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Introduction
Stroke is the third major cause of death worldwide and the leading 

cause of permanent disability; ischemic stroke (IS) alone accounts for 
70-80% of all stroke [1]. Instead, Transient Ischemic Attack (TIA) is a 
brief episode of neurological dysfunction resulting from focal cerebral 
ischemia not associated with permanent cerebral infarction [2].

There is growing evidence implicating the participation of RAGE-
ligand interaction in the development and progression of various 
immune-mediated disorders, including vascular disease [3,4].

The Receptor for Advanced Glycation End-products (RAGE) is a 
multi-ligand member of the immunoglobulin superfamily ubiquitous 
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 [5]. 

It is known that RAGE-mediated mechanisms play a role in ischemic 
myocardial injury through triggering RAGE-dependent cellular 
activation, inducing oxidative stress, and promoting inflammatory-
proliferative responses leading to vascular dysfunction [3,6]. However, 
few studies have addressed pivotal roles of RAGE signaling in acute 
stroke. Activation of RAGE may play a role in neuronal damage and 
neuroinflammation associated with brain ischemia. Based on the 
evidence from animal studies and the presence of increased high 
mobility group box 1 protein (HMGB1, a RAGE ligand) in the serum 
of stroke patients, Mennini T at al. find that soluble RAGE (sRAGE) 
increase in serum after ischemic and hemorrhagic stroke and that the 
levels decrease with patient improvement [7]. The secreted isoform 
of the receptor for advanced glycation end-products (sRAGE), can 
neutralize the adverse effects of RAGE signaling by acting as a decoy. 

The aim of the present study was to evaluate the sRAGE plasma 
levels in patients with IS and TIA in order to identify a biomarker of 

differentiation in the genesis of these diseases. 

Materials and methods
Study population

This study included 87 Caucasian subjects (50 males and 37 
females) with previous cerebrovascular event, consecutively recruited 
among subjects referred to the Department of Cardiology of University 
Hospital. The diagnosis of IS patients was confirmed and characterized 
by head magnetic resonance imaging or reported computed 
tomography exams (performed ≥24 hours after stroke onset to clearly 
demonstrate the infarction region). 

The 56% of the patients included in the study presented at least one 
angiographically documented coronary stenosis, (≥75% stenosis); 6% 
had atrial fibrillation, the 25% presented a dilated cardiomyopathy and 
the 13% of patients did not have any cardiovascular disease. 

Patients underwent to an accurate examination and a gathering 
of physiological, pathological, remote and proximal, familiar and 
pharmacological anamnestic data.  Patients with infective diseases or 
chronic inflammation and patients and affected by renal failure or 
severe liver complications, cancer, or hematological disorders were 
excluded from the study. Cardiovascular risk factors were defined 
as follows: hypertension (systolic blood pressure >140 mmHg or 
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diastolic blood pressure >90 mmHg or anti-hypertension therapy); 
family history of cardiovascular pathology (documented coronary 
artery disease in parents or siblings manifested before 60 years of 
age in men and 70 years of age in women); smoking was considered 
a risk factor if the patients had smoked more than three cigarettes a 
day for at least one year (patients were classified as: habitual smokers, 
ex smokers if they had quit smoking for at least four weeks but not 
more than 40 years or as non-smokers if they had never smoked 
or if they had quit smoking for 40 or more years before the study). 
Patients’ lipid range (total cholesterol, LDL and HDL, triglycerides, 
defining hypercholesterolemia and hypertriglyceridemia as cholesterol 
and triglycerides plasma concentrations respectively higher than 200 
mg/dL and 150 mg/dL) and patients’ glycaemia (normal values were 
considered if less than 100 mg/dL, reduced glycaemic tolerance if 
glycaemia was 100-110 mg/dL and diagnosed diabetes if the plasma 
concentration of glucose was > 126 mg/dL) was considered.

The control subjects were 328 patients who visited the Department 
of Cardiology for a physical check-up. Controls were characterized by 
no history of ischemic stroke or transient ischemic attack; they were 
matched with patients by age and ethnicity. 

All participants gave written informed consent. The study protocol 
is conformed to the guidelines of the Helsinki Declaration for human 
research and was approved by our local ethics committee.

