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Abstract: Chemokines secreted by astrocytes play multiple roles in the pathology of Alzheimer’s disease, a chronic
inflammation disorder of central nervous system. The level of chemokines in serum, cerebrospinal fluid and brain
tissue and their receptors both significantly changed in patients with Alzheimer’s disease. In this review, we briefly
summarized the involvement of astrocytes and chemokines in Alzheimer’s disease, and the role of chemokine/
chemokine receptors in the occurrence and development of Alzheimer’s disease. Clarification of the involvement of
chemokines and their receptors, such as MCP-1/CCR2, fractalkine/CX3CR1, SDF-1a/CXCR4, MIP-10/CCR5, IP-10/
CXCR3, IL-8/CXCR1, CXCR2, and RANTES/CCR1, CCR3, CCR5, will provide a new strategy and more specific targets

for the treatment of Alzheimer’s disease.
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Introduction

Alzheimer’s disease (AD), a progressive and
irreversible neurodegenerative disease, is now
the most common cause of dementia of old
people. In the patients with AD, memory and
cognitive functions are gradually destroyed,
and eventually develop into a comprehensive
cognitive dysfunction. The major neuropatho-
logic hallmarks of AD include senile plaques
(SP), which are formed by extracellular deposi-
tion of amyloid B-protein (AB), intracellular neu-
rofibrillary tangles, which are composed of the
tau protein, and the lack of neurons and
synapses.

The pathogenesis of AD is quite complex, how-
ever, a growing number of researches proved
that AD could be considered as a chronic
inflammation disorder of central nervous sys-
tem (CNS). The inflammatory cytokines and
chemokines may play a vital role in the occur-
rence and development of AD. Immunogens
formed by abnormal deposition of AB in AD

patients, resulting in the activation of microglia,
astrocytes (AC), complement and release of
inflammatory cytokines, lead to neurons dam-
age through the direct or indirect toxic effects
by chronic immune response [1]. Recently,
migration of neutrophils targeting amyloid
plaques in AD mouse model has been reported
[2], which demonstrated a new molecular pro-
cess underlying the pathophysiology of AD.

Inflammatory components associated to AD
neuroinflammation include brain cells such as
microglia and AC, the classic and alternate
pathways of the complement system, the pen-
traxin acute-phase proteins, neuronal-type nic-
otinic acetylcholine receptors (AChRs), peroxi-
somal proliferators-activated receptors (PPARs),
as well as cytokines and chemokines [3].

AC participates in the occurrence and develop-
ment of AD

AC, the most abundant type of glial cells in the
CNS, performs many functions including bio-
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chemical support of endothelial cells that form
the blood-brain barrier, provision of nutrients to
the nervous tissue, maintenance of extracellu-
lar ion balance, and a role in the repairing and
scarring process of the brain and spinal cord
after traumatic injuries. AC, which greatly out-
number microglia in the brain, is suggested to
have a more important and sustained role than
microglia in the enduring neuroinflammatory [4,
5], and in contrast to microglia, astrocytes are
able to remove and degrade AB without media-
tors or stimuli such as opsonins or cytokines
[6-8]. In response to injury, neurons produce
adhesion molecules and trophic factors that
recruit microglia cells and AC. AC could partici-
pate in the ongoing process of damage and
repairment. In addition to glial cells, the micro-
vasculature also participates in this process.
Neurodegeneration is concomitant with astro-
gliosis, microgliosis, and microvascular remod-
eling. Though the trophic factors released ini-
tially by AC during astrogliosis are benefit to
tissue repair, they also amplify the inflammato-
ry response, augment vascular permeability,
and result in increased microglial activation
and release of more cytokines and chemo-
kines. In states of prolonged inflammation, con-
tinual activation and recruitment of effector
cells can establish a feedback loop that per-
petuates inflammation and ultimately results in
neuronal injury [9].

