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Historically, the receptor for advanced glycation end products (RAGE) was thought to exclusively play an
important role under hyperglycemic conditions. However, more and more evidence suggests that RAGE in
fact is an inflammation perpetuating multi-ligand receptor and participates actively in various vascular and
inflammatory diseases even in normoglycaemic conditions. Various ligands include advanced glycation end
products (AGEs), S100 proteins and amphoterins etc. Besides full-length RAGE, numerous truncated forms of
the receptor have also been described including the well-characterized soluble RAGE (sRAGE). sRAGE has an
ability to act as a decoy to avoid interaction of RAGE with its pro-inflammatory ligands. Ligand engagement
of RAGE activates multiple signaling pathways and also forms a positive feedback loop for its own enhanced
expression. This review will discuss the role of multi-ligand receptor i.e. RAGE in context to various vascular
diseases, which have a pathophysiologically important inflammatory component in normoglycaemic conditions.

© 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Since its discovery in 1992, receptor for advanced glycation end
products (RAGE) has been studied widely in different diseased con-
ditions like diabetes, coronary artery disease, Alzheimer’s disease
etc [1–6]. RAGE is expressed on multiple cell types i.e. smooth muscle
cells, macrophages, endothelial cells, cardiomyocytes, podocytes, epi-
thelial cells etc [1,3]. Acting as a common receptor for a heterogeneous
set of ligands, RAGE has been demonstrated to play an inevitable role in
inflammation and vascular diseases [3,7–9]. RAGE has ability to recog-
nize a diverse repertoire of endogenous ligands e.g advanced glycation
end products (AGEs), amphoterins and S100 proteins/calgranulins,
Mac-1 etc [3,6,10,11]. RAGE has been recognized as a key molecule in
the development of severe chronic pathologies, including diabetic com-
plications, atherosclerosis and its related manifestations, Takayasu's
arteritis (TA), Kawasaki disease (KD), neurodegeneration and cancer
[3,6,12–15]. Ligand engagement of RAGE activates multiple signaling
pathways, depending on the availability and type of ligand, cell type
and environment. In this article, we review the importance of RAGE-
ligand axis in various vascular and inflammatory diseases under normo-
glycaemic conditions.
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2. Structure and variants of RAGE

RAGE is an approximately 45 kDa protein, originally isolated from
bovine lung endothelium on the basis of its ability to bind advanced
glycation end products [1] and later has been characterized as a mem-
ber of the immunoglobulin (Ig) superfamily of cell-surface molecules
[2]. The entire mature receptor consists of 403 amino acids in man, rat,
and mouse. The extracellular region of RAGE consists of one V-type
(variable) immunoglobulin domain, followed by two C-type (constant)
immunoglobulin domains stabilized by internal disulfide bridges be-
tween cysteine residues [16,17].

Besides full-length RAGE, numerous truncated forms of the recep-
tor have been described [16–18] (Fig. 1). The existence of diverse
RAGE isoforms from the same gene indicates that the pre-mRNA of
RAGE undergoes alternative splicing. In vitro studies have shown that
N-truncated isoform of RAGE is expressed on the cell surface in a way
that is similar to full-length RAGE [19]. The V domain of RAGE has
been shown to be critical for ligand binding; the N-truncated RAGE is
unable to engage glycated end products. Nonetheless, it has been sug-
gested that N-truncated RAGE could participate in the regulation of
angiogenesis in a way that is independent from the classical RAGE acti-
vation pathway [20].