Measurements of soluble receptor of advanced glycation end 
products

Venous blood samples were collected in Vacutainer tubes containing 
ethylenediaminetetraacetic acid as anticoagulant for determination of 
plasma levels of sRAGE. The samples were centrifuged at 1000g for 
30 min and immediately divided into aliquots. Finally, plasma and 
serum samples were frozen and stored at -20°C until the analysis. All 
laboratory tests were performed in blind.

Plasma levels of sRAGE were determined using a kit for the 
immunoadsorption enzyme, commercially available (Quantikine, 
R & D Systems), according to manufacturer’s protocol. Briefly, 
a monoclonal antibody against sRAGE has been used to capture 
sRAGE from plasma. sRAGE captured was marked with a polyclonal 
anti-human sRAGE. After washing, the plates were incubated with 
streptavidin-HRP, developed on an appropriate substrate and OD450 
was determined using a plate reading immunoadsorption enzyme. The 
measurements were made in duplicate and the results compared. The 
values of the coefficients of variation intra-and inter-determination 
were respectively less than 6% and <8%.

Statistical analysis

We used the Kolmogorov-Smirnov analysis to test if the continuous 
variables presented a normal distribution. The continuous variables 
were expressed by an average ± standard deviation or by a median and 
interquartile range if data did not fall into a normal distribution pattern. 
The categorical variables were presented as frequencies and percentages. 
The differences between the groups were valued with the Student’s t test 
for normally distributed variables, with Mann-Whitney’s U Test for 
the not normally distributed variables, and with the Chi-squared test 
for the categorical variables. The correlations between the variables of 
our study were valued calculating the correlation coefficients according 
to Spearman analysis. Values of p<0.05 were considered statistically 
significant.

Results

Clinical and laboratory characteristics of patients and control 
subjects

The main clinical and biochemical characteristics of the study 
participants are shown in (Table 1). Patients were more likely to be 
ever-smokers (p<0.01), diabetic (p<0.001) and hypertensive (p<0.0001) 
compared with controls. There were no significant differences in age, 
total cholesterol, HDL cholesterol, triglycerides and C reactive proteins 
levels between the two groups (Figure 1). 

The concentration of sRAGE in plasma, expressed as median [IQ 
range] was significantly lower in patients with cerebrovascular disease 
[806 (441-1077) pg/mL] than in control subjects [1335 (936 -1954) pg/
mL]; p<0.0001.

sRAGE concentration in patients with ischemic stroke and 
with transient ischemic attack

Of the 87 patients recruited for the study, 64 (74%) had previous 
TIA and 23 (24%) had previous IS. In (Table 2) were shown the main 
clinical and biochemical characteristics of the study participants 
divided according to their pathologies. Patients with IS are more often 
male than patients with TIA. There were no significant differences 
in distribution of common cardiovascular risk factors, age, total 
cholesterol, HDL cholesterol, triglycerides, and glycaemia and C 
reactive proteins levels.

The concentration of sRAGE in plasma was significantly lower in 

Figure 1. Box-plot representation of sRAGE plasma levels in TIA and IS patients.

 Patients
(n=87)

Control
subjects
(n=328)

p value

Age, y 72 ± 12 63 ± 8 Ns
CAD, n (%) 49 (56%) 0
Arrhythmic, n (%) 5 (6%) 0
DCM, n (%) 22 (25%) 0
None, n (%) 11 (13%) 328 (100%) P<0.0001
Ever-smoking, n (%) 43 (49%) 102 (31%) P<0.01
Hypertension, n (%) 66 (76%) 58 (18%) P<0.0001
Diabetes, n (%) 23 (26%) 33 (10%) P<0.001
Total cholesterol, mmol/L 5.19 ± 1.14 4.99 ± 1.0 Ns
Triglycerides, mmol/L 1.48 ± 0.79 1.47 ± 0.68 Ns
HDL cholesterol, mmol/L 1.24 ± 0.31 1.40 ± 0.42 Ns
C reactive protein, mg/dL 0.65 (0.1-8.4) 0.6 (0.3-1.1) Ns
sRAGE, pg/mL, median 
(IQrange)

806 (441-1077) 1335 (936-1954) P<0.0001

Table 1. Clinical and biochemical characteristics of the study participants.
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patients with IS [438 (269-679) pg/mL] than in TIA patients [859 (512-
1172) pg/mL]; p= 0.007.

