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Abstract 
RAGE has historically been studied in periodontitis associated with diabetes. Activation of RAGE 

generates pro-inflammatory signals through its interaction with glycated molecules present in the serum and 

tissues of diabetic patients. This process is described as the AGE / RAGE axis. A body of evidence tends to 

show the involvement of this same receptor in the pathophysiology of periodontitis alone (not associated with 

diabetes). At the tissue level, RAGE is overexpressed in sites affected by periodontitis concomitantly with its 

AGER1 antagonist, limiting its inflammatory action. Finally, the serum concentration of the cleaved soluble 

forms of RAGE is reduced in periodontal patients and is negatively correlated with the clinical parameters of 

periodontitis. The pathophysiology of periodontitis seems to have an impact on the concentration of this 

antioxidant biomarker. The variation in the serum concentration of RAGE is associated with many systemic 

pathologies. 
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Introduction 

Systemic inflammation of 

periodontal origin is involved in many 

pathologies. Diabetes is a metabolic 

disease characterized by loss of control of 

blood sugar homeostasis. The resulting 

hyperglycaemia leads to short and long 

term complications (blindness, kidney 

disease, cardiovascular accidents, 

periodontal disease, etc.); early diagnosis 

is therefore essential. Diabetes is linked 

either to an abnormal synthesis, an 

abnormality in the way insulin works, or 

both. To this are added genetic and 

environmental factors.  

Two main types of diabetes exist: 

type I diabetes (5 to 10% of patients) and 

type II diabetes (85 to 90% of patients). In 

2010, 8.3% of the population of the United 

States had diabetes. The prevalence 

increases with age, in fact 27% of 

diabetics are 65 years of age or over. It 

was the 7th leading cause of death in the 

United States in 2011 [1]. 

Research has shown two-way 

relationships between periodontitis and 

diabetes. On the one hand, periodontal 

disease is considered the 6th complication 

of diabetes [2]. The severity of 

periodontitis appears to influence blood 

sugar control and the development of 

diabetes complications.  

However, periodontitis treatments 

have a favourable but moderate effect on 

blood sugar control. On the other hand, 

unbalanced diabetes is a recognized risk 

factor for periodontitis. In fact, diabetic 

patients present an exaggerated 

inflammatory response to the bacterial 

load and impaired healing. However, these 
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two phenomena are mediated, in part, by 

the RAGE-ligands interaction, exacerbated 

in diabetes [3]. 

 

Effects of hyperglycaemia on 

periodontitis 

Diabetic patients exhibit an 

exaggerated inflammatory response to 

bacterial load and repair disorder [4]. 

These two phenomena are mediated by the 

RAGE-ligand interaction exacerbated in 

diabetes [5]. Decreased collagen 

production and increased activity of 

collagenases produced by gingival and 

ligament fibroblasts have been observed. 

[6]. Hyperglycemia in diabetes modulates 

the RANK-L / osteoprotegerin (OPG) ratio 

in periodontal tissues thus contributing to 

bone destruction [7, 8]. 

Most cohort studies conclude that 

the prevalence, extent and severity of 

periodontal disease is higher in diabetic 

patients with hyperglycaemia compared to 

those with balanced blood sugar [9]. 

35,247 patients participating in the "Health 

professionals Follow up Study" (HPFUS), 

with an average age of 54 years, without 

periodontitis, were followed for 20 years. 

2,285 men with type 2 diabetes had an 

adjusted risk of developing periodontitis of 

29% [10]. 

Severe hyperglycaemia due to 

unbalanced diabetes is an important risk 

factor compared to the simple diagnostic 

factor of diabetes [11]. A dose effect 

exists: the higher the hyperglycaemia, the 

more negatively affected periodontal 

health.  

Patients with unbalanced diabetes 

are prone to greater pocket depths, loss of 

attachments, and radiographic bone loss. 

Patients with balanced diabetes exhibit 

similar periodontal health to non-diabetic 

patients [12]. 

 

Effects of periodontitis on blood 

sugar, diabetes and its complications 

Periodontal disease also has an 

impact on diabetes and in particular on 

blood sugar control and the development 

of type 2 diabetes [13]. The increase in 

pro-inflammatory cytokines and serum 

prothrombotic mediators generated by 

periodontitis promotes insulin resistance 

[14, 15], influences metabolic control and, 

in the long term, contributes to 

complications from diabetes. In 

experimental studies in obese rats, the 

induction of periodontitis is associated 

with a deterioration in blood glucose 

metabolism [16].  

