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Abstract

RAGE [receptor for AGEs (advanced glycation end-products)] plays an important role
in the development and progression of vascular disease. Studies in cultured cells and
small animal models of disease have clearly demonstrated that RAGE is central to the
pathogenesis of vascular disease of the macro- and micro-vessels in both the diabetic
and non-diabetic state. Emerging results from human clinical studies have revealed
that levels of circulating soluble RAGE in the plasma may reflect the presence and/
or extent of vascular disease state. Additionally, genetic variants of the RAGE gene
(AGER in HUGO nomenclature) have been associated with vascular disease risk.
Combining RAGE circulating protein levels and the presence of particular RAGE
polymorphisms may be a useful clinical tool for the prediction of individuals at
risk for vascular disease. Therapeutic intervention targeted at the RAGE gene may
therefore be a useful means of treating pathologies of the vasculature. The receptor for
advanced glycation end-products (RAGE) is expressed to enhance degrees in human
atherosclerotic plaques and colocalizes with inflammatory and pro-oxidant mediators
in the vulnerable regions of the plaque. Previous studies highlighted a number of
variants in the gene encoding the receptor, including a Gly to Ser substitution at amino
acid 82 within the ligand-binding domain of RAGE. The Ser82 allele enhanced ligand-
binding affinity and increased ligand-stimulated generation of inflammatory mediators
in transfected cells and human monocytes compared to the common RAGE Gly82
allele. Further studies are required on other more prevalent genetic variants of RAGE
and cardiovascular disease.
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Introduction

The receptor for advanced glycation end-products (RAGE) is a
multiligand member of the immunoglobulin superfamily of cell
surface molecules. Although first described as a receptor for AGEs
(advanced glycation end- products), more recent studies suggest that
RAGE interacts with proinflammatory ligands, including members
of the S100/calgranulin family and amphoterin.! Engagement of
RAGE by these ligands upregulate expression of inflammatory and
prothrombotic molecules thereby suggesting a link between the
receptor and cardiovascular disease. Recent studies demonstrated that
significantly higher levels of RAGE are seen in human atherosclerotic
plaque.>’

RAGE expression was found to co-localize particularly in
macrophages at the vulnerable regions of the atherosclerotic plaque
with inflammatory mediators. To date, the pathogenic role of
RAGE in accelerated diabetic atherosclerosis has been suggested
by the results of studies in murine models. In mice deficient in
apolipoprotein E (apo E) rendered diabetic with streptozotocin,

accelerated atherosclerotic lesion area and complexity was reduced by
administration of soluble (s) RAGE, the extracellular ligand-binding
omain of RAGE.* Furthermore, administration of SRAGE to non-
diabetic apo E null mice also significantly attenuated atherosclerosis,
albeit to lesser degrees than that observed in the diabetic mice. These
data highlight RAGE as a candidate gene for study in vascular disease,
particularly in the setting of diabetes. Our previous studies have
highlighted a number of variants including a Gly to Ser substitution at
amino acid number 82, which lies within the ligand-binding domain
of RAGE.® The Ser82 isoform has been shown in in vitro studies to
display higher ligand affinity in transfected cells versus the common
Gly82 isoform of RAGE. Further, in both transfected CHO cells
and human monocytes naturally expressing the Ser82 isoform of
RAGE, increased ligand-stimulated activation of mediators linked to
inflammation and vascular disease was observed compared to cells
expressing the common Gly82 isoform.® Small studies of UK and
Finnish Caucasians subjects with cardiovascular disease revealed no
association with the Gly82Ser polymorphism, however, a number of
studies demonstrate a possible association of this allelic variant with
other vascular complications of diabetes Interestingly, the Gly82Ser
polymorphism is in linkage disequilibrium with HLA DR4 and when
assessed in rheumatoid arthritis an HLA DR4-associated disorder, an
increased prevalence of the Ser 82 allele was seen in subjects with RA
compared to control subjects.”

