cells transfected
with scavenger receptors of class A (SR-A) and class B (SR-
B) significantly potentiated the uptake of A𝛽 [11], situating
SRs as the principal receptors responsible for senile plaques
clearance.

Although the mechanistic factor involved in the associ-
ation between AD and aging is still an unsolved question,
there is evidence pointing out to microglial aging as well as
other age-related changes as responsible for this correlation
[9]. Studies of adult cortical cells have shown a reduced
capacity of aged microglia to phagocytose A𝛽 [29]. This
decrease in phagocytic activity was mainly favored by a
proinflammatory state [30]. In addition, it has been shown
that A𝛽 has cytotoxic effects only in aged individuals, with
no A𝛽-induced neurodegeneration observed in the brain of
young animals [31].

All these microglial-mediated effects observed in AD are
contrasted to the normally neuroprotective role of microglia,
which involves the phagocytic capacity responsible for brain
surveillance from infection and physical injuries, the sup-
portive role implicated in neuronal survival by secreting
nerve growth factors, and the contribution in creating a
microenvironment for central nervous system (CNS) regen-
eration [32, 33].These changes in normalmicroglial cell func-
tions are usually explained as a switch in the inflammatory
state of the cell: during aging (and possibly also in AD),
microglia change from an M2 activation state, characterized
as an anti-inflammatory phenotype associated with wound
healing, to anM1 state, which is a proinflammatory activation
state related to the production of inflammatory cytokines,
chemokines, and reactive intermediates [34].

This evidence leads us to propose that aging, which is
commonly associated with a progressive inflammatory state
of the brain, can be one of the most important causes of the
defective clearance of neurotoxic A𝛽, which in turn favors the
overstimulation of the immune response, creating a positive
feedback that leads to neuronal dysfunction, neurodegenera-
tion, and the progressive development of neurodegenerative
diseases like AD.

3.2. Astrocytes Response. As for microglia, astrocytes have
also been observed in close proximity to senile plaques of AD
patient brains [35].Moreover, A𝛽 is capable of stimulating the
production of MCP-1 in astrocytes [36], having an important
role in chemotaxis for attracting immune cells to the senile
plaque.

In AD patient brains, an upregulation of IFN-𝛾 receptor
(IFNGR) on activated astrocytes has been observed, where
treatment with INF-𝛾 resulted in reduced cell viability [37],
suggesting that activated astrocytes can become neurotoxic at
least under certain conditions of inflammatory stimulation.

Under physiological conditions, astrocytes are the cells
that maintain the brain integrity: they provide metabolic
support for neurons; are capable of sensing and modulate
the neuronal environment; regulate the synaptic levels of
glutamate, ion concentrations, and the acid-base balance;
synthesize and release antioxidant molecules; participate in
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the formation of the blood brain barrier; and function as
immune competent cells by acting in the clearance of cell
debris and as antigen presenting cells [38]. However, the
effects mediated by astrocytes in AD aremainly harmful [39],
which reveals the dual properties of astrocytes depending on
the cellular context in which they are immersed.

In AD animal models, it has been demonstrated that
astrocytes surrounding A𝛽 plaques are immunopositive for
IL-6 [40]. In the same line of evidence, in vitro exper-
iments show that A𝛽 exposure has differential immune
effects in astrocytes depending on the peptide conformation:
oligomeric A𝛽 induce transient high levels of IL-1𝛽with a fast
decrease, increasing nitric oxide (NO) production, inducible
nitric oxide synthase (iNOS) and TNF-𝛼 expression, con-
sistent with an early inflammatory response, while fibrillar
A𝛽 induces persistent increased levels of IL-1𝛽 that remains
over time, corresponding to a more chronic response [41].
The release of IL-1𝛽 by A𝛽-stimulated astrocytes promotes
the release of IL-1𝛽, IL-6, and TNF-𝛼 by microvascular
endothelial cells, suggesting that astrocytes-cytokine release
also plays a role in neuroinflammation and endothelial
response that contribute to AD progression [42].

In vitro studies have also shown that astrocytes exposed
to A𝛽 present sporadic cytoplasmic calcium signals that
correlate with the death of adjacent neurons, an effect that
is, abolished by pretreating cells with heavy-metal chelators
[43]. This effect suggests a neurotoxic effect mediated by
intracellular calcium increase in astrocytes induced by A𝛽. In
addition, it was found that astrocytes exposed to A𝛽 have an
increased glucose uptake and hydrogen peroxide production
with no changes in intracellular antioxidants, both effects
mediated by activation of the PI3K pathway [44], indicating
that A𝛽 induces alterations of astrocytesmetabolism [45] that
could result in increased cytotoxicity.