In adults with type 2 diabetes, a 

dose effect has been evaluated between the 

severity of the serum TNFα level and the 

severity of periodontitis [17]. This 

cytokine worsens insulin resistance [18]. 

Periodontal therapy reduces the serum 

level of TNFα [19] and other circulating 

mediators of inflammation such as CRP, 

IL-6, and fibrinogen [20]. Its effects may 

improve insulin sensitivity and possibly 

improve blood sugar control. 

Periodontal disease also has an 

impact on diabetes and in particular on 

blood sugar control and the development 

of type 2 diabetes [13]. The first 

longitudinal study was conducted by the 

“National Institute of Diabetes and 

Digestive and Kidney Diseases” among 

PIMA Indians in Arizona with a high 

prevalence of diabetes. Patients with well-

controlled type 2 diabetes associated with 

severe periodontitis lose 6 times more 

glycaemic control than those without 

severe periodontitis at baseline [21].  

In a longitudinal study of diabetic 

patients (N = 2793) carried out over a 

period of 5 years, those with periodontitis 

had a 5 times greater incidence of seeing 

an increase in their glycated haemoglobin 

than periodontally healthy ones. Each 

additional millimetre of mean PP 

corresponded to a 0.13 percentage point 

increase in HbA1c at 10 years [22]. The 

treatment of periodontal disease therefore 

has a beneficial effect on blood sugar 

control and reduces the level of HbA1c 

[23]. Numerous meta-analyses have been 
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performed: a 0.41% decrease in Hb1ac 

was evaluated after treatment [24]. 

 

The specific receptor for 

advanced glycosylation end products 

and its ligands (RAGE and AGE) 

The specific receptor for Advanced 

Glycation Endproducts (RAGE) belongs to 

the immunoglobulin superfamily. RAGE 

has been identified for its ability to bind to 

advanced glycosylation end products 

(AGEs) [25]. RAGE recognizes three-

dimensional structures and not specific 

amino acid sequences (primary 

sequences). Thanks to this characteristic, 

this multi-ligand receptor can be 

considered as a pattern-recognition 

receptor. 

In humans and mice, the gene 

encoding RAGE is located on 

chromosome 6 (approximately 1.4 kb), 

close to the major histocompatibility 

complex III (MHC class III), in the 

vicinity of the genes for lymphotoxin, the 

tumour necrosis factor (TNF) and the 

HOX12 homeobox gene [26]. Translation 

of the mRNA encoding RAGE produces a 

protein of 404 amino acids with a 

molecular weight of approximately 55 

kDa. 

RAGE is composed of a unique 

hydrophobic transmembrane domain, a 

highly charged cytosolic domain and an 

extracellular region. This extracellular 

region is composed of one N-terminal type 

– V domain of immunoglobulin and two C 

types (C1 and C2) [27]. The type-V 

domain is believed to be the first site of 

interaction with an extracellular ligand. 

The short cytosolic domain is the critical 

area of intracellular transduction of the 

RAGE signal [28]. 

Five main forms of RAGE are 

distinguished: 

- the total “full-length RAGE” 

form; 

- the two soluble forms, 

esRAGE (endogenous secretory RAGE) 

cRAGE (cleaved form of fl-RAGE); 

- N-truncated forms; 

- the dominant negatives not 

signalling. 

There are a total of 19 isoforms of 

flRAGE classified from RAGE-v1 to 

RAGE-v19 by "the human gene 

nomenclature committee" [29]. The 

existence of truncated isoforms from the 

same gene implies that RAGE pre-mRNAs 

are subject to alternative splicing [30]. 

a) The total form of RAGE or 

“full-length” RAGE (fl-RAGE) described 

above, is linked to the cell membrane and 

consists of three domains: an extracellular, 

a transmembrane and a cytosolic. 

b) The two soluble forms 

esRAGE and cRAGE have the V regions 

and the extracellular domain (type C) 

identical to fl-RAGE. However, they do 

not have a transmembrane or cytoplasmic 

domain. Alternative mRNA splicing and 

proteolytic cleavage of fl-RAGE are the 

main mechanisms giving rise to these 

soluble forms. 

- esRAGE comes from an 

alternative splicing of exon 9: a C-

truncated form of RAGE results. 