Heart failure (HF) is a clinical syndrome that represents the end-
stage of several heart diseases and remains a major cause of morbidity
and mortality worldwide. Despite recent advances in its medical
treatment, mortality rates due to HF remain elevated.®
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The receptor for advanced glycation end-products (RAGE) is a
member of the immunoglobulin superfamily of cell surface proteins
that binds advanced glycation end-products (AGEs) and other
molecules. It is expressed at low levels in most adult tissues under
physiological conditions, but is overexpressed in the vessel wall at
sites of vascular pathology.’ In particular, RAGE levels are higher
in diabetic patients and animal models of diabetes than in their non-
diabetic counterparts®'® Accumulating experimental evidence has
shown that the interaction of AGEs with RAGE leads to activation
of intracellular signaling, gene expression, and production of
proinflammatory cytokines and free radicals, thus playing a central
role in the pathogenesis of vascular and heart disease>'° SRAGE, the
soluble form of RAGE, can be formed by both alternative splicing
of the RAGE gene (endogenously secreted RAGE-esRAGE) and
proteolytic cleavage of membrane-bound RAGE (cleaved RAGE-
cRAGE). The ability of sSRAGE to bind RAGE ligands suggests a
cytoprotective action against AGEs."! Two prospective studies showed
that high sSRAGE circulating levels were associated with severity of
disease and predicted cardiac events in patients with HF, regardless of
AGE levels and other known prognostic parameters.

Two prospective studies showed that high SRAGE circulating
levels were associated with severity of disease and predicted cardiac
events in patients with HF, regardless of AGE levels and other known
prognostic parameters.'>!*> Moreover, high sSRAGE levels were also
associated with ischemic HF'* and one study has shown that cRAGE
levels are increased while esSRAGE levels are decreased in patients
with HF as compared to healthy controls® From this study, we can
learn about RAGE polymorphism and comparasion between different
cardiovascular polymorphism.

Receptor for end-

products(RAGE)

Advanced Glycation End-products (AGEs) are a heterogeneous
and complex group of biochemical modifications, which play an
important role in development of chronic disease processes. AGEs
cause a wide range of deleterious effects, which are mediated by
cellular receptor, especially RAGE (Receptor for Advanced Glycation
End-products). RAGE, a multi-ligand member of the immunoglobulin
superfamily is a ubiquitous receptor present on epithelial, neuronal,
vascular and inflammatory cells, usually expressed at low levels
in homeostasis and to increased degrees at sites of stress or injury.
RAGE acts as a pattern recognition receptor for ligands released by
inflamed, stressed and damaged cells. Increased expression of both
cell-surface RAGE and accumulation of its ligands was observed in
a range of disorders characterized by chronic inflammation, such as
inflammatory bowel disease, rheumatoid arthritis, atherosclerosis,
amyloidoses, Alzheimer’s disease and the vascular complications
of diabetes. RAGE is composed of a large extracellular part, a
transmembrane domain and a 43-amino-acid-long cytoplasmic tail.
The extracellular domain includes a short signaling sequence for the
cell membrane binding and two C-type and one V-type immunoglobin-
like domains. The ligand-binding site is into V-domain, whereas the
cytosolic tail mediates intracellular signaling. More recently, it has
been suggested that RAGE may form dimers and multimers for ligand
binding to occur.”

advanced glycation

A range of splice variants of murine and human RAGE has been
identified; most of these lead to removal of the transmembrane domain
to produce soluble variants. RAGE has a C-truncated secretory isoform
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that circulates in plasma and which at least two variants: one secreted
from cells, endogenously secreted RAGE (esRAGE), and another one,
which formed by proteolytic cleavage, by matrix metalloproteinases
from the cell-surface, cleaved-RAGE (cRAGE). The soluble isoform
(sRAGE) acts as a decoy receptor for RAGE ligands, and is thought to
afford protection against inflammation.The RAGE-ligand interaction
triggers activation of NF-kB and other signaling pathways through
stimulation of p2lras, ERK (extracellular signal-regulated kinase)
1/2, p38 MAPK, SAPK (stress-activated protein kinase)/JNK (c-Jun
n-terminal kinase), Rho GTPases, PI3K and JAK (Janus kinase)/
STAT (signal transducer and activator of transcription) pathways'®
ubsequently, expression of inflammatory cytokines increased, leading
to an inflammatory response with associated cellular migration and
proliferation. Ligation of RAGE causes a positive feed-forward loop
in which inflammatory stimuli activate NF-kB, which induces RAGE
expression, followed again by NF-«B activation. NF-kB up-regulates
multiple cellular signaling cascades and determines increased
production of numerous growth factors and cytokines.!”

