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Advanced glycation end products (AGEs) are glycated proteins associated with high dry temperature food
processing, coloring and flavor modification of food products. Previous studies on diet-related disease
support the role of the glycation products as biomarkers in local and general proinflammatory response.
Exogenous and endogenous AGEs are involved in chronic low-level inflammation, which underlies the
onset of metabolic syndrome influenced by food intake, there by demonstrating their implication in diet-
related pathologies. Although studies have revealed a strong association between the accumulation of
AGEs and the occurrence/worsening of metabolic diseases, their routine use for the diagnosis or moni-
toring of local and general disease has not yet been reported.
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Advanced glycation end products (AGEs) were synthesized for the first time iz vitro in 1912, by French Louis-
Camille Maillard; later, in 1953, JE Hodge divided the reaction, and in 1986, the formation of reducing sugar-
derived carbonyl products was added to the Maillard chain reaction [1,21. AGEs are represented by structures formed
via glycation — a nonenzymatic reaction [3] between sugars with a free amino or ketone group and proteins or lipids.
This complex and difficult to control reaction is involved in food taste and color modification, especially during
processes such as baking, toasting and almost all animal protein cooking processes. In medical research, AGEs have
been associated with increased production of reactive oxygen species (ROS), which consequently generate oxidative
or carbonyl stress, with negative effects in inflammatory, autoimmune and diet-related diseases (Figure 1).

In the present narrative paper, aspects concerning AGEs" sources, mechanism of action, the implication in
systemic and diet-related disease, and the aging process as a subsection will be discussed. A current approach based
on salivary AGEs as an inflammatory process biomarker will be presented, as well as anti-AGEs downregulation
strategies, tested either iz vitro or in vivo.

AGE production sources, chemistry & metabolism
AGE;s sources

AGEs can be classified according to their provenience, fluorescence and cross-linking abil-
ity One of the classifications (4] include fluorescent AGEs, such as GOLD, glyoxal-lysine
dimmer; GOLDIC, (2-ammonio-6-([2-[(4-ammonio-5-oxido-5-oxopentyl)amino]-4,5-dihydro-1-himidazol-5-
ylidene]amino)hexanoate); MOLD, methyglyoxal-lysine dimmer; MODIC, (2-ammonio-6-([2-[(4-ammonio-
5-oxido-5-oxopentyl)amino]-4-methyl-4,5-dihydro-1-himidazol-5-ylidene]amino)hexanoate); MRX, 8-hydroxy-
5-methyldihydrothiazolo(3,2-a)pyridinium-3-carboxylate; pentosidine; cross-line and nonfluorescent noncross-
linked AGE:s such as carboxymethyl-lysine (CML), carboxyethyllysine, pyrraline and imidazole. AGEs sources can
be endogenous and exogenous (Figure 2).

Endogenous AGEs are generated by protein glycation due to oxidative stress and hyperglycemia, which are
commonly associated with diabetes mellitus (HbAlc). In hyperglycemia, glucose converts to fructose through an
enzymatic process. Under aldosereductase and sorbitol dehydrogenase reaction, fructose accumulates in tissues
and decreases glyceraldehyde-3-phosphate (GAP) activity, thus enhancing augmentation of glyoxal (GO) and
methylglyoxal (MG) AGEs precursors, GAP and DHAP [5). It was observed [6] that protein glycation takes place
in the human body similarly with processed food, leading to HbAlc. Carbonyls and dicarbonyls groups from
thermally prepared food are found in a high percentage in human tissues (7).

The exogenous sources include nutrients — dietary AGEs (dAGEs), ultraviolet exposure, cigarette smoke com-
pounds, microwaves and ultrasounds. dAGE:s are easily obtained by ingesting nutrients that are part of the Western
diet (carbohydrates — 47%, lipids — 37%, protein compounds — 16%). Nutrients rich in lipids and proteins have
higher AGEs concentration compared with carbohydrates (8]. Regarding the temperature and cooking method on
dAGE;s, dietitians (9] evaluated CML as an AGEs biomarker in 250 sorts of nutrients, using the next preparation
methods: boiling (100°C), frying (180°C), broiling (225°C), roasting (177°C) and oven frying (230°C). In the
evaluated food, CML levels were the highest in oven frying, followed by deep frying, roasting and water boiling.
Besides the cooking conditions, time is also an important factor in the amount of resulting glycation products.
Helou e al. 10) showed that bread baked at 250°C for 9 min led to 19.6% more CML compared with 200°C for 12
min. Microwave heating significantly increased CML production in saccharide-lysine model systems compared with
boiling heating [11]. It was estimated that in European patients, 1-day melanoidins-products intake variates from 10
to 12 g per day from all sources, where coffee and bread are considered to represent half or more [12,13]. Compared
with other sources, the exogenous glycation compounds provided by nicotine-/nornicotine-smoking AGEs are
formed in a couple of hours [14]. Subsequently, they bind to connective tissue collagen fibers and low-density
lipoproteins (LDL) [15].