Alternative splicing in humans depends on 

the cell type. 

In human lung and aortic 

smooth muscle cells, fl-RAGE mRNA is 

the most prevalent form, while in 

endothelial cells esRAGE mRNA is 

expressed more frequently. 

- cRAGE comes from the 

proteolytic cleavage of fl-RAGE. MMPs, 

including ADAM10, cleave on the surface 

of the cell, the protein releasing its 

extracellular domain. cRAGE is the 

predominant variant in serum. The serum 

concentration of sRAGE is described as 

being 4 to 5 times higher than that of 

esRAGE. 

The measurement of sRAGE 

includes that of esRAGE and cRAGE. 

esRAGE constitutes 20% of sRAGE [31]. 

SRAGEs are present in the extracellular 

space and act as decoy receptors. The 
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balance between the level of sRAGE and 

RAGE is a dynamic system. 

c) The N-truncated form shows 

an absence of the V domain and cannot 

interact with the ligands. 

d) The dominant negative form 

conversely shows an absence of the 

cytosolic domain preventing signal 

transduction. 

sRAGE, RAGE and its ligands 

are three elements in balance with the 

presence of positive and negative controls 

which can be modified by 

physiopathological situations [29]. 

AGEs are pro-oxidant metabolic 

derivatives (internal origin) resulting from 

non-enzymatic reactions (Maillard 

reaction) between reducing sugars, free 

protein amines, aminolipids and nucleic 

acids. AGEs are overexpressed in diabetes 

due to high blood sugar levels. However, 

they are found in normal glycaemic 

conditions. Oxidative stress, inflammation 

and age, for example, cause their 

formation [32]. The other origin is 

external, especially in industrialized 

countries: they are found in food 

preservation processes via high 

temperature treatments. In these countries, 

a significant increase in the rate of AGE 

has been observed in men [33]. 

AGEs are known to modulate a 

multitude of intracellular and extracellular 

structures and have pro-oxidant effects in 

inflammation, cell proliferation or 

apoptosis. They form glycosylated 

molecules. These oxidation processes 

permanently alter tissue proteins, plasma 

lipoproteins, cell membrane phospholipids 

and even DNA. AGEs can promote the 

generation of new AGEs and reactive 

oxygen species (ROS), deplete antioxidant 

systems and promote the perpetuation of 

inflammation. The interaction of AGEs-

RAGE activates a transduction signal and 

overexpresses the transcription of certain 

genes, such as "Vascular Cell Adhesion 

molecule 1" (VCAM-1), which generates 

cellular stress and leads to complications 

of various pathologies. Some AGEs, such 

as pentosidine, are able to bind to proteins 

that tighten previously soft and elastic 

tissues. Others can glycate proteins and 

change their functions [34]. 

ROS, generated by AGEs or by the 

AGEs / RAGE interaction [35], are 

oxygenated chemical species (free 

radicals, peroxides, etc.) with high 

reactivity due to the presence of non-

valence electrons. matched. They oxidize 

proteins, DNA and cell membranes and 

lead to the generation of tumours, cell 

death by apoptosis or necrosis. Finally, 

they contribute to the increase in arterial 

stiffness, cardiovascular problems and the 

deterioration of collagen and therefore to 

tissue stiffness. They are one of the causes 

of aging. The chemical process of 

glycosylation is slow and strictly regulated 

by the balance between oxidants and 

nascent antioxidants. The level of 

circulating AGEs is a function of the 

delicate balance between endogenous 

production, exogenous uptake, and renal 

and enzyme clearance. 

Different enzymes (glyoxylase I, 

II, carbonyl reductase), soluble receptors 

(sRAGE) and the AGER1 receptor 

participate in the detoxification and 

counter-regulation of the pro-oxidant 

effect of AGEs. Finally, renal function 

plays an important role in the excretion of 

AGEs. However, a disturbance in this 

balance is responsible for certain 

pathologies such as atherosclerosis [35]. In 

pathological conditions such as diabetes, 

AGEs form at dramatically accelerated 

rates. Their concentration in tissues 

increases in diabetes but also in non-

diabetic nephropathy and physiologically 

with age, stress and inflammation [36, 37]. 

RAGE is expressed by different 

cell types. This expression is constitutive 

or induced and differs in intensity 

depending on the cell type, its state as well 

as the stage of development [38]. It is 

present in a wide range of differentiated 

cells, such as cardiomyocytes, neurons, 
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neutrophils, monocytes / macrophages, 

lymphocytes, dendritic cells (DCs), 

epithelial and endothelial cells [39]. 