AC mediates CNS inflammation of AD by taking
on some roles of immune cells, releasing cyto-
kines and chemokines to influence effector
cells, modulating the blood-brain barrier and
forming glial scars [10]. Astrocytosis is a typical
morphological feature of the AD brain and rep-
resents either proliferation of astrocytes in an
effort to replace dying neurons or a reaction to
degrade the increasing amounts of toxic AR
peptides [6]. Massive amounts of AC were
found around SP in AD patients’ autopsy [11].
Glial fibrillary acidic protein (GFAP) is a specific
marker of AC, and it is recently proposed that
the transcript levels of different isoforms of
GFAP were different in AD [12]. AC participates
in the occurrence and development of AD main-
ly by upregulating the expression of proinflam-
matory cytokines and chemokines and regulat-
ing the generation, internalization and degrada-
tion of AB [13-15]. On the other hand, AB could
elevate the expression of cytokines and chemo-
kines in AC, thus in turn cause AC to be reacti-
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vated [16, 17]. Besides, AC is closely associat-
ed with the oxidative stress response in AD,
and it has been proved that activation of AC is
one of the reasons of intracellular neurofibril-
lary tangles [18, 19]. A recent research report-
ed that forebrain engraftment of human glial
progenitor cells enhanced synaptic plasticity
and learning in adult mice [20], suggests that
AC may play useful roles in the improvement in
learning, cognition and behavior.

Chemokines and chemokine receptors

Chemokines are small heparin-binding pro-
teins, some of them are considered to be pro-
inflammatory and can be induced during an
immune response to recruit cells of the immune
system to a site of infection, while others are
considered to be homeostatic and are involved
in controlling the migration of cells during nor-
mal processes of tissue maintenance or de-
velopment.

According to the primary structure of protein,
the chemokine family is subdivided into four
groups: & (CXC), B (CC), y (CX3C) and 6 (C) based
on the number of amino acids separating two
cysteine residues. Chemokine receptors are
classified similarly according to which group of
chemokines they bind and are designated
CXCR1-CXCR6, CCR1-CCR11, CX3CR1 and XCR
[21]. Most chemokines bind to more than one
receptors and most receptors conjugate to sev-
eral chemokines [22].

Evidence is emerging that chemokines play a
role in the physiology of the nervous system,
including neuronal migration, cell proliferation,
and synaptic activity, besides mediating neuro-
inflammation. Upon stimulation by pathogens
or abnormal cells, immune cells as well as cells
of the nervous system such as microglia, AC,
oligodendrocytes, myelinating cells of the CNS,
and Schwann cells in the peripheral nervous
system (PNS), endothelial cells of the brain
microvasculature, and even neurons can re-
lease cytokines and chemokines [23]. For the
distribution of chemokine receptors, neurons
express CXCR2, CXCR3 and CXCR4, microglias
express CCR2, CCR5 and CX3CR1, AC express
CXCR2, CXCR4, CCR1, CCR2, CCR3, CCRb,
CCR10, CCR11 and CX3CR1 [24, 25], and those
receptors could bind to their ligands, which are
also produced by AC and other cells.
Chemokines produced by AC and their recep-
tors were listed in Table 1.
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Table 1. Chemokines produced by AC and their receptors

Branches — Chemokines - Receptors Function Ref.
Original Systematic

o (CXC)
CXCL1 GRO-0/MGSA-a CXCR1, CXCR2 Inflammatory [42-44]
CXCL3 GRO-y/MGSA-y CXCR2 Inflammatory 43, 44]
CXCL5 ENA-78 CXCR2 Inflammatory [45]
CXCL6 GCP-2 CXCR2 Inflammatory [44, 46, 47]
CXCL7 NAP-2 CXCR2 Inflammatory (44, 48]
CXCL8 I8 CXCR1, CXCR2 Inflammatory [44, 47-49]
CXCL9 Mig CXCR3 Dual-function [47, 49]
CXCL10 IP-10 CXCR3 Dual-function [24, 50, 51]
CXCL11 I-TAC CXCR3 Dual-function [49, 52]
CXCL12 SDF-10/3 CXCR4 Homeostatic [47, 53, 54]

B (CC)
CXCL2 MCP-1/MCAF/TDCF CCR2 Inflammatory [49, 54, 55]
CXCL3 MIP-1a/LD7 8 CCR1, CCR2, CCR5 Inflammatory [45, 54, 56]
CXCL4 MIP-13 CCR3, CCR5 Inflammatory [54, 57]
CXCL5 RANTES CCR1, CCR3, CCR5 Inflammatory [54, 58, 59]
CXCL7 MCP-3 CCR1, CCR2 Inflammatory [60-62]
CXCL19 MIP-3B/ELC/exodus-3 CCR7 Homeostatic [47, 54]
CXCL20 MIP-3o/LARC/exodus-3 CCR6 Dual-function [54, 63]
CXCL22 MDC/STCP-1 CCR4 Dual-function [47, 64]

y (CX3C)
CX3CL1 Fractalkine CX3CR1 Inflammatory [49, 65]