Relationship between sRAGE and laboratory parameters

Using Spearman’s correlation, we examined the association of 
sRAGE levels with baseline clinical and biochemical features of the 
study participants. Concentrations of sRAGE were not associated with 
age, male sex, blood pressure parameters, diabetes, current smoking 
or hsCRP.

Discussion
This analysis contributes information about the pathophysiology of 

vascular cerebral disease and, in particular, these results reaffirm strong 
prothrombotic and inflammatory components to the pathophysiology 
of ischemic stroke. The most pressing problems to be solved are to 
identify as early as possible the individual susceptibility to different 
damaging stimuli and to assess the relevance of possible protective 
factors. 

sRAGE is a novel biomarker that is inversely associated with 
coronary atherosclerosis. It is a soluble receptor produced by alternative 
splicing of RAGE mRNA and it is abundantly present in the circulation 
[8]. Because sRAGE has been shown to successfully bind to AGEs it has 
been postulated that this soluble isoform could play an antagonistic role 
by competing with the cell surface receptor, thus preventing the adverse 
effects of RAGE signaling [9].  RAGE expression plays a key role in 
initiation and acceleration of atherosclerosis in both diabetics and 
nondiabetics. A previous study by Falcone et al. was the first to attempt 
to better define the role of sRAGE in humans [10]. In that case-control 
study of middle-aged, Italian, non-diabetic men, plasma sRAGE levels 
were lower in men with Coronary Artery Disease (CAD) than in those 
without CAD, indicating the anti-inflammatory role of sRAGE. Most 
human studies have shown that the plasma levels of RAGE are lowers 
in subjects with cerebrovascular dementia, or individuals at high risk 
of cardiovascular disease [11-14], but contradiction data have also 
been reported [15-19]. In our previous work, CAD patients presenting 
with Peripheral Artery Disease (PAD) have lower sRAGE levels than 
CAD patients without peripheral atherosclerosis showing that stable 
atherosclerotic lesions in different vascular districts are inversely 
related to soluble levels of decoy receptor sRAGE [20]. The present 
study strengthens our previous findings, reaffirming the role of sRAGE 
in human atherosclerosis.

In particular, the present study shows that the plasma concentration 
of sRAGE is significantly lower in patients with IS compared to patients 
with TIA and to controls. 

Previous studies, conducted in patients with stroke, showed that 
soluble RAGE increase in serum after ischemic and hemorrhagic 
stroke as respect to control population [7,21] and identified low levels 
of sRAGE in the blood of intracerebral hemorrhagic patients compared 
with those presenting ischemic stroke [22]. The differences of sRAGE 
levels among different stroke subtypes could be related to acute stroke 
severity rather than different etiologies of the stroke subtypes [23]. 

Efforts to study the production of endogenous sRAGE seem 
justified by the possibility of new and innovative therapies against 
atherosclerosis and other inflammatory diseases [24]. Intravenous 
administration of sRAGE may capture and eliminate circulating 
RAGE ligand, thus acting as a decoy receptor and protecting against 
tissue damage. Systemic administration of sRAGE may be an effective 
therapeutic approach for all RAGE-mediated vascular disorders [23].

Conclusion
In conclusion, our research show that lower levels of sRAGE are 

associated with the presence of atherosclerotic disease conditioning 
stroke, confirming the presence of low levels of sRAGE in patients 
with atherosclerotic disease, as we had previously described. On the 
contrary, higher levels of this protein are observed in patients with TIA, 
confirming the non organic genesis of this pathology. The estimate of 
sRAGE could be an important complement to the determination of other 
inflammatory molecules, also critically associated with inflammatory 
responses and adaptation primitives, including those associated with 
atherosclerosis. The sRAGE evaluation in patients with neurological 
deficits may be useful to discriminate patients with atheromasic disease 
from those with functional pathology. Future studies are needed to 
further examine how different levels of the soluble form of RAGE could 
influence atherosclerosis and cerebrovascular inflammation. 
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