The glycation products can have a low-molecular weight (LMW) or high-molecular weight (HMW), formed in
the advanced stages of the Maillard reaction [16]. A study conducted by Poulsen ¢z 4l. on a group of 36 rats treated
with HMW and LMW dAGEs showed that LMW dAGEs were found in a higher concentration in biological fluids
and organs [17]. Because protein-bounded dAGEs are evidenced after digestion, HMW and LMW compounds can
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Figure 1. Advanced glycation end product sources, metabolic pathways and effects on storage organs.
AGE: Advanced glycation end products; CML: Carboxy-methyllysine; GLAP: Glyceraldehyde-derived pyridinium compound; GOLD:
Glyoxal-lysine dimer; MOLD: Methylglyoxal-lysine dimer.

be evaluated as precursors of melanoidins [18). Regardless of the source of glycation, the hepatic formation of AGEs
occurs in several steps. From the dAGEs ingested, approximately 10% are intravasculary absorbed, from which 30%
are urinary excreted. Koschinsky et a/. performed a 3-day trial to analyze bioavailability of JAGEs in diabetic and
healthy subjects, with or without renal dysfunction. Their results showed that approximately 10% of the ingested
AGEs were found intravascular [20]. Uribarri ez a/. performed a 3-day dietary restriction on dAGEs intake in a
subgroup of five healthy subjects to analyze JAGEs metabolism. The results showed a 30-40% decrease in AGEs
serum levels [5]. Other studies [16,19] demonstrated that AGEs bypass absorption due the resistance to hydrolysis of
the cross-link bindings in the GI tract.
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Figure 2. The advanced glycation end products’ negative effects on the human body.
AGE: Advanced glycation end products; ALP: Alkaline phosphatase; CRP: C-reactive protein; MMP: Metalloproteinases; ROS: Reactive

oxygen species.

DAGE;s formation

As mentioned above, Maillard reaction occurs in different cooking methods that are accountable of nutrients
color, flavor and attractive appearance. The chemical reaction is between the carbonyl group of a reducing sugar
and the amino group of the amino acid. At high temperatures, Amadori compounds are formed, first as stable
Maillard reaction products. Of these, furosine is used to measure early glycation, formed after acid hydrolysis of
the Amadori products’ fructosyl-lysine, tagatosyl-lysine and lactulosyl-lysine produced by the reaction of Lys with
lactose, glucose and galactose [21,22]. The final reactions are represented by condensation of sugar and proteins to
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polymeric melanoidinic compounds, from which CML is the most representative and a stable product, while GO
and MG present reactive activity [23].

The exposure of uncooked food to barbecuing, grilling, roasting, baking, frying, sautéing, broiling, searing and
toasting leads to acceleration of dAGEs formation [24]. Moreover, dry heat cooking could cause formation of 10—
100% new dAGEs. AGEs content (CML exactly) as kilounits/100 g was analyzed in 549 foods. The study showed
that high-heat-treated meat contained the highest AGEs levels, followed by high-fat and conserved cheese [25].
Animal-derived foods also have high AGEs levels, due to the continuous exposure to pasteurization or depositing
at room temperature. Carbohydrates, which are rich in water and nonreducing sugars, have a lower expression of
AGEs. These statements show that glycation occurs in a high amount in food components. Thoroughly research
brought LC-MS as evaluation method for the quantification of dAGEs. There have been validated several databases
containing dAGE:s ratio (nanogram per gram) [26,27].

DAGESs metabolism

Scheijen et al., in their study, developed a dAGEs database by identification of CML, N-epsilon-(carboxyethyl)lysine
(CEL) and 5-(5-hydro-5-methyl-4-imidazolon-2-yl) L-Ornithine d6 (MG-H1) in 190 different nutrients, and then
correlated dAGEs with plasma and urinary levels [28]. They found a weak connection between dAGEs and protein-
bound plasma AGEs. Birlouez-Aragon er al’s research suggested that when metabolized, dAGEs are divided to
nonglycated proteins and free-glycated proteins, from which dAGEs are found circulating in their free form and
thus, eliminated through urine [29]. This study is in assent with Li ez al’s research [30], who studied the bioavailability
of oral gavage pure CML on rat model. The authors found that dietary CML, after entering into circulation, forms
CML-bound proteins, which accumulate in organ tissue. Metabolic studies [31,52] showed that plasma AGEs in
diabetes and plasma CML levels in renal failure decreased by 30—40% when subjects were on a low glycotoxin diet.

The Dresden Institute for Food Chemistry [33] conducted an experiment in a group of 18 healthy subjects to study
the bioavailability and elimination of fructoselysine, pyrroline and pentosidine AGEs. The research team found
that free urinary pyrroline and Amadori products had a dietary origin, while free pentosidine, endogenous 7z vivo
formation should be taken into consideration. Alamir ez al. [34] analyzed on a rat model the dietary CML (derived
from extruded/nonextruded casein) metabolism. The results showed no differences in plasma CML depending
on CML origin; in urine and feces, extruded proteins’ levels were lower (38—48%) compared with nonextruded
proteins (23-37%). A study that measured furosine accumulation in skin collagen showed that a restrictive diet
could lead to limitation of early glycation Amadori products, depending on glycemia [35]. Another study that
analyzed age-related skin AGEs for 25 months [36], showed a modification from 18 to 33% in diet-related early
glycation AGEs. The accumulation of advanced CML and pentosidine decreased after a few months from the
beginning of trial. Although glycation compounds as melanoidins or others rest in the lower GI tract for several
hours [37], the low bioavailability of dAGE:s is explained by formation of aggregates, cross-link reactions and the
lack of specific transport systems [38]. CML and pentosidine accumulate time and dose dependent in human skin
and urine and have a higher concentration in diabetic subjects [391. DAGEs (CML, CEL, MG-H1) resulted from
protein and sugar cooked at temperatures higher than 100°C were quantified by LC-MS/MS and tested on human
macrophages [40); the increase in heating time affected macrophages’ viability and decreased TNF-a secretion.
These trials showed that long-term AGEs deposition depended not only on the circulating sugars but also on ROS
levels, lipid oxidation and inflammatory conditions. Chocolate-mixed drink samples containing reducing sugars
and proteins showed that the higher the proportion of glucose is, the more CML results [41]. Compared with
cold-water-prepared drinks, heating led to 30% more CML.