The complexity of the role of RAGE in the biological setting is
also evident from human studies in different vascular disease states.
In patients with heart failure, higher SRAGE concentration and RAGE
-374T/A polymorphism in RAGE gene promoter was associated with
heart failure severity. On the other hand, many studies have pointed
out that decreased SRAGE levels are associated with increased extent
of CAD and with higher incidence of cardiovascular events, such
as myocardial infarction. Falcone C et al. in 2005 , showed that low
plasma levels of SRAGE were independently associated with the
prevalence of CAD in non-diabetic men. Recent data from the Dallas
Heart Study'® confirm that lower levels of SRAGE are independently
associated with a greater prevalence of coronary atherosclerosis. More
recently, Falcone et al., demonstrated that SRAGE plasma levels were
significantly lower in patients with ACS than in patients with stable
angina, suggesting that SRAGE can be considered an indicator of
destabilization of vulnerable plaque.'® In addition, it shown that CAD
patients presenting with peripheral artery disease have lower sSRAGE
levels than CAD patients without peripheral atherosclerosis, showing
that stable atherosclerotic lesions in different vascular districts are
inversely related to soluble decoy receptor SRAGE.? Moreover, it
was shown that certain polymorphisms in the RAGE gene (-374T/A,
-429T/C, G82S) are strongly associated with higher SRAGE levels,
implicating a complex genetic regulation of sRAGE levels and
suggesting that SRAGE may not be a marker of a disease state but also
a potential target in the pathobiology of the atherosclerotic process.
The correlation between the RAGE gene polymorphisms and CAD
was extensively investigated and several studies demonstrated that
-374A allele might reduce susceptibility to CAD exerting a protective
effect on coronary risk.?! In a study of Falcone C et al, the mean
number of injured vessels was significantly lower in AA genotype
than AT or TT genotype patients and it would seems to indicate that
this polymorphism is one of the likely determinants candidate for
genetic variance of disease phenotype in coronary atherosclerosis
. Another study by the same research group indicated that -374T/a
polymorphism could be also associated with a reduced risk of in-stent
restenosis after coronary stent implantation. These findings clearly
illustrate the need for further studies of the complex involvement of
RAGE in the development of vascular disease states.*?

Structure and variants of rage

RAGE is an approximately 45 kDa protein, originally isolated
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from bovine lung endothelium on the basis of its ability to bind
advanced glycation end products and later has been characterized
as a member of the immunoglobulin (Ig) superfamily of cell-surface
molecules. The entire mature receptor consists of 403 amino acids in
man, rat, and mouse? he 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 between cysteine residues.?*

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. 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 suggested that N-truncated
RAGE could participate in the regulation of angiogenesis in a way
that is independent from the classical RAGE activation pathway?
(Figure 1).
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Figure | RAGE protein structure and organization. Schematic drawing of
the RAGE protein showing domains and extracellular, transmembrane and
intracellular organization

Human RAGE gene was mapped in chromosome 6p21.3, located
in the main histocompatibility complex between class I and III
regions (GenBank/EMBL - Data Bank Accession Number D28769).
This gene comprises 1.7 kb, 11 exons and 10 introns of variable size
in 3’UTR region, which may reach 4 kpb. Moreover, immunoglobulin
type V domain is codified by the second and third exons."

Over 50 genetic variants have been described for RAGE gene.
The functional single nucleotide polymorphisms (SNPs), including
variation I codon 82 (G82S, rs 2070600), resulting from the amino
acid exchange of glycine for serine in domain V and two polymorphic
regions in the promoting region -429T>C (rs 1800625) and -374T>A
(rs 1800624), have been extensively researched in association with
pathologies.? The allele 374A of RAGE promoter has been associated
as a protector against macro vascular damage in patients with DM
type 2 and the allele -429C with diabetes type 1 (DM1). More
recently, the genome-wide association studies (GWAS) has shown the
association of polymorphism G82S with pulmonary function. Other
polymorphism associations with RAGE gene have also been reported:
breast tumor, pancreas tumor, gastric tumor, multiple sclerosis and
diabetic complications.!