0 (C)

Changes of chemokines and their receptors
in AD

Significant differences of chemokines and their
receptors’ level in serum, cerebrospinal fluid
(CSF) and brain tissue have been proved
between patients with AD and normal people.
Chemokines and their receptors, represented
by MCP-1 and it's receptor CCR2, are regarded
as biomarkers to monitor the progression of
AD, since it is possible that the severity of AD
could be correlated with the expression of che-
mokines [26, 27]. Clinical studies had shown
that prodromal AD patients with the highest ter-
tile of CSF MCP-1 exhibited a significantly faster
cognitive decline and developed dementia with-
in a shorter time period compared to those that
with the lowest tertile [28]. Plasma expression
of CCR2, was decreased while plasma MCP-1
levels were significantly increased and were
related to the degree of monocyte/macrophage
activation [29]. Also it had been reported that
leukocyte CCR2 expression was associated
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with mini-mental state examination score
(MMSE) in older adults [30].

Studies showed serum chemokines changed in
patients with AD included increased expression
of MCP-1 [29] and IL-8 [31] (weaker sensitivity
compared to other biomarkers), and decreased
expression of soluble fractalkine (CX3CL1) [32],
stromal cell-derived factor-1 (SDF-1, CXCL12)
[33] and regulated upon activation normal
T-cell expressed and secreted (RANTES, CCL5)
[34]. CSF chemokines changed in patients with
AD mainly include the increased expression of
MCP-113 and IL-8 [35], and the decreased
expression of SDF-1 [33]. However, the chang-
es of IP-10 (CXCL10) were controversial. It had
been reported that IP-10 serum level or gene
was not increased in mild cognitive impairment
(MCI) and AD [36, 37], suggesting IP-10 does
not seem to be a risk factor of AD. Meanwhile,
another research showed CSF IP-10 concentra-
tion was significantly increased in patients with
MCI and mild AD but not in patients with severe
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Table 2. Changes of chemokines in patients with AD

they regulate both the ampli-

tude and duration of the

Chemokines Serum CSF Brain tissue Ref. . ;

MCP-1 Increased Increased increased  [16, 29, 39, 40] immune/inflammatory res-
Fractalkine Decreased Not reported not reported [32] ponse.

SDF-1 Decreased Decreased not reported [33] AC and microglia can both be
MIP-1 not reported Not reported increased [39] activated by ApB [66-68].
IP-10 not reported  Increased  not reported [36-38] Reactive microglia may con-
IL-8 Increased  Increased  increased [31, 35] tribute to neuronal damage by
RANTES Dereased Not reported  increased [34, 41] the generation of free oxygen

AD, and correlation between IP-10 level and
age has not been found [38].

Changes of chemokine levels in AD brain tis-
sues should also be concerned. In a study of
ten patients with AD, Liao et al. [39] found
levels of NFKB, MCP-1, MIP-1a in hippocam-
pus, temporal and frontal cortices were all high-
er than that in age-matched normal controls,
and an increased number of AC stained with
GFAP were observed to extensively distribute
around the SP in AD brains. Sokolova et al. [40]
simultaneously quantified 17 cytokines and
chemokines in brain tissue from controls and
patients with and without genetic forms of AD,
group comparisons accounting for multiple
testing revealed that MCP-1, IL-6 and IL-8 were
consistently upregulated in AD brain tissue.
Immunohistochemistry for MCP-1, IL-6 and IL-8
confirmed this increase and determined local-
ization of these factors in neurons (MCP-1, IL-6,
IL-8), AC (MCP-1, IL-6) and plaque pathology
(MCP-1, IL-8). Logistic linear regression model-
ing demonstrated that MCP-1 was the most reli-
able predictor of disease. Besides, elevated
expression of RANTES was shown in the cere-
bral microcirculation of AD patients [41].
Changes of chemokines in patients with AD
were summarized in Table 2.