During embryonic development, RAGE is 

predominantly expressed constitutively 

and improves neuronal survival during this 

same period. Subsequently, its expression 

drops to a low level during life in healthy 

tissue. 

Under certain conditions, such as 

aging or certain pathologies, in particular 

cardiovascular diseases, diabetes, 

inflammation, tumours or even 

neurodegeneration, RAGE is 

overexpressed compared to healthy human 

or animal control subjects [39]. The 

signalling pathway then activated is 

dependent on the duration of ligand / 

receptor interaction of the cell type in 

question [40]. 

Stimulation of RAGE by its 

ligands activates various signalling 

pathways including the JAK / STAT, 

RAS, MAPK and NF-kB pathways. 

- JAK / STAT route [41] 

- RHO pathway: Rho is 

involved in the stable formation of actin 

filaments and in cell migration [41] 

- RAS pathway: RAS is 

involved in the response to stress and 

apoptosis 

- NF-kB pathway: NF-kB has a 

pro-inflammatory action. Once activated, 

NF-kB translocates to the nucleus to 

activate target genes, including various 

cytokines responsible for innate or 

adaptive immunity, vasoconstrictor, pro-

thrombotic and adhesion molecules. 

RAGE is also a target gene regulated by 

NF-kB, presenting a functional binding 

site for NF-kB in its proximal promoter. 

The signalling between RAGE and NF-kB 

is therefore interconnected [42]. It allows 

the maintenance, the amplification of the 

signal and the maintenance of the cellular 

response, which will remove 1 space in 

turn triggering chronic tissue damage. In 

addition, NF-kB can bind to glyoxalase 

(GLO1) which is a detoxifier that 

suppresses its inhibitory activity in AGEs 

production and its protection against the 

deleterious effects of oxidative stress. 

NFkB target genes include anti-apoptotic 

genes such as Bcl proteins; therefore, cell 

survival is under the control of NF-kB 

[43]. 

- MAPK pathway: RAGE 

stimulates ERK (p42), p38 and JNK and 

leads to the induction of cell proliferation. 

RAGE is involved in multiple cell 

signalling pathways and in particular in 

immune responses and cell survival. The 

cytoplasmic domain of RAGE lacks 

endogenous tyrosine kinase activity. It 

binds to ERK or diaphanous 1 (mDia1), a 

member of the formin family. Blocking 

RAGE or mDia1 is increasingly proposed 

as a therapeutic target [44]. 

RAGE has the potential to convert 

a transient pro-inflammatory response, 

elicited by an inflammatory stimulus, into 

sustained cellular dysfunction. The 

increased expression of RAGE has been 

observed in a number of acute and chronic 

inflammatory diseases and coincides with 

the accumulation of its ligands. The 

development of many human diseases and 

their complications are associated with 

these pathways. RAGE and its ligands are 

abnormally regulated in diabetes, 

inflammatory diseases, cancers and 

cardiovascular diseases, including 

atherosclerosis, neurodegenerative 

disorders (including Alzheimer's disease), 

rheumatoid arthritis as well as chronic 

inflammatory diseases intestine [39]. 

The basal expression of RAGE is 

found in particular in several immune cells 

and in endothelial cells. In an 

inflammatory context, these cells express 

RAGE ligands. The interactions of RAGE 

with its ligands positively regulate its 

expression [45]. Thus, increasing the 

concentration of RAGE ligands increases 

its expression. The endothelial cells 

expressing RAGE physically interact with 

Mac 1 (which is a β2 inte. grin) of 

leukocytes. RAGE thus functions as a 
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leukocyte adhesion receptor and is 

involved in the recruitment of 

inflammatory cells. In synergy, these 

interactions induce the expression of pro-

inflammatory factors and adhesion 

molecules recruiting inflammatory cells 

[39]. RAGE is able to modulate the innate 

immune response [45]. In a mouse model 

showing a deletion of the RAGE gene (- / -

), a significant decrease in the migration of 

inflammatory cells was observed in a 

context of peritonitis [46]. 