Using specific deletion of the immune calcineurin/nucle-
ar factor of activated T-cell (NFAT) pathways in astrocytes,
which mediates biochemical pathways leading to astrocytes
activation, it has been shown in AD animal models that
activated astrocytes are responsible for cognitive and synap-
tic function impairment mediated by amyloid depositions
[46], confirming a deleterious role of activated astrocytes in
AD.

Nevertheless, even though activated astrocytes appear
to have a deleterious role in AD progression, there is also
evidence showing that they are capable of ameliorating the
cytotoxic effects of activated microglia in culture. Condi-
tionedmedia frommicroglia exposed to A𝛽 induce apoptosis
in hippocampal cells, but this effect is not observed when the
media is obtained from mixed glial cultures exposed to A𝛽.
Many of the inflammatory activation changes of microglial
cell induced byA𝛽 are attenuated in the presence of astrocytes
[47]. Moreover, astrocytes activation mediated by LPS and
IFN-𝛾 induce the secretion of TGF-𝛽, a neuroprotective
cytokine, which was capable of reducing apoptosis of hip-
pocampal cells induced byA𝛽 [48], suggesting that astrocytes
have a pivotal role in the modulation of AD inflammation.

Although the mechanisms that mediate astrocytes
changes induced by A𝛽 are poorly understood, there is evi-
dence showing that astrocytes are capable of phagocytos-

ing A𝛽 and that they interact with A𝛽 through the SRs
[23], specifically pointing out to SR-A as responsible for this
interaction [35, 44, 49], which allows one to infer that, as
in microglia, the phagocytic activity by astrocytes could be
impaired with aging. Furthermore, given the high number
of astrocytes in the brain parenchyma, even if the phagocytic
activity of astrocytes appears to be less robust than that of
microglia, changes in phagocytosis can be highly relevant for
a decreased A𝛽 clearance capability, as well as impairment of
the regulation of microglial cells [9].

3.3. Scavenger Receptors in AD. looseness=0 Cells mediating
the immune response interact with multiple environmental
compounds, and depending on receptors present on their
surface, their response to those signals could be pro- or anti-
inflammatory. Many pattern recognition receptors (PRR)
have been described, like Toll-like receptors (TLR) and Nod-
like receptors (NLR) that trigger the activation of specific
inflammatory pathways according to the ligand they bind
[50]. In addition, many immune cells are able to phagocytose
diverse compounds because of the presence of receptors that
uptake various ligands such as cell debris and allow their
removal through the lysosomal pathway [51]. Many of these
receptors belong to the scavenger receptors (SRs) family, a
term that was first coined in 1979 to define high-affinity
binding sites for acetylated low-density lipoproteins (acLDL)
on macrophages [52]. These receptors share the capability of
binding polyanionic ligands without differentiating exoge-
nous ligands like those from pathogens and endogenous
ligands, which have importance in the host defense response.

Whereas participation of SRs has been widely described
in atherosclerosis, their role in AD-associated immune
response remains poorly understood. However, it has been
shown that SRs have an important role in the clearance of
A𝛽, and that the expression of these receptors decreases in
aging brains of animal models of AD [53], situating SRs as
important mediators of AD progression.

Until now 6 families of SRs have been described, named
from SR-A to SR-F, but there are still 3 SRs that remain
unclassified, which are RAGE, CD136, and SR-PSOX. It is
unknown if the last two receptors are associated with the
pathophysiology of AD, even though both are expressed in
the CNS [54]. In this section we will discuss the main SRs
that appear to be involved in AD and their role in glial cell
inflammatory activation (Figure 1).

3.4. SR-BI. The principal ligand of SR-BI is HDL [55], which
has an important role in lipid and cholesterol mobilization
in the “reverse cholesterol transport” [56]. Because of the
delivery of cholesterol fromperipheral tissue occurs in SR-BI-
expressing cells participating in lipid metabolism, the main
expression of this receptor can be found in the liver and in
steroidogenic tissues. Nevertheless, SR-BI can be also found
in the brain parenchyma, especially on glial cells [49] and
cerebral arterial smooth muscle [57].