Chemokines and chemokine receptors play
multiple roles in the occurrence and develop-
ment of AD

Activate AC and microglia and induce inflam-
matory cascade

The inflammatory chemokines, as showed in
Table 1, are formed under pathological condi-
tions (pro-inflammatory stimuli, such as IL-1,
TNF-a, LPS, or viruses) and actively participate
in the inflammatory response attracting
immune cells to the site of inflammation.
Chemokines play an important role in AD, which
is considered as a chronic inflammation, since
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radicals and nitric oxide (NO),
which forms the particularly
aggressive peroxynitrites, and by the release of
potentially neurotoxic cytokines such as tumor
necrosis factor-alpha (TNF-t). The pathologi-
cally stimulated release of interleukin-1beta (IL-
1B) from microglia triggers secondary activa-
tion of AC, which are forced to proliferate and to
exit their differentiated state [69]. Thus cascad-
ing glial cell activation further regulates the
synthesis of BAPP and accelerates AB deposi-
tion, while AB stimulates the production of che-
mokines including MCP-1, macrophage inflam-
matory protein 1-alpha (MIP-1x, CCL4), IL-8,
IFN-y-inducible protein-10 (IP-10). AB is also
able to induce expression of adhesion mole-
cules. The production of adhesion molecules
and interaction of CD40-CD40 ligand (CD40L)
further increase the AB-induced expression of
adhesion molecules in these same cells [70-
75]. Over expression of chemokines and cyto-
kines induces growth of dystrophic neuritis
expressing elevated levels of phosphorylated
tau and neurofilament protein [76]. Different
chemokines may also interact with each other,
for example, the combination of SDF-1a and
CXCR4 in astroglioma cell could induce expres-
sion of the MCP-1, IL-8 and IP-10 through ERK
signaling cascade [77].

Cyclically, cytokines and chemokines them-
selves can also activate microglia and AC [78],
thus leads to a further over expression of cyto-
kines and chemokines. As the phagocyte in
CNS, reactivated microglia could engulf the
debris of damaged tissue and the deposition of
AB. Reactivated AC also plays an important role
as introduced in Part 2.

Induction of cell migration

Acting as a chemoattractant to guide the migra-
tion of cells, chemokines regulate the migration
of microglia, AC, neurons and neural progeni-
tors to sites of neuroinflammation [14, 79-82],
and induce migration of monocytes and periph-
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Participate in internalization, degradation
and generation
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Figure 1. Roles chemokines and their receptors play in AD.

eral T cells from blood to brain (the latter is
microglial TNF-a dependent, also mediated by
MIP-3a produced by AC) [83-86]. It is remark-
able that microglia and AC response differently
to the chemokines even when they express the
same receptor. Peterson et al. [87] observed
that all of MIP-1&, MIP-13 and MCP-2 could
induce migration of microglia but not AC in
vitro. Flynn et al. [47] reported only microglia
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Astrocyte Microglia Neuroprogenitor

but not AC responded to IP-10, while Biber [52]
showed that IP-10 could enhance the migration
of both microglia and AC.

Participating in APP process

It’s well known that AB could stimulate chemo-
kine production, including MCP-1 [23], fractal-
kine [88], IP-10 [75] and IL-8 [89]. Effects of
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chemokines on AB are controversial, some are
shown to aggravate A deposition, for example,
MIP-1a [73], and some are supposed to reduce
AB deposition, for example, SDF-1a/B [90].
Those would be introduced further in Part 6.
Besides, the inflammation cascade leads to
over releasing of cytokines, especially IL-1,
which increase the maturation of APP and
cause enhanced processing of the full length
APP isoforms and secretion of APP [91].

Direct/indirect effects on neurons

Some chemokines are considered to have
effects on neurons, as introduced in Part 6.
Cytokines involved in the inflammatory cas-
cade are also supposed to have direct effects
on neurons, for example, IL-1B could increase
neuronal vulnerability to AR toxicity [92], and
IL-6 has been shown to selectively enhance the
calcium response of neurons to excitotoxic
stimuli [93]. Roles chemokines and their recep-
tors play in AD were introduced in Figure 1.

Chemokines and their receptors in AD
MCP-1/CCR2

Apart from being synthesized and secreted by
monocytes/macrophages and endothelial ce-
lls, MCP-1 is also secreted by AC, the secretion
is mediated by the stimulation of AB, and
dependent on physical contact between mono-
cytes and AC [72, 94]. MCP-1 presents a signifi-
cant chemotactic activity, and its synthesis is
increased by stimulation of inflammatory fac-
tors such as TNF-a. MCP-1 could recruit mono-
cytes, memory T cells, and dendritic cells to the
sites of inflammation produced by either tissue
injury or infection.

