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Objective: Inflammation participates in atherosclerosis from its inception onwards. RAGE (receptor for
advanced glycation end products) and its natural pro-inflammatory ligand, EN-RAGE (extracellular newly
identified RAGE-binding protein) have been implicated in various inflammatory diseases. In present study,
we determined the expression of RAGE and EN-RAGE in peripheral blood mononuclear cells (PBMCs) of
subjects with pre-mature coronary artery disease (CAD) for the first time.
Methods and results: The study patients were angiographically proven non-diabetic patients with pre-
mature CAD (Group I; N = 100) and control group comprised of subjects with coronary risk factors and
without coronary artery lesions (Group II; N = 40). Semi-quantitative RT-PCR was performed to deter-
mine transcriptional expression of RAGE and EN-RAGE in PBMCs. Soluble RAGE (sRAGE) and C-reactive
protein (hsCRP) levels were determined in serum of all study subjects using immunoassays. A signifi-
cantly increased transcriptional expression of RAGE and EN-RAGE in PBMCs (p < 0.01) of Group I patients
was observed. Increased circulating hsCRP (p < 0.01) levels and decreased sRAGE (p < 0.01) levels were

observed in Group I as compared with the Group II subjects. Severity of disease determined by Gensini
score was found to be positively correlated with transcriptional expression of RAGE (r = 0.530) and EN-
RAGE (r = 0.323). EN-RAGE expression revealed a strong association with RAGE (r = 0.326), hsCRP (r = 0.251)
and a negative association with sRAGE (r = −0.222).
Conclusions: Increased expression of RAGE and EN-RAGE in non-diabetic pre-mature CAD and various
associations discussed may amplify several cellular perturbations and thus significantly contribute to the

pathophysiology of CAD.

. Introduction

Worldwide, cardiovascular disease (CVD) is a major cause of
ortality and accounts for 80% of early deaths in developing coun-

ries. The increasing incidence of coronary artery disease (CAD) in
oung Indian population (<55 years) is attributed to global indus-
rialization, stressed life, lack of exercise, smoking and alcohol
onsumption as well as to other nutritional and lifestyle factors
1,2].
RAGE (receptor for advanced glycation end products) is a mem-
er of the immunoglobulin superfamily. It is expressed on the
urface of various cells as endothelium, mononuclear phagocytes,
ymphocytes and smooth muscle cells. The inflammatory role of
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RAGE and EN-RAGE (extracellular newly identified RAGE-binding
protein) interaction is well established in various chronic inflam-
matory disorders [3–6]. C-truncated RAGE (endogenous secretory
RAGE, esRAGE) isoforms lacking the transmembrane domain and
other RAGE isoforms, cleaved proteolytically from the membra-
nous receptor via MMPs, circulate in the plasma, where they can
act as a decoy for RAGE ligands. These secreted variants together,
represent the total amount of soluble RAGE (sRAGE) that can be
detected in the blood stream [7,8]. Recent studies have also reported
that reduced levels of sRAGE serve as an important biomarker in
hypertension [9], Alzheimer disease, vascular dementia [10], mild
cognitive impairment [11] and CAD [12]. Association of decreased
levels of esRAGE with type 1 diabetes [13], metabolic syndrome [14]
and arterial stiffness [15] has also been suggested.

EN-RAGE, an inflammatory ligand of RAGE, is a member of the

S100 protein family, also referred as S100A12. EN-RAGE acts as a
potent chemoattractant; its ligation with RAGE on the endothe-
lium, mononuclear phagocytes and lymphocytes triggers cellular
activation with the generation of the key pro-inflammatory media-
tors as interleukin (IL)-1� and tumour necrosis factor (TNF)-� [16].

http://www.sciencedirect.com/science/journal/00219150
http://www.elsevier.com/locate/atherosclerosis
mailto:veenad2001@yahoo.com
dx.doi.org/10.1016/j.atherosclerosis.2009.06.003
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3.1. Baseline clinical and laboratory characteristics

The clinical and laboratory features of the subjects are shown
in Table 2. The two study groups were comparable with respect to

Table 1
Characteristics of primers used for RT-PCR.