The C-truncated isoform, on the other hand, has received much
more attention because of its potential significance in RAGE-mediated
disorders. Soluble formsof RAGE are produced either by proteolytic cleav-
age of the full length RAGE by MMP-9 or ADAM10 metalloproteinases
(sRAGE) or by alternative mRNA splicing, termed as endogenous secre-
tory RAGE (esRAGE) [21–23]. They can act as decoy for RAGE ligands.
These secreted variants, together, actually represent the total amount of
cation end products (RAGE) in vascular and inflammatory diseases, Int
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Fig. 1. Schematic representation of the different isoforms of the RAGE (left side) and key signaling events after RAGE-ligand interaction (right side). Left side: RAGE has three major
isoforms i.e. full length, N-terminally truncated and C-terminally truncated. N-terminally truncated form lacks the ligand binding domain, where as C-terminally truncated forms
lack the transmembrane to induce the cell signaling. C-terminally trucated forms majorly form a pool of soluble RAGE (sRAGE). sRAGE has the abilty to bind to the various RAGE
ligands and therefore, it competes with full length RAGE for ligands and act as decoy molecule. Right side: Binding of RAGE to its ligands (AGEs, amphoterins, S100 proteins etc)
leads to increase in reactive oxygen species (ROS), activation of various cell signaling pathways like MAPK, PI3K, JAK/STAT and NFkB. All these events finally lead to the promotion
of inflammation and atherosclerosis.
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soluble RAGE (sRAGE) that can be detected in the bloodstream. [6,24].
sRAGE may contribute to the removal/detoxification of a diverse reper-
toire of pro-inflammatory ligands that are implicated in human diseases.
The potential significance of circulating sRAGE is being investigated in a
variety of pathological conditions through clinical research studies.
Thus, the decoy function of sRAGE suggests the presence of a regulatory
negative feedback mechanism in which sRAGE can serve to prevent the
activation of cell surface RAGE.

3. Vascular ligands of RAGE

Several pro-inflammatory ligands, which are implicated in vascular
and inflammatory diseases i.e. advanced glycation end products (AGEs),
amphoterins, S100 proteins and Mac-1 have been shown to activate
RAGE [3,6,10,11] (Fig. 1).

3.1. Advanced glycation end products (AGEs)

Interaction of aldoseswith proteins initiates a chain of non-enzymatic
reactions leading to a covalent addition of advanced glycated end prod-
ucts (AGEs) to proteins. AGEs are heterogeneous in structure, exhibit
characteristic yellow-brown pigmentation and fluorescence, and have a
propensity to cross-link. AGEs are specifically recognized by cellular bind-
ing sites and are shown to accumulate in the course of ageing and at accel-
erated rates in diabetes and uremia [4,25]. Their deposition in several
tissues (skin, kidney and vessel) has been linked to the activation of
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inflammatory cytokines and initiation of oxidative stress via generation
of oxygen free radicals with subsequent development of atherosclerosis
[26]. The reason for AGEs accumulation in these diseases is only partly
understood and it is suggested that diminished renal clearance of
AGEs may play a part in the process. AGEs have shown their effects on
lipids, lipid metabolism and the development of atherosclerosis. AGEs
are shown to co-localize in fatty streak, atherosclerotic lesions, lipid
containing SMCs and macrophages [4,26].

The potential link between glycation and atherosclerosis and its
underlying clinical manifestations has been recently investigated.
AGE-modified ApoB have been found in the atherosclerotic plaques
of euglycemic normolipidemic patients with atherosclerosis [27].
Moreover, AGEs have been found to be associated with coronary
heart disease in both diabetic [28] and non diabetic subjects [29]. A
number of potential mechanisms have been hypothesized to explain
the link between glycation of lipoproteins and atherosclerosis and
its clinical manifestations [30].

Activation of RAGE leads to the production of reactive oxygen
(ROS) and nitrogen species (RNS) by a variety of mechanisms, which
may have immediate deleterious effects in the vasculature associated
with the onset of inflammation. In addition to being formed extracellu-
larly and in the serum where they may bind RAGE, AGEs have been
shown to form intracellularly in a ROS dependent manner. This may
lead to accelerated deleterious effects such as amplifiedROS generation
and lipid oxidation causing retention of oxidized LDL (ox-LDL) in the
vessel wall [5]. Sun et al. (2012) have recently shown that RAGE
cation end products (RAGE) in vascular and inflammatory diseases, Int
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deletion attenuates atherosclerosis in LDLR−/−mice [31]. Also, RAGE
was shown to mediate pro-inflammatory cell signaling in response
to ox-LDL. These authors have also speculated ox-LDL to be a new li-
gand for RAGE in the hyperlipidaemic conditions. Binding of ox-LDL
to RAGE enhances macrophage proliferation and oxidative stress [31].
Kotani et al. (2012) have recently demonstrated existence of an inde-
pendent, significant and inverse association of sRAGE and ox-LDL in
asymptomatic subjects, and therefore, suggests that part of the anti-
atherosclerotic effects of sRAGE may be related to ox-LDL quenching
[32].