Endogenous AGE: are formed at a constant body temperature of 36-37°C, they bind to specific ligands and, by
chain reactions, they induce an inflammatory state. DAGEs production ranges from low, at approximately 20°C, to
high at approximately 230°C. As the temperature and cooking time increase, dAGEs are formed in high amounts
and promote strong protein cross-linking. In the human body, glycation products have a large distribution in
the soft and hard tissues due to the collagen fibers in the extracellular matrix, and the multiple surface receptors.
Both the endogenous and exogenous AGEs are difficult to degrade and metabolize due to the specific chemical
linkage reaction, which might explain their continuous and age-related accumulation. Because of their binding to
the receptors and the subsequent proinflammatory pathways, AGEs lead to immune cells activation and cellular
autophagy, which might maintain and even promote inflammatory cells recruitment, thus resulting in a continuous
vicious circle.
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Perhaps in the future, people’s lifestyle will change, especially related to the eating behavior, taking into con-
sideration the recent findings regarding how dAGEs are formed, the importance of cooking conditions and food
storage, and the effects of JAGEs on human body. Public health policies should inform the population, the food
companies and the health professionals. People would be advised how to choose between highly processed, tasteful,
but unhealthy food and nonprocessed food, with a lower dAGEs content. Further studies will show the population’s
compliance and the adherence of major food producers to these prevention measures of dAGEs-induced chronic
diseases.

AGEs pathogenic mechanisms, ligands & molecular pathways

AGEs can alter tissue integrity by two different pathogenic pathways: receptor-mediated and receptor-independent
manner. One receptor for AGEs, known as RAGE, is a multiligand Ig family cell surface molecule, which possesses
a 35-kDa polypeptide with a unique sequence at the NH;-end and HMGBI1 (high mobility group box 1) — a
chromatin protein, and is the best characterized AGE receptor [42]. RAGE transcription led to 20 splice variants,
from which N-truncated (N-RAGE), full-length (FL-RAGE), soluble RAGE (sRAGE) were highly expressed
in endothelial cells; sSRAGE might as well be produced in FL-RAGE proteolysis condition [43). RAGE has an
extracellular part with 1 V and 2 C-type Ig-like domains, from which the V-domain presents affinity for HMGB-1,
AGE, f-amyloid, $100, and their binding leads to NF-kB, p21ras, MAPK activation, all of them being implicated
in cellular programing and oxidative stress generation [44]. V-type domain of the promoter region of RAGE
polymorphisms (7-429C, 7-347A) has been associated with cardiovascular disease risk and -37577/4 allele showed
a protective cardiovascular effect [45]. RAGE interaction with Diaphanous-1 protein activates Gua triphosphatases,
which promotes cellular migration (46); moreover, RAGE interacts with G-protein-coupled receptors, such as formyl
peptide receptors, and enhances intracellular AMP consumption, leading to neural cells apoptosis [47].

An important receptor mechanism consists of binding to specific RAGE or immune Toll-like receptors (TLRs),
expressed in macrophages, fibroblasts, epithelial and endothelial cells [48); it was shown that RAGE and TLR4
receptor have a similar receptor-transmission (RT) sequence, both using the same inflammatory cytokine activation
pathways. RAGE enhances MAPK pathway that activates NF-kB, induces nitric oxide synthesis, secretion of
cyclooxygenase 2, TNF-a and ILs, which are important inflammatory markers (49,50].

sRAGE was reported to have a protective role over RAGE [51,52). In diabetic patients, metformin administration
led to a decrease in serum CML and RAGE, but increased sRAGE (53], and seemed to slow down diabetic
atherosclerosis [54]. Several studies focused on the sRAGE, their association with other AGEs and the general
pathology, but the exact pathogenic mechanism is not known, and further investigations should be conducted to
answer the question.

Other AGE receptors such as AGE-R1, AGE-R2, AGE-R3 and scavenger receptors (which facilitate protein
absorption and degradation) [55] may have a role in extracellular AGE clearance by endocytosis and degradation.
The nonreceptor mechanism includes cross-linking of protein strands, forming strong covalent bonds, which reduce
the elasticity and thus, the functions of proteins [56]. Once formed, they attract and activate inflammatory cells and
enzymes; they mediate ROS generation. Increased membrane permeability and chronic inflammation confirm the
key role of AGEs as common features linking metabolic abnormalities, inflammatory signaling and cardiovascular
dysfunction in cardiometabolic disorders. DAGE:s increase tissue hardness and alter serum LDL levels. Their high
serum ratio activates cytokines and ROS production, resulting in a strong association with the risk of aggravating
existing diseases, and promotes the development of new pathologies.

DPerhaps, the classic treatment of chronic diseases will change in the future through the development of new
therapeutic agents to block AGEs receptor-mediated pathogenic pathways. Another challenge will be to block
AGEs receptor-independent effects. Assessment of RAGE polymorphisms to find the alleles with protective or
negative effects on the cardiovascular disease will allow a personalized treatment of the patients, thus avoiding the
administration of unnecessary and ineffective drugs.

