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Background and Aims: Multiple sclerosis (MS) is known as a partially 

inheritable inflammatory autoimmune disease which involves the nervous 

system. Different studies suggest that immune dysregulation has an 

important role in the pathogenesis of MS, but its exact pathomechanism 

has not yet been explicated. The receptor for advanced glycation end 

products (RAGE) is a member of the immunoglobulin superfamily of cell 

surface molecules. In MS patients, the expression of membrane-bound 

RAGE on peripheral blood mononuclear cells, as well as the serum levels 

of the RAGE ligands are upregulated. 

Materials and Methods: In this case-control study, we evaluated the 

association between MS incidence and RAGE p.82G>S polymorphism 

(rs2070600) compared with healthy controls in an Iranian population. A 

total of 158 patients and 156 healthy blood donors were enrolled. This 

polymorphism was genotyped by polymerase chain reaction-restriction 

fragment length polymorphism. 

Results: Allele frequencies (p=0.319) and genotype distribution 

(p=0.315) of the RAGE p.82G>S gene polymorphism in MS patients and 

controls were not significantly different. 

Conclusions: The present study indicated no relationship between RAGE 

p.82G>S polymorphism and the risk of MS in Iranian population. 
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Introduction 

Multiple sclerosis (MS) is known as a partially 

inheritable inflammatory autoimmune disease 

which involves the nervous system. Based on 

different symptoms of MS, three types of MS 

have been described including relapsing-

remitting (RR), secondary progressive (SP), or 

primary progressive (PP) types [1]. The 

prevalence of MS increases from typically 1 in 

1,000 in the normal population to 1 in 4 or so 

for identical twins where one twin is affected 

[2]. The main pathological features of MS 

include local lesions with inflammation and 

demyelination of nerve fibers, infiltration of 

immune cells in a perivascular distribution, 

plus relative sparing of the axons and 

oligodendroglial death [3-5]. Although it has 

been frequently confirmed that immune 

dysregulation has an important role in the 

pathogenesis of MS, the pathomechanism and 

the exact causative factors have not yet been 

explained [6]. Therefore, immunorelevant 

molecules bear the higher potential to be 

investigated for clarifying the etiology of this 

disease. The receptor for advanced glycation 

end products (RAGE) is a member of the 

immunoglobulin superfamily of cell surface 

molecules [7]. It was first recognized as a 

receptor for non-enzymatic glycosylation 

products and oxidation of proteins and lipids. 

These compounds are formed under conditions 

such as diabetes, kidney failure, aging, and 

inflammation, which are referred to as 

advanced glycation end products [8]. Initially, 

advanced glycation end products were 

considered to be the main ligands of the 

RAGE, but later, they were identified as a 

broad range of ligands such  

as amyloid β- peptide (accumulates in 

Alzheimer’s disease) and amyloid A (which 

accumulates in systemic amyloidosis), the 

S100/calgranulins, (accumulated extracellularly at 

sites of chronic inflammation due to immune 

cell activity especially neutrophils) [9]. In MS 

patients, the expression of membrane-bound 

RAGE on peripheral blood mononuclear 

cells [10], as well as the serum levels of the 

RAGE ligands is up-regulated [11].  

Yan et al. showed that the expression of 

RAGE and S100/calgranulins increase in 

spinal cord samples from MS patients as 

compared with controls. They declared  

that the interaction between RAGE and 

S100/calgranulins can enhance the production 

of chemokines, cytokines, and adhesion 

molecules of T CD4+ cells infiltrating the 

central nervous system [12]. Another isoform 

of RAGE called soluble RAGE (sRAGE) acts 

as a decoy and prevents the noxious effects of 

RAGE [13]. Studies have demonstrated lower 

levels of sRAGE in MS patients as compared 

to healthy controls along with an inverse 

relationship between the severity of MS 

disease and serum level of sRAGE [14, 15]. 

In 1998, a single nucleotide polymorphism 

(SNP) was identified within the ligand-

binding domain of RAGE, where at codon 

82, serine replaces glycine (p.82G>S; 

rs2070600) [16]. In the cells expressing the 

RAGE82S allele compared with the RAGE 
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82G expressed cells, enhanced binding of 

RAGE with S100/calgranulin and in turn 

increased cytokine/MMP generation were 

displayed [17]. 

As RAGE 82S allele has the potential to be a 

highly conceivable genetic risk factor for MS, 

the aim of this study was to evaluate the 

association between susceptibility to MS and 

RAGE p.82G>S polymorphism compared with 

healthy controls in Yazd, Iran. 

Materials and Methods 

A total of 158 patients with clinically definite 

MS disorder, referring to the Neurology 

departments at Shahid Sadoghi hospital of 

Yazd, participated in this research. The 

diagnosis was made based on the criteria of 

McDonald and colleagues [18]. In our study, 

all the enrolled patients had the relapsing-

remitting clinical type (RR-MS). The RR-MS 

form was defined as the occurrence of 

exacerbations followed by complete or partial 

remissions [1]. The control group consisted of 

156 healthy blood donors, who were matched 

for age, gender, and ethnicity. Moreover, their 

first-degree relatives had no history of MS or 

any autoimmune disease. All participants 

signed the informed consent for this research. 