3.2. High mobility box-group-1 (HMBG-1)/amphoterins

Highmobility box group-1 (HMGB1) is constitutively expressed in
most cell types and it resides mainly in the nucleus under physiologic
conditions. Being an intracellular regulator of the transcription process
it maintains the functions of DNA. Also, it acts as a potent pro-
inflammatory cytokine and interacts with the RAGE and toll-like
receptors (TLR) 2, 4 and 9 [33,34]. Through, its interaction with RAGE,
HMGB1 stimulates cells to release TNF-α, IL-6, and IL-1β, suggesting
that extracellular HMGB1 plays a critical role in inflammation [35,36].

Studies have shown markedly increased expression of HMGB1 in
nuclei and cytoplasm of macrophages, SMCs in atherosclerotic lesion
isolated from aorta, carotid and coronary arteries. Intense HMGB1
expression has also been observed in areas adjacent to the necrotic
core of atherosclerotic lesions [37].

Increased levels of HMGB1 have shown to be associated in sub-
jects with angiographically proven coronary artery disease (CAD)
both in non-diabetic and in type 2 diabetic patients in a large patient
cohort [38]. An independent association of HMGB1 with infarct size
and with non-calcified plaque burden has been described in subjects
with acute coronary syndrome (ACS) and with stable CAD respective-
ly [39,40].

Studies in animals have demonstrated that the administration of
recombinant HMGB1 to mice worsened myocardial injury whereas
treatments with HMGB1 box A, a specific HMGB1 antagonist, reduced
infarct size and other markers of tissue damage. On the contrary, the
administration of recombinant HMGB1 or HMGB1 box A to RAGE-
deficient mice had no effect, indicating an important role of HMGB1
RAGE interaction in ischemia–reperfusion injury of the heart [41].

3.3. S100 proteins

The S100 proteins represent the largest sub-group within the
superfamily of EF-hand calcium-binding proteins. Currently, S100
proteins comprise a family of more than 25 low molecular weight
(9–14kDa) acidic proteins that are characterized by the presence of two
calcium-binding EF-hand motifs and display unique properties [42,43].
S100 proteins can induce different cellular responses. For example,
S100B promotes concentration-dependent neuronal survival and axon
growth, S100A8, S100A9 and S100A12 act as proinflammatory mole-
cules and S100A2 and S100A4 are associated with differentiation and
cell growth. Another subgroup comprising S100A5, S100A6 and S100P
can promote tumor growth [44]. S100A8, S100A9, S100A12 together
belong to a S100 protein subfamily termed calgranulins and are
pro-inflammatory in nature [43,45].

S100A8/A9 are observed to play a significant role in cardiovascular
disease in both humans and animals. The percentage of S100A8/A9
positive macrophages was found to be higher in microvessels, rupture
prone and calcified lesions [46,47]. Further, increased serum levels
and expression of S100A8/A9 were observed in infiltrated neutrophils
in atherosclerotic plaques of patients with unstable angina [48]. Plasma
levels of S100A8/A9 have also been demonstrated as a marker of CVD
risk factor [45]. Anti-inflammatory effects of these S100A proteins
have also been described, which might be mediated by oxidation or
S-nitrosylation of the S100A proteins, arachidonic acid binding, or
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others [49]. More studies are required to enlighten these hidden facts
in near future.