AGEs & the aging process

AGE:s are considered to be a biomarker for aging, due to the continuous accumulation in body fluids and tissues.
AGE:s are thought to have a role in aging because they accumulate in collagen and elastin fibers in the extracellular
matrix, affecting its elasticity. AGEs alter the intracellular function by protein glycation and last, but not least,
AGE-RAGE interaction leads to local inflammatory pathways [571. One of the first experiments that studied these
glycation products [58] proposed that the presence of AGEs excites macrophage cytokines, which synthesize TNF-a
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and IL-1. Crigan ez al. studied histological and immunohistochemical aspects of ultraviolet-derived CML in sun-
exposed and unexposed skin, in a group of 32 healthy patients subdivided into age categories [591. Their findings
indicated that AGE-CML had a high expression in both exposed and unexposed skin, while CML was 10%
higher in exposed skin compared with unexposed skin, proportionally to age. Superficial dermal layers had higher
levels of glycation products compared with the deeper layers. Starting from the hypothesis that obese people store
more AGE:s in tissues and fluids, skin AGE autofluorescence was assessed in Western European patients diagnosed
with obesity, smokers or nonsmokers, with or without other metabolic pathologies [60]. The researchers found a
difference of almost 10% between obese and nonobese persons, which might be due to variations in the subjects’
diet. MG was shown to affect collagen’s extracellular matrix during aging, induces endoplasmic reticulum stress
and apoptosis by activating the PERK-eIF2a and caspase-12 pathways, and by generating hydrogen peroxide and
oxygen-derived free radicals [61]. A systematic review on AGEs influence in wound healing evidenced that AGEs
reduce the elasticity and scar thickness, by disarranging collagen structure, producing short and thin fibers [62].
An in vitro multiscale mechanical testing using ribose and harvested human tendons” samples showed that AGEs
limit fiber—fiber and fibril-fibril sliding and by that the tissue viscoelasticity is strongly diminished [63]. A recent
cross-sectional controlled study investigated the association between joint stiffness and AGEs in patients with Type
1 diabetes. Anamnesis, clinical examination and skin biopsies using LC-MS were performed. The results associated
joint stiffness with long-term glycosylated hemoglobin and the AGEs MG and pentosidine [64]. Another study
analyzed in rat tail and Achilles tendons fibrils mechanics and the effect of MG treatment [65]. Tendons from rats
with the age of 4 and 16 weeks were used. The results showed no influence of the age on mechanical properties,
but methylglyoxal generated stiffness without fragility of the tested tissues. Regarding hard structures, 170 human
bone samples were investigated to evaluate the relationship between pentosidine and total AGE:s in cortical and
cancellous bone [66]. The result showed a higher pentosidine and total AGEs accumulation in cancellous bone
compared with cortical bone. Thomas ez al. evaluated CML in type I collagen bone samples, using MS, and a
protocol including demineralization, heating and trypsin digestion for the assessment of CML in bone tissue [67].
The study showed that CML is from 40- to 100-times higher in bone compared with pentosidine, which is
correlated to the skeletal risk of fracture. Serum levels of AGE and sSRAGE were investigated in heart failure and
dilated ascending aorta diseases. In heart failure patients, serum pentosidine level was shown to be an independent
prognosis factor for nonischemic cardiac events; by its interaction with RAGE, pentosidine activates the NADPH
oxidase and ROS generation that triggers the NF-kB pathway. This pathway represents a stimulus for the expression
of proinflammatory cytokines that are known to be associated to heart failure (68]. In patients with ascending aorta
dilatation disease, TGF-f8 levels were higher in the tricuspid valve, but no differences in sSRAGE serum levels or in
valve morphology were found [69], maybe due to the fact that sSRAGE have no specificity regarding the topography
of the pathology. The above accumulating evidence shows that skin autofluorescence could be correlated with the
presence and severity of vascular complications of diabetes and could predict future cardiovascular events and death
in patients with diabetes.

AGEs & metabolic disorders

Mastrocola ez al. gavaged mice with glucose 15% or fructose 15% during 30 weeks, with the purpose of assessing
effects on weight, glucose tolerance and lipid profile [70). The mice became overweight in a proportion of up to
31%, glucose curves moved from the control at every glycemic bump, and the lipid profile was altered, with hepatic
steatosis. Glyceraldehyde-derived pyridinium (GLAP) and MOLD were overexpressed in the hepatic tissue of
glucose-fed mice, while GOLD and CML were overexpressed in the hepatic tissue of fructose-fed mice. Moreover,
the authors suggested the role of CML accumulation in hepatic steatosis, and their hypothesis is supported by
other studies using 7z vitro and in vivo models [71,72]. In rat hepatocytes culture, the administration of ethanol led
to severe downregulation and fatty accumulation in hepatocytes, because of oxidative stress induced by AA-AGEs
[acetaldehyde (the main ethanol metabolite)-derived AGEs] [73]. AA-AGEs also led to apoptosis of neural cells, in
a dose-dependent manner [74,75].