It is believed that SR-BI has a role in host defense
[58] because of the upregulation of its expression during
phagocytic and dendritic differentiation of monocytes and
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Figure 1: Summary of the main characteristics and functions played by SRs in inflammation and AD. The left panel shows changes induced
by the inflammatory activation of SRs reviewed in the text. The right panel resumes the principal alterations induced by the activation of SRs
mediated by the amyloid peptide.

because of the suppression of its expression in monocytes
and macrophages, exposed to proinflammatory stimuli [59].
Moreover, SR-BI-null mice have a 100% fatality induced
by sepsis with increased levels of inflammatory cytokines
released by macrophages [60], while overexpression of SR-
BI attenuated the inflammatory response in these cells [61],
suggesting a protective role of SR-BI through the modulation
of the inflammatory response of macrophages.

In astrocytes, the main role of SR-BI appears to be asso-
ciated with clearance of apoptotic cells [62]. However, it has
also been reported that SR-BI is involved in the adhesion of
microglia to A𝛽 plaques [63]. Studies have shown that animal
models for A𝛽 accumulation have an increased expression of
SR-BI in the brain, and partial or total deletion of SR-BI gene
in those animals enhances A𝛽 deposition associated with an
impaired response of perivascular macrophages to A𝛽 [64].
However, if SR-BI has a direct role in A𝛽 clearance and if the
interaction between A𝛽 and SR-BI activates specific signaling
pathways remain as unanswered questions.

3.5. CD36. CD36, another member of the SR-B family, was
initially described in adipocytes and myocardium, where
it participates in the transport of long-chain fatty acids
(LCFA) [65]. The deficiency of CD36 leads to an increase
in plasma levels of free fatty acids and triacylglycerol, with
an abnormal myocardial LCFA uptake [66]. CD36 is also
expressed in immune cells, being associated with the clear-
ance of apoptotic neutrophils by macrophages [67]. In the
brain, the expression of CD36 has been reported in capillary
endothelium [68], astrocytes [69], andmicroglial cells [70], in
which this receptor has been associated with the regulation of
cell migration [71].

CD36 appears to be involved in pathologies such as brain
ischemia, where CD36 expression is increased mostly in
cells expressing the microglia/macrophage marker CD11b.
CD36-null mice have reduced infarct size after ischemia,
improved neurological function, and, less ischemia-induced
reactive oxygen species (ROS) levels than wild-type animals
[72]. CD36-null mice also have an attenuated postischemic



Mediators of Inflammation 5

activation of NF𝜅B, suppressed glial activation [73], and an
impaired astrocytes proliferation [69], all of which situate
CD36 as an important mediator for brain inflammatory
events.

Besides brain ischemia, Coraci et al. detected reduced
levels of CD36 in microglia obtained from patients with
AD, multiple sclerosis, and Parkinson’s disease [70]. Specif-
ically, in AD, CD36 appears to have a major role in the
binding of cells of the monocyte/macrophage lineage to
A𝛽, which activates a signaling pathway associated with
production of ROS and cytokines [74, 75]. In CD36-null
mice, microglia and macrophages have reduced secretion of
cytokines, chemokines, and ROS in response to treatment
with A𝛽, in addition to showing a decreasedmacrophage and
microglial recruitment into the brain [76].

In contrast to the reports by Coraci et al. [70], Ricciarelli
et al. reported high expression of CD36 in the cerebral cortex
of AD patients and in normal subjects with diffuse amyloid
plaques, compared with the amyloid-free brains of control
individuals. Also, by using cells in vitro, they demonstrated
that A𝛽-induced CD36 overexpression in neurons was asso-
ciated with an increase in nitrated proteins [77]. Nonetheless,
CD36 expression by leukocytes is significantly reduced in AD
patients, a phenomenon already observed at early preclinical
stages as mild cognitive impairment [78].

Otherwise, in animal models of AD, it has been shown
that old mice had a decreased expression of CD36 associated
with an increased secretion of IL-1𝛽 and TNF-𝛼 [53], and
an increased vascular amyloid deposition mediated by CD36
[79].

The ability of CD36 to participate in the clearance of
A𝛽 has been demonstrated by Shimizu et al., who by using
CHO cells overexpressing CD36, showed a dose-dependent
degradation of labeled A𝛽, during treatment with an anti-
CD36 antibody blocked A𝛽 degradation [80]. In addition,
astrocytes-mediated A𝛽 clearance is also attenuated with
neutralizing antibodies against CD36 [81].

Although there are only few studies that associate CD36
with A𝛽 clearance, it appears that this receptor is mostly
associated with neurovascular dysfunction observed in AD.
In animal models of AD, deficiency of CD36 prevents
cerebrovascular effects and oxidative stress elicited by A𝛽
[79, 82], suggesting that CD36 could be a therapeutical target
mainly for the treatment of neurovascular dysfunction in AD
patients.

