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1.  ABSTRACT  
 

Chemoattractants, including classical 
chemoattractants and chemokines, are mediators of 
leukocyte trafficking in physiological immunosurveillance 
as well as recruitment of leukocyte to the sites of 
inflammation and injury. Besides their well-established role 
in the immune system, recent researches have demonstrated 
that chemoattractants and their receptors are also involved 
in brain development and in the maintenance of normal 
brain homeostasis. Evidence is emerging that 
chemoattractants and their receptors play important roles in 
neuroinflammation, neuronal death and hence 
neurodegenerative diseases. In this review, we summarize 
recent progress regarding the involvement of 
chemoattractants and their receptors in Alzheimer’s disease 
and their potential as therapeutic targets. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 
Chemoattractants, including classical chemoattractants and 
a superfamily of chemokines, function as inducers of 
leukocyte trafficking and activation. Classical 
chemoattractants include N-formyl-methionyl-leucyl-
phenyl-alanine (fMLF), activated complement component 5 
(C5a), leukotriene B4 and platelet activating factor. 
Chemokines are subdivided into four groups based on the 
number and spacing of the conserved cysteine residues in 

the N-terminus and are named CXC, CC, CX3C, and C 
chemokines. Both classical chemoattractants and 
chemokines activate seven-transmembrane, G protein-
coupled receptors (GPCRs) expressed not only on cells of 
hematopoietic origin, but also on other cell types. 
Chemokine receptors are divided into CXCR, CCR, 
CX3CR and XCR subgroups based on their chemokine
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Table 1. Chemoattractants and receptors in AD 
Receptors Expression in AD Ref Chemoattractants Expression in AD Ref 
FPRL1 Elevated in microglia (11) Abeta amyloid deposits  
CCR1 Present in neurons and dystrophic 

neuritis associated with amyloid plaques 
(63) CCL3/MIP-1alpha

  
CCL5/RANTES 

Elevated in brain microvessels and peripheral T 
lymphocytes 
Elevated in brain microvessels 

(48, 49) 
 
(52) 

CCR2 Elevated in PBMC1 (64) CCL2/MCP-1 Elevated in senile plaques, neurons, astrocytes, 
microglia, microvessels, serum and csf2 

(29-31, 34, 
35) 

CCr3 Elevated in microglia associated with 
Abeta deposits 

(47) CCL3/MIP-1alpha 
 
CCL4/MIP-1beta
  
CCL5/RANTES 

Elevated in brain microvessels and peripheral T 
lymphocytes 
Present in a subpopulations of reactive astrocytes 
spread in ad brain 
Elevated in brain microvessels 

(48, 49) 
 
(47) 
 
(52) 

CCR5 Elevated in some microglia associated 
with amyloid plaques; elevated in 
PBMC1 

(47, 
64) 

CCL3/MIP-1alpha 
 
CCL4/MIP-1beta
  
CCL5/RANTES 

Elevated in brain microvessels and peripheral T 
lymphocytes 
Present in a subpopulations of reactive astrocytes 
spread in ad brain 
Elevated in brain microvessels 

(48, 49) 
 
(47) 
 
(52) 

CCR10    CCL27/ILC Elevated in ad brain (62) 
CXCR2 Elevated in a subpopulation of neuritic 

plaques and peripheral t lymphocytes 
(78, 
80) 

CXCL1/GROalpha 
CXCL8/IL-8 

Elevated in ad brain  
Elevated in neurons, brain microvessels and csf2 

(70) 
(30, 34, 59) 

CXCR3 Expressed by neurons (81, 
82) 

CXCL10/IP-10 Elevated in astrocyte associated with amyloid 
plaques; increased in csf2 of mild ad but decreased 
with the progression of ad 

(34, 81, 84) 

CXCR4 Elevated in AD brain (62) CXCL12/SDF-1 Decreased in plasma (94) 
CX3CR1 Expressed by neurons and microglia (96, 