This study was approved by the Ethical 

Committee of Shahid Sadoughi university of 

medical sciences, Yazd, Iran. Both groups 

were also categorized based on individual 

genders to compare the distribution of the 

genotypes among men and women. 

Genomic DNA was extracted from 

ethylenediaminetetraacetate-treated peripheral 

blood using AccuPrep  Genomic DNA 

Extraction (Bioneer, Korea) according to  

the manufacturer’s instructions. Each DNA 

sample was quantitatively and qualitatively 

analyzed by a spectrophotometer and 

electrophoresis on an agarose gel, respectively. 

All DNA samples were stored at -20°C for 

further use. 

The RAGE p.82G>S polymorphism was 

genotyped by polymerase chain reaction-

restriction fragment length polymorphism 

(PCR-RFLP). The oligonucleotide primer 

sequences for the target gene (RAGE) were  

F: 5'-ACTGGTGCTGAAGTGTAAGG-3' and 

R: 5'-AGAGGCTGTAATTGTGAAGGTT-3'. 

PCR was carried out in a final volume of 25 µl 

containing 25 pmol of forward and reverse 

primers,100 ng of template DNA, 100 μmol/l of 

each deoxynucleotide phosphate, 1.125 mmol/l 

MgCl2, 1 U Taq polymerase (Fermentas, 

Vilnius, Lithuania), and 2.5 µl of reaction 

buffer. Further, 10 µl of the PCR product was 

digested with 0.25 µl AluI (Fermentas), for 16 h 

at 37°C, followed by electrophoresis on 2% 

agarose gels. It was finally visualized in UV 

light after gel red staining.  

Statistical analysis 

The genotype frequencies for this 

polymorphism were tested for deviation from 

the Hardy–Weinberg equilibrium by the χ2 test, 

with 1 degree of freedom. The significance 

levels of the genotype frequencies were 

analyzed by χ2 test or the Fisher exact  

test as required. The probability levels of 

p<0.05 indicated statistical significance. The 

relationship between the genotypes and the 

disease was presented as the odds ratio (OR), 

with a 95% confidence interval (CI) (95% CI). 
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All statistical calculations were performed by 

the statistical package for social sciences 

(SPSS) software (version 17, SPSS Inc, 

Chicago, IL, USA). 

Results 

A total of 156 DNA samples from the control 

group (112 females, 44 males; mean age 

32/76±9/95 years) and 158 samples from the 

MS patients (115 females, 43 males; mean age 

34/48±9/93) were investigated for G82S SNP. 

The distribution of the genotypes was  

in accordance with the Hardy-Weinberg 

equilibrium in both the case (p=0.95) and the 

control groups (p=0.93). After electrophoresis 

of the digested PCR product, genotypes were 

scored according to the patterns of DNA bands 

on agarose gel (Fig. 1). The digestion provided 

fragments of 209 and 322 bp lengths for GG 

homozygotes as well as 255, 209, and 67 bp 

lengths for AA homozygotes. For AG 

heterozygote, four bands reflecting fragment 

lengths of 209, 255, 322, and 67 were detected. 

The allele frequencies and genotype distribution 

of the RAGE p.82G>S SNP for two groups are 

presented in Table 1. The frequencies of the 

GG and GS genotypes were similar in the  

two groups. On the other hand, the SS 

homozygote genotype was not detected in 

either the case or the control group. This 

polymorphism demonstrated no significant 

difference between women and men. The data 

are reported in table 2. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. RFLP genotyping of rs2070600 G>A polymorphism 

1: GG homozygotes, 11: AG heterozygote 
 

Table 1. Genotype and allele frequencies of the RAGE p.82G>S gene polymorphism in MS patients and controls 

P-value 
OR 

(95% CI) 

Controls 

(N= 156) 

Patients 

(N=158) 
 

    Alleles 

0.319 0.492 306 (98.1) 312 (98.7) G 

 (0.122-1.98) 6 (1.9) 4 (1.3) A 

    Genotypes 

0.315 0.487 150 (96.2) 154 (97.5) GG (82G/82G) 

 (0.120-1.983) 6 (3.8) 4 (2.5) AG (82S/82G) 

  0.0 0.0 AA (82S/82S) 

CI= Confidence interval; OR= Odds ratio 
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Table 2. Distribution of rs2070600; AG genotype based on the study population gender 

P-value OR (95% CI) Controls (N) Patients (N) Gender 

0.68 0.72 (0.16-3.3) 4 3 Female 

0.57 0.5 (0.04-5.72) 2 1 Male 

CI= Confidence interval; OR= Odds ratio,  

Discussion 

MS is an inflammatory disease of the central 

nervous system, characterized by myelin 

degradation, immune cell infiltration, loss of 

oligodendrocytes, and axonal damage. It is 

thought that both genetic and environmental 

factors contribute to MS disease [19]. 

