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A B S T R A C T

CXC chemokine ligand 12 (CXCL12) is a specific chemokine ligand and plays a significant role in cell chemotaxis.
Upon binding to CXC chemokine receptor 4 (CXCR4) or CXCR7, CXCL12 can activate different signaling cascades
to regulate cell proliferation, migration, and metabolism. CXCL12 exerts a pro-atherogenic action by aggravating
multiple pathogenesis of atherogenesis, including dyslipidemia, inflammation, neointima hyperplasia, angio-
genesis, and insulin resistance. Serum CXCL12 levels are also markedly increased in patients with athero-
sclerosis-associated disease. The present review focuses on recent advances in CXCL12 research in the patho-
genesis of atherosclerosis together with its clinical values. This may provide insight into potential novel
therapies for atherosclerosis.

1. Introduction

Atherosclerosis is the leading etiology of cardiovascular disease,
including myocardial infarction, and ischemic stroke [1]. The formation
of atherosclerotic lesions is a long-term process that involves intricate
etiology and various regulatory molecules. Dyslipidemia, inflammatory
response, neointima hyperplasia, angiogenesis, and insulin resistance
are identified as the pathogenesis of atherosclerosis [2–6]. Given
atherosclerotic plaques are constantly detected in cardiovascular events
such myocardial infarction and ischemic stroke, the seek for biomarkers
of subclinical atherosclerosis stills a popular research focus, although
stains or combination of it with other drugs has obtained effective
improvement in CAD patients [7,8].

Chemokines (8~12KD) are mainly responsible for the recruitment
and movement of cells and involved in various vasculopathy. Cell
chemotaxis has been implicated in atherogenesis by recruiting pro-
atherogenic cells such as leukocytes and vascular smooth muscle cells
(VSMCs) to the site of injured arterial wall, expediting the proceeding of
atherosclerosis [9,10]. Chemokines and their receptors are extensively
expressed in vascular cells, such as endothelial cells (ECs), SMCs and
leukocytes. It shares a similar structure with other chemokines, con-
sisting of four cysteine residues. According to the different interval
between cysteine residues, the chemokine family is classified into four
types: C-, CXC-, CC-, and CX3C- [11]. CXCL12 is also known as SDF-1

(stromal cell-derived factor-1) and belongs to CXC- subclass of the
chemokine family. CXCL12 regulates cellular activity by binding to CXC
chemokine receptor 4 (CXCR4) or CXCR7, two receptor proteins located
in cytomembrane, leading to the activation of various intracellular
signaling pathways [12–19]. Several studies showed that the elevation
of serum CXCL12 levels contributes to increased CAD risk, indicating
that an association between CXCL12 and cardiovascular disease
[20,21]. CXCL12 is also involved in multiple pathogenesis of athero-
sclerosis, including the regulation of blood lipid profile, activation of
vascular inflammatory response, promotion of neointima hyperplasia,
stimulation of angiogenesis, and exacerbation of insulin resistance
[22–26]. In addition, CXCL12 serves a prognostic and diagnostic in-
dicator, and it is related to the morbidity and mortality of myocardial
infarction and ischemic stroke [27,28]. Therefore, CXCL12 appears to
be an important target for the treatment of atherosclerosis. The present
review focuses on recent advances in CXCL12 research in the patho-
genesis of atherosclerosis together with its clinical value. This may
provide a novel insight into potential therapies for atherosclerosis.

2. The CXCL12 receptor and signaling

CXCL12 contains two receptors: CXCR4 and CXCR7, that belong to
G protein-coupled receptor family but exert an opposite effect on
CXCL12. Several clinical trial measured an ample expression of
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CXCL12, CXCR4 and CXCR7 in human carotid atherosclerotic plaques
[29]. A body of studies have reported that after binding to its receptor,
CXCL12 can activate a variety of downstream molecules (Fig.1), and is
involved in many pathological and physiological processes.