97) 
CX3CL1/ 
fractalkine 

Decreased in brain of young app transgenic 
mice;elevated in the plasma which negatively 
correlated with the severity of cognitive impairment 

(100) 

Abbreviations: 1peripheral blood mononuclear cell, 2cerebrospinal fluid  
 

ligand specificity. To date, more than 50 chemokines and 
about 20 chemokine GPCRs have been identified (1, 2). 
Some chemokines bind only to one receptor and vice versa, 
such as CXCL16 to CXCR6 and CCL20 (MIP-3alpha, 
LARC) to CCR6. However, most chemokines bind to more 
than one receptor, and most chemokine receptors are 
capable of binding and responding to more than one ligand. 
For example, chemokine CCL5 (RANTES) binds to at least 
CCR1, CCR3 and CCR5, while CCR3 binds to CCL5 
(RANTES), CCL7 (MCP-3), CCL8 (MCP-2), CCL11 
(eotaxin), CCL13 (MCP-4), CCL24 (eotaxin-2), and 
CCL26 (eotaxin-3). Therefore, chemokines within a 
subgroup frequently exhibit overlapping biological 
activities which implies functional redundancy. However, 
studies of receptor gene knockout mice have revealed that 
each chemokine GPCR is involved in one or multiple 
pathophysiological processes (3). 

 
Chemoattractants and their receptors are 

implicated in leukocyte trafficking, coagulation, 
hematopoiesis, development, wound healing, allergy, 
atherogenesis, angiogenesis/angiostasis, malignancy, and 
HIV infection (4, 5). Accumulating evidence suggests that 
chemoattractants and their receptors are important not only 
in central nervous system (CNS) homeostasis and neuronal 
patterning during ontogeny, but also in the inflammation 
and neurological disorders, such as multiple sclerosis, 
trauma, stroke, and Alzheimer's disease (AD) (6, 7). 
Amyloid beta (Abeta) deposition, neurofibrillary tangle 
formation, glial cell activation and neuritic degeneration are 
characteristic features of AD. Although genetic defects 
account for a minority of AD cases, the precise cause has 
yet to be determined for majority cases. A bulk of evidence 
suggests that inflammatory responses play an important 
role in the pathogenic process of AD, either in the initiation 
or as amplifiers of the disease. Recent studies also suggest 
the importance of limited inflammation in the clearance of 

Abeta peptide deposits and the amelioration of AD 
syndrome in animal models (8). This review will discuss 
the involvement of chemoattractants and their receptors in 
the inflammatory responses and pathogenesis of AD (Table 
1). 
 
3. THE ROLE OF CLASSICAL 
CHEMOATTRACTANT GPCRs IN AD 

 
Abeta is a major contributor to the 

pathogenesis of AD. Abeta is not only directly 
neurotoxic, but also causes indirect neuronal damage by 
activating microglia and astrocytes that accumulate in 
and around amyloid plaques in AD brain. Several cell-
surface molecules have been reported to act as putative 
receptors for Abeta, including the receptor for advanced 
glycation-end products (RAGE) and scavenger receptor 
(9, 10). Our previous studies have revealed that a 
formylpeptide receptor-like-1 (FPRL1) in human and its 
mouse homologue mFPR2 are functional receptors for 
Abeta (11, 12). FPRL1 is a classical chemoattractant 
GPCR and binds the bacterial chemotactic peptide fMLF 
with low affinity. FPRL1 is expressed at high levels in 
microglia infiltrating senile plaques in the brain tissue of 
AD patients (11). In vitro, FPRL1 and its mouse 
homolog mFPR2 mediate the chemotactic activity of 
Abeta42 for phagocytic leukocytes and trigger the 
release of neurotoxic superoxide and proinflammatory 
cytokines by these cells (11, 12). The proinflammatory 
cytokine TNF-alpha up-regulates mFPR2 in microglia 
and enhance their chemotactic responses to Abeta42, 
suggesting the role of TNF-alpha in amplifying 
inflammatory response in AD (13). FPRL1 and mFPR2 
also mediate Abeta42 internalization in mononuclear 
phagocytes and its cytotoxicity for neuronal cells (14, 
15). Consistent with these observations, Brandenburg et 
al. (16) reported rapid internalization of Abeta42 via 
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FPRL1 in primary rat astrocytes and microglia, with 
signaling pathway dependent on phospholipase D. 
Activation of Toll-like receptor 4 (TLR4), TLR9 or 
TLR2 also enhances mFPR2 expression and Abeta 
uptake by mouse microglial cells (15, 17, 18). In 
addition, a recent study reveals that TLRs are crucial for 
the capacity of microglia to endocytose and degrade 
Abeta peptides, which likely involve upregulation of 
mFPR2 (8). Therefore, molecules associated with 
inflammation and microbial infection are important 
regulators of FPRL1/mFPR2 in microglial cells, which 
may profoundly affect the pathologic processes of AD, 
in particular in Abeta uptake and clearance. 