Gene Primer Sequence Fragment
length

PCR cycles

RAGE Forward 5′-CACACTGCAGTCGGAGCTAA-3′ 192 bp 40
98 N. Mahajan et al. / Ather

herefore, binding of RAGE with EN-RAGE, may further promote
nderlying inflammation in atherosclerosis and its related mani-

estations such as CAD.
In the present study, we attempted to determine the expres-

ion of RAGE and EN-RAGE in peripheral blood mononuclear cells
PBMCs) and also their correlation with the severity of disease and
irculating levels of sRAGE and hsCRP in the non-diabetic subjects
ith pre-mature CAD.

. Materials and methods

.1. Study population

A total of 140 non-diabetic subjects visiting Cardiology Clinic at
ehru Hospital for coronary angiography owing to CAD (Group I;
= 100) or because of a clinical suspicion of CAD in subjects with
ultiple coronary risk factors (Group II; N = 40) were enrolled for

he study. Subjects with negative treadmill test (TMT) or positive
MT but having no lesion on angiography served as controls. Exclu-
ion criteria included myocardial infarction 2 months before the
tudy, evidence of hemodynamically significant valvular heart dis-
ases, congenital heart disease, surgery or trauma 1 month before
he study, known cardiomyopathy, known malignant diseases,
ebrile conditions, acute or chronic inflammatory disease, overt
ongestive heart failure, renal insufficiency and abnormal liver
unction. Individuals having a concentration of hsCRP ≥10 mg/l, a
evel considered to be indicative of clinically relevant inflammatory
onditions were also excluded [17]. Blood pressure measurements
ere taken as per JNC VI criteria at the time of sampling [18].

Pre-mature CAD is defined as CAD occurring before age 65 years
n women and 55 years in men [19]. The mean age for first presenta-
ion of acute myocardial infarction in Indians is 53 years irrespective
f sex [20]. Therefore, in the present study we recruited subjects of
ither sex with aged ≤55 years. Data on demographic factors, body
ass index [BMI (kg/m2)], smoking habits, alcohol consumption,

iet and family history of cardiovascular disease in first-degree rel-
tives was recorded. All study participants underwent a standard
linical examination. Alcohol intake and cigarette/beedi (a local
ype of tobacco) smoking was dichotomized into ever vs. never,
ith ever smoking defined as having smoked daily for a year or
ore. Many patients had quit alcohol intake/smoking after onset

f their CAD, hence, designated as ever rather than current or
ormer. Hypertension was defined as resting systolic blood pres-
ure >140 mmHg and diastolic blood pressure >90 mmHg or use of
ny anti-hypertensive agent. The Group I subjects were receiving
dentical drug therapy including ACE inhibitors, nitrates, heparin,
-blockers or statins.

The study was performed according to the ethical standards
etailed in the Declaration of Helsinki [21]. The study was approved
y the Institutional Ethics Committee. Before participation in the
tudy, an informed written consent was obtained from each subject
fter explaining the protocol.

.2. Sampling

Venous blood was collected in the morning from the overnight
asting subjects from anticubital vein into plain sterile tube for
erum and in EDTA for plasma just before the angiography and/or
fter TMT (in subjects who had negative TMT). Serum/plasma was
eparated and stored at −80 ◦C for further analysis.
.3. Severity of coronary artery disease

The severity of coronary atherosclerosis in patients was assessed
sing the Gensini score [22], which grades narrowing of the lumens
f the coronary arteries. The score was given as 1 for 1–25% narrow-
sis 207 (2009) 597–602

ing, 2 for 26–50% narrowing, 4 for 51–75% narrowing, 8 for 76–90%
narrowing, 16 for 91–99% narrowing and 32 for total occlusion.
The score is then multiplied by a factor that takes into account the
importance of the lesion’s position in the coronary arterial tree, for
example, 5 for the left main coronary artery, 2.5 for the proximal
left anterior descending coronary artery (LAD) or proximal left cir-
cumflex coronary artery (LCX), 1.5 for the mid-region of the LAD,
and 1 for the distal LAD or mid-distal region of the LCX. Gensini
score was expressed as the sum of the scores for all the coronary
arteries.