S100A12 has also been termed as EN-RAGE (extracellular newly
identified RAGE binding protein). The knowledge on its intracellular
protein targets is still limited. However, the best-known natural
extracellular target protein of EN-RAGE is RAGE. Engagement of the
extracellular domain of membrane RAGE by calcium-bound S100A12
activates intracellular signal cascades including MAP-kinase and NF-κB
[43]. Human recombinant EN-RAGE has been reported to be chemotac-
tic for neutrophils and monocytes in vitro and in vivo [3]. Of note,
EN-RAGE also binds to sRAGE. On the other hand, EN-RAGE has been
shown to activate mast cells, which do not express RAGE, thus
underscoring the notion that RAGE is possibly not the sole receptor for
EN-RAGE [50]. In this regard, quantification of EN-RAGE becomes rele-
vant for diagnostic use in various inflammatory disease states and has
been discussed later.

3.4. Macrophage-antigen-1 (Mac-1)

The Mac-1 integrin, (also known as αMβ2 and CD11b/CD19) is a
member of the β2-integrin family and is expressed on circulating
leukocytes [11]. This protein interacts with ICAM-1 on endothelial
cells and is involved in firm adhesion of leukocytes to the endothelium.
RAGE is recognized as a binding partner for Mac-1, mediating leukocyte
recruitment that is augmented by S100B, S100A9 and HMGB1 [11,34].

3.5. Newly emerging RAGE ligands

Recent studies have increased the number of molecules which can
act as ligands for RAGE. Ruan et al. (2010) have demonstrated RAGE
as a receptor for complement C3a and unmethylated cytosine-
guanine-rich DNA A (hCpGAs). These two molecules synergistically
increase IFN-α production in a RAGE-dependent manner and stimulate
an innate immune response [51]. Activation of NF-kB and secretion of
TNF-α has shown to be a result of interaction between bacterial lipo-
polysaccharide (LPS) and RAGE. Moreover, LPS induced inflammation
was inhibited by sRAGE after its binding to TLR2 and TLR4 [52]. An inter-
action between RAGE and pathogen-associated molecular patterns
(PAMPs) has also been suggested in bacteria [53]. Binding of ox-LDL
to RAGE has been shown to enhance the proliferation rate and oxidative
stress inmacrophages, thereby, making ox-LDL as a potential candidate
in the list of newly emerged ligands for RAGE [31].

4. RAGE–ligand interaction

RAGE-ligand interaction enhances receptor expression and initiates
a positive feedback loop, which triggers increased RAGE expression,
which in-turn perpetuates another wave of cellular activation [3,6,54].
These activated cells may release mediators/RAGE–ligands which
may amplify tissue inflammation and injury in a positive feedback
loop mechanism. RAGE–ligand interaction leads to the stimulation of
the major cellular pathways that include Ras-extracellular signal-
regulated kinase1/2 (ERK1/2), Cdc42/Rac, stress-activated protein
kinase/c-jun-NH2-terminal kinase (SAPK/JNK) and p38 mitogen acti-
vated protein (MAP) kinase pathways. This results in the activation
of transcription factors like nuclear factor (NF)-kB, cAMP response
element-binding (CREB) protein or a member of the signal transducers
and activators of transcription family (STAT3) [9,55,56]. RAGE–ligand
interaction amplifies inflammatory responses through enhanced gener-
ation of adhesion molecules, cytokines, and tissue-destructive matrix
metalloproteinases (MMPs). The engagement of RAGE by various ligands
may unendingly amplify inflammatory events in tissues that may be
previously sensitized by lipid deposition or by immune/inflammatory
triggers.

Hudson et al. (2008) have reported that cytoplasmic domain of
RAGE binds to the formin family member of cellular effector molecules,
cation end products (RAGE) in vascular and inflammatory diseases, Int
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the FH1 domain of mDia (diaphanous) [57]. Indeed, other studies have
also reported that the RAGE cytoplasmic domain may bind to ERK and
to TIRAP (an adaptor protein for TLRs) [58,59]. Finding an association
of TIRAP (an adaptor protein for TLR2/4) with the phosphorylated
RAGE suggests that these two molecules may coordinately regulate
inflammation, immune response and other cellular functions [59].