In addition, the AGE / RAGE 

interaction initiates the generation of 

reactive oxidant species (ROS) via a 

cytosolic mechanism dependent on 

NADPH oxidase. RAGE thus contributes 

to the amplification of oxidative stress via 

the induction of mitochondrial 

superoxides. The AGEs generated by this 

oxidative stress create an amplification 

loop of oxidative stress and RAGE 

signalling. The critical role of RAGE 

signalling in these pathologies gives it, as 

well as its ligands and associated forms 

(soluble forms cRAGE or esRAGE), a 

primordial role as a biomarker in the 

diagnosis, prognosis, monitoring and 

treatment (blockage of RAGE or mDIA1) 

of these pathologies [43], including 

periodontitis. 

RAGE and periodontitis 

The link between RAGE and 

periodontitis has mainly been studied in 

the pathology of diabetes. Diabetes 

intensifies the AGEs / RAGE axis and 

leads to an exacerbated phenotype 

compared to the pathophysiology of 

periodontitis alone. Bacterial aggression in 

an environment where RAGE expression 

is increased, such as the periodontium of a 

person with diabetes, would lead to 

exaggerated inflammation and repair 

disturbances, causing accelerated and 

severe periodontal destruction. Animal 

studies indicate that RAGE is involved in 

periodontal inflammation and decreases 

the healing capacity of the periodontium. 

Indeed, in a mouse model of oral infection 

with P. gingivalis, an increase in the 

expression in the gingival tissues of 

RAGE, AGE and MMP, in parallel with 

an increased loss of alveolar bone, is 

observed in patients. diabetic animals in 

comparison to the control groups. 

Administration of sRAGE, competitively 

blocking RAGE-AGE interactions, 

decreases TNFα, IL-6 and MMP levels in 

gingival tissues and suppresses alveolar 

bone loss in diabetic animals, regardless of 

blood glucose level. A "two-hit" model 

appears to apply in the pathogenesis of 

periodontitis associated with diabetes 

where periodontal destruction is due to 

over-activation of the RAGE-Ligands axis. 

In this context, the bacterial load causes 

exaggerated inflammation and repair 

disorders resulting in accelerated and 

severe periodontal destruction [3]. 

RAGE nevertheless plays a 

significant role in periodontitis alone. 

RAGE is expressed by epithelial, 

endothelial and inflammatory cells in the 

gum tissues significantly more in patients 

with severe periodontitis with or without 

diabetes compared to patients with a 

healthy periodontium [48]. 

Periodontal disease activates 

RAGE, its inflammatory cascade, which 

generates oxidative stress [49]. ROS 

induce the generation of AGEs creating a 

vicious closed cycle [48]. Inflammatory 

cells (recruited from areas of inflammation 

where RAGE plays a role in chemotaxis) 

release s100 / calgranulins and activate 

surrounding RAGE receptors, including 

those in epithelial and endothelial cells. 

These activations lead to the generation of 

ROS, cytokines, adhesion molecules and 

matrix tissue metalloproteinases (MMPs). 

In addition, ROS is responsible for an 

increase in apoptosis in the deepest areas 

of the periodontal pocket [48]. In vitro, 

AGEs and ROS are involved in the 

suppression of collagen production of 

gingival fibroblasts and periodontal 

ligament, causing microangiopathies and 

impaired healing. 



Romanian Journal of Medical and Dental Education 

Vol. 9, No. 6, November-December 2020 

 

 34 

The involvement of RAGE in 

delayed wound healing in diabetic mice 

was investigated on bone defects by 

craniotomy. In this model, the interaction 

of RAGE with the AGE 

carboxymethyllysine albumin ligand 

contributes to delayed bone healing in the 

absence of infection. In vitro, 

carboxymethyllysine has been shown to 

exert an apoptotic effect on osteoblasts, 

mediated by RAGE, by activation of the 

MAPK p38, JNK pathways and the 

enzymes caspase 3 and caspase 8. The 

accumulation of AGEs and their 

interaction with RAGE also contribute to 

osteoclastogenesis through increased 

expression of RANKL and downregulation 

of osteoprotegerin OPG [1]. 

 

Conclusions 

RAGE has historically been 

studied in periodontitis associated with 

diabetes. Activation of RAGE generates 

pro-inflammatory signals through its 

interaction with glycated molecules 

present in the serum and tissues of diabetic 

patients. This process is described as the 

AGE / RAGE axis. A body of evidence 

tends to show the involvement of this 

same receptor in the pathophysiology of 

periodontitis alone (not associated with 

diabetes). This observation strengthens the 

link between periodontitis and systemic 

disease. 