2.4. Measurement of lipid and lipoprotein profile

Serum total cholesterol (TC), triglycerides (TG) and high-density
lipoprotein cholesterol levels (HDL-C) levels were measured with
standard enzymatic kits (Accurex Biomedical Pvt. Ltd.). Low-
density lipoprotein cholesterol (LDL-C) and very low-density
lipoprotein (VLDL-C) values were calculated using Friedwald’s for-
mula [23].

2.5. Determination of circulating levels of sRAGE and hsCRP

Circulating levels of sRAGE (DRG00, R&D Systems, USA) and
hsCRP (RK010A, Hyphen Co., France) were determined in all
the study subjects using commercially available enzyme-linked
immunoassays as per manufacturer’s instructions. The immunoas-
say used for determination of soluble RAGE measures the total pool
of soluble RAGE which is generated either by splicing or cleavage
(e.g. sRAGE or esRAGE).

2.6. Transcriptional expression (mRNA) of RAGE and EN-RAGE

PBMCs were isolated using Ficoll gradient method as described
by Boyum [24]. Semi-quantitative RT-PCR was performed for
determining the transcriptional expression (mRNA) of RAGE and
EN-RAGE [25] in PBMCs by using human specific primer pairs
(Table 1).

2.7. Statistical analysis

Statistical analysis was performed using SPSS 14.0 for Windows
(SPSS Inc.). The Kolmogorov–Smirnov test of normality was used
to verify whether the distribution of variables followed a Gaus-
sian pattern. Data was presented as mean ± S.D. or percentages.
Mean levels of different groups were compared by t-test. Correla-
tions between variables were analyzed with Pearson’s coefficient.
Logistic regression analysis was used to determine the association
between the severity of the CAD and all other variables considered
in the present study.

3. Results
Reverse 5′-GCTACTGCTCCACCTTCTGG-3′

EN-RAGE Forward 5′-ATGACAAAACTTGAAGAG-3′ 280 bp 35
Reverse 5′-CTACTCTTTGTGGGTGTG-3′

�-actin Forward 5′-GAATTGCTATGTGTCTGGGT-3′ 257 bp 27
Reverse 5′-CATCTTCAAACCTCCATGATG-3′
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Table 2
Baseline characteristics of all the study subjects.

Variables Group I (N = 100) Group II (N = 40) Level of
significance

Age (years)
Range 24–55 24–55 NS
Mean ± S.D. 44.4 ± 7.9 41.6 ± 7.5 NS
Sex ratio (M:F) 81:19 27:13 NS
BMI (kg/m2) 22.68 ± 1.95 22.55 ± 2.95 NS

Blood pressure
SBP (mmHg) 125.47 ± 10.93 121.95 ± 9.21 NS
DBP (mmHg) 81.65 ± 9.19 77.50 ± 7.42 0.012*

Lipid profile
TC (mg%) 190.01 ± 35.99 179.45 ± 29.65 NS
TG (mg%) 153.71 ± 56.60 132.71 ± 39.29 0.034*

HDL (mg%) 42.87 ± 9.14 44.92 ± 8.4 NS
LDL (mg%) 116.40 ± 32.57 107.89 ± 28.77 NS

Soluble markers
hsCRP (�g/ml) 5.76 ± 3.12 1.67 ± 1.90 <0.0001***

sRAGE (pg/ml) 892.39 ± 508.68 1611.90 ± 677.31 <0.0001***

Risk factors
Hypertension (%) 31 0 –
Smoking (%) 47 38 NS
Alcohol intake (%) 28 35 NS
Veg (%)/non-veg (%) 55/45 38/62 NS
Family history of CVD (%) 50 10 0.013*

Medications
Aspirin 63 0 –
Nitrate 32 0 –
Calcium channel blockers 44 0 –
ACE inhibitors 46 0 –
Angiotensin receptor blockers 14 0 –
Beta blockers 39 0 –
Statins 71 0 –

D

a
(
h
d
(

Table 3
Associations between soluble markers and severity of coronary artery disease as
determined by Pearson’s correlation analysis.