2.1. The receptor of CXCL12

CXCR4, a specific receptor for CXCL12, serves as an enhancer to
enlarge CXCL12-associated signaling. Unlike CXCR4 exclusively cou-
ples with CXCL12 and augments CXCL12-transducted signals, CXCR7 is
a non-specific receptor and exerts an inhibitory effect on CXCL12 ac-
tion. It has a high mortality at birth with ventricular septal defects and
semilunar heart valve malformation in CXCR7 deficiency mice, sug-
gesting that CXCR7 is an important factor for cardiac development
[30]. Intriguingly, CXCL12 binds to CXCR7 with 10-fold affinity than
CXCR4. Furthermore, CXCR7 is identified to be a scavenger for mod-
ulation of CXCL12 degradation [31]. The C-terminal serine and threo-
nine site of CXCR7 is primarily contributor during the decomposition of
CXCL12 [32,33]. These may partly explain the reason for CXCL12 can
not induce atherogenesis in healthy people. Interestingly, the formation
of CXCR4/CXCR7 heterodimer is an impetus for augment of CXCL12-
mediated signal, implying CXCR4 that effectively prevents the de-
gradation of CXCL12 by CXCR7 [34].

2.2. The signal transduction cascades of CXCL12/CXCR4 axis

CXCL12/CXCR4 axis appears to be correlated with multiple down-
stream molecules that are involved in the pathological and physiolo-
gical change of different diseases, including vasculopathy, local in-
flammation, and pathological cell migration and proliferation [35–37].
Upon binding to CXCR4, CXCL12 can induce the activation of PI3K/Akt
(phosphoinositide 3-kinase/ potein kinase B), MEK/ERK (mitogen-ac-
tivated protein kinase kinase/extracellular signal–regulated kinases)
and NF-κB (nuclear factor κB) signaling in G protein-dependent manner
[13,14,38]. However, other signaling pathways that are independent of
G protein, such as, Wnt/β-catenin, CaMKII/CREB (Ca2+/calmodulin-
dependent protein kinase II /AMP-response element binding protein)
and JAK/STAT ((The janus kinase/signal transducer and activator of
tran-ions) pathways can be also activated by CXCL12/ CXCR4 axis
[12,15,17].

2.3. The signal transduction cascades of CXCL12/CXCR7 axis

CXCR7 serves as a participant in CXCL12-induced cell activities.
Whereas the downstream signaling of CXCR7 were irrelevant to G
protein [39]. The phosphorylated activation of PI3K/Akt and MEK/ERK
signaling pathway also initiated by CXCL12/CXCR7 axis, but these were
dependent on β-arrestin-mediated [18,19,40]. Additionally, the for-
mation of CXCR4/CXCR7 heterodimer may be a stimulus to enhance β-
arrestin-depended cell signaling pathways, including ERK1/2, p38
MAPK (P38 mitogen-activated protein kinase), and SAPK (ste20-related
proline/alanine-rich kinase) [41].

3. The pro-atherogenic role of CXCL12

Atherosclerosis is a chronic vascular disease with complicated pa-
thogenesis. Genome-wide association studies (GWAS) from about
100,000 people have revealed that CXCL12 becomes a new athero-
sclerosis locus both in mouse and human [42]. CXCL12 is also highly
induced in some pro-atherogenic pathological conditions, including
hyperlipidemia, pro-inflammatory response, EC and VSMC proliferation
and migration, and insulin resistance [25,43–46]. Hence, it is required
for considering the roles of CXCL12 in the pathological processes of
atherosclerosis so as to make way for the prevention and treatment of
atherosclerosis.

3.1. CXCL12 involves dyslipidemia

Dyslipidemia is identified as the key pathological mechanism of
atherosclerosis. The accumulation of over-laden lipid in macrophages
contributing to foam cell formation, an obvious hallmark of ather-
ogenesis [47]. ABCA1mediates the efflux of cholesterol from macro-
phages to apolipoprotein A-I (apoA-I) to form high destiny lipoprotein
(HDL), which is called reverse cholesterol transport (RCT), a major
approach to prevent excess lipid accumulation in macrophages [48,49].
Our laboratory reported an army of regulators for cholesterol efflux by
targeting ABCA1, including heat shock protein (HSP70), apolipoprotein
A-1 binding protein (AIBP), visceral adipose tissue-derived serine pro-
tease inhibitor (vaspin), pregnancy-associated plasma protein-A (PAPP-
A) and interferon-stimulated gene 15 (ISG15) [50–54]. Merckelbach
et.al showed that CXCL12 is higher expressed, but only in macrophages
within carotid plaques [29]. Meanwhile, serum CXCL12 levels were
higher in patients with hyperlipidemia, suggesting that CXCL12 may be
act as a biomarker for dyslipidemia [55]. However, the role of CXCL12
in lipid metabolism has not been clearly explored. Recent study ob-
served that platelet derived-CXCL12 induces the formation of foam
cells, implying a potent possibility that CXCL12 functions in lipid me-
tabolism [24]. Statins is used to treat dyslipidemia disease and pre-
venting cardiovascular disease, especially in the alleviation of athero-
sclerotic lesions [56]. High-dose of HMG-CoA reductase inhibitor
treatment has been reported to decrease circulating CXCL12 levels
under the condition of hyperlipidemia. This further supports that
CXCL12 acts a target to improve the abnormal blood lipid profile in
patients with cardiovascular disease [43].