Numerous clinical data suggest that MCP-1 in
both serum and CSF are increased in patients
with AD. Vukic et al. [95] found expression of
MCP-1 induced by AB in human brain endothe-
lial cells and in AD’s brain was mediated by the
JNK-AP1 signaling pathway. Also, CCR2 is
strongly upregulated in AD in a subpopulation
of neuritic plagues, and one of the CXCR2
ligand GROa/KC can be a potent trigger for the
ERK1/2 and PI-3 kinase pathways, as well as
tau hyperphosphorylation in the mouse primary
cortical neurons [96]. MCP-1/CCR2 is also
involved in the occurrence and development of
AD. Firstly, as an initiating factor in inflamma-
tion network, MCP-1/CCR2 mediates the prog-
ress of inflammation by triggering inflammatory
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responses, regulating the production and
release of other inflammatory mediators, and
thus triggers the inflammatory cascade.
MCP-1/CCR2 recruits macrophages into the
brain, while macrophages differentiate into
microglia and further expand the inflammatory
response. MCP-1 transgene expression accel-
erates deficits in spatial and working memory
and hippocampal synaptic transmission in APP
transgenic AD mouse model as early as 2-3
months of age, positing that MCP-1 facilitates
AB oligomer formation in microglia and propos-
ing such events accelerate memory dysfunc-
tion by affecting AB seeding in the brain [97].

On the other hand, macrophages are involved
in the clearance of SP, thus suggests MCP-1/
CCR2 deficiency may also aggravate the devel-
opment of AD. Kiyota et al. [98] reported MCP-1
deficiency influences behavioral abnormalities
and disease progression in APP/PSI transgenic
AD mouse model. Khoury et al. [99] reported
that CCR2 deficiency accelerates early disease
progression and markedly impairs microglial
accumulation in Tg2576 transgenic AD mouse
model. AD mice deficient in CCR2 accumulated
AB earlier and died prematurely, in a manner
that correlated with CCR2 gene dosage, indi-
cating that absence of early microglial accumu-
lation leads to decreased AP clearance and
increased mortality. Naert et al. [100] found
that CCR2 deficiency aggravates amnesic defi-
cits and amyloid pathology in APP (Swe)/PS1
transgenic mice, indeed, memory impairment
was accelerated and enhanced in APP (Swe)/
PS1/CCR2 (-/-) mice. Apparition of cognitive
decline occurred earlier and correlated with
intracellular accumulation of soluble oligomeric
forms of AB. Memory deficits worsened with
age and were aggravated in APP (Swe)/PS1/
CCR2 (-/-) mice compared with their respective
control groups. Soluble AR assemblies in-
creased significantly in APP (Swe)/PS1 mice in
a context of CCR2 deficiency, whereas the
plaque load remained relatively similar in the
brain of aging APP (Swe)/PS1 and APP (Swe)/
PS1/CCR2 (-/-) mice. Also, AC-derived MCP-1
mediates neuroprotective effects of noradrena-
lin [1041].

Fractalkine/CX3CR1

Clinical studies showed that serum soluble
fractalkine level is decreased in patients with
AD, and the decline is correlated with MMSE
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score [32], thus suggests fractalkine/CX3CR1
may participate in the regulating of AD behav-
ior. In fact, fractalkine/CX3CR1 plays multiple
roles in the development of AD, which are main-
ly by regulating microglia’s abnormal activation
and cytokines, but not by acting on SP. Knocking
out CX3CR1 leaded to the decreased activation
of microglia and reduced neuronal loss [102,
103]. Soluble fractalkine over expression using
adeno-associated viral vectors significantly
reduced tau pathology in the rTg4510 mouse
model of tau deposition. Furthermore, this
treatment could also reduce microglial activa-
tion and appeared to prevent neurodegenera-
tion. An upregulation of fractalkine in the cere-
bral cortex and hippocampus was recently
reported, and the highly expression of cyto-
kines in AB burdened neurons confirmed the
occurrence of a proinflammatory process pre-
ceding amyloid plague deposition [104].
However, it is also reported in contrast to stud-
ies with fractalkine receptor null mice, parallel
studies in an APP/PS1 model found no effect of
increased fractalkine signaling on amyloid
deposition [105]. Ablation of CX3CR1 in APP
mice enhanced tau pathology and exacerbated
the depletion of calbindin in the dentate gyrus,
up-regulated TNF-a, and significantly decreased
learningand memory abilities [106]. Meanwhile,
it has also been reported recently that sup-
pressing CX3CR1 signaling with CX3CR1 small
interfering RNA (siRNA) in rats injected with
AB1-40 fibrils blunted AB1-40 induced CX3CR1
upregulation, microglial activation, interleukin-
1beta expression, restored basal glutamater-
gic strength and electric stimuli-induced long-
term potentiation, and cognitive capacities
[88], thus proved the fractalkine/CX3CR1's
regulation of microglia and cytokines, and sug-
gested further studies are needed to examine
the role of fractalkineg/CX3CR1 in the occur-
rence and development in AD.