Mechanisms of cardiovascular disease: atherosclerosis

Atherosclerosis is by far the most important underlying pathologic
process for cardiovascular disease. Therefore, an understanding of the
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processes involved in the initiation and progression of atherosclerosis,
ending in the rupture of the atherosclerotic plaque and the formation
of a thrombus is intimately entwined in the mechanisms by which
nutritional intake influences cardiovascular disease. The initiating
event in atherosclerosis involves the induction of endothelial
dysfunction by athero genic triggers, the best recognized of which are
modified or oxidized LDL and the ad-vanced glycation end products
that occur in diabetes?” This functional alteration in turn causes the
increased expression of atherogenic signal molecules, including
adhesion molecules, such as vascular cell adhesion molecule 1
(VCAM-1); chemoattractants such as monocyte chemoattractant
protein 1 (MCP-1); and a host of growth factors and cytokines,
among which are macrophage colony stimulating factor, CD40 ligand
(CD154), interferon, tumor necrosis factor(TNF-),interleukinl (IL-1),
and IL-6. These signaling molecules allow the adhesion of monocytes
and T lymphocytes to the arterial endothelium and their penetration
into the intima. Monocytes undergo transformation and replication
into macrophages and ultimately form the lipid-rich foam cells that are
characteristic of the fatty streak, the first morphologically recognizable
precursor of the atherosclerotic plaque. The same signal molecules are
also responsible for the growth and the eventual destabilization of the
plaque, being able to promote plaque rupture and the thrombogenic
nature of the plaque content itself through the increase expression of
molecules such as tissue factor."

The above-listed signal molecules are mostly products of activated
macrophages, lymphocytes, and endothelial cells, and they are
inducible by cytokines.?* Therefore, they can be considered secondary
mediators of local vascular inflammation. Resident macrophages
perpetuate the cycle of local inflammation by releasing inflammatory
cytokines, which result in the production of matrix-degrading metallo
proteinases that contribute to plaque rupture, and tissue factor, which
increases plaque thrombogenicity.!!

Rage polymorphisms

RAGE diversity generated by alternative splicing is now well-
documented.”® These polymorphisms have been reported within
exons, introns and gene regulatory regions. Some of them may affect
not only the transcriptional activity, but also the binding affinity
to RAGE ligands. Of particular importance, the single nucleotide
polymorphisms, -429T>C and -374T>A of the promoter region of
RAGE gene increase its expression two- and three-fold respectively,
at least in vitro conditions."

Most of the RAGE polymorphisms described have been associated
with the onset of diseases or increased susceptibility risks. Many of
these studies were carried out when the role of RAGE as a pattern
recognition receptor was not clearly established, but in the light of
the current knowledge, RAGE polymorphisms may represent new
insights into the putative connection of genetically-determined hyper
activities of the RAGE axis and the onset of immune diseases and
prompt further investigations* sSRAGE may contribute to the removal/
detoxification of a diverse repertoire of pro-inflammatory ligands
that are implicated in human diseases. The potential significance of
circulating sSRAGE is being investigated in a variety of pathological
conditions through clinical research studies. Thus, the decoy function
of sSRAGE suggests the presence of a regulatory negative feedback
mechanism in which sSRAGE can serve to prevent the activation of
cell surface RAGE.*
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Rage polymorphisms and cardiovascular disease

Our laboratory group extensively studied one of the coding change
polymorphisms of RAGE, the G828 variant. This variant, within the
major site of ligand binding, the V-type immunoglobulin domain, when
expressed in cells, alters ligand (S100) affinity and increased ligand-
stimulated generation of cytokines and matrix metalloproteinases.’!
However, the variant is relatively uncommon and even when we
analyzed the Framingham offspring cohort, we were unable to identify
any associations of this variant with cardiovascular disease.*

Outside of the coding region, it is likely that variants in the promoter
of RAGE may contribute to prediction for cardiovascular disease. For
example, the 374T3 A variant has been shown to be protective against
the development of cardiovascular disease (T/A or A/A individuals)
in both diabetic and nondiabetic individuals. Another variant in the
promoter region, 429T3C, has also been studied.*

Unlike the 374T3A variant, however, no association has been
reported with cardiovascular disease. 97 Importantly, however,
many of the reported studies on RAGE polymorphisms in relation
to cardiovascular disease are small. Furthermore, it is possible
that haplotype analyses may be more informative in predicting
the vulnerability to vascular disease, in the absence or presence of
diabetes.Taken together, evidence is mounting from both experimental
model systems and human studies (tissue expression levels, SRAGEs

Copyright:

©2017 Mungun et al. 228

and polymorphisms) to suggest that the RAGE axis is highly relevant
to human disease.™

