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Introduction: 

This SNP (single-nucleotide polymorphism), often 

referred to as Gly82Ser or G82S, is the most described 

SNP within the AGER gene. It is reported in the Human 

Gene Mutation Database (HGMD) as being associated 

with microangiopathy in type 2 diabetes (1). 

In the general population, the G allele frequency is 

92.8% and the A allele frequency is 7.2%. In the CEU 

population, the G and A allele frequencies are 92.4% 

and 7.6%, respectively; in the EAS population, they are 

78.1% and 21.9%, respectively (1000 Genome data). 

The rs2070600 SNP or Gly82Ser polymorphism is 

located in exon 3 of the AGER gene. The rs2070600 SNP 

probably emerged after migrations from Africa, 

reaching the highest frequencies in Asia (2). 

It is a missense variation inducing the substitution 

of glycine by serine at codon 82 within the RAGE 

protein. It involves the formation of an AluI restriction 

site that has facilitated its exploration. Exon 3 is a 

putative site of ligand binding. The rs2070600 SNP is 

located in the ligand-binding V domain of AGER, 

The receptor for advanced glycation end-products (RAGE) is a cell surface transmembrane multiligand receptor, encoded by 
the AGER gene. RAGE presents many transcripts, is expressed mainly in the lung, and involves multiple pathways (such as 
NFκB, Akt, p38, and MAP kinases) that initiate and perpetuate an unfavorable proinflammatory state. Due to these numerous 
functional activities, RAGE is implicated in multiple diseases. AGER is a highly polymorphic gene, with polymorphisms or SNP 
(single-nucleotide polymorphism) that could be responsible or co-responsible for disease development. This review was 
designed to shed light on the pathological implications of AGER polymorphisms. Five polymorphisms are described: 
rs2070600, rs1800624, rs1800625, rs184003, and a 63 bp deletion. The rs2070600 SNP may be associated with the 
development of human autoimmune disease, diabetes complications, cancer, and lung diseases such as chronic obstructive 
pulmonary disease and acute respiratory distress syndrome. The rs1800624 SNP involves AGER gene regulation and may be 

related to reduced risk of heart disease, cancer, Crohn’s disease, and type 1 diabetes complications. The rs1800625 SNP may be 

associated with the development of diabetic retinopathy, cancer, and lupus but may be protective against cardiovascular risk. 

The rs184003 SNP seems related to coronary artery disease, breast cancer, and diabetes. The 63 bp deletion may be associated 

with reduced survival from heart diseases during diabetic nephropathy. Here, these potential associations between AGER 

polymorphisms and the development of diseases are discussed, as there have been conflicting findings on the pathological 

impact of AGER SNPs in the rheumatoid arthritis. 
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suggesting a possible influence of this variant on AGER 

function (3). 

To be more specific, rs2070600 is located in the 

second N-glycosylation motif and promotes 

glycosylation of RAGE, which modifies the RAGE ligand-

binding structure and induces an increase in RAGE 

affinity for ligand AGEs (4). 

Functional studies of rs2070600 have found that it 

affects the structure of the receptor protein, 

influencing its cleavage by some proteases. The 

rs2070600 SNP has been reported to decrease 

proteolysis of RAGE (5).  

The rs2070600 SNP is associated with changes in 

blood AGEs and sRAGE levels. The 82Gly/Gly genotype 

was reported as strongly associated with higher plasma 

levels of sRAGE than 82Gly/Ser or 82Ser/Ser genotypes. 

Heterozygote carriers of rs2070600 had lower sRAGE 

levels than wild-type carriers. The homozygote carriers 

of rs2070600 are rare and exhibit lower sRAGE levels as 

well. These results were observed in different studies, 

in particular in those of German and Korean cohorts. 

This association may be explained by a decrease in 

RAGE proteolysis (6). 

In addition, healthy homozygote carriers of 

rs2070600 showed higher AGE serum levels, insulin 

resistance, plasma TNF-alpha, serum CRP, and 8-epi-

prostaglandin F (2alpha) blood concentrations than did 

heterozygote carriers or wild-type carriers (7). 

Homozygotes for the minor allele had higher risk 

factors for cardiovascular disease, such as low sRAGE 

levels, inflammation, oxidative stress, and insulin 

resistance, compared with those bearing at least one G 

allele. The rs2070600 SNP enhances the stimulation of 

RAGE by its ligands and induces a proinflammatory 

signal that stimulates mechanisms underlying 

inflammatory diseases (8). 