3.6. RAGE. RAGE is a member of the immunoglobulin
family and a cell surface receptor for advanced glycation
endproducts (AGEs), which accumulate mainly in vascular
tissues in aged individuals [83]. RAGE protein expression
can be found in vasculature, endothelium, smooth muscle,
mononuclear cells, cardiac myocytes, and neural tissue [84].

The interaction of RAGE with the ligand amphoterin,
a polypeptide associated with the growth of cortical neurons
derived from the developing brain, has been linked to cancer
as the colocalization of both molecules has been shown
to contribute to cellular migration and tumor invasion.

Blockade of this interaction leads to suppression of the acti-
vation of intracellular pathways linked to tumor proliferation
[85].

Interaction of AGEs with RAGE expressed by endothelial
cells has been usually related to vascular dysfunction, mainly
because of ROS induced byAGEs.This oxidative stress results
in the activation of NF𝜅B pathway [86], an affect that has
been also observed in inflamed gut biopsies with a significant
upregulation of RAGE [87], situating RAGE as an important
inflammatory mediator in AGEs mediated lesions.

In relation to AD, the interaction of A𝛽 with RAGE
expressed by endothelial cells of the brain favors the
transendothelial migration of monocytes from peripheral
blood into the brain, indicating an important role of RAGE
in AD-related vascular disorders [88]. Also, an increased
expression of RAGE by neurons in the brain of AD patients
has been observed. Murine models of AD with overexpres-
sion of RAGE have an exacerbated impairment in spatial
learning/memory and altered activation of synaptic plastic-
ity markers [89], where the synaptic depression and LTD
impairment induced by A𝛽 could be rescued by functional
suppression of RAGE activity in microglia [90]. However,
Vodopivec et al. have shown that the absence of RAGE in
animal models of AD does not ameliorate their cognitive
deterioration, A𝛽 accumulation, ormicroglial activation [91],
suggesting that RAGE would have only a secondary role for
the impairments observed in AD.

3.7. SR-A. Scavenger receptor class A (SR-A) is a homotri-
meric transmembrane glycoprotein containing extracellular
C-terminal cysteine-rich domains, that was initially impli-
cated in the development of atherosclerosis, because of its
colocalization with macrophages of lipid-rich atheroscle-
rotic lesions [92, 93]. The expression of this receptor has
been detected in many tissues, including liver, placenta and
brain [94]. When discovered, the first function described
for SR-A was to provide adhesiveness to monocytes and
macrophages to glycated collagen-IV-coated surfaces, and
to mediate the endocytosis of acLDL [95]. Also, given
the fact that macrophage SRs are involved in the binding
and internalization of LPS, which is part of Gram-negative
bacteria [96], Thomas et al. showed that SR-A-deficient mice
were more susceptible to infection with pathogens, with an
impaired ability to clear bacterial infection, confirming what
was shown by Suzuki et al., providing the first insight on
the importance of SR-A in host defense [97, 98]. Addition-
ally, other researchers observed that these animals showed
a reduced expression of IL-1𝛽, which is associated with
a reduced mortality in response to LPS [99], showing that
SR-A has a role in the macrophage activation induced by
endotoxin shock [100–104].

In addition, SR-A also plays a role in macrophage engulf-
ment of apoptotic thymocytes [105, 106], and in atheroscle-
rosis, observing that disruption of the SR-A gene results
in a reduction in the size of atherosclerotic lesions [98].
Moreover, in left ventricular remodeling after myocardial
infarction, SR-A has a role in attenuating cardiac remodeling
by suppressing macrophage polarization toward a biased
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M1 phenotype, reducing the release of proinflammatory
cytokines [107].

It is important that in contrast to most SRs, SR-A expres-
sion is not downregulated by chronic exposure to endogen
ligands such as acLDL. On the opposite, SR-A expression
can be reversibly increased by incubating macrophages with
SR-A ligands [108]. In addition, binding of a ligand to SR-
A activates PI3K recruits more receptors to the membrane
surface [109], all of which are key functional characteristic to
consider when SR-A is seen as a therapeutic target.

In the normal brain, SR-A is expressed by microglia,
perivascular cells, microvessels, stromal, epiplexus, and
meningeal macrophages [110–114]. Furthermore, our group
was the first to describe the expression of SR-A by astrocytes,
showing that exposure to SR-A ligands activatedMAPKs and
NF𝜅B signaling pathways and increased the production of IL-
1𝛽 and NO by astrocytes [115].