 
Locus ceruleus (LC) degeneration and loss of 

cortical noradrenergic innervation occur early in AD. In 
AD patient, a decrease in LC neuron numbers is 
correlated with the increase in amyloid plaques, 
neurofibrillary tangles, and the severity of dementia (19-
22). In rodent AD models, LC neuron degeneration 
exacerbates several features of AD, including Abeta 
deposition, inflammation, neurodegeneration and 
cognitive impairment (23-25). Norepinephrine (NE) 
supplement can ameliorate the inflammation induced by 
LC degeneration in AD mouse models (23). Our studies 
found that NE and isoproterenol induce mFPR2 
expression in microglia through beta adrenergic receptor 
(beta AR)-mediated activation of MAP kinases ERK1/2 
and p38, as well as transcription factor NF-kappaB. 
betaAR agonist markedly enhances Abeta42 uptake and 
degradation in microglia, likely due to the upregulation 
of mFPR2 expression and increase in Abeta degrading 
enzyme neprilysin, respectively. Thus, noradrenergic 
innervation from LC is needed to maintain adequate 
Abeta uptake and clearance by microglia through 
mFPR2. NE pathway is a potential therapeutic target for 
AD.  

 
Humanin is a 24-amino acid peptide expressed 

in the occipital region of AD which is rarely affected by 
the disease. Accumulating evidence demonstrates that 
Humanin and its derivative peptides had a broad 
spectrum of neuroprotective capabilities against diverse 
AD-related insults (26). Humanin could induce 
chemotaxis of mononuclear phagocytes (monocytes and 
microglia) by using FPRL1/mFPR2 (27), which 
coincidentally are also functional receptors used by 
Abeta42 to chemoattract and activate phagocytic 
leukocytes. Humanin inhibits Abeta42 uptake and fibril 
formation in monocytic cells. In neuroblastoma cells, 
Humanin and Abeta42 both activate FPRL1, however, 
only Abeta42 caused apoptotic death of the cells. These 
results suggest that by sharing human FPRL1 and mouse 
mFPR2 with Abeta42, Humanin may exert 
neuroprotective effects by competitively inhibiting the 
access of FPRL1 to Abeta42. Nevertheless, the potential 
involvement of other cell surface receptors should not 
be excluded in the neuroprotective effects of Humanin 
(28). Further understanding the regulation of Humanin 
expression in the brain and its mechanisms of function 
may provide very useful means for preventing or 
retarding the progression of AD. 