Variable GS RAGE EN-RAGE sRAGE hsCRP

GS – 0.530** 0.323** −0.342** 0.547**

RAGE – – 0.326** −0.059 0.157
EN-RAGE – – – −0.222* 0.251*

sRAGE – – – – −0.326**

ship among laboratory measures of variables from cohorts of CAD

F
o

ata mean ± S.D. or percentage.
* p < 0.05.

*** p < 0.001.

ge, BMI, smoking, alcohol intake, etc. and levels of TC and HDL-C

p > 0.05), whereas serum TG levels were found to be significantly
igher in Group I subjects (p < 0.05). We observed no significant
ifference in the mean systolic blood pressure (SBP) recordings
p > 0.05) in the two groups, whereas, diastolic blood pressure (DBP)

ig. 1. Depicts the mRNA expression of RAGE (panel A) and EN-RAGE (B) in PBMCs isolated
f risk control group (Gp II; lanes 4–6) as determined by semi-quantitative RT-PCR. **p < 0
hsCRP – – – – –

* p < 0.05.
** p < 0.01.

recordings were found to be significantly higher in Group I subjects
(p < 0.05).

3.2. Circulating levels of sRAGE and hsCRP

The levels of sRAGE were determined in CAD patients and control
subjects. sRAGE levels were observed to be significantly lower in
serum of patients with CAD (892.39 ± 508.68 pg/ml) as compared
to the controls (1611.90 ± 677.31 pg/ml) (p < 0.0001).

We observed higher hsCRP levels in serum of Group I subjects
as compared with the Group II (5.76 ± 3.12 vs. 1.68 ± 1.9 �g/ml;
p < 0.0001).

3.3. Transcriptional (mRNA) expression of RAGE and EN-RAGE

The transcriptional expression of genes coding for RAGE and
EN-RAGE within blood mononuclear cells derived from Group
I (N = 100) subjects was significantly higher (p < 0.01) than that
observed in blood mononuclear cells from subjects of Group II
(N = 40) (Fig. 1).

3.4. Statistical analysis

Correlational analysis was performed to survey the relation-
patients with severity of the disease. The results are presented in
Table 3.

The sensitivity and specificity were calculated for each possible
threshold value of estimated probability for the respective group.

form subjects of pre-mature coronary artery disease (Gp I; lanes 1–3) and subjects
.01.
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ith EN-RAGE, an optimal sensitivity of 93% and specificity of 87%
as achieved, whereas, hsCRP demonstrated 87% sensitivity and

0% specificity. sRAGE revealed a sensitivity of 72.5% and specificity
f 77% for prediction of CAD in these subjects with pre-mature coro-
ary artery disease. Further, logistic regression analysis revealed
hat sRAGE, hsCRP and EN-RAGE statistically were a potential pre-
ictors of disease. These three variables cumulatively demonstrated
high sensitivity (87.5%) and specificity (95%).

. Discussion

This is the first study of its kind where we demonstrate that
RNA levels of RAGE and its ligand EN-RAGE are up-regulated in

on-diabetic patients with pre-mature CAD. In addition, signifi-
antly augmented levels of hsCRP and decreased levels of sRAGE
ere observed in the serum of patients with CAD as compared with

ontrols. Further, this study demonstrates association of RAGE and
N-RAGE with sRAGE, hsCRP and severity of CAD in these patients
or the first time.

Our data supports the findings of Haidari et al. [26] and Tataru
t al. [27] who independently reported increased hsCRP levels in
ubjects with stable CAD and also in subjects with acute coronary
yndrome (ACS). Further, they observed a positive correlation of
sCRP with severity of disease. These findings are further strength-
ned by our observations and highlight the importance of hsCRP
s a marker of disease activity. On the contrary, studies by Rifai et
l. [28] and Abdelmouttaleb et al. [29] observed increased hsCRP
evels in similar set of subjects but there was no significant corre-
ation of hsCRP with the severity of CAD. In the present study, we
id not observe a significant correlation of hsCRP levels with any
f the other classical risk factors like age, BMI, lipids and lipopro-
eins in Group I subjects. Our results are in contrast to the findings
f Mendall et al. [30] and Tracy et al. [31] who reported a positive
ssociation of hsCRP with age and BMI in subjects with coronary
eart disease. These discrepancies may be attributed to the dif-

erences in population characteristics and the sample size in both
hese studies.