5. RAGE biology in vascular and inflammatory diseases

5.1. Atherosclerosis and Coronary artery disease

Mechanisms contributing to atherogenesis are multiple and
complex. Inflammation plays an important role in pathophysiology
of atherosclerosis and its related manifestations [60,61]. RAGE partic-
ipates in leukocyte recruitment and activation of macrophages and
therefore, marks its importance in the initiation and maintenance of
inflammation in atherosclerosis [3,5,11]. A study in Apo E knockout
mice demonstrated a time dependent increase of RAGE expression
in aortas [7]. Also, in a double knockout mice model (RAGE−/−,
Apo E−/−), the expression of the adhesion molecules and matrix
metalloproteinases were found to be significantly attenuated, further
potentiating the importance of RAGE signaling in propagation of
vascular inflammation in atherosclerosis [7]. The expression of RAGE
ligands such as S100B and HMGB1 were also found attenuated in the
aorta of double knock out mice (RAGE−/−, Apo E−/−). These obser-
vations further stress the fact that RAGE acts as a positive regulator of
its own ligand for receptor activation [7,12,62].

Studies in human subjects have demonstrated the importance of
RAGE, sRAGE and its inflammatory ligands in both diabetic and
non-diabetic subjects. Burke et al. (2004) demonstrated increased
expression of RAGE and EN-RAGE in atherosclerotic plaques obtained
from diabetic CAD cadavers [63]. In addition, these authors related
increased expression of RAGE and EN-RAGEwith necrotic core expan-
sion, thinning of the fibrous cap and plaque instability. Previously,
we have demonstrated increased mRNA expression of RAGE and its
inflammatory ligand EN-RAGE in peripheral blood mononuclear cells
(PBMCs) isolated from angiographically proven non-diabetic young sub-
jects with coronary artery disease (CAD) compared to healthy controls
[14]. We also demonstrated presence of a positive correlation of these
molecules with high sensitivity C-reactive protein (hsCRP) levels and
a negative correlationwith circulating levels of soluble RAGE. The ligation
of EN-RAGE with cellular RAGE activates the downstream signaling
pathway such as NF-kB, in addition to the increased expression of adhe-
sion molecules and cytokine release from the lymphocytes [10,11].
Cucculrullo et al. (2006) have demonstratedmodulation of RAGE expres-
sion in atherosclerotic plaques in a glucose-independent manner by
inhibition of macrophage myeloperoxidase and therefore, suggested
pro-atherogenic role of RAGE in various clinical settings characterized
by underlying inflammation and high infiltration of activated macro-
phages [64].

Studies in animal models have shown that administration of sRAGE
reduced inflammatory responses. Specifically, RAGE blockade by sRAGE
prevented the development of micro- [65,66] and macrovascular com-
plications in animal models of vascular disorders [54]. Soluble RAGE
has been documented as an anti-atherogenic molecule and low levels
of sRAGE were reported to be a significant risk factor for CAD in a
non-diabetic subjects [14,67].

Plasma esRAGE levels were shown to be inversely correlated with
intima media thickness (IMT) ratio in non-diabetic subjects [68]. In
another study, esRGAE levels were inversely and independently cor-
related with several components of metabolic syndrome including
BMI, insulin resistance index, blood pressure and hyperglyceridaemia.
[69].

In an in vitro study we have demonstrated that recombinant CRP
up-regulates the expression of RAGE and its ligand EN-RAGE in THP-1
cells via FcγRII and utilizes MAPK i.e. ERK, p38 and JNK pathways to
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transduce cell signaling [70]. Zhong et al. (2006) reported increased
expression of RAGE in human endothelial cells in presence of recombi-
nant C-reactive protein (CRP) and also, suggested that CRP enhances
the binding ability of RAGE to its ligands [71]. Similarly, Levels of
mRNA/protein of S100A12 were reported to be enhanced by another
pro-inflammatory molecule i.e. IL-6 [72] and bacterial lipopolysaccha-
ride (LPS) [10].