4. CHEMOKINES AND THEIR RECEPTORS IN AD 
 
4.1.CC chemokines and receptors in AD 
4.1.1.CC chemokines in AD 
4.1.1.1.CCL2 

CCL2 is origignally named monocyte 
chemotactic protein-1 (MCP-1). It is a key molecule for 
monocyte chemotaxis and tissue extravasation and for the 
modulation of leukocyte function during inflammation. In 
AD, CCL2 expression is upregulated in senile plaques, 
neurons, astrocytes, reactive microglia and microvessels 
(29-31). CCL2 overexpression was also observed in the 
brain tissue of AD mouse models (32, 33). Increased levels 
of CCL2 are also found in the sera and cerebrospinal fluid 
of AD patients, as well as in patients with mild cognitive 
impairment (MCI) who later develop AD (34, 35). It has 
been shown that a single nucleotide polymorphism 
occurring at position −2518 (A/G) in the promoter region 
of CCL2 gene may affect CCL2 expression (36). The -
2518 A/G polymorphism of the CCL2 gene is reported as 
an independent risk factor for AD in Italians but not in a 
Spanish cohort (37, 38). Therefore, differences in 
geographical and ethnic background may affect the 
susceptibility of a population to AD despite a same 
polymorphism in CCL2 gene. 

 
In vitro studies have shown that Abeta can 

induce CCL2 expression in monocytes/macrophages, 
microglia, astrocytes and brain endothelial cells (39-41). 
Acute intracerebroventricular injection of Abeta42 induces 
production of CCL2, IL-1 and IL-6 in the hippocampus and 
cortex of mice (42). In vivo, transgenic overexpression of 
CCL2 in the brain results in increased microglial 
accumulation and diffuse amyloid plaque deposition in a 
mouse model of AD expressing Swedish APP mutant (43). 
APP/CCL2 mice show an early onset of spatial learning 
impairment and Abeta oligomer formation, whereas CCL2 
transgenic mice show normal learning, suggesting that 
although CCL2 does not induce memory dysfunction by 
itself, it acts as a cofactor in Abeta-induced memory 
impairment in APP mice (43). Therefore, targeted 
reduction of CCL2 in CNS may be beneficial. Indeed, 
delivery of a dominant-negative CCL2 mutant to 
APP/presenilin-1 (APP/PS1) bigenic mice reduced 
astro/microgliosis, beta-amyloidosis including both fibrillar 
and oligomer Abeta accumulation, in association with 
improved spatial learning (44). These results suggest CCL2 
as a therapeutic target for neuroinflammation and 
progression of AD. 
 
4.1.1.2. CCL3 and CCL4 

Macrophage inflammatory protein-1 (MIP-1) 
includes two major forms MIP-1alpha and MIP-1beta that 
are now officially named CCL3 and CCL4, respectively. 
Recently, an association between CCL3 gene 
polymorphism and AD was reported in a Chinese 
population (45). The CSF levels of CCL3 do not differ in 
AD and control groups (46). Immunohistochemical studies 
showed that CCL3 was present predominantly in neurons 
and weakly in some microglia in both AD and controls, 
while CCL4 was expressed predominantly in a 
subpopulation of reactive astrocytes, which were more 



Chemoattractants and receptors in AD 

507 

widespread in AD brain. Many CCL4-positive reactive 
astrocytes were found to be associated with amyloid 
deposits (47). Elevated CCL3 was found in brain 
microvessels and peripheral T lymphocytes of AD patients 
(48, 49). CCL3 can induce the expression of its receptor 
CCR5 on human brain microvascular endothelial cells 
(HBMECs). The interaction between CCL3 overexpressed 
by T cells and CCR5 on HBMECs is involved in T cell 
migration from blood to the brain of AD patients (49). In 
vitro studies demonstrated that Abeta enhanced the 
expression of CCL3 in monocytes and microglia, and 
CCL4 in monocytes/macrophages (39, 40, 50, 51). Thus, 
CCL3 and CCL4 are involved in glial cell activation and T 
cell infiltration in AD brain.  
 
4.1.1.3.CCL5 

CCL5 is also known as RANTES (an acronym 
for Regulated on Activation, Normal T Expressed and 
Secreted). The expression of CCL5 in AD-derived 
microvessels was significantly higher than in microvessels 
from normal brain (52). In vitro, Abeta has been shown to 
induce the expression of CCL5 in astrocytes, 
oligodendrocytes, PBMC, and lymphocytes (53-55). 
Oxidative stress has also been shown to induce CCL5 
expression in cultured brain endothelial cells and astrocytes 
(52, 56).  