 

 

References 
1. Detzen L. Variation de l’expression des formes de rage au cours de la parondontite chronique. 

Sciences du Vivant [q-bio]. 2017. 

2. Loe H. Periodontal disease. The sixth complication of diabetes mellitus. Diabetes Care 1993; 

16(1): 329-334. 

3. Lalla E, Papapanou PN. Diabetes mellitus and periodontitis: a tale of two common interrelated 

diseases. Nat Rev Endocrinol 2011; 7(12): 738-748. 

4. Manouchehr-Pour M, Spagnuolo PJ, Rodman HM, Bissada NF. Impaired neutrophil chemotaxis 

in diabetic patients with severe periodontitis. J Dent Res 1981; 60(3): 729-730. 

5. Lalla E, Kunzel C, Burkett S, Cheng B, Lamster IB. Identification of unrecognized diabetes and 

pre-diabetes in a dental setting. J Dent Res 2011; 90(7): 855-860. 

6. Yu S, Li H, Ma Y, Fu Y. Matrix metalloproteinase-1 of gingival fibroblasts influenced by 

advanced glycation end products (AGEs) and their association with receptor for AGEs and 

nuclear factor-kappaB in gingival connective tissue. J Periodontol 2012; 83(1): 119-126. 

7. Lappin DF, Eapen B, Robertson D, Young J, Hodge PJ. Markers of bone destruction and 

formation and periodontitis in type 1 diabetes mellitus. J Clin Periodontol 2009; 36(8): 634-641. 

8. Santos VR, Lima JA, Goncalves TE, Bastos MF, Figueiredo LC, Shibli JA Duarte PM. Receptor 

activator of nuclear factor-kappa B ligand/osteoprotegerin ratio in sites of chronic periodontitis of 

subjects with poorly and well-controlled type 2 diabetes. J Periodontol 2010; 81(10): 1455-1465. 

9. Sun WL, Chen LL, Zhang SZ, Ren YZ, Qin GM. Changes of adiponectin and inflammatory 

cytokines after periodontal intervention in type 2 diabetes patients with periodontitis. Arch Oral 

Biol 2010; 55(12): 970-974. 

10. Jimenez M, Hu FB, Marino M, Li Y, Joshipura KJ. Type 2 diabetes mellitus and 20 year 

incidence of periodontitis and tooth loss. Diabetes Res Clin Pract 2012; 98(3): 494-500. 

11. Genco RJ, Borgnakke WS. Risk factors for periodontal disease. Periodontol 2013; 2000 62(1): 

59-94. 

12. Costa FO, Miranda Cota LO, Pereira Lages ES, Soares Dutra Oliveira AM, Dutra Oliveira PA, 

Cyrino RM, Medeiros Lorentz TC, Cortelli SC, Cortelli JR. Progression of periodontitis and tooth 

loss associated with glycemic control in individuals undergoing periodontal maintenance therapy: 

a 5-year follow-up study. J Periodontol 2013; 84(5): 595-605. 

13. Borgnakke WS, Ylostalo PV, Taylor GW, Genco RJ. Effect of periodontal disease on diabetes: 

systematic review of epidemiologic observational evidence. J Clin Periodontol 2013; 40 Suppl 14: 



Romanian Journal of Medical and Dental Education 

Vol. 9, No. 6, November-December 2020 

 

 35 

S135-152. 

14. Loos BG. Systemic markers of inflammation in periodontitis. J Periodontol 2005; 76(11 Suppl): 

2106-2115. 

15. Kebschull M, Demmer RT, Papapanou PN. "Gum bug, leave my heart alone!"-- epidemiologic 

and mechanistic evidence linking periodontal infections and atherosclerosis. J Dent Res 2010; 

89(9): 879-902. 

16. Pontes Andersen CC, Flyvbjerg A, Buschard K, Holmstrup P. Periodontitis is associated with 

aggravation of prediabetes in Zucker fatty rats. J Periodontol 2007; 78(3): 559-565. 

17. Engebretson S, Chertog R, Nichols A, Hey-Hadavi J, Celenti R, Grbic J. Plasma levels of tumour 

necrosis factor-alpha in patients with chronic periodontitis and type 2 diabetes. J Clin Periodontol 

2007; 34(1): 18-24. 

18. Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resistance. J Clin Invest 2006; 

116(7): 1793-1801. 

19. Iwamoto Y, Nishimura F, Nakagawa M, Sugimoto H, Shikata K, Makino H, Fukuda T, Tsuji T, 

Iwamoto M, Murayama Y. The effect of antimicrobial periodontal treatment on circulating tumor 

necrosis factor-alpha and glycated hemoglobin level in patients with type 2 diabetes. J 

Periodontol 2001; 72(6): 774-778. 

20. Correa FO, Goncalves D, Figueredo CM, Bastos AS, Gustafsson A, Orrico SR. Effect of 

periodontal treatment on metabolic control, systemic inflammation and cytokines in patients with 

type 2 diabetes. J Clin Periodontol 2010; 37(1): 53-58. 

21. Taylor GW, Burt BA, Becker MP, Genco RJ, Shlossman M, Knowler WC, Pettitt DJ. Severe 

periodontitis and risk for poor glycemic control in patients with non insulindependent diabetes 

mellitus. J Periodontol 1996; 67(10 Suppl): 1085-1093. 

22. Saito T, Shimazaki Y, Kiyohara Y, Kato I, Kubo M, Iida M, Koga T. The severity of periodontal 

disease is associated with the development of glucose intolerance in non-diabetics: the Hisayama 

study. J Dent Res 2004; 83(6): 485-490. 

23. Simpson TC, Needleman I, Wild SH, Moles DR, Mills EJ. Treatment of periodontal disease for 

glycaemic control in people with diabetes. Cochrane Database Syst 2010; Rev(5): Cd004714. 

24. Liew AK, Punnanithinont N, Lee YC, Yang J. Effect of non-surgical periodontal treatment on 

HbA1c: a meta-analysis of randomized controlled trials. Aust Dent J 2013; 58(3): 350-357. 

25. Schmidt AM, Vianna M, Gerlach M, Brett J, Ryan J, Kao J, Esposito C, Hegarty H, Hurley W, 

Clauss M et al. Isolation and characterization of two binding proteins for advanced glycosylation 

end products from bovine lung which are present on the endothelial cell surface. J Biol Chem 

1992; 267(21): 14987-14997. 

26. Sugaya K, Fukagawa T, Matsumoto K, Mita K, Takahashi E, Ando A, Inoko H, Ikemura T. Three 

genes in the human MHC class III region near the junction with the class II: gene for receptor of 

advanced glycosylation end products, PBX2 homeobox gene and a notch homolog, human 

counterpart of mouse mammary tumor gene int-3. Genomics 1994; 23(2): 408-419. 

27. Schmidt AM, Yan SD, Yan SF, Stern DM. The multiligand receptor RAGE as a progression 

factor amplifying immune and inflammatory responses. J Clin Invest 2001; 108(7): 949-955. 

28. Gonzalez I, Romero J, Rodriguez BL, Perez-Castro R, Rojas A. The immunobiology of the 

receptor of advanced glycation end-products: trends and challenges. Immunobiology 2013; 

218(5): 790-797. 

29. Hudson BI, Carter AM, Harja E, Kalea AZ, Arriero M, Yang H, Grant PJ, Schmidt AM. 

Identification, classification, and expression of RAGE gene splice variants. FASEB J 2008; 22(5): 

1572-1580. 

30. Schlueter C, Hauke S, Flohr AM, Rogalla P, Bullerdiek J. Tissue-specific expression patterns of 

the RAGE receptor and its soluble forms--a result of regulated alternative splicing? Biochim 

Biophys Acta 2003; 1630(1): 1-6. 

31. Humpert PM, Djuric Z, Kopf S, Rudofsky G, Morcos M, Nawroth PP, Bierhaus A. Soluble 

RAGE but not endogenous secretory RAGE is associated with albuminuria in patients with type 2 

diabetes. Cardiovasc Diabetol 2007; 6: 9. 

32. Ramasamy R, Vannucci SJ, Yan SS, Herold K, Yan SF, Schmidt AM. Advanced glycation end 

products and RAGE: a common thread in aging, diabetes, neurodegeneration, and inflammation. 



Romanian Journal of Medical and Dental Education 

Vol. 9, No. 6, November-December 2020 

 

 36 

Glycobiology 2005; 15(7): 16R-28R. 

33. Vlassara H, Striker GE. AGE restriction in diabetes mellitus: a paradigm shift. Nat Rev 

Endocrinol 2011; 7(9): 526-539. 

