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Mini Review
Advanced glycation end products (AGEs) are a group of 

heterogeneous molecules formed by non-enzymatic reactions. 
These reactions occur between the carbonyl group of reducing 
sugars, such as glucose, fructose, ADP-ribose, or dicarbonyl 
derivatives such as glyoxal, methyl glyoxal, 3-deoxyglucosone, and 
the nucleophilic amino group of proteins, lipids or nucleic acids 
[1,2]. Advanced glycation end products are generated exogenously 
in food, especially in thermal processed food, but are also produced 
endogenously under physiological or pathological conditions 
[1,3,4]. In vivo glycation takes place slowly but continuously 
throughout life. The accumulation of AGEs has been linked to age-
related diseases including diabetes mellitus, atherosclerosis and 
cancer [5,6,7].

Advanced glycation end products can be divided into fluorescent 
and nonfluorescent forms, as well as cross- and non-cross-linked 
types. The commonest AGEs are 3-deoxyglucosone-derived 
pyrraline and pentosidine, glyoxal- or methyl glyoxal-derived Nε-
(carboxylmethyl)-L-lysine (CML), the cross-linked glyoxal-lysine 
dimer (GOLD), and methylglyoxal-lysine dimer (MOLD) and 
S-carboxymethylcysteine. It has been shown that the levels of these 
compounds are high in plasma and tissues during aging as well as 
in various cancers [8,9].

The underlying mechanisms of AGE formation include the 
Maillard reaction, the polyol and glycolysis pathways, lipid 
peroxidation, and high oxidative stress, almost all of which require 
a hyper glycemic cellular microenvironment. Cancer cells are 
characterized by an increased glucose uptake and a high rate of 
glycolysis (the Warburg effect), to meet their energy requirements. 
Consequently, under hyper glycemic conditions, glycation is 
increased in cancer cells and AGE accumulation is accelerated. 
The gradual build-up of AGEs is involved in the pathogenesis and 
development of cancers [10,11]. 

Cancer patients show increased AGE levels in their tumour 
tissues, plasma and in their serum samples [12,13]. For example, 
primary colorectal carcinoma tissue displays a higher intensity of 
AGE expression compared with normal colonic mucosa [14]. The 
serum concentrations of glucose-derived AGEs in gastric cancer 
patients without diabetes are found to be markedly increased 
compared with healthy people of comparable age [15,16]. 
Methylglyoxal and 3-deoxyglucosone modified DNA were found in 
sera of breast cancer patients and various AGE modified proteins 
occurred in their tumor tissues [17]. The levels of AGEs are 
increased in the saliva of myeloma patients with bone lesions [18]. 
Histone proteins are particularly susceptible to glycation because 
of their long half-lives and the nucleophilic tails of their molecules 
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Abstract
Advanced glycation end products (AGEs) are reactive metabolites under physiological and pathological conditions. They accumulate in tissues 

and organs and are involved in the pathogenesis of various diseases including cancer. This review presents recent findings on the roles of AGEs and 
their receptor (RAGE) in carcinogenesis. The molecular mechanisms of cancer pathogenesis and progression related to AGEs-RAGE interaction are 
highlighted. The strategies for AGE reduction and inhibition in the potential prevention and treatment of cancers are discussed.
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that undergo extensive regulatory modifications. Intense histone 
glycation has been detected in breast tumors [19]. The structure 
of histone H2A is changed by methylglyoxal and generates highly 
immunogenic amorphous aggregates with implications in the auto-
immune responses associated with cancer [20]. The modification of 
prohibitin, a tumour suppressor, by glycation results in a loss of its 
tumor suppressor function with associated complications in HER2/
neu negative invasive breast ductal carcinoma [21].

In vitro and in vivo studies have demonstrated that AGE 
treatment promotes cancer cell growth, migration and invasion 
[22-24]. Fluorescent AGEs were found to be increased by 58.63% 
in animal models of lung cancer compared with the control group. 
A RAGE neutralizing antibody significantly inhibits lung metastasis 
in an established mouse model [25]. Thus, a link between AGEs and 
lung cancer pathogenesis was established. Also, AGE treatment 
of estrogen receptor positive (ER+) breast cancer cells altered ER 
phosphorylation and promoted resistance to tamoxifen therapy [4].

Advanced glycation end products exert adverse effects at 
the cellular and molecular levels by directly interacting with 
macromolecules. These include changing existing protein 
structures, protein misfolding, altering enzyme or receptor 
functionality and activity, and inducing mutations for example 
single strand breaks, and unwinding of DNA. However, the binding 
of an AGE to the receptor for advanced glycation end products 
(RAGE) activates a multitude of signalling cascades, which leads 
multiple pathological effects [2,13].

