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The role of RAGE in the diabetic neuropathy
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neuropathy is one of the most common complications of diabetes, affecting from 50% to 60% of all long-term dia-
betic patients. In Europe every year hundreds of thousands of new diabetic neuropathy cases are diagnosed, imparing patients’ 
health and well-being and generating additional financial costs for patients and health care providers. So far, despite intensive 
studies, efforts have failed to establish a coherent image of the pathogenesis of this disease. It is believed that several factors 
contribute to the onset of neuropathy such as: lack of or poor glycemic control, impaired perineural circulation, oxidative 
stress, increased protein glycation associated combined with increased production of advanced glycation end products (aGes, 
advanced glycation end-products) and enhanced activity of raGe (receptor for advanced glycation end-products). raGe plays 
an important role in a number of pathological processes such as: inflammation, oxidative stress and metabolic disturbances and 
has been reported to contribute to the progression of numerous disorders such as diabetes, atherosclerosis, nephropathy, vari-
ous tumors and last but not least neurodegenerative diseases. the ongoing preclinical and clinical studies on the role of raGe 
in the development of diabetic neuropathy aimed at providing a more detailed image of raGe contribution to neurodegenera-
tion, will likely lead to the development of new therapies, supplementing current diabetic neuropathy treatment schemes with 
raGe modulating agents benefiting patients' health and reducing overall costs of the treatment. 
Key words: diabetic neuropathy, neurodegeneration, raGe.

Neuropatia jest jednym z najczęściej diagnozowanych powikłań cukrzycy, dotykających od 50 do 60% wszyst-
kich chorych z długotrwałą cukrzycą. W Europie corocznie przybywa kilkaset tysięcy nowych przypadków osób dotkniętych 
neuropatią cukrzycową, przyczyniając się do pogorszenia ogólnego stanu ich zdrowia i samopoczucia oraz generując dodat-
kowe koszty zarówno dla chorych. jak i dla zakładów opieki zdrowotnej. Do tej pory, mimo intensywnych wysiłków badaw-
czych, nie udało się ustalić spójnego obrazu patomechanizmu tej choroby; uważa się, iż do wystąpienie neuropatii przyczy-
nia się kilka czynników, takich jak: brak kontroli lub zła kontrola glikemiczna, upośledzenie krążenia okołonerwowego, stres 
oksydacyjny oraz wzmożona glikacja i związana z tym obecność w krwi szkodliwych końcowych produktów zaawansowa-
nej glikacji (advanced glycation end-products, AGE) oraz zwiększona aktywność białka RAGE (receptor for advanced glyca-
tion end-products; receptor końcowych produktów zaawansowanej glikacji). RAGE odgrywa ważną rolę w procesach zapal-
nych, stresie oksydacyjnym oraz różnorodnych zaburzeniach komórkowych towarzyszącym wielu procesom chorobowym. 
Rola RAGE została udokumentowana w patomechanizmie wielu schorzeń, m.in. cukrzycy, zaburzeniach sercowo-naczynio-
wych, niewydolności nerek, chorobach nowotworowych oraz procesach neurodegeneracyjnych. Prowadzone obecnie bada-
nia przedkliniczne i kliniczne dotyczące roli RAGE w rozwoju neuropatii dążą do nakreślenia pełniejszego obrazu udziału 
RAGE w neurodegeneracji, by w przyszłości umożliwić rozszerzenie obecnych sposobów leczenia o dodatkowe środki tera-
peutyczne modulujące działanie RAGE, przyczyniając się do poprawy stanu chorych cierpiących na tą uciążliwą przypadłość, 
jaką stanowi neuropatia cukrzycowa. 
Słowa kluczowe: neuropatia cukrzycowa, neurodegeneracja, raGe.
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Background
neuropathy is one of the most common complications 

of diabetes, affecting from 50% to 60% of all long-term dia-
betic patients. In Europe every year hundreds of thousands 
of new diabetic neuropathy cases are diagnosed, impairing 
patients’ health and well-being and generating additional fi-
nancial costs for patients and health care providers [1].

the most common symptoms of diabetic neuropathy re-
ported by patients are: numbness, tingling, neuropathic pain 
and muscle weakness of the upper and lower extremities; 
the latter often contributing to the increased risk of burns, 
injuries and ulcers, leading in extreme cases, to gangrene 
and limb amputation [2]. 

So far, despite intensive studies, efforts have failed to es-
tablish a coherent image of the pathogenesis of this disease. 
It is believed that several factors contribute to the onset of the 
disease such as: lack of or poor glycemic control, impaired 
perineural circulation, oxidative stress, increased protein 
glycation associated combined with increased production 
of advanced glycation end-products (aGes, advanced glyca-
tion end-products) and enhanced activity of raGe (receptor 
for advanced glycation end-products) [3].