In an animal model of cerebral ischemic injury, SR-A is
upregulated in the brain, an effect that correlates with
increased levels of proinflammatory markers in microglia/
macrophages, and an increased activation of NF𝜅B; whereas
SR-A-deficient mice show a reduced infarct size and
improved neuronal function, suggesting the participation of
SR-A into the M1 microglia/macrophage polarization [116–
118].

In AD, SR-A has been observed in close association with
senile plaques [111], presenting microglia positive for the
receptor [114, 119]. SR-A has been related to rodent microglia
and monocyte adhesion to A𝛽 coated surfaces, leading to the
production of ROS [120] and to A𝛽 internalization mediated
by endosomes in microglia [57, 121, 122]. More specifically,
A𝛽 internalized through SR-A is trafficked toward lysosomes
inside the microglia and degraded by cathepsin B [123].
To our knowledge, SR-A appears to be the most important
scavenger receptor of the brain participating in A𝛽 clearance.
For this reason, SR-A could be a potential therapeutical target
in the treatment of AD.

3.8. SRMARCO. Themacrophage receptor with collagenous
structure (MARCO) is a member of the SRs class A family,
localized mainly in macrophages of the spleen and lymph
nodes [124], acting in the binding of bacterial antigens
and phagocytosis, and having an important role in host
defense [125]. In the presence of pro-inflammatory stimuli
like LPS, SR MARCO expression is upregulated even in
macrophages from liver and lungs, where normally it is not
expressed [126]. It is believed that SR MARCO has a direct
effect in the morphology of activated macrophages, which is
necessary for trapping pathogens, bymediating the formation
of lamellipodia-like structures and dendritic processes [127].
In fact, SR MARCO expression is essential for dendritic cells
to acquire a mature phenotype [128].

In the CNS, SR MARCO is present in microglia and
astrocytes; SR MARCO expression in microglia is associated
with a decrease of the antigen internalization capacity [128],
while for both astrocytes andmicroglial cells it is believed that
SR MARCO participates in their adhesion to A𝛽 [49].

3.9. Other SRs in AD. There are other SRs that have been
involved in the signaling mediated by A𝛽, which we will
briefly mention because of the scarce evidence that relates
them directly to the pathophysiology of AD.

3.9.1. CD68. This receptor, also known as macrosialin, is
a member of the lysosomal-associated membrane protein
(LAMP) family, which is expressed in macrophages, osteo-
clasts, dendritic cells, and microglia, where its principal role
is to bind and uptake oxidized lipoproteins and apoptotic
cells [129]. Although there are no studies involving CD68 in
AD, Argiles et al. showed that patients with haemodialysis-
associated amyloidosis show an upregulated expression of
CD68 by macrophages [130].

3.9.2. OLR1. The oxidized LDL receptor 1 (OLR1) binds LDL,
being an important SR associated with atherosclerosis, is
mainly expressed by endothelial cells and monocytes, with
minor expression by macrophages [131]. Even though it is
unknown if OLR1 is expressed by microglia, and if the
receptor has a direct role in the immune response, it has been
shown that OLR1 is associated with A𝛽 transport across the
blood brain barrier [132, 133].

3.9.3. MEGF10. Multiple EGF-like domains 10 (MEGF10)
is a type 1 transmembrane protein containing 17 EGF-like
domains in the extracellular portion [134] and is mainly
expressed in the brain, and it has been shown to be implicated
in the uptake of A𝛽 mediated by the lipid rafts endocytosis
pathway [135]. Nevertheless, MEGF10 expression has not
been observed in glial cells; therefore, the mechanism by
which this receptor could participate in A𝛽 clearance is
unknown.

4. Conclusion

When AD is visualized as a pathology caused by a dys-
function of glial cells, which compromise several of their
protective functions, including the phagocytosis of A𝛽, and
favors potentially deleterious effects, as those observed in
dysregulation of the inflammatory regulation, an objective
target to generate potential treatments should be the recovery
of the protective activation of glia, characteristics that appear
to be lost in association with aging and chronic inflammatory
activation. Most of SRs found in glia appear to be potentially
involved in phagocytosis and inflammatory activation of glial
cells.However, they have been poorly studied in terms of their
interaction with the A𝛽 peptide.

As it was shown by Hickman et al., the age progression
associated with AD reduces the expression of SR-A in
older individuals, an effect that is, also induced by treating
microglial cells with pro-inflammatory cytokines [53]. This
robust evidence situates SR-A as one of the main receptors
involved in the impaired clearance of A𝛽 observed in AD and
also could be the link betweenAD and the inflammatory state
related to aging, suggesting that SR-A could be an interesting
therapeutic target for AD.
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