Many studies have focused on the implications of 

rs2070600 in different diseases such as inflammatory 

diseases, cancer, coronary artery disease, lung diseases, 

or myocardial infarction, with some conflicting results. 

The rs2070600 SNP could be relevant in human 

autoimmune diseases. rs2070600 has been shown to be 

more frequent in rheumatoid arthritis patients (9). 

In autoimmune diseases: 

A decrease in circulating sRAGE has also been 

shown in children during active autoimmune diseases, 

such as Kawasaki disease or systemic onset juvenile 

idiopathic arthritis (10). 

A) In diabetes:  

The rs2070600 SNP was assessed in diabetic 

patients with controversial results. An Indian study on 

type 2 diabetes has shown significant associations 

between rs2070600 and diabetic retinopathy (11). 

Significant associations between rs2070600 with 

diabetic retinopathy were also reported in Asian Indians 

and Asian Chinese with type 2 diabetes (12). A study in 

Ashkenazi or Sephardic Jewish patients with type 1 or 

type 2 diabetes established that rs2070600 was 

associated with the risk of developing diabetic 

nephropathy (13). However, this association also seems 

true in an Asian population (14).  

Another meta-analysis has highlighted a significant 

association of rs2070600 with the risk of diabetic 

nephropathy development. The rs2070600 SNP was 

associated with skin manifestations of microangiopathy 

and with psoriasis vulgaris in Czech type 2 diabetic 

patients, compared to the control. The development of 

dermatoses in subjects with a predisposition to glucose 

intolerance could be influenced by rs2070600 (15). 

An analysis of patients with type 1 diabetes from 

the Finn Diane cohort has found that rs2070600 could 

predict an increased risk of type 1 diabetes, with an 

association with decreased circulating sRAGElevels(10). 
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Another study showed the same result, although 

carriers with type 1 diabetes were younger at the time 

they were diagnosed. These studies have reported that 

AGER polymorphisms were associated with diabetes 

complications. However, other studies did not find any 

association with diabetes (16). A study in a Boston 

cohort did not find any association between type 2 

diabetes, insulin resistance, and AGER polymorphisms 

including rs2070600, even with haplotype analysis (17). 

B) In cancer:  

The association of SNP rs2070600 with an 

increased risk of cancer development has been 

evaluated. Some studies have confirmed such an 

association, such as a study on gastric cancer in a 

Chinese population, another on epithelial ovarian 

cancer also in a Chinese population, and another on 

nonsmall cell lung cancer in which rs2070600 was 

associated with a decreased response to chemotherapy 

and worse prognosis in non-small cell lung cancer (4). 

A meta-analysis has shown that rs2070600 

frequency was positively related with risk of lung cancer 

but not with breast cancer (18). Two meta-analyses 

confirmed that rs2070600 was significantly associated 

with cancer risk, especially lung cancer, and with 

variations of sRAGE levels (19). 

Another meta-analysis has revealed that 

rs2070600 was significantly associated with increased 

risk of cancer (20), albeit a Czech study established that 

rs2070600 was associated with lower sRAGE levels. 

RAGE was implicated in the pathogenesis of pancreatic 

cancer and its metastatic process, revealed by an in 

vitro experiment. In addition, sRAGE was associated 

with autoimmune pancreatitis, chronic pancreatitis, 

pancreatic cancer, and intraductal papillary mucinous 

cancer of the pancreas. But they did not find any 

significant differences in allelic and genotype rs2070600 

frequencies among patients with pancreatic cancer, 

diabetes mellitus, and healthy controls, even if 

rs2070600 was associated with sRAGE levels (21). 

Furthermore, a Czech study did not find any 

association between the presence of rs2070600 and 

clear cell renal cancer. But RAGE is one of the key 

factors accelerating tumor progression and metastasis 

in various types of cancers, including clear cell renal 

cancer (4). 

C) In lung diseases: 

RAGE is abundantly expressed in the lung. To 

characterize RAGE expression in the lung, some authors 

assessed fetal lung samples and found that the mRNA 

of AGER increased with increasing gestational age 

during human lung development (22). 

RAGE expression is most abundant in the lung, 

and its expression in respiratory epithelial cells varies 

during lung morphogenesis. RAGE has been shown to 

play a critical role in this process to obtain a mature, 

functional lung (23). 

RAGE might have physiological roles in the lung, 

and polymorphisms in AGER can be associated with 

lung diseases (24). A study reported that SNP in AGER 

was associated with pulmonary function in a Chinese 

Han population (25). Many GWA studies had associated 

this locus with lung function and with COPD 

susceptibility (26). 

rs2070600 was found more frequently in COPD 

patients than in healthy controls and homozygous 

carriers developed COPD more frequently. rs2070600 

was associated with severe COPD in a study of 

Caucasian smokers from Poland (27). 