Worldwide, more than 10% of the population suffer from obesity, and it is estimated that by 2030, this proportion
will double (76,771. The link between AGEs accumulation and obesity development has been recently demonstrated
in mice with genetically induced deletion of leptin receptors, which were prone to consume excessive calories and
develop obesity and insulin resistance. Obese mice showed high levels of CML trapped by the adipose tissue, while
the deletion of RAGE reverted CML accumulation in adipose tissue, increasing the plasma levels; these findings
indicated a RAGE-dependent mechanism underlying endogenous AGE-induced obesity [78]. A hypercaloric diet
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not only induces obesity but also influences the cognitive function and memory [79,80]. A study conducted by Dahl
et al. on showed that midlife patients with increased BMI had a decline in verbal and spatial skills [s1].

AGEs & neurodegenerative diseases

Several studies demonstrated the connection between dAGEs and neurodegenerative Alzheimer, Parkinson’s disease
and multiple sclerosis. Percentage differences of AGEs in the cerebrospinal fluid in Alzheimer’s disease have been
demonstrated [s2]. D-galactose administration leads to cognitive disorders in a rodent model [83]. An experiment
focusing on the long-term effect of fructose consumption showed that fructose (ten-times more damaging than
sucrose) caused high-serum AGE:s levels and collagen alteration (84]. The authors suggested that AGEs affected the
LDL entry into the brain mediated by astrocytes, and the consequent impairment of neural cell function [8s]. Lys
represents a high percentage of apolipoproteins, a group of structural proteins in LDL, shown to be highly glycated.
As a consequence, they become dysfunctional [s6]. In inflammatory stress, the CNS reacts by gliosis, a nonspecific
hypertrophy of astrocytes, oligodendrocytes and microglia, viewed as protective feedback. Mastrocola et /. evaluated
the production of AGEs (marked as CML) in the hippocampal pyramidal cells of mice with a high-fructose diet [87].
The results expressed an increased amount of CML in pyramidal neurons, which activated the RAGE/NF-kB
proinflammatory pathway, leading to general reactive gliosis. Considering that AGEs are mostly sugar-reducing
sourced, neurological disorders could be associated with increased sweets input — nondiabetic hyperglycemia and
instead of serving as a neural energy substrate, sugars become dAGEs and impair the performance of the neurons,
with negative effects on cognitive functions. Other substances associated with AGEs, such as ROS and iNOS,
could affect cellular energy production and cellular functionality, resulting in memory impairment and aging,
either physiological or related to the neurological condition.

AGE:; in carcinogenesis

AGEs react with the -NH, group of nucleic proteins and could increase the risk of cancer. /z vitro studies [88] showed
that DNA incubation with glucose or a hyperglycemic medium induces mutagenic changes. CML interaction with
the markers of carbonyl stress and oxidative stress (ROS and nitrogen species) inhibits growth factors expression in
injured tissues, and provides an exposed damaged foundation subject to carcinogenic factors [89]. Hyperglycemia
increases RAGE and NADP+ oxidases (NOXs) expression, and this RAGE-NOXs pathway promotes oxidative
stress, local hypoxia and VEGF activation, which might stimulate tumoral angiogenesis [90]. In addition to cigarette
smoke, RAGE polymorphism is strongly involved in the development of oral squamous cell carcinoma (OSCC),
lung and breast carcinoma [91,92]. In gingival carcinoma cells exposed to tobacco smoke, ILs and surface RAGE were
found in high amounts after 6 h of exposure [93]. High expression of RAGE in OSCC cell lines was associated with
an increase in the depth and local recurrence of oral carcinomas [94,95]. CC genotype 752070600 (Gly82Ser) RAGE
SNP was associated to high-serum sRAGE, which might expose RAGE to enzymes and degradation proteins [96].
sRAGE SNP could influence the risk of pancreatic tumoral pathology, where the minor allele of 751035786 of
RAGE were associated with reduced pancreatic cancer risk and soluble RAGE concentrations were independently
inversely correlated with the 82Ser allele of 752070600 of RAGE and positively correlated with serum CML [97].
In mice model-induced hepatocellular carcinoma, oval cells (OC) liver progenitor cells observed in chronic liver
damage, were overexpressed due to HMGB1-RAGE interaction and presented high RAGE levels, while HMGB1
blockade caused a decrease in OC as well as RAGE expression [98].

In tumoral pathogenesis, injured cells release damage-associated proteins, from which HMGBI is one of the
most representative — it is discharged during cell apoptosis or under cytokines, RAGE and Tyrosine kinase receptors
(TKRs) stimulation (99. HMGB1 can be synthesized intracellularly (as a physiologically stimulating growth
factor), or extracellularly (with a proinflammatory effect). The association between HM GBI, released by RAGE,
and NF-kB p65 increases melanoma inhibitory activity in OSCC [100). HMGB1-RAGE binding also represents an
independent factor in tumoral proliferation, invasion and metastatic potential [101]. RAGE activation by HMGB1
leads to the activation of type 2 macrophages tumoral activity, NF-k-light-chain promotor of B-cells, having as
a result cellular growth and malignant features [102]. Moreover, SI00A7 and S100A14, calcium-binding proteins,
connect with RAGE receptors and promote epithelial-mesenchymal cell migration, cancer cell invasion and
metastasis in osteosarcomas and cervical cancer [103,104; in glioma-conditioned medium, mesenchymal stem cells
were stimulated toward a tumoral development S100B-RAGE mediated [105).
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AGEs in the saliva & their suitability as biomarker

For the noninvasive diagnosis and monitoring of local and general diseases, saliva, as a biological fluid, is very
accessible and easy to collect. Unlike blood collection, which is almost always uncomfortable and painful for the
patient, or feces or urine analysis, which makes people feel embarrassed, saliva collection is highly accessible, by
a simple spit into sterile recipients. Repeated samples can be collected, and diagnosis and monitoring using this
method is an innovative and attractive approach.