sRAGE has been documented as an anti-atherogenic molecule
nd low levels of sRAGE were reported to be significantly associated
s a risk factor for CAD in a non-diabetic Italian male population
12]. In the present study, a significant and independent association
f decreased levels of sRAGE with the presence of CAD, increased

evels of hsCRP, increased transcriptional expression of EN-RAGE in
BMCs, further strengthen the anti-atherogenic nature of sRAGE.
e also observed that CAD subjects who were hypertensive had

ow levels of sRAGE as compared to the CAD subjects who were
ormotensive. These observations are consistent with earlier obser-
ations of Geroldi et al. [9], that levels of sRAGE were decreased in
atients with hypertension and increased the possibility that sRAGE
ay play a role in arterial stiffness and its related complications.
ur data demonstrated absence of any significant correlation of

RAGE with BMI and similar findings were reported by Geroldi et al.
9]. However, Koyama et al. [14] in their study reported a significant
nverse correlation of esRAGE and BMI in subjects with metabolic
yndrome. All other studies with sRAGE till date have been con-
ucted in either Caucasian or Asian (Japanese) population and this

s the first ever study to be conducted in Indian patients.
Recently, Santilli et al. [32] reported significantly lower levels

f sRAGE in hypercholesterolemic subjects as compared to nor-
ocholesterolemics. The subject population in our study mainly

ncluded normocholesterolemic CAD subjects and only 9% of CAD

ubjects had high cholesterol levels. Also, analysis on the basis of
holesterol levels in our study revealed no statistically significant
ifference in any of the variables under consideration (data not
hown). They also reported higher sRAGE levels in patients with
revious myocardial infarction who were on statin intake. As far
sis 207 (2009) 597–602

as atorvastatin intake is concerned, its influence on sRAGE lev-
els cannot be excluded on the basis of stratification of subjects in
Group I in the present study. In the present study, we observed
a lack of correlation between sRAGE and RAGE mRNA expression
in study subjects which could be partially attributed to the drug
intake by these subjects. Categorization of the subjects on basis of
atorvastatin intake did not reveal any significant difference in any
variable except hsCRP (data not shown). The possible reasons for
a lack of correlation between sRAGE and RAGE levels, could be (i)
no follow-up of the subjects receiving atorvastatin treatment; (ii)
categorization of the study subjects on the basis of duration of ator-
vastatin intake irrespective of their dosage regimen. Further studies
in larger number of subjects are required to determine the effect of
atorvastatin intake on these variables.

In an isolated report, Burke et al. [33] demonstrated increased
expression of RAGE and EN-RAGE in the coronary atherosclerotic
plaques obtained from diabetic CAD cadavers. In addition, these
authors related increased expression of RAGE and EN-RAGE with
necrotic core expansion, thinning of the fibrous cap and plaque
instability. An augmented expression of RAGE and EN-RAGE in the
present study, along with a positive correlation of these genes with
the severity of disease, further corroborates the concept that RAGE-
EN-RAGE axis participates as one of the mechanisms, that may
assist in explaining its role in various diseases characterised by
underlying inflammation, recruitment of leukocytes, apoptosis, and
macrophage cell death [33–36].

The ligation of EN-RAGE with cellular RAGE may also activate the
downstream signalling pathway such as NF-�B, in addition to the
increased expression of adhesion molecules and cytokine release
from the lymphocytes [3,37]. Thus, finding a positive correlation
among serum hsCRP levels, mRNA expression of RAGE and EN-RAGE
may represent an attractive model to explain how these molecules
contribute to the pathophysiology of inflammatory diseases like
atherosclerosis. Furthermore, logistic regression analysis revealed
sRAGE, hsCRP and EN-RAGE as potential predictors of CAD with
high sensitivity and specificity and thus could serve as potential
biomarkers.