 
Several studies have shown a neuroprotective 

effect for CCL5. Treatment of primary cortical neuronal 
cultures with CCL5 enhances neuronal survival. CCL5 
protects neurons against the toxicity of Abeta, thrombin 
and sodium nitroprusside (SNP) (52, 57, 58). The ability of 
CCL5 to decrease neuronal cell death in response to these 
molecules could be protective in AD, since Abeta, 
thrombin and nitric oxide (an active species released from 
SNP) are neurotoxic and elevated in the AD brain and 
microcirculation (59, 60). The neuroprotective effect of 
CCL5 is mediated by a G protein-coupled receptor 75 
(GPCR75) (58), suggesting the potential for 
CCL5/GPCR75 as targets for prevention of Abeta-induced 
neuronal loss. 
 
4.1.1.4. Other CC chemokines 

In vitro study showed that Abeta42 induced 
CCL7 (MCP-3) expression in murine primary microglia 
and a microglia cell line, through phosphatidylinositol 3-
kinase (PI3K)/Akt and extracellular signal-regulated kinase 
(ERK) related pathways (61). Microarray and real-time 
PCR revealed the upregulation of CCL27 in AD brain 
tissue (62). Although the precious role of these CC 
chemokines in AD brain tissues has yet to be elucidated, 
their elevation in AD brain tissue implies involvement in 
neuroinflammatory responses.  
 
4.1.2. CC chemokine receptors in AD 

CCR1 can bind CCL3 (MIP-1 alpha), CCL5 
(RANTES), CCL7 (MCP-3) and CCL23 (MPIF-1). In AD 
patients, CCR1 expressed in neurons and dystrophic 
neurites associated with senile plaques containing Abeta42, 
but not associated with diffuse deposits of Abeta42. CCR1 
was rarely detected in brains from age-matched, 
nondemented individuals (63). The number of CCR1-

positive plaque-like structures in the hippocampus and 
entorhinal cortex of AD brains is highly correlated to the 
degree of dementia (63), suggesting that CCR1 expression 
in brains is part of the neuroimmune responses caused by 
Abeta42-positive neuritic plaques. 

 
CCR2 binds chemokines CCL2 (MCP-1), and 

CCL7 (MCP-3). Peripheral blood mononuclear cells 
isolated from AD patients express higher levels of CCR2 
than those from healthy controls (64). In a transgenic 
mouse model of AD (Tg2576), CCR2 deficiency 
accelerates early disease progression and markedly reduces 
microglial accumulation. AD mice deficient in CCR2 
showed earlier Abeta accumulation in the brain and died 
prematurely, in a manner that correlates with the levels of 
CCR2 expression, indicating that the absence of early 
microglial accumulation leads to decreased Abeta clearance 
and increased mortality (65). Thus, CCR2-dependent 
microglial accumulation plays a protective role in the early 
stages of AD by promoting Abeta clearance.  
 

Both CCR3 and CCR5 can bind ligands CCL3, 
CCL4 and CCL5. Microarray assay revealed an increased 
expression of CCR3 in AD brain tissue. In the majority of 
AD brain, the elevation of CCR3 level was correlated with 
the activation of PKC, a downstream mediator of CCR3 
signaling (62). Immunohistochemistry analysis 
demonstrated that CCR3 was present on microglia of both 
control and AD brains, with increased expression on some 
reactive microglia in AD. Many of the CCR3+ reactive 
microglia were found to be associated with amyloid 
deposits (47). Another chemokine GPCR CCR5 is present 
on microglia of both control and AD brains, with an 
increase on some reactive microglia associated with AD 
amyloid plaques (47). Elevated CCR5 expression is also 
present on peripheral blood mononuclear cells (PBMC) of 
AD patients (64). Abeta induces CCR5 expression in 
human PBMC (66). Thus, CCR3 and CCR5 may be 
involved in Abeta-induced inflammation in AD. It is 
interesting to note that the natural CCR5 mutant Delta32 
renders human subjects resistant to HIV infection but not 
AD (67, 68).  
 