Multiple polymorphism of the gene encoding RAGE have been
reported [73]. Among the known RAGE polymorphisms, some are
located in the promoter region of the gene (T-429C and T-374A)
and other lies within the V-type domain of the receptor (G82S)
[74,75]. Poon et al. (2010) studied three distinct polymorphisms of
RAGE in the promoter region (T-429C, T-374A and the 63 base pair
deletion spanning -407 to -345 nucleotide) for its potential relation-
ship to cardiovascular disease in type 2 diabetic Chinese subjects
with overt nephropathy [76]. Also, A allele of the -374T/A polymor-
phism, is associated with a protective effect in cardiovascular disease
[77]. Higher levels of sRAGE and higher expression of RAGE have also
been associated with polymorphisms (Gly allele of Gly82Ser, G allele
of 2184A/G and C allele of the -429T/C polymorphism) [67,78,79].
However, a recent meta-analysis demonstrates that there is no asso-
ciation between the RAGE 429T/C, 374T/A and G82S polymorphisms
and atherosclerosis [80]. Keeping in mind the complex and polyge-
netic pathophysiology of atherosclerosis, role of polymorphisms as
a predictor of the cardiovascular risk may probably be very small.
Larger studies of different ethnic populations, especially with detailed
individual information, are needed to drive firm conclusion.

5.2. Hypertension

Geroldi et al. (2005) have demonstrted that levels of sRAGE were
decreased in patients with hypertension as compared to normoten-
sive subjects [81]. We also observed that CAD subjects who were hy-
pertensive had low levels of sRAGE as compared to the CAD subjects
who were normotensive [14]. Inverse association of sRAGE levels
was found to be inversely associated with pulse pressure and there-
fore, sRAGE may be a marker of arterial stiffness in essential hyper-
tension (EH) [81]. Anthropometric and inflammatory variables and
liver and renal function may be the determinants of sRAGE levels in
non-diabetic hypertensive patients as demonstrated in a study of
271 non-diabetic patients with essential HT. Creatinine clearance
and bodymass index were found to be negatively associated whereas,
gamma glutamyl transpeptidase and TNF-alpha were found to be
positively and independently associated with sRAGE levels [82]. The
exact reasons for the discrepancy between the two studies, in context
to an inverse correlation between sRAGE and pulse pressure in one
and a positive correlation between BMI and TNF-alpha with sRAGE
in the other, are unclear. However, disease activity, ethnic origin of
the subjects and difference in concentrations of analytes between the
two studies could be possible reasons for the observed differences.
Koyama et al. (2005) in their study reported a significant inverse corre-
lation of esRAGE and BMI in subjects with metabolic syndrome [68].
However, we and others have demonstrated absence of any significant
correlation of sRAGEwith BMI [14,81]. It is possible that the interaction
of RAGE-ligand(s) in macro and microvasculature may cause increased
oxidative stress and inflammation which in-turn may lead to arterial
stiffness Recently, Yoon et al. (2012) have demonstrated an indepen-
dent correlation of serum sRAGE levels with a marker of central aortic
stiffness (hfPWV) in hypertensive subjects [83].

5.3. Takayasu's arteritis (TA)

Takayasu's arteritis (TA) is an inflammatory fibrosing arteritis
affecting predominately the aorta and its main branches. Till date,
pathogenesis of this disease remains enigmatic [13,84–86]. Decreased
plasma sRAGE levels in TA subjects compared to healthy controls
cation end products (RAGE) in vascular and inflammatory diseases, Int
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have been reported [13,87]. Also, a negative correlation of sRAGE with
matrix degrading enzymes i.e. matrix metalloproteinases (MMP-9
and MMP-3) further provides justification to the anti-atherogenic
nature of sRAGE [13]. Earlier we have reported the presence of
increased reactive oxygen and nitrogen species in subjects with TA
as compared to healthy controls [88]. In the same set of patients de-
creased levels of sRAGE were also demonstrated [13]. Cumulatively
these observations indicate importance of RAGE biology in TA.

Significantly increased RAGE-EN-RAGE expression in TA further
confirms a prevalent oxidative stress and inflammatory milieu in such
a situation. Ours is the first report in literature which demonstrates
that mRNA levels of RAGE and its ligand EN-RAGE are up-regulated in
subjects with TA [87]. Our observations therefore, adds on one more
disease where RAGE biology may have an additional acoountibilty.