Among saliva components, mucins are heavily glycosylated proteins, which are physiologically secreted by
epithelial cells in the mouth. Their carbohydrate composition varies from tissue to tissue and is altered in response
to mucosal infection and inflammation. Mucins in the oral cavity (including MUC5B, MUC7, MUC19, MUCI1
and MUCA4) protect the mucosa from pathogenic bacteria and noxious substances but provide favorable conditions
to beneficial oral microorganisms through their carbohydrate receptors [106,107]. Salivary mucins are carriers for
glycoproteins that have antibacterial activity; they transport these proteins, enable their retention on the surface of
the teeth and prevent their degradation by forming complexes. The glycosylation of these proteins is also altered in
response to environmental stress.

A study on healthy volunteers assessed the variation of oxidative parameters in unstimulated saliva after mechanical
removal of dental plaque, 30 days in a row. Salivary AGEs and advanced oxidation protein products were higher in
men than in women, and there was a 60% variation between individuals [108]. Salivary thiobarbituric acid reactive
species (TBARS), markers of cell membrane peroxidation, and advanced oxidation protein products were analyzed
mostly for their involvement in periodontal disease, as biomarkers of aggressiveness or efficacy of periodontal
therapy [109-112]. Gingival attachment is an easily oxidized soft tissue, and markers accumulate in the adjacent saliva.
The Comenius Research Unit in Bratislava [113] evaluated in a cross-sectional study of 82 pediatric patients’ salivary
AGE:s using unstimulated saliva, by spectrophotometric and spectrofluorometric measurements. The authors found
differences in expression related to gender and oral hygiene, periodontal and dental status, but no differences related
to age. This might be due to the physical condition not yet affected by metabolic diseases.

A particularity of the expression of AGE:s is their increase in hyperglycemic conditions such as diabetes. This
disease is strongly associated with a negative impact on soft and hard tissue tooth support, manifesting through
periodontitis. Salivary AGEs determinations using nuclear magnetic resonance spectra in a case—control study
showed a strong association between the evolution of periodontal disease and AGEs accumulation, evidencing the
implication of glycation products in oral diabetes complications [114]. AGEs spectrofluorometry was measured in
the saliva, serum, urine and skin in 52 patients with Type 2 diabetes [115]. AGEs accumulation in the skin was
strongly age-related and changed in failure of renal function. Renal impairment might lead to the transfer of AGEs
to other structures, such as skin.

Wautier et al. found that CML blood levels were increased in patients with diabetes versus control group [116].
CML detection in saliva could represent an easy way of assessment of metainflammation in general diseases using a
cavitas electrochemical sensor. Local infection found in oral cavity (such as periodontitis and other infection) must
be excluded in order to have a correct interpretation of the results [117). These noninvasive approaches of AGEs
assessment in saliva for detection and monitoring general diseases open new and future research areas for real-time
detection using wireless transmission.

AGEs in general diseases: quo vadis?

The results of in vitro and in vivo studies vary widely concerning the AGEs levels in biological fluids. These
differences are influenced by many external and internal factors. The Western diet, vicious habits, age, sun
overexposure increase and accelerate the production and deposition of external AGEs. The process is time and
dose dependent, but there is no consensus as to when to start assessing AGEs levels. Should it be done in early
childhood, when the body is theoretically free of deleterious substances, and should the obtained measurements
be used as a gold standard, or in early adulthood in healthy patients? Systemic diseases, by altering immune host
response, activation of proinflammatory mediators, create a favorable environment for the production of AGEs.
Moreover, hyperglycemia, hyperlipidemic conditions such as diabetes, dyslipidemia and liver steatosis provide an
abundant support for glycation product outcome, and thus, higher values/false-positive values. This is why basic
biochemical serum screening is important and should be evermore personalized. Urinary assessments might be
influenced by an alteration of renal function, and AGEs might be redirected to other fluids or tissues. From the
oral cavity, salivary AGEs might be collected using a cotton swab, in a routine dental examination, the results of
which can offer valuable information. Oral cavity pathology could influence the values of salivary AGEs [118].
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One of the reasons for which the assessment of AGEs is reliable is their chemical stability, once the Maillard
reactions are completed. Even if a large amount is lost by urinary excretion, about 10% is identified in biological
fluids and tissues. Animal and human studies have associated the amount of AGEs with physiological and patho-
logical conditions. Among the tested sources, salivary samples are easy to collect and noninvasive, and create a
comfortable alternative for the patient. However, protocols that involve providing a sterile environment, transport
and examination create time and cost inconveniences.