HDL, a cholesterol transporter, exerts an anti-atherogenic action
through transferring cholesterol into liver for biosynthesis of bile acid
and steroid hormone [48]. Subramanian et.al analyzed the effects of
CXCL12 on cardiovascular outcomes, including cardiovascular-related
mortality, myocardial infarction and heart failure in Framingham Heart
Study participants containing 3359 patients. They found that CXCL12
levels were negatively correlated with HDL-C levels, but they were
positively associated with heart failure and all-cause mortality [22].
Low-destiny lipoprotein (LDL) exerts a pro-atherogenic effect and easier
to accumulate in macrophages to form foam cells after oxidized mod-
ification [57,58]. After a 30-day high-cholesterol feeding trial, CXCL12
expression is upregulated with the increase of LDL-C levels in mice with
hypercholesterolemia [23]. Further analysis also showed that

Fig. 1. The CXCL12-regulated signaling cascades. CXCL12 includes two distinct
receptors, CXCR4 and CXCR7. The stimulation of CXCR4 triggers G protein to
activate PI3K, NF-κB, Wnt, JAK, and MEK signaling, whereas activation of
CXCR7 induces PI3K and MEK pathway dependent on β-arrestin. Furthermore,
the CXCR4/CXCR7 heterodimer enlargers the signaling directly transduced by
β-arrestin, including P38 MAPK-, CaMKII-, and SPAK-mediated signaling.
Specifically, upon binding to CXCR7, CXCL12 is internalized and subjected to
degradation. However, the CXCR4/CXCR7 heterodimer is responsible for in-
hibition of CXCL12 degradation. PI3K, phosphoinositide 3-kinase; AKT, Protein
kinase B; MEK, mitogen-activated protein kinase kinase; P38 MAPK, P38 mi-
togen-activated protein kinase; ERK, extracellular signal–regulated kinases;
CaMKII, Ca2+/calmodulin-dependent protein kinase II; CREB, cAMP-response
element binding protein; SAPK, ste20-related proline/alanine-rich kinase; NF-
κB, nuclear factor kB.
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rs1746048, a CXCL12 variant, is linked with the upregulation of LDL-C
concentration in intracranial Aneurysm (IA) patients [59]. Taken to-
gether, these data suggest that CXCL12 is closely related to aberrant
lipid profile by regulating the levels of HDL and LDL. Therefore, it is
urgent needed to further evaluate the effect of CXCL12 on lipid meta-
bolism both in vivo and vitro, which may beneficial to the development
of new therapeutics for atherosclerosis.

3.2. CXCL12 triggers vascular inflammatory response

Inflammatory cell infiltration serves as the major player in the in-
flammatory response of the arterial wall [60]. A variety of leukocytes
including monocyte, macrophage, dendritic cell (DC), and T cell have
been reported to be involved in atherogenesis that continuously drive
the progression of atherosclerotic lesions, [61]. During atherogenesis,
circulating monocytes migrate into the subintima where they differ-
entiate into macrophages and secret pro-inflammatory cytokines, which
is predominantly mediated by intracellular adhesion molecule-1
(ICAM-1), vascular cellular adhesion molecule-1 (VCAM-1) and
monocyte chemoattractant protein-1 (MCP-1). ECs treatment with
CXCL12 upregulates MCP-1 by activating PI3K and p38-dependent
signaling, leading to the adhesion of monocyte to ECs [24,62]. In ad-
dition, Schiraldi et.al reported that HMGB1 (high mobility group box 1)
and CXCL12 form a heterocomplex that leads to the recruitment of
macrophages arrived in injured endothelium via CXCR4 [44]. These
data show that CXCL12 mediates not only monocyte differentiation but
also macrophage infiltration, thereby exerting pro-inflammatory effect
on vascular endothelium and accelerating atherogenesis.