Diabetes is also associated with a significant acceleration of
atherosclerosis®*¢ That this is at least partially due to glycation
was already demonstrated by an early study by Brownlee®’
Pharmacological inhibition of AGE formation using aminoguanidine
resulted in reduced cross linking of proteins in arterial walls. Vice
versa, the administration of exogenous AGEs to levels found in
diabetics, induced atheroma formation in rabbits.*® These data are
further corroborated by the expression pattern of receptors of AGEs
in atherosclerotic plaques. CD36 is expressed on macrophages
as a major receptor for oxidised LDL** CD36 is expressed in
atherosclerotic lesions and considered to trigger the formation of
macrophages into foam cells, a major event in the development of
atherosclerosis. AGE-binding to CD36 can further accelerate this
process by triggering tyrosine phosphorylation and NF«B activation.
SRBI is essential for the reverse cholesterol transport as HDL. SRBI
recognises AGEs and binding of AGE interferes with the uptake of
acetylated HDL and suppresses SRBI-mediated efflux of cholesterol
from cells.*’ Epidemiological studies demonstrated that low levels of
SRAGE in plasma are correlated with a higher risk for cardiovascular
mortality.*! In another population study, it was shown that the AA/GA
genotypes of the RAGE +557G>A polymorphism are associated with
a significantly decreased risk of coronary heart disease*” (Table 1).

Table | Comparison of previous studies of the RAGE —374T/A genotypes and cardiovascular diseases are short brief in following table

Author Year Race Polymorphism Outcome
Studies reporting
A positive
association
Falcone et al. 2008 Italian _374T/A In non-élabetlc patients hav.lng this polymorphism (A allele) has a
protective role for developing CAD.
Falcone et al. 2005 Italian _374TIA AA gepotype |§ protective in cardiac events, such as vascular
stenosis, and diabetes.
Falcone et al. 2004 Italian —374T/A A allele has a protective effect in CAD.
Pettersson Fernholm 2003 Finnish _374T/A In CA~D, acute MI and peripheral vascular disease patients,A
etal. allele is protective.
Hudson et al.?* 2001 English —374T/A A allele down-regulates the transcription of RAGE
in diabetic retinopathy patients.
Santos et al. 2005 Afrlc.a‘ns//Whlte _374TIA Thls Polymorph!sm decreases the' rl‘sk of |sch§mlc hefxrt disease
Brazilians in African-Brazilians, but no association in White Brazilians.
Zeo ot al.® 2006 Caucasian The paFlents carrying —374T>A variant have less ratio of
ischemic stroke
Studies reporting
negative
association
Hudson et al.2* 2001 English _374T/A No association between d|abet|<.: and non-diabetic macrovascular
diseases and —374/A polymorphism
Kirbis et al. 2004 Slovenian —374T/A and No association with diabetic CAD
—429T/C
Jixiong et al. 2003 Chinese —374T/A and No association with diabetic retinopathy.
—429T/C

CAD, Coronary heart disease; CAD, Coronary artery disease; M|, Myocardial infarction; NIDDM, Non-insulin dependent diabetes mellitus

Citation: Mungun D, Zakaria |, Wang XM, et al. The relation between rage polymorphism and cardiovascular diseases: a review. MOJ Gerontol Ger.

2017;2(2):225-230. DOI: 10.15406/mojgg.2017.02.00047


https://doi.org/10.15406/mojgg.2017.02.00047

The relation between rage polymorphism and cardiovascular diseases: a review

Conclusion

In conclusion, the 63-bp ins/del, the - 374T > A and the - 429T
> C polymorphisms in the RAGE gene were not associated with
susceptibility of HF and all-cause mortality in Caucasian-Brazilian
HF patients. However, among African-Brazilians, the del allele (63-
bp ins/del polymorphism) was associated with a decreased risk of HF.
To our knowledge, as this is the first study aimed to investigate the
association of RAGE gene polymorphisms with HF, their role in the
pathogenesis of HF cannot yet be elucidated. Taking into account the
importance of RAGE for cardiac function and its potential use as a
biomarker of prognosis in HF patients, further studies are needed to
explore and clarify these associations. The term advanced glycation
end products represents a variety of structurally highly diverse
compounds. As reactive carbohydrates are the major cause of the
AGE formation reaction, AGEs are on the one hand closely related to
diabetes and on the other hand, are discussed to be a major cause of
diabetes associated diseases. They can either be formed endogenously
or incorporated from food, and are often associated with disease
progression. Modulating AGE-formation and deposition is therefore a
promising tool in treatment or prevention of several diseases ranging
from diabetic complications over atherosclerosis to cancer and also
ageing. In case of AGE-rich nutrition, the antioxidative potential of
melanoidins might have positive effects, but further research on this
topic is needed to identify components of promising pharmacological
value.
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