34. Prasad C, Imrhan V, Marotta F, Juma S, Vijayagopal P. Lifestyle and Advance Glycation End 

Products (AGEs) Burden: Its Relevance to Healthy Aging. Aging Dis 2014; 5(3): 212-217. 

35. Wautier MP, Chappey O, Corda S, Stern DM, Schmidt AM, Wautier JL. Activation of NADPH 

oxidase by AGE links oxidant stress to altered gene expression via RAGE. Am J Physiol 

Endocrinol Metab 2001; 280(5): E685-694. 

36. Morimoto-Yamashita Y, Ito T, Kawahara K, Kikuchi K, Tatsuyama-Nagayama S, Kawakami-

Morizono Y, Fijisawa M, Miyashita K, Emoto M, Torii M, Tokuda M. Periodontal disease and 

type 2 diabetes mellitus: is the HMGB1-RAGE axis the missing link? Med Hypotheses 2012; 

79(4): 452-455. 

37. Cohen MM, Jr. Perspectives on RAGE signaling and its role in cardiovascular disease. Am J Med 

Genet A 2013; 161a(11): 2750-2755. 

38. Brett J, Schmidt AM, Yan SD, Zou YS, Weidman E, Pinsky D, Nowygrod R, Neeper M, 

Przysiecki C, Shaw A et al. Survey of the distribution of a newly characterize receptor for 

advanced glycation end products in tissues. Am J Pathol 1993; 143(6): 1699-1712. 

39. Chuah YK, Basir R, Talib H, Tie TH, Nordin N. Receptor for advance glycatio end products and 

its involvement in inflammatory diseases. Int J Inflam 2013; 2013: 403460. 

40. Daffu G, del Pozo CH, O'Shea KM, Ananthakrishnan R, Ramasamy R, Schmid AM. Radical 

roles for RAGE in the pathogenesis of oxidative stress in cardiovascular diseases and beyond. Int 

J Mol Sci 2013; 14(10): 19891-19910. 

41. Huang JS, Guh JY, Chen HC, Hung WC, Lai YH, Chuang LY. Role o receptor for advanced 

glycation end-product (RAGE) and the JAK/STAT-signaling pathway in AGEinduced collagen 

production in NRK-49F cells. J Cell Biochem 2001; 81(1): 102-113. 

42. Li J, Schmidt AM. Characterization and functional analysis of the promoter of RAGE, the 

receptor for advanced glycation end products. J Biol Chem 1997; 272(26): 16498-16506. 

43. Lee EJ, Park JH. Receptor for Advanced Glycatio Endproducts (RAGE), Its Ligands, and Soluble 

RAGE: Potential Biomarkers for Diagnosis and Therapeutic Targets for Human Renal Diseases. 

Genomics Inform 2013; 11(4): 224-229. 

44. Ramasamy R, Yan SF, Schmidt AM. The diverse ligand repertoire of the receptor for advanced 

glycation endproducts and pathways to the complications of diabetes. Vascul Pharmacol 2012; 

57(5-6): 160-167. 

45. Bierhaus A, Humpert PM, Morcos M, Wendt T, Chavakis T, Arnold B, Stern DM, Nawroth PP. 

Understanding RAGE, the receptor for advanced glycation end products. J Mol Med (Berl) 2005; 

83(11): 876-886. 

46. Chavakis T, Bierhaus A, Al-Fakhri N, Schneider D. Witte S, Linn T, Nagashima M, Morser J, 

Arnold B, Preissner KT, Nawroth PP. The pattern recognition receptor (RAGE) is a 

counterreceptor for leukocyte integrins: a novel pathway for inflammatory cell recruitment. J Exp 

Med 2003; 198(10): 1507-1515. 

47. Abbass MM, Korany NS, Salama AH, Dmytryk JJ, Safiejko-Mroczka B. The relationship 

between receptor for advanced glycation end products expression and the severity of periodontal 

disease in the gingiva of diabetic and non diabetic periodontitis patients. Arch Oral Biol 2012; 

57(10): 1342-1354. 

48. Chang PC, Chien LY, Chong LY, Kuo YP, Hsiao JK. Glycated matrix upregulates inflammatory 

signaling similarly to Porphyromonas gingivalis lipopolysaccharide. J Periodontal Res 2013; 

48(2): 184-193. 

 