4.2. CXC chemokines and receptors in AD 
4.2.1. CXCL1, CXCL2, CXCL8 and CXCR2 in AD 

CXCL1, previously called GROalpha in human 
and KC in mice, signals through the receptor CXCR2. 
CXCL1 gene SNPs are not associated with AD as 
examined in a Japanese population (69). CXCL1 is 
upregulated in AD brains (70). In vitro studies showed that 
CXCL1 induced hyperphosphorylation of the tau protein in 
mouse primary cortical neurons (70), suggesting that 
CXCL1 may play pathophysiological role in AD. However, 
in vitro study also showed that CXCL1 protected 
hippocampal neurons against Aβ induced death (71). After 
short-term exercise, Tg2576 mice exhibited cognitive 
improvement with increased levels of CXCL1 in the brain, 
suggesting this chemokine mediated inflammatory response 
in exercise may induce cognitive amelioration (72).  

 
CXCL2, also named macrophage inflammatory 

protein 2, is another ligand for CXCR2. Abeta42 induces 
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CXCL2 expression by microglia (61), and this chemokine 
may protect hippocampal neurons against Abeta42 induced 
death, through MEK1-ERK1/2 and PI3K-Akt signaling 
pathways (71).  

 
CXCL8 (IL-8) is produced by many cell types 

including macrophages and epithelial cells. CXCL8 binds 
to two GPCRs CXCR1 and CXCR2. CXCL8 is 
consistently uprerulated in the brain tissue of AD patients. 
It is colocalized with neurons and amyloid plaques in AD 
brain (30). Microvessels isolated from AD patients also 
showed higher expression of CXCL8 compared to control 
vessels (59). Cerebrospinal fluid CXCL8 levels were 
increased in mild cognitive impairment (MCI) and AD 
patients (34). In vitro, Abeta alone or with IL-1beta 
induced microglia, astrocytes and peripheral monocytes to 
produce CXCL8 (73, 74). Abeta also induces chemokine 
(including CXCL8) secretion and monocyte migration 
across a human blood--brain barrier model (75). CXCL8 
enhances Abeta-induced expression and production of pro-
inflammatory cytokines and COX-2 in cultured human 
microglia, and induces the expression of matrix 
metalloproteinases, cell cycle and pro-apoptotic proteins, 
and cell death in cultured neurons (76, 77). These results 
suggest that among the proinflammatory cytokines induced 
by Abeta in AD brain, CXCL8 may further exacerbate 
detrimental inflammatory responses in the brain by 
inducing neurotoxins, recruiting peripheral monocytes to 
brain tissue, and promoting neuron apoptosis.  

 
CXCR2 is a GPCR recognizing multiple 

chemokine ligands, such as CXCL1, CXCL2 and CXCL8. 
In normal individuals, CXCR2 is expressed at high levels 
by subsets of projection neurons in diverse regions of the 
brain and spinal cord. In AD, CXCR2 is strongly 
upregulated in a subpopulation of neuritic plaques (78). 
Recently CXCR2 is reported to promote Abeta production 
by regulating gamma-secreatase activity in neurons (79). In 
vitro study showed that treatment of APP expressing cells 
with CXCR2 agonists CXCL1 and CXCL8 leads to 
enhanced Abeta production. Treatment of the cells with 
antagonists or depletion of endogenous CXCR2 agonists 
leads to inhibition of Abeta production. The inhibitory 
effect of the antagonist of CXCR2 on production of Abeta40 
and Abeta42 is mediated via reduction of presenilin (PS), 
one of the gamma-secretase components. Also, treatment of 
APP/PS transgenic mice with a CXCR2 antagonist 
inhibited Abeta40 and Abeta42 production. These findings 
strongly suggest that up-regulation of CXCR2 is a driving 
force in increased production of Abeta. CXCR2 is 
overexpressed in T cells from AD patients (80). Abeta 
injection in rat hippocampus upregulated CXCR2 
expression accompanied with increased T cell 
accumulation in the brain. This enhanced T cell entry was 
effectively blocked by a CXCR2 antagonist. T cell 
migration through in vitro blood-brain barrier model was 
effectively blocked by antibodies against CXCR2 or 
CXCL8 (IL-8) (80). These results suggest that 
overexpression of CXCR2 in peripheral T cells contribute 
to T cell transendothelial migration in AD brain, which 
may amplify proinflammatory and immune responses. 
 