Moreover, rs2070600 was also associated with 

COPD in a Chinese population. The rs2070600 SNP 

associated with COPD-related pulmonary function 

might involve an exacerbated inflammatory response in 

the lung (25). 

4342

http://www.neuroquantology.com/


eISSN1303-5150 www.neuroquantology.com 

 
Lamiaa Abdel Wahaab Mohammad et al / Soluble RECEPTORS of advanced Glycated End Products (sRAGE) and Glycine 82 Serine (G82S) Polymorphism in Rheumatoid 
Arthritis 
 

Neuroquantology| November 2022 | Volume 20 | Issue 19 |PAGE 4340-4348|DOI: 10.48047/NQ.2022.20.19.NQ99399  
 

 
 
 
 

 
 

The rs2070600 SNP was also associated with 

circulating sRAGE levels. Lower circulating sRAGE levels 

were associated with emphysema and COPD severity. In 

a study, rs2070600 was also significantly associated 

with the amount of emphysema among European 

Americans and African Americans (28). 

D) In cardiovascular diseases. 

Only a few studies have explored the links 

between rs2070600 and cardiovascular diseases. A 

meta-analysis reported that rs2070600 was not 

associated with cardiovascular diseases (29). Two other 

meta-analyses did not highlight any association 

between rs2070600 and coronary heart diseases (30). 

In the Atherosclerosis Risk in Communities study, 

rs2070600 was not significantly associated with death, 

coronary heart disease, diabetes, heart failure, or 

chronic kidney disease even if rs2070600 was 

associated with an approximate 50% reduction in 

sRAGE levels (31). 

Moreover, a meta-analysis assessed the 

relationship between the risk of cardiovascular disease, 

various RAGE isoforms, and rs2070600; sRAGE levels 

were non significantly lower in patients with coronary 

artery disease than in controls but were lower in 

patients with coronary artery disease who had 

Caucasian ancestry. Circulating esRAGE levels were 

remarkably lower in coronary artery disease patients, 

as well as in subgroups with or without diabetes 

mellitus and without renal disease. Circulating esRAGE 

might therefore be considered as a powerful negative 

predictor for the development of coronary artery 

disease. The rs2070600 SNP may contribute to coronary 

artery disease development in patients with diabetes 

mellitus or renal disease, but this contribution is 

probably dependent on the ethnicity. The risk of 

cardiovascular disease was associated with rs2070600 

in Eastern Asians but not in Caucasians. It has therefore 

been hypothesized that diabetes mellitus and/or renal 

disease might favor the occurrence of coronary artery 

disease through the inheritance of genetic defects 

leading to the transcriptional activation of AGER (32). 

For example, a meta-analysis has suggested an 

association between rs2070600 and the risk of coronary 

artery disease and ischemic stroke only in the Chinese 

population (33). 

E) In CNS diseases:  

In a Chinese cohort, rs2070600 was associated 

with Alzheimer’s disease and with its early onset. 

Moreover, plasma sRAGE levels were lower in 

Alzheimer’s disease patients than in controls. The 

rs2070600 SNP was associated with lower sRAGE levels 

and with faster cognitive deterioration. These findings 

suggest that rs2070600 is probably a risk factor for the 

early onset of Alzheimer’s disease (34). 

Another analysis from a Chinese cohort showed a 

higher prevalence of rs2070600 in early-onset 

Alzheimer’s disease patients (35). Moreover, this result 

was also found in another study in which rs2070600 

was associated with increased risk of Alzheimer’s 

disease (36). Finally, in a cohort of schizophrenic 

patients, rs2070600 was associated with decreased 

esRAGE levels. Patients with schizophrenia have lower 

esRAGE and sRAGE levels than those without 

schizophrenia, but no association was found between 

rs2070600 and schizophrenia itself (37). 

However, in another study, the presence of 

rs2070600 was associated with higher psychoticism 

factors. In addition, rs2070600 was associated with an 

increased risk of schizophrenia and was possibly 

associated with earlier onset. It has therefore been 

hypothesized that rs2070600 increased RAGE signaling, 

leading to increased secretion of inflammatory 

mediators, which in turn might influence mental brain 
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functions through developmental processes and/or 

neurotoxicity (5). 

Soluble RECEPTORS of advanced Glycated End 
Products (sRAGE) and Glycine 82 Serine (G82S) 
Polymorphism in Rheumatoid Arthritis 

Rheumatoid arthritis (RA) is a chronic 

inflammatory disease that leads to bone and cartilage 

destruction and extra-articular complications, including 

atherosclerotic vascular disease and premature 

mortality (38). 