In addition to increased levels of AGEs, overexpression of 
RAGE has been demonstrated in various types of cancer [26-31]. 
As a member of the immunoglobulin superfamily of cell surface 
molecules, RAGE mediates a variety of cellular responses. A 
significant association between RAGE expression and tumor size, 
depth of stromal or lymphovascular invasion, metastasis, and the 
clinical stage of cancers has been observed. For example, RAGE was 
progressively upregulated from cervicitis to cervical intraepithelial 
neoplasia and cancer [26]. In ovarian cancer tissue, RAGE gene was 
overexpressed compared to values in adjacent noncancerous tissue 
[27]. Expression of RAGE is significantly higher in prostate cancer 
lesions compared with prostatitis (p<0.01) and benign prostatic 
hyperplasia (p<0.0001) [28]. Similarly, the level of RAGE was higher 
in clear cell renal cell carcinoma tissues than in adjacent normal 
tissues [29]. The RAGE is a critical promoter for the transition of 
premalignant epithelial precursors to invasive pancreatic cancer 
and is overexpressed in human pancreatic tumors but not in 
adjacent normal ducts [30,31].

Interaction between AGE-RAGE triggers the activation of 
several molecular signaling pathways, which contributes to tumor 
development, migration and metastasis. The interaction of AGE-
RAGE activates NADPH oxidase, leading to increased intracellular 
oxidative stress. The increase in reactive oxygen species (ROS) 

activates NF-κB [32,33]. Activation of NF-κB increases cytokine, 
such as IL-6 and TNF-α, secretion, followed by lymphoid and myeloid 
immune cells recruitment into the tumor microenvironment 
leading to an inflammatory response [34]. Chronic inflammation 
and increased oxidative stress are two of the main hallmarks of 
cancer [35]. AGE-mediated inflammatory responses and oxidative 
stress may lead to cancer onset and/or its progression. A study 
of pancreatic cancer cells demonstrated that CML treatment 
increased NK‐κB/p65 protein levels and p‐STAT3 nuclear content, 
which induced the transcriptional activity of the STAT3 target 
genes, NFATC1 and PIM1 [24]. Previous studies by us and other 
researchers have shown that AGEs regulate cancer cell migration 
via extracellular signal regulated kinase (ERK) phosphorylation 
[22,36,37]. Methylglyoxal triggers metastasis of breast cancer 
cells through activation of the MEK/ERK/SMAD1 pathway [38]. 
Glucose-derived AGEs enhance human gastric cancer metastasis 
through the RAGE/ERK/Sp1/MMP2 cascade [16]. In oral cancer, 
AGEs increase ERK phosphorylation leading to Nrf-2 inhibition 
and Bcl-xl upregulation. This subsequently suppresses p53 and Bax 
expression and increases cancer cell survival [39].

The pathological implications of RAGE gene polymorphisms in 
cancer have been reported [40]. The SNP rs1800625 in RAGE gene 
was significantly associated with gastric cancer risk and tumor 
clinical stage [41]. This SNP was also associated with late-stage and 
large-size oral tumors [42]. Cervical cancer patients with genotypes 
TA/AA in RAGE rs1800624 tend to have moderate-to-poor cell 
differentiation and pelvic lymph node metastasis compared to 
those with genotype TT [43].

The adverse effects of AGEs, RAGE and their links to cancer 
means strategies to prevent or reduce AGEs accumulation could 
provide health benefits. Dietary-AGE restriction has been shown to 
reduce circulating AGE levels in patients with chronic kidney disease, 
metabolic syndrome, and diabetes [44]. The ‘Mediterranean diet’, 
which is rich in antioxidants (e.g. polyphenols and α-tocopherol), 
reduces serum AGEs in elderly adults [45]. Dietary intervention 
and physical activity have also been shown to be viable options 
to reduce the levels of AGE in the circulation of ER+ breast cancer 
survivors [4]. Therefore, the application of dietary restriction 
and raising dietary and lifestyle awareness may be useful in AGE 
reduction and cancer prevention. 

Cross-link breakers of AGE, such as alagebrium chloride (ALT-
711), and AGE adsorbents (AST-120) reduce AGEs accumulation 
and block AGE-induced intracellular ROS synthesis in vivo 
[46,47,48]. Soluble RAGE (sRAGE), a naturally occurring antagonist 
of RAGE, can prevent the adverse effects of RAGE-signaling 
[49]. An inverse association was found between higher serum 
concentrations of sRAGE and reduced incident of pancreatic cancer 
in postmenopausal women [50]. Thus, AGE cross-link breakers and 
sRAGE have potential clinical applications as a cancer protective 
and therapeutic reagent. 
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Conclusion
Studies to date have shown that AGEs and RAGE are clearly 

implicated in the pathogenesis of cancer. AGE accumulation in the 
body increase the risk of cancer initiation and their progression by 
modifying the genome, functional proteins and activating aberrant 
AGE-RAGE cell signaling. However, further investigations are 
necessary to realize their clinical potential in cancer diagnosis by 
screening of tissue or plasma/sera AGEs, tissue RAGE, circulating 
sRAGE, and RAGE gene polymorphisms. The development of novel 
strategies for cancer prevention and treatment by inhibiting AGEs 
formation or targeting AGEs-RAGE signalling also require more 
studies.
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