DC infiltration in the arterial wall with atherosclerotic lesions that is
positively associated with the plaque vulnerability and inflammatory
response, resulting from DCs secrete several pro-inflammatory biolo-
gical agents [63]. CXCL12 acts as a stimulus to induce DCs maturation
then activates T cells by presenting antigen, by which leading to in-
flammatory cytokine IFN-γ secreted [64,65]. IFN-γ initiates the acti-
vation and recruitment of T cells into vascular endothelium that causes
local inflammation [66].

3.3. CXCL12 induces neointimal hyperplasia

Neointimal hyperplasia is an undue vascular repair process that
occurs in the injured vessel wall. It acts an important morphological
characteristic for atherosclerosis and leads to vascular restenosis
[67,68]. Most studies have been identified that this process is char-
acterized by the proliferation and migration of VSMCs [69,70]. VSMCs
refer to multifarious cardiovascular disease, also as a stimulus for
atherosclerosis. During tunica media migrates to intima, the phenotypic
transition and proliferation of VSMCs also occurred [71–73]. Schober
et.al discovered that circulating CXCL12 levels are closely related to a
significant increase in VSMC counts and vasculopathy in cardiac allo-
graft patients [25]. NOX-A12, a CXCL12 inhibitor, has been found to
obviously inhibit VSMC proliferation [74]. Consistently, lentivirus
vectors-transfected CXCL12 antagonist decreased SMC counts and
neointimal hyperplasia in apoE−/− mice [75]. These studies reveal an
aggravate role for CXCL12 in atherosclerotic lesions, although it is in-
completely understood the exact mechanism of CXCL12-recruited
SMCs. Targeting this chemokine may provide a novel strategy to alle-
viate vascular restenosis after angioplasty.

3.4. CXCL12 induces angiogenesis

Increasing evidence indicate that a distinct association between the
new vessel density and atherosclerotic plaque vulnerability [76]. An-
giogenesis is one of causes of thrombus formation and detachment [77].
The recruitment of ECs or EPCs is a major cause of angiogenesis and
CXCL12 can induce these two types cell recruited to injured arterial,
leading to the aggravation of atherosclerotic lesions [78,79]. Doring

ei.al recently revealed that the specific deletion of CXCL12 in ECs lead
to the marked reduction of atherosclerotic lesions, while the exact
mechanisms have not been expounded [80]. eNOS (endothelial nitric
oxide synthase) elicits an anti-atherogenic role under normal physio-
logical conditions, but it can promote the progression of atherosclerosis
once occurred vascular injure by inducing angiogenesis [81,82]. The
binding of CXCL12 to CXCR4 results in the proliferation of ECs and
EPCs by stimulating PI3K/Akt pathway to increase eNOS expression
[38,83]. Similarly, CXCR4 knockdown blocks CXCL12-mediated an-
giogenesis in human umbilical vein endothelial cells (HUVECs) by in-
hibiting the PI3K/Akt, MAPK/ERK and Wnt/β-Catenin pathways [12].
In addition, CXCR7 has been found to participate in CXCL12-induced
the directional migration of HUVECs and tube formation [45]. How-
ever, it is unclear about the interaction of CXCR4 with CXCR7 in HU-
VECs-mediated angiogenesis. The general idea is that ECs grow from
the existing neovascularization triggered by VEGF (vascular endothelial
cell growth factor). Liang et,al implicated that CXCL12/CXCR4 axis
activates PI3K/Akt pathway to increase the expression of VEGF in
tumor cells [84]. Whether CXCL12-upregulated VEGF also occurs in ECs
and EPCs remain to be determined.

3.5. CXCL12 aggravates insulin resistance

Insulin resistance is crucial etiology of type 2 diabetes (T2DM) that
is characterized by promotion of glucose uptake and reduction of in-
sulin utilization. T2DM is recognized to be a risk factor for athero-
sclerosis [85]. Clinical study suggested that T2DM patients showed
strikingly increased in serum CXCL12 levels, suggesting CXCL12 may as
a potential blood marker for T2DM [46]. Several animal studies also
displayed an underlying association of CXCL12 with insulin resistance.
Adipose tissue macrophages (ATMs) are a prominent source of pro-in-
flammatory cytokines that can block insulin action and cause systemic
insulin resistance [86]. It has been showed an upregulated trend of
CXCL12 expression in white adipose tissue of diet-induced obese (DIO)
mice. Further studies have shown that adipocyte-derived CXCL12
contributed to the recruitment of ATMs and promotion of pro-in-
flammatory cytokines secretion that led to adipose tissue inflammation
and insulin resistance in DIO mice [26]. Consistently, the antibody of
CXCL12 was injected into female mice with non-obese diabetic (NOD)
by Matin et.al, they found that it decreased by 30% of diabetes for
30 weeks and improved insulin resistance [87]. These data suggest that
CXCL12 plays a key role in insulin resistance, although the exactly
regulatory mechanisms are poorly understood. In addition, CXCL12-
alleviated insulin resistance only occurs in female NOD mice, whether
this phenomenon is involved in estrogen-regulated yet to be confirmed.
Furthermore, it needs to further define CXCL12-regulated insulin re-
sistance whether affected by gender difference in clinical research.