In recent years, genome-wide association 

studies (GWAS) have revolutionized the 

genetics of MS. To date, after a number of 

GWAS screenings, 110 MS risk variants have 

been discovered outside the MHC locus in 

European populations [20]. 

As a member of the immunoglobulin 

superfamily of cell surface molecules, RAGE 

comprises one V-type domain, which binds 

diverse ligands, followed by two C-type 

immunoglobulin-like domains [21]. It has  

been shown that when ligands, such as 

S100/calgranulins, engage the V-domain of 

RAGE, they modulate gene expression by 

activating signal transduction. In that context, a 

study in 2002 suggested that a Gly-Ser 

substitution in the V-type Ig domain because of 

p.82G>S polymorphism could have noticeable 

effects on the role of RAGE molecules in 

inflammatory adjustment. Serine is more 

hydrophilic and reactive than glycine; therefore, 

Gly-Ser replacement may induce increased 

ligand-binding affinity and improved 

production of inflammatory intermediaries [17]. 

Infiltration of T lymphocytes into the central 

nervous system plays a crucial role in the 

progression and relapse of MS. Further, 

migration of T lymphocytes to the central 

nervous system of MS patients is facilitated by 

RAGE as a receptor of leukocyte integrins such 

as Mac-1 [22]. Regarding the role of RAGE in 

MS, Yan et al. found that in the spinal cord 

tissue of MS patients, the expression of RAGE 

and its inflammatory ligands, including 

S100-calgranulins, were increased [12]. The 

receptor-ligand interactions can modify the 

properties of infiltrated TCD4+ cells to  

the central nervous system due to increased 

cytokine, chemokine production, and expression 

of adhesion molecules. This belief was later 

confirmed by other studies. According to these 

studies on a rodent model for MS, blockage of 

the RAGE on the cell surface by sRAGE 

interrupts the entrance of encephalitogenic T-cell 

into the central nervous system [23]. 

In 2019, Safari et al. identified that rs184003 

and rs1800625 polymorphism of RAGE fail to 

be associated with the risk of MS in Iranian 

populations [24]. In this study, for the first time, 

rs2070600 G> A polymorphism of the RAGE 

gene was evaluated in Iranian MS patients. This 

polymorphism was located in exon 3 of  

the RAGE gene at position 32259421 of 

chromosome 6. The main and mutated alleles 

were G and A respectively, and the allele with 

less frequency, in our results, belonged to the 
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mutant A allele. We also found no relationship 

between this polymorphism and the risk of MS. 

Our study was consistent with that of Tiszlavicz 

et al. where there was no significant association 

between rs2070600 and MS patients in a 

Hungarian population [14]. However, Li et al. 

detected an elevated MS risk in RAGE 

p.82G>S in a Chinese population. Their study 

suggested the serum level of sRAGE in this 

group of patients being significantly lower than 

that of the healthy subjects, which was obvious 

in individuals with genotype 82 (GS-SS). 

Regarding the role of sRAGE in neutralizing 

RAGE ligands, it seems that genotype-

associated reduction of serum sRAGE levels 

could trigger an increase in the amount of 

ligand which encounters RAGE receptors on 

the cell surface, thereby potentially causing 

intensified post-receptor signaling and 

consequent cellular responses. From this 

perspective, in MS patients, RAGE 82GS or 

82SS genotype, in comparison with the wild 

type will make them more susceptible to  

the RAGE-S100-calgranulins-induced cellular 

disturbance. This can then determine a peculiar 

mechanistic definition for the dissimilarity in 

the course and intensity of MS [25]. 

Overall, there is rarity of information on the 

association between MS and RAGE gene 

polymorphism except two studies conducted 

in 2009 [14] and 2011 [25] respectively in 

Hungry and China and a recent study which 

has been performed in an Iranian population 

[24]. Nevertheless, due to the effect of this 

gene on inflammatory responses and the 

properties of infiltrating immune cells to the 

central nervous system, we investigated the 

relationship between RAGE polymorphism 

and MS incidence. Based on the results, it can 

be concluded that rs2070600 polymorphism 

of the RAGE gene has no significant 

relationship with the risk of MS in the Iranian 

population. The probable weakness of this 

research can be the low sample size and the 

inability to examine the rarer subtypes of MS 

due to the low number of patients. It is 

important to note that MS is a multifactorial 

illness and many factors, such as genetics, 

environment and the interactions between 

them are involved in the development of the 

disease. Various genes may play a role in the 

development of MS, and yet not all genetic 

risk factors and interactions between genes or 

the environment along with the genes 

involved in the incidence of multiple sclerosis 

have been identified. Although our study did not 

specify the role of rs2070600 single-nucleotide 

polymorphism of the RAGE gene as a risk factor, 

for more accurate results, an increase in sample 

size, study of MS subgroups, and analysis of 

haplotypes are suggested. 

Conclusions 

Our finding showed that there was no relationship 

between RAGE p.82G>S polymorphism and the 

risk of MS in Iranian population. 
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