Gene functions of spliced forms may influence the regulatory
effects of the constitutive human genes. As for RAGE, the produc-
tion of endogenous secretory RAGE by alternative splicing, may
influence the actions of ligands on the full form of RAGE, located
on the plasma membrane [38]. In the current study, along with
increased RAGE mRNA levels, one would expect a similar increase
in sRAGE levels. It may suffice to say that RAGE mRNA levels com-
prise of full length RAGE and soluble isoforms correspond to a
small fraction and was low in patients. The likely mechanisms
could be that the increase in RAGE mRNA levels were mainly in
the full length form and due to changes occurring in the ratio of
RAGE splice variants. Other possibility might be that comparatively
lesser sRAGE in patients with increased RAGE expression which is
suggestive of some epigenetic modifications or post-translational
mechanisms that could be responsible for attenuated splicing in
patients as compared to the controls. At the same time one could
not ignore the recently proposed mechanisms for post-translational
modifications of full length RAGE like shedding of ectodomain and
proteolysis by MMP-9 or ADMA10 [39,40]. However, we observed
low levels of sRAGE in CAD subjects, which could be explained as
shedding may be modulated by binding of pro-inflammatory lig-
ands (e.g. EN-RAGE) or alternatively, low levels of sRAGE may not
be sufficient as a decoy for pro-inflammatory ligands and there-
fore, do not protect against inflammation. Another important point

to be considered is that although we have studied PBMCs as cel-
lular model for gene expression studies, RAGE is expressed by a
variety of other cells such as endothelial cells and smooth muscle
cells, the cell types relevant in CAD. The relative abundance of dif-
ferent isoforms of RAGE may vary accordingly among different cells
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nd tissues and among individuals and/or conditions and could be
nother explanation for our observations. Our data is supported by
udson et al. [41], who reported the prevalence of RAGE in aor-

ic smooth muscle cells (AoSMCs) and lungs and observed that full
ength isoform of RAGE accounts for 70 and 80% of the detected
ranscripts respectively. Such diversity could be a precipitating fac-
or which endows subjects with presence/absence of risk factors
o the development of various complications [42]. Further, stud-
es are needed to clarify the exact significance of the co-expression
f full length type RAGE and antagonistic RAGE variants in various
iseased pathophysiologies and to future preventive strategies.

Up-regulation of inflammatory NF-�B, COX-2/mPGES-1 (micro-
omal Prostaglandin E2 synthase) and matrix metalloproteinases
MMPs) and augmented RAGE expression have been demonstrated
n carotid arteries of diabetic subjects [43]. Enhanced MMPs syn-
hesis as a consequence of RAGE over-expression may possibly
epresent a crucial step in the pathophysiology of plaque instabil-
ty. In support, we observed augmented expression of MMP-9 in
hese subjects and along with transcriptional expression of RAGE
nd EN-RAGE (Unpublished data). Finding augmented expression
f RAGE and EN-RAGE in PBMCs of these subjects’ further points
owards the presence of heightened intracellular oxidative stress.

Increased RAGE and EN-RAGE expression in normo-glycemic
onditions could be partially explained by findings of Cuccu-
ullo et al. [44]. These authors demonstrated modulation of RAGE
xpression in human plaques in a glucose-independent manner
y inhibition of macrophage myeloperoxidase and therefore, sug-
ested pro-atherogenic role of RAGE in various clinical settings
haracterised by underlying inflammation and high infiltration
f activated macrophages. The data obtained from the present
tudy, highlights the fact that RAGE and EN-RAGE axis co-operates
ith pro-inflammatory cytokines in an autocrine, paracrine and

ndocrine manner at the site of atherosclerotic lesion and con-
ributes to the disease progression. Blockade of RAGE and EN-RAGE
nteraction in early stages of the inflammatory process may inhibit
nflammation and prevent further sequels of atherosclerosis. So far,
he source of immunological agonists for PBMCs has not been fully
lucidated in such diseases where these cells are attributed with
ncreased production of various inflammatory cytokines.

The limitations of this study are the relatively smaller number
f participants and the limitations inherent to any cross-sectional
esign, specifically that a single sample at a certain point in time
ay fail to reflect the natural course of the process being stud-

ed. Secondly, the ELISA detection system used in the present study
ould determine total sRAGE levels and could not discriminate
etween specific soluble RAGE variants (sRAGE and esRAGE). The
resence of different co-morbid conditions in a CAD population
sing multiple drugs represents an additional limitation in the

nterpretation of the data.
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