4. The clinical value of CXCL12 in cardiovascular diseases

Apart from direct regulation of atherosclerosis occurrence, the
single nucleotide polymorphisms (SNPs) and levels of CXCL12 were
changed during cardiovascular events, CXCL12 therefore serves as a
prognosis and diagnostic markers of atherosclerosis-associated cardio-
vascular disease.

4.1. The clinical value of CXCL12 in myocardial infarction

The increasing amount and size of plaque may result in reduced
vascular elasticity and altered the blood pressure. Myocardial infarction
(MI) is an acute complication of CAD, resulting from the exfoliation and
rupture of oversize atherosclerotic plaque that causes thrombosis for-
mation and vascular occlusion [88,89]. Mehta et.al measured that
common variant rs1746048 and rs501120 at the chromosome 10q11
locus is associated with higher plasma CXCL12 levels and that markedly
increased CAD risk in age and gender adjusted models [90].
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Consistently, Wang et.al also found that rs1746048 was significantly
associated with MI in Chinese populations after adjusting age, sex, and
BMI [91]. Lately, Mehta et.al further analyzed study-entry plasma
CXCL12 levels in 3687 participants of the Chronic Renal Insufficiency
Cohort Study and follow-up was 6 years for incident MI or death.
Higher study-entry CXCL12 was correlated with increasing risk of in-
cident MI, death, and combined MI/death after adjusting for all other
possible co-variates [27]. In addition, serum CXCL12 levels were sig-
nificantly increased in CAD patients, with the increase of serious degree
of coronary artery occlusion [21]. Furthermore, atherosclerosis patients
who have a higher CXCL12 level easier to develop thrombosis through
PI3K-induced platelet aggregation [92]. However, Stellos et.al recruit
492 patients with symptomatic CAD and determined plasma CXCL12
levels before percutaneous coronary intervention, plasma CXCL12 le-
vels were significantly decreased in patients with ST-elevation myo-
cardial infarction (NSTEMI) [93]. This discrepancy may be attributed to
the fact that subjects in the previous study were not matched for ethnic
groups, genetic backgrounds, diseases, age, and sample sizes, or plasma
CXCL12 level plays a different role during various type of MI. Fur-
thermore, the reported association of plasma CXCL12 levels with MI
could be confused by other CAD risk factors, but none of that changes
the fact that CXCL12 acts as a clinical marker for MI.

4.2. The clinical value of CXCL12 in ischemic stroke

Ischemic stroke (IS) patients are detected atherosclerotic plaques in
cerebral arterial, atherogenesis thereby becomes a risk factor for IS
[94,95]. Duan et.al screened 288 patients with first-ever IS and ex-
amined serum CXCL12 level, confirmed that elevation of serum CXCL12
level is a common manifestation for ischemic stroke [28]. Subsequently,
Gu et.al further found that serum CXCL12 levels have a positive cor-
relation with stroke recurrence (P < .0001), infarct volume
(r=0.307, P < .0001) and stroke severity (r=0.288, P < .0001) in
Chinese patients [96–98]. In addition, Zhu et.al discovered that the
CXCL12 variants rs1746048 CT/TT genotypes and rs501120 CT/CC
genotypes were associated with a significantly increased risk of IS in the
northern Chinese Han population, even after adjusting for confounding
factors [99]. However, T allele of rs1746048 is a risk factor, while that
of rs501120 may act a protector for IS in Chinese men. These results
indicated gender specificity for the effect of genetic variation of
CXCL12 on IS. The mechanism underlying the different gender-asso-
ciated effects of the two SNPs remains to be further investigated.
Therefore, elevation of serum CXCL12 levels as an indicator for asses-
sing IS, and it may be an effective auxiliary prognosis marker that at-
tributed to its role in stroke recurrence, infarct volume and stroke se-
verity.