4.2.2. CXCL10 and CXCR3 in AD 
CXCL10 is also named interferon-gamma-

induced protein (gamma-IP10 or IP-10) in human and 
cytokine responsive gene-2 (CRG- 2) in murine. It elicits 
multiple effects by binding to the cell surface receptor 
CXCR3. In normal brain, CXCL10 is expressed in a 
subpopulation of astrocytes, CXCR3 is detected 
constitutively on neurons and neuronal processes in various 
cortical and subcortical regions, suggesting the 
involvement of CXCL10/CXCR3 in neuronal-glial 
interaction (81, 82). In the brain tissues of AD patinets, 
CXCL10 was upregulated in reactive astrocytes and 
CXCL10 positve astrocytes were associatied with senile 
plaques (81). Similary, increased CXCL10 expression was 
found in cerebral cortex and hippocampus of aged APP 
transgenic mice. The intense CXCL10 expression was co-
located with Abeta positive plaques (83). Intrathecal level 
of CXCL10 was increased in mild cognitive impairment 
(MCI) patients and mild AD patients and decreased with 
the progression of AD (34, 84). Serum CXCL10 level has a 
tendency of increase with aging in healthy individuals, but 
not in MCI and AD patients (85-87). In vitro, Abeta42 
stimulated human monocytic cell line THP-1 to express 
CXCL10 (88). CXCL10 induces neuron apoptosis (89). 
Thus, CXCL10/CXCR3 may play an important role in 
inflammatory responses and the loss of neurons in AD.  
 
4.2.3. CXCL12 and CXCR4 in AD 

The chemokine CXCL12 is also known as 
stromal cell-derived factor 1 (SDF-1). CXCR4 is intially 
believed to be the sole receptor for CXCL12, but recently 
CXCR7 has also been shown to bind CXCL12 (90). 
CXCL12 and CXCR4 are widely expressed by glial and 
neuronal cells in the developing and adult cerebral cortex 
and they exert various functions in the brain. CXCL12 
directs neuronal migration and axonal pathfinding in the 
developing nervous system. In the adult brain, CXCL12 is 
thought to influence neurogenesis as well as recruitment of 
brain resident and non-resident circulating cells toward 
sites of lesions (91). CXCL12 has been reported to affect 
the function of neurons by multiple regulatory pathways 
(92). In human, CXCR4 is elevated in AD brain tissues 
(62). However, the expression of both CXCL12 and 
CXCR4 decreases in an APP transgenic AD mouse model 
(Tg2576) coinciding with cognitive deficits (93). Short-
term exercise in Tg2576 mice increases brain CXCL12 
level and improves cognition (72). Chronic treatment of 
young, normal mice with an antagonist to the CXCL12 
receptor CXCR4 resulted in selectively impaired learning 
and memory (93). These results suggest that 
CXCL12/CXCR4 may improve neuron-glia/neuron-neuron 
communication thereby improving and enhancing learning 
and memory. In human, CXCL12 plasma levels in healthy 
elderly increase with age but significantly decrease in AD 
patients. Higher CXCL12 plasma levels in AD patients are 
weakly associated with lower tau protein levels in CSF and 
better preservation of cognitive functions of AD patients 
(94). As CXCL12 plays an important role in mobilization, 
migration and homing of bone marrow-derived stem cells 
to the sites of lesions, it is reasonable to assume that 
decreased CXCL12 plasma levels may contribute to a 
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deficient mobilization of hematopoietic stem cells from the 
bone marrow crucial for sustaining brain homeostasis. 
 