SDF-10/CXCR4

SDF-1a is widely concerned since it's proposed
to regulate neuronal excitability and synaptic
transmission. Both plasma and CSF levels of
SDF-1a were found to be decreased in patients
with early AD, and they were significantly
inversely correlated with CSF tau protein levels
and positively correlated with changes of cogni-
tive functions over the time period of 15 months
[33, 107]. Parachikova et al. [108-110] reported
SDF-1a’s mRNA, protein and its receptor
(CXCR4) were downregulated in Tg2576 mouse
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model of AD coinciding with cognitive deficits.
Also, they found out chronically treated young
non-transgenic mice with an antagonist to
CXCR4 showed selectively impaired learning
and memory, thus suggests a potential role for
this chemokine in cognitive functioning. Briefly,
SDF-10/CXCR4 enhances glutamate release
from AC and regulates neuronal excitability, sig-
nal propagation within glial networks and syn-
aptic transmission, and reduces the deposition
of AP via activating microglia [90, 111-113],
thus provides a promising therapy target of AD.

MIP-1a,/CCR5

MIP-1a/CCR5 could participate in the regula-
tion of learning and cognition and the inflam-
mation process of AD by activating microglia
and AC, recruiting and accumulating microglia
in SP, promoting T cells transendothelial migra-
tion through Rho/ROCK pathway [84, 114,
115]. Subcutaneous injection of CCR5 antago-
nist reduced the number of activated microglia
and astrocytes up-regulated by lipopolysaccha-
ride [115], suggests MIP-1a/CCR5 is involved
in neuroinflammation associated with AD, and
CCR5 antagonists may attenuate this effect.
Lee [73] reported that long-term and spatial
memory functions were impaired in CCR5
knockout (CCR5 (-/-)) mice. The expression of
CCR5 was observed in CCR5 (+/+) astrocytes,
but was reduced in the CCR5 (-/-) astrocytes
even though the expression of GFAP was much
higher, the AR level was higher in the brains of
CCR5 (-/-) mice than that of CCR5 (+/+) mice
paralleling with the activation of astorcytes.
Activation of CCR2 causes the activation of AC
that leads to AB deposition and memory dys-
function in CCR5 (-/-) mice. In CCR5 (-/-) mice,
CCR2 expression was high and co-localized
with GFAP. These findings suggest that the
absence of CCR5 increases expression of
CCR2, which leads to the activation of astro-
cytes causing AP deposition, and thereby
impairs memory function. Though it is hypoth-
esized that individuals carrying a 32-base pair
deletion in the CCR5 gene would show a
reduced risk of AD, a case-control study in 376
Spanish AD patients and 369 healthy controls
ruled out the association [114].

IP-10/CXCR3

Although the plasma level of IP-10 in patients
with AD is controversial, as introduced in Part
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5, its expression in AC was widely recognized to
be increased. In mouse model, secretion of
IP-10 by AC was significantly increased after
injecting AB [75], clinical research also proved
that IP-10 was markedly elevated in AC in AD
brains, many IP-10 positive AC were associated
with SP and had an apparently coordinated
upregulation of MIP-1 [116]. Lai [75] identified
19 up-regulated secreted proteins after AB1-42
treatment by SILAC labeling and LC-MS/MS
analyses, and validated the role played by IP-10
in promoting AC aggregation around amyloid
plagues through in vitro cell migration analysis.
Moreover, IP-10/CXCR3 is able to activate
ERK1/2 pathway in mouse cortical neurons,
suggesting a novel mechanism of neuronal-gli-
al interaction.