5. The therapeutic strategies to inhibit CXCL12 production and
activity

CXCL12 is secreted by various types of cells and regulates multiple
cell activity. Given its pro-atherogenic properties, reduction of circu-
lating CXCL12 levels or inhibition of CXCL12 action were novel and
promising therapeutic approach for prevention or alleviation of ather-
osclerosis-associated disease.

The modification of structure is a major reason for altering protein
activity. Proteolysis, a common post-translational modification, fre-
quently occurs in various proteins. The hydrolysis of the N- or C-
terminal amino acids lead to a decrease in CXCL12 activity. Leukocyte
elastase, cathepsin G and some members of matrix metalloproteinase
family (MMP-1,2,3,9,13, and 14) can cleave CXCL12 N-terminus first
three or five residues [100–102]. Similarly, carboxypeptidase N (CPN),
CPM and cathepsin X can cleave the lysine of CXCL12 C-terminus
[103–105]. Actually, the monomeric CXCL12 is more easily hydrolyzed
compared to dimeric state, indicating that inhibition of dimeric for-
mation may be beneficial for reduction of CXCL12 levels [106]. In

addition, citrullination of arginine residues and nitration of tyrosine
residues are contributed to reduction of CXCL12 activity [107]. How-
ever, whether the pro-atherogenic role of CXCL12 involves the anti-
hydrolysis that remains worthy to be discussed.

The overwhelming majority of CXCL12-regulated signaling are as-
sociated with its receptor. Thus, the CXCR4 antagonist may be an ef-
fective measure to limit CXCL12 action. AMD3100 showed an in-
hibitory effect on CXCL12 function through binding to the its N-
terminal [108]. Meanwhile, AMD3465 and POL551 directly inhibit the
action of CXCL12-damaged vascular wall. AMD3465 treated with
apoE−/− mice presented the amelioration of neointimal lesion and
reduction of SMC counts. Whereas POL551 treatment reduced, not only
SMC counts, but also macrophage contents [109,110]. CXCR7, the non-
classical CXCL12 receptor and also found to negatively regulate
CXCL12 expression and function, therefore its agonist may be as a in-
hibitory target for CXCL12. Berahovich et.al discovered that genetic
deletion and pharmacological inhibition of CXCR7 upregulated circu-
lating CXCL12 levels, while CXCR7 agonist exerts an inhibitory effect
on CXCL12-induced cell chemotaxis [33,111]. However, AMD3100 and
TC14012 also as an allosteric agonist of CXCR7 that is opposite to
CXCR4, indicating that part of CXCR antagonists inhibit CXCL12 action
involving the activation of CXCR7 [112,113]. Therefore, it is needed to
be more cautious in the use of these two compounds as a media to
identify the effects of CXCL12 on the respective receptors. Besides,
some other chemokine family members, such as CXCL14 acts a direct
agonist for CXCL12 via binding the C-terminal [114]. This provides
another possible explain for the production of pro-atherogenic action
by CXCL12.

6. Conclusion and future directions

The pro-atherogenic action of CXCL12 is multi-aspect, including its
effect on lipid metabolism, vascular inflammation, neointima hyper-
plasia, angiogenesis, and insulin resistance (Fig. 2). However, the exact
role of CXCL12 in atherosclerosis are still needed to be addressed.
Ongoing studies of full spectrum of CXCL12 actions to avoid later sur-
prises. For example, although inhibition of CXCL12 may be desirable in
preventing atherogenesis, it could have serious implications for

Fig. 2. The underlying molecular mechanisms for the simulative effect of
CXCL12 on atherogenesis. CXCL12 accelerates atherosclerosis by promoting
macrophage foam cell formation, inflammatory response, neointima formation,
angiogenesis, and insulin resistance. DC, dendritic cell; EC, endothelial cell. Red
arrow: differentiation; Green arrow: activation; Blue arrow: level upregulated
or downregulated. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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another, it might be bad for the embryonic development [115,116].
Batchu et.al recently revealed that CXCL12 has inverse cardiac effects
on different age group diabetic mice, suggesting age acts an variable
factor during CXCL12-regulated cardiovascular system [117]. Merck-
elbach et.al also found that CXCL12 and its receptors are highly ex-
pressed in human carotid atherosclerotic plaque and are closely asso-
ciated with the progression of atherosclerosis [29,118,119]. However,
the pro-atherogenic mechanisms of CXCL12 and its receptors were little
to known, therefore, the further investigation in order to definite mo-
lecular signaling network. This may beneficial to prevention and
treatment of atherosclerosis and improve cardiovascular diseases in
future.
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