AGEs downregulation strategies

The source, body localization, ratio and last but not least, the presence of associated diseases has a great influence
on the AGE treatment outcome. The current direction is to intervene in the glycation process at key points
along its production mechanism, targeting specific pathways and receptors. One direction could be the use of
antioxidant drugs. It has been reported that Ca** channel inhibitors, vitamins thiamine, P (flavonoids) and
numerous natural compounds could help in the reduction of AGEs accumulation due to the antioxidant effect [119].
Experimental treatment with monoclonal anti-RAGE IgG3 resulted in improved glucose tolerance and attenuated
renal complications in patients with Type 2 diabetes [120). The influence of local drug delivery such as chitosan-
based pH-responsive hydrogels loaded with N-phenacylthiazoliumbromide (PTB) in periodontopathic versus
nonperiodontopathic groups was assessed by microcomputer tomography and histology. Results showed that PTB
application could slow down the initiation of and improve recovery from experimental periodontitis [121]. It has
been demonstrated that the association of antimicrobial doxycycline and ketone compounds such as flavonoids
decreases AGE concentration in the crevicular fluid in periodontal disease [122]. Flavonoids inhibit ROS, NO,
cyclooxygenase, lipoxygenase and arachidonic acid pathways, which explain their role in reducing AGEs. One
mechanism is the activation of dicarbonyl detoxification system, formed by glyoxalase I and II, enzymes which
convert AGEs into hydroxyl acids [123]. The other mechanism is the increase of glyoxalase activity with lipoic acid,
NAC, thiol-based antioxidants and the subsequent downregulation of glycation product formation [124]. Trans-
resveratrol and hesperetin polyphenols activate the glyoxalase system and lead to elimination of MG, property
which is active both in normal body conditions — 36° to 37°C and at high temperature during cooking [125]. Some
dipeptide compounds — creatine and carnosine, have a carbonyl-trapping effect, and thus reduce the formation and
deposition of AGEs. Drinks such as red wine, green tea and various herbal extracts also have antiglycative effects [126].
Innovative approaches act on HMGB-1, WNT-1, S-100 RAGE (which have specificity in osteosarcoma) signaling
pathways, and AGE-RAGE interactions. Guilbaud ez a/. suggested that a diet restriction in exogenous AGEs, but
rich in purified nutrients, such as vitamins and natural antioxidants could limit the accumulation of glycation
products [35]. It seems that diet restriction lowers early glycation products but not the advanced ones. Sell ez al.
measured furosine in skin collagen, and his results suggested that formation of CML and pentosidine depended
not only on glycemia but also on oxidative stress and lipid oxidation [127]. A recent study showed that a diet which
includes more than 100 g of fructose daily is associated with weight increase among the patients [128]. Another
study of Wang ez al. showed that more than 200 g per day fructose along with a hypercaloric diet led to increased
uric acid serum levels (129]. Bunn and Higgins investigated the reactions between glucose, fructose and proteins.
Their results showed that fructose is seven-times more reactive to produce Schiff bases, compared with glucose [130].
A meta-analysis study of Cozma ¢t al. showed that the replacement of high glycemic index carbohydrates with
fructose led to an improvement of glycemic index in diabetic patients, but more than 60 g fructose per day led to
serum triglycerides increase, and a total cholesterol lowering [131,132]. The above results state the negative influence
of dietary intake in producing glycation compounds.

Due to their benefic effects, carnosine and creatine have been proposed as anti-AGEs strategies; creatine has
the ability to block dicarbonyl compounds [133], and carnosine has antioxidant, anti-inflammatory and dicarbonyl-
traping effects (134]. Deo er al. studied the effect of weight loss on CML and HbAlc serum levels, as glycation
markers, in diabetic and nondiabetic patients. Their results showed 17% decrease in serum CML and reduction of
HbAlc from 6.8 to 6.2% [135].

All these studies suggest that cautious food cooking (raw aliments, lower temperature and prolonged time),
limited carbohydrate intake and natural antioxidants supplements could decrease the AGEs production.

Physical activity & DAGEs
The first studies analyzing the effect of physical activity on glycation compounds were in Malaysian volunteers [136].
After 3 months of twice-per-week tai chi, serum AGEs and malondialdehyde decreased significantly. Another study
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analyzed MG in erythrocytes after short and long run. The red cell MG decreased up to 60% in trained men versus
41% in untrained men [137]. A study that investigated endurance running with AGEs — pentosidine deposits in
patellar tendons in four groups (elder master athletes vs untrained elder with the average age of 64 years-old and
young endurance runners vs untrained young men) found a 21% lower pentosidine density in athletes compared
with untrained elderly [138]. Beside the results concerning AGEs, the thickness of the patellar tendons was higher
in both elder and young trained men. The researchers suggested that long-term endurance training lowers the
age-depending AGEs accumulation. A similar study compared circulating GO, MG and 3-deoxyglucosone, serum
CML, CEL, MG-H1 and pentosidine in elder endurance men versus untrained men [139]. The results showed lower
MG, 3-deoxyglucosone and MG-H1 concentration in elder athletes. An unexpected result was the concentration
of CEL and CML, which were higher in athletes, and directly correlated with cardiorespiratory fitness. Macias-
Cervantes ez al. studied the effect of physical activity (three-times per-week) on overweight men and reduced AGEs
intake versus normal food intake for 3 months. AGEs decreased up to 50%, along with the increase of high-density
lipoproteins [140]. A prospective study on 98 volunteers investigated the effect of physical activity on circulating
sRAGE (known to have an anti-inflammatory efficacy) — measured at baseline, 2, 6 and 8 months [141]. Increase of
9-22% of sSRAGE were noticed after sport performing, more obvious in volunteers with initial low performance.
The above presented results suggest that physical training could lower AGEs depositing, and a long-term sport
practice could have an antiglycative effect and a protective role in general diseases.