IL-8/CXCR1, CXCR2

IL-8 is the first confirmed presenced chemokine
in human brain. Upon AB and/or pro-inflamma-
tory cytokine stimulation, microglia, AC and
neurons were all capable to produce IL-8 in
vitro [74], while CXCR2, a receptor of IL-8, has
been found to exist in the neuritic portion of
plaques surrounding amyloid deposits in patho-
logic brain tissues of AD patients [48]. IL-8 pro-
tects neurons possibly by paracrine or auto-
crine loop and regulates neuronal functions.
Although IL-8 alone did not alter neuronal sur-
vival, it did inhibit AB-induced neuronal apopto-
sis and increase production of neuronal brain-
derived neurotrophic factor (BDNF), and be
involved in the neuronal damage and astroglio-
sis caused by AB [74, 117]. Further, IL-8 might
be involved in the intervention of the comple-
ment (C) system, as its significant upregulation
in AC caused by neuroprotective anaphylatox-
ins, which are released by C activities [118,
119]. Therefore, IL-8 may play a protective role
in the AD pathogenesis.

RANTES/CCR1, CCR3, CCR5

RANTES is a powerful leukocyte activator, a
feature potentially relevant in a range of inflam-
matory disorders [120] but it's suggested to be
neuroprotective in AD, since treatment of neu-
rons in vitro with RANTES resulted in an
increase in cell survival and a neuroprotective
effect against the toxicity of thrombin and sodi-
um nitroprusside [41]. Curcumin, a kind of herb
extracts, is reported to enhance neuronal sur-
vival in N-methyl-d-aspartic acid toxicity by
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inducing RANTES expression in AC [121]. In the
CNS, RANTES are mainly produced by AC, and
AC RANTES/CCL5 has been shown to be
induced by IL-1, with interferon-gamma (IFN-y)
as a primer. IFN-B also plays a positive regula-
tory role in the expression of RANTES/CCL5 in
human AC through several distinct mechanisms
[58].

Conclusions

AC plays multiple roles in the occurrence and
development of AD. On one side, AC could clean
up debris by the process of phagocytosis, pro-
vide nourishment and be benefit to control the
chemical composition of fluid surrounding neu-
rons. On the other side, AC mediates inflamma-
tion reaction, and is involved in the formation of
oxygen free radicals and intracellular neurofi-
brillary tangles, thus exacerbates the develop-
ment of AD. Effects of AC on A3 are more com-
plicated and controversial, since it's involved
both in the internalization, degradation and
generation of AB. The role of AC in AD remains
to be further studied in order to deepen the
understanding of AD pathology, exploring the
feasibility of AC as a target for the treatment of
AD.

The involvement of chemokines and their
receptors in the occurrence and development
of AD could be summarized as activating AC
and microglia and inducing inflammatory cas-
cade, inducing migration of cells, being involved
in APP process, and providing direct/indirect
effects on neurons. Chemokines and their
receptors significantly changed in serum and
CSF in AD patients, and the changes were cor-
related with the development of AD pathology,
thus providing the feasibility of monitoring AD
progression. Changes of chemokine levels may
be the pathological basis of chronic inflamma-
tory reactions. Represented by MCP-1, the
increased levels of some toxic chemokines may
be related to AC stimulation by over-expressed
AB. Up-regulated chemokines further induced
the inflammatory cascade, accelerated AP
deposition, and aggravated the progression of
AD. Represented by SDF-1, the decreased lev-
els of some protective chemokines also lead to
aggravating the progression of AD. Researches
indicated that interfering chemokines by using
chemokine receptor antagonist, siRNA or other
methods could affect pathology of AD, thus
suggests chemokines and their receptors may
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be considered as a new target for the treat-
ment of AD. Recently, chemokine receptor
antagonist has been put into the treatment of
some diseases, such as painful diabetic poly-
neuropathy [122] and HIV [123]. It is worth
looking forward to the application of chemo-
kines and/or chemokine receptor antagonist to
treat AD and other CNS diseases. As immune
and inflammatory responses play a key role in
the pathogenesis of AD, clarification of the
involvement of chemokine and their receptors
will provide a new strategy and more specific
targets for the treatment of AD.
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