Many faces of RAGE
raGe belongs to the immunoglobulin superfamily and 

plays an important role in a number of pathological pro-



J.K. Juranek, M. Banach • The role of RAGE in the diabetic neuropathy

Fa
m

ily
 M

ed
ic

in
e 

&
 P

ri
m

ar
y 

C
ar

e 
Re

vi
ew

 2
01

5;
 1

7,
 4

317

cesses such as: inflammation, oxidative stress and metabolic 
disturbances. It has been reported to contribute to the pro-
gression of numerous disorders such as diabetes, athero-
sclerosis, nephropathy, various tumors and last but not least 
neurodegenerative diseases [4, 5]. In the latter case, over 
the last decade raGe has gained a lot of attention as an 
important factor contributing to the onset or progression of 
several neurodegenerative diseases, among others: Parkin-
son’s, Huntington’s, Alzheimer’s, Amyotrophic Lateral Scle-
rosis diabetic neuropathy, familial amyloid polyneuropathy, 
Charcot Marie disease [6–15]. 

although the detailed mechanism of raGe role in dia-
betic neuropathy remains unclear, studies indicate that the 
harmful effects of raGe are triggered by its binding to inflam-
matory ligands, such as aGes, S100 or hMGB1 exacerbating 
inflammation and oxidative stress and triggering activation of 
nuclear transcription factors such as nF-κB or Stat1 affect-
ing the function of numerous key cell proteins [16–18]. 

Soluble RAGE – a low molecular weight 
RAGE inhibitor

Soluble raGe acts as raGe decoy, inhibiting its func-
tion and lowering levels of raGe-ligands, effectively pre-
venting raGe-ligand negative effects on cells [19, 20]. Pre-
clinical studies in animal models demonstrated that sraGe 
administration is beneficial in several conditions such as 
diabetes related atherosclerosis, polycystic kidney disease 
and autoimmune myocarditis, alleviating symptoms and im-
proving overall outcome of the disease. Furthermore, recent 
studies revealed that soluble raGe might be a useful tool in 
predicting the progression and/or risk and severity of several 
disorders such as: amyotrophic lateral sclerosis, chronic ob-
structive pulmonary disease, acute coronary syndrome, ul-

cerative colitis, familial combined hyperlipidemia, diabetic 
nephritis and others [21–28]. 

Experimental and clinical studies on 
RAGE and diabetic neuropathy

tests on genetically modified mouse models of diabet-
ic neuropathy showed that genetic raGe knockout slows 
down the neurodegenerative processes subsequent to dia-
betic nerve damage, reducing neuroinflammation and ac-
celerating neuronal regeneration [14]. Furthermore, immu-
nohistochemical analysis of peripheral nerves obtained from 
patients with symptoms of diabetic neuropathy showed the 
increased presence of raGe and its ligands (S100, cML and 
hMGB1) supporting the role of this protein in the pathogen-
esis of diabetic neuropathy [29, 30]. In vivo studies conduct-
ed in diabetic patients focused on finding the correlation 
between patient’s sage, skin biopsy RAGE expression and 
the severity of diabetic neuropathy have shown that there is 
a statistically significant correlation between the increase in 
the concentration of RAGE, patient’s age and severity of the 
disease, further emphasizing the role of raGe in the patho-
genesis of the disease [31].

Conclusions

the ongoing preclinical and clinical studies on the role 
of raGe in the development of diabetic neuropathy aimed 
at providing a more detailed image of raGe contribution to 
neurodegeneration, will likely lead to the development of 
new therapies, supplementing current diabetic neuropathy 
treatment schemes with raGe modulating agents benefiting 
patients health and reducing overall costs of the treatment. 

Figure 1. raGe chemical structure and mechanism of action 

a) multiligand RAGE is a transmembrane receptor with three extracellular domains – V1, C1, and C2, participating in interaction with 
numerous ligands e.g. aGes, S100 protein family or hMGB1. transmembrane domain serves as an anchor, securing raGe to the cell 
membrane. Intracellular cytoplasmic domain enables interactions with cytoplasmic proteins such as mDia1 – a member of formin fa-
mily, regulating functions of cytoskeletal proteins, such as actin or neurofilament; 

B) a simplified mechanism of raGe action in cells of the nervous system. raGe-ligand interaction induce a cascade of metabolic chan-
ges, causing changes in the expression of key cell proteins and contributing to the release of free radicals and inflammatory cytokines. 
the accumulation of harmful substances on the outside and inside a cell causes functional changes leading in the long run to cell da-
mage and apoptosis.
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