The receptor for advanced glycation end products 

(RAGE) has been implicated in the pathogenesis of RA 

through its ability to amplify inflammatory 

pathways(39). 

RAGE, is a member of the immunoglobulin super 

family, encoded in the Class III region of the major 

histocompatibility complex. This multiligand receptor 

has one V type domain, two C type domains, a 

transmembrane domain, and a cytoplasmic tail. The V 

domain has two N-glycosylation sites and is responsible 

for most (but not all) extracellular ligand binding. The 

cytoplasmic tails are believed to be essential for 

intracellular signaling (7). 

Although first described as a receptor for AGEs, the 

products of non-enzymatic glycation and oxidation of 

proteins/lipids, later studies indicated that RAGE was 

also a signal transduction receptor for pro-

inflammatory S100/ calgranulins , amphoterin [or high 

mobility group box 1 (HMGB1)], amyloid peptide and 

sheet fibrils. Additionally, RAGE is a counter-receptor 

for Mac-1. These ligands may be generated and 

accumulate in diverse settings such as diabetes, renal 

failure, neurodegeneration, 

autoimmunity/inflammatory milieu, and aging (40) 

RAGE, functions as a master switch that induces 

sustained activation of nuclear factor-kappaB (NF-κB), 

suppresses a series of endogenous auto regulatory 

functions and converts long-lasting pro-inflammatory 

signals into sustained cellular dysfunction and disease. 

Its activation is associated with high levels of 

dysfunctioning proteins in body fluids and tissues, and 

strongly associated with a series of diseases from 

allergy and Alzheimer to rheumatoid arthritis and 

urogenital disorders (41). 

As regards RA, RAGE is expressed by many of the 

cells that participate in the development of RA, 

including macrophages, neutrophils and T cells. RAGE is 

expressed on macrophages and T cells within synovial 

tissues of RA patients as well as on synovial fluid 

macrophages (42). 

Synovial fibroblasts that account for about 50% of 

the cellular constituents of the synovial lining layer 

constitutively also express RAGE (43). 

Not only the RAGE but also its ligands have been 

investigated in arthritis. One of the RAGE ligand HMGB1 

is over expressed in inflammatory arthritis with a 

consequence of RAGE binding resulting in macrophage 

stimulation, induction of TNF-α and IL-6, maturation of 

DCs, Th1 cell responses, stimulation of CD4+ and CD8+ 

cells, and amplification of response to local cytokines 

occurs (44). 

Several RAGE ligands are characteristically 

overexpressed in RA. High concentrations of three of its 

putative pro-inflammatory ligands, S100A8/A9 complex 

(calprotectin), S100A8, and S100A12, are found in 

rheumatoid arthritis (RA) serum and synovial fluid (45). 

RAGE binding to pro-inflammatory ligands, 

including members of the S100/calgranulin family, and 

high mobility group box chromosomal protein 1 

(HMGB1), is implicated in cell signaling by synergizing 

with DNA CpG motifs (46). 

Soluble C-truncated RAGE (sRAGE) lacks the 

transmembrane and cytosolic domains of the full-

length receptor, is a secretory splice isoform which can 

prevent pro-inflammatory effects of RAGE signaling by 
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acting as a decoy by removal/neutralization of 

circulating ligands (47). 

Increasing the production of plasma sRAGE is 

therefore considered to be a promising therapeutic 

target that has the potential to prevent multiple 

diseases (48). 

Clinical studies have shown that higher plasma 

levels of sRAGE are associated with a reduced risk 

of coronary artery disease, hypertension, arthritis and 

Alzheimer's disease (49). 

In a collagen-induced arthritis (CIA) murine model, 

treatment with murine sRAGE significantly reduced 

joint inflammation and destruction. It has previously 

been shown that a polymorphism of the gene encoding 

RAGE located within the V-type immunoglobulin 

domain ofRAGE,whichresultsin 

a glycine to serinesubstitution at amino acid position 

82, is in linkage disequilibrium with HLA-DR4, it was 

therefore not surprising that the Ser82 allele was 

increased in RA subjects (47). 

It is conceivable that this, or other linked 

polymorphisms in the RAGE gene affect splicing of the 

C-truncated, endogenously secreted form of the 

receptor, or susceptibility to cell surface RAGE cleavage 

by matrix metalloproteinasethus altering the ratio of 

soluble to membrane RAGE(45). 
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