4.3. CX3CL1 and CX3CR1 in AD 

CX3CL1 is the only known member of the the 
CX3C chemokine subfamily so far. It is also named 
fractalkine in human and neurotactin in mice. CX3CL1 
exists in both membrane-bound and soluble forms. While 
membrane-bound form serves as an adhesion molecule for 
leukocytes expressing the receptor CX3CR1, soluble 
CX3CL1 functions as a pro-inflammatory chemoattractant 
that activates a number of cells involved in inflammatory 
responses (95-97).  

 
In human CNS, CX3CL1 is mainly expressed on 

neurons, while astrocytes and cerebral vascular endothelia 
also express CX3CL1. CX3CR1 is expressed on human 
neurons and microglia but not astrocytes, indicating that 
CX3CL1 secreted by neurons, astrocytes and endothelia is 
a communicator among many cell types in CNS (96, 97).  

 
In an APP transgenic mouse model, CX3CL1 

expression in cerebral cortex and hippocampus was 
decreased at 9-month, but not 11- and 17-month of age 
(83). As CX3CL1 has been proposed to function as an 
intrinsic inhibitor of neurotoxicity mediated by activated 
microglia (98, 99), decreased CX3CL1 in neurons may 
favor the activation and neurotoxicity of microglia in 
mouse AD model. Thus, it is proposed that decreased 
CX3CL1 expression contribute to the inflammatory 
responses at early stages of AD. The levels of plasma 
soluble CX3CL1 in patients with MCI and AD significantly 
increased with higher levels in MCI. There was a negative 
correlation between the severity of cognitive impairment 
and the plasma soluble CX3CL1 level in the patients with 
AD (100). These data indicate the protective role of soluble 
CX3CL1 in AD and its serum level could be used as a 
biomarker of early stages of AD. 
 
5. PERSPECTIVES 
 

Chemoattractants were originally described to be 
involved mainly in leukocyte trafficking. Research over the 
last decade has shown that chemoattractants are involved in 
a broader spectrum of pathophysiological processes. In the 
brain, chemoattractant receptors are not only found in 
microglia, but also in astrocytes, oligodendrocytes and 
neurons. There is growing evidence to suggest that 
chemoattractants and their receptors contribute to the 
development and progression of AD. Chemokines may 
induce neuronal death either directly through activation of 
receptors on neurons or indirectly through activation of 
glial cells to produce pro-inflammatory cytokines and 
neurotoxins. Due to the promiscuity of chemokine/receptor 
interactions, it is unlikely that any therapy targeting on one 
chemokine or receptor will be successful in AD 
management. Emerging literature also suggests that 
neuroinflammation in the AD brain is a double-edged 
sword and that chemoattractant and receptor interaction in 
the CNS can mediate neuroprotection. For example, CCL5 
protects neurons against toxicity of AD-associated 
neurotoxins (52, 57, 58). Likewise, CXCR2 ligands 

CXCL1, CXCL2 and CXCL8 protect neurons against 
Abeta-induced death (71); CX3CL1 functions as an 
intrinsic inhibitor against neurotoxicity mediated by 
activated microglia (98, 99); FPRL1/mFPR2 and CCR2 can 
mediate Abeta uptake and clearance by microglia (14-16, 
65). Whether inflammation is neurotoxic or neuroprotective 
in AD brain may depend on the context, location and 
timing of inflammatory responses. Plasma/CSF levels of 
chemokines, such as CCL2 , CX3CL1, and other 
inflammatory molecules might be useful bio-markers of the 
progression of AD (35, 100). 
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