5.4. Kawasaki disease (KD)

Kawasaki disease (KD) is an acute febrile disease that usually
occurs in children under 5 years of age and has become the primary
cause of acquired heart disease in children. KD affects predominantly
small- and medium-size arteries, particularly the coronary artery,
with potential risks for coronary stenosis and thrombosis caused by
coronary artery lesions (CALs), and even death caused by myocardial
infarction [89,90]. Foell et al. (2003) for the first time reported in-
volvement of S100A12 in KD inflammation [91]. Later, Wittkowski
et al. (2007) have demonstrated a reverse association of acute KD
with sRAGE and its proinflammatory ligand [92]. Expression levels
of RAGE as well as serum levels of its another ligand i.e. HMGB1 were
found to be higher in early acute phasewhich gradually decreases after-
wards [92]. Very recently, Gong et al. have reported up-regulation of
RAGE expression on the surface of circulating endothelial cells in KD
and concluded regulatory role of RAGE in pathophysiology of the dis-
ease [93]. Importance of RAGE biology in acute, afebrile and sub-acute
stages in KD has recently been shown by Qi et al. [94].

5.5. Systemic lupus erythematous (SLE)

Systemic lupus erythematous (SLE) is an autoimmune disease
characterized by chronic inflammation. Accelerated atherosclerosis
in SLE has been related to accumulation of advanced glycation end
products [95,96]. Levels of HMGB-1 are increased in SLE patients with
active renal disease [97]. Recently, Marten et al. (2012) have evaluated
the association of RAGE polymorphismswith sRAGE, renal involvement
(lupus nephritis (LN)) and its outcome [98]. The C allele of -429 T/C, the
T allele of -374 T/A and the G allele of 2184 A/Gwere significantly more
prevalent in SLE and LN compared with healthy controls, though, no
association of the genotype with sRAGE was observed in SLE [98]. On
the contrary, increased levels of sRAGE were found in SLE patients dur-
ing active and quiescent phase compared with healthy controls [99].
These results demonstrated that increased sRAGE might reflect active
inflammation or may be increased due to compensatory mechanism.
Therefore, caution must be taken, in interpreting the role of sRAGE as
it demonstrates anti-inflammatory properties in atherosclerotic dis-
eases whereas; it is shown to be associated with proinflammatory con-
ditions as observed in SLE.

6. Concluding remarks

RAGE biology may take center stage when many things may go
wrong in many different ways in various inflammatory and vascular
diseases. Multiple key cells in vasculature such as endothelial cells, in-
filtrating inflammatory cells, cardiomyocytes and fibroblasts, express
RAGE. Presence of a positive feedback loop for expression of RAGE
expression as well as interplay of these cells in the close proximity
may set a stage for damage versus repair. The complexity of the role
of RAGE in the biological setting is evident from various in vitro and
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in vivo studies. These results suggest that sRAGE is an endogenous
protective factor against the occurrence of atherosclerosis and other
vascular complications. Genetically engineered sRAGE could be help-
ful as treatment or prophylactic measure in RAGE mediated disorders
irrespective of glycaemic conditions. Moreover, it was shown that
certain polymorphisms in the RAGE gene are strongly associated
with higher sRAGE levels, implicating a complex genetic regulation
of sRAGE levels and suggesting that sRAGEmay not merely be a marker
of a disease state but also a potential target in the pathobiology of the
atherosclerotic process. Certain natural compounds or plant-derived
polyphenols, which may have the ability to reduce the formation of
either ligands or to increase the expression of soluble receptors, can
be explored in near future. We have reviewed the evidence where
RAGE–ligand axis participates both as a biomarker and a mediator in
various vascular and inflammatory diseases. More work is the need
of the hour to elucidate the complex effects exacerbated by receptor–
ligand interaction.However, newadvances in understanding inflamma-
tory signals and their link to the resolution pathways, together with
newdrug development, offer promisewhere research could be translat-
ed into clinical practice.
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