Conclusion

Systemic diseases, by altering the immune host response and by activating the proinflammatory mediators, create
a favorable environment for the production of AGEs. The Western diet, vicious habits, age and sun overexposure
increase and accelerate the production and deposition of AGEs, in a time- and dose-dependent manner. AGEs have
a dose- and time-related cumulative negative effect on human tissues. Current anti-AGEs strategies include diet
changes either modulation in food cooking, a physical active lifestyle, to increase antioxidative mechanism, and
last but not least medication that interfere with the glycation process. Due to their stability in biological fluids, the
validation of AGEs as biomarkers, including salivary AGEs, could represent a new approach in the early diagnosis
and treatment of diet-related diseases, designing a long-lasting and efficient therapy.

Future perspective

Due to their stability in biological fluids, the validation of AGEs as biomarkers in general diseases by means of
accuracy would not be an impediment. In what concerns clinical results, summarized data show inhomogeneous
AGE values in the tested samples. This might suggest that a greater number of subjects are required for in vivo
study in order to achieve a statistically and clinically valid value of this metabolic biomarker. Over time, salivary
biosensors have been developed for several applications, including glucose evaluation, stress biomarkers and cortisol
detection, salivary amylase and lactate activity, to name a few. However, to the best of our knowledge, there is no
device produced and validated to measure salivary AGEs currently used in clinical settings, these were tested only
for the research purposes. To assess AGEs real-time variations, the biosensors would be attached to a mouth guard.
The device would allow continuous salivary AGEs analysis. This noninvasive evaluation technique could serve for
dental office or home management of healthy individuals and general pathology-diseased patients. The noninvasive
approaches of AGEs assessment in saliva open new and future research areas for real-time detection using wireless
transmission.
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Executive summary

Advanced glycation end products formation

e Advanced glycation end products (AGEs) are represented by structures formed via glycation — a nonenzymatic
reaction between sugars with a free amino or ketone group and proteins or lipids, and increase the food
attractiveness for intake. Glycation and high-temperature cooking produce stable connections, which make AGEs
hard to be countervailed by proteolytic enzymes, antioxidative substances.

AGEs pathogenic pathways downregulation

e AGEs can damage tissues by two different pathogenic pathways: receptor-mediated and receptor-independent
manner. The current direction for therapies development is to intervene in the glycation process at key points
along its production mechanism, targeting specific pathways and receptors. One direction could be the use of
antioxidant drugs. Cautious in food cooking (raw aliments, lower temperature and prolonged time), limited
carbohydrate intake and natural antioxidants supplements could decrease the AGEs production. Some results
suggest that physical training could lower AGEs depositing, and a long-term sport practice could have an
antiglycative effect and a protective role in general diseases.

AGEs in the aging process

e AGEs are considered to be a biomarker for aging, due to the continuous accumulation in body fluids and tissues:
in collagen and elastin fibers and in the extracellular matrix, affecting its elasticity. In hard tissues, such as bone,
they increase fracture risk.

AGEs in metabolic & neurodegenerative pathology

e A hypercaloric diet not only induces obesity but also influences the cognitive function and memory. Several
studies demonstrated the connection between dietary AGEs and neurodegenerative Alzheimer, Parkinson'’s
disease and multiple sclerosis. In inflammatory stress, the CNS reacts by gliosis, a nonspecific hypertrophy of
astrocytes, oligodendrocytes and microglia, viewed as protective feedback.

AGEs features & implication in carcinogenesis

e AGEs react with the -NH; group of nucleic proteins, ROS, carbonyl stress and could increase the risk of cancer. The
cigarette smoke, RAGE polymorphism and AGEs SNP are strongly involved in the development of oral squamous
cell carcinoma, melanoma, lung and breast carcinoma.

Salivary AGEs: correspondence with biological fluids AGEs & their appropriateness as biomarkers

e For the noninvasive diagnosis and monitoring of local and general diseases, saliva, as a biological fluid, is very
accessible and easy to collect. Repeated samples can be collected, and diagnosis and monitoring using this
method is an innovative and attractive approach. To assess AGEs real-time variations, the biosensors would be
attached to a mouth guard. The device would allow continuous salivary AGEs analysis. This noninvasive
evaluation technique could serve to dental office either home management of healthy and general
pathology-diseased patients.

References

Papers of special note have been highlighted as: e of interest; ®e of considerable interest
1. Hodge I. Dehydrated foods chemistry of browning reactions in model systems. /. Agric. Food Chem. 1(15), 928-943 (1953).

2. Neviere R, Yu'Y, Wang L ¢z a/. Implication of advanced glycation end products (AGEs) and their receptor (RAGE) on myocardial
contractile and mitochondrial functions. Glycoconj. J. 33(4), 607-617 (2016).

3. Van Nguyen C. Toxicity of the AGEs generated from the Maillard reaction: on the relationship of food-AGEs and biological-AGEs. Mol.
Nutr. Food Res. 50(12), 1140-1149 (2006).

4. Aragno M, Mastrocola R. Dietary sugars and endogenous formation of advanced glycation endproducts: emerging mechanisms of

disease. Nutrients 9(4), 1-16 (2017).

5. Uribarri J, Cai W, Sandu O ez al. Diet-derived advanced glycation end products are major contributors to the body’s AGE pool and
induce inflammation in healthy subjects. Ann. NY Acad. Sci. 1043, 461-466 (2005).

6. Rahbar S, Blumenfeld O, Ranney H. Studies of an unusual hemoglobin in patients with diabetes mellitus. Biochem. Biophys. Res.
Commun. 36(5), 838-843 (1969).

7. Brings S, Fleming T, Freichel M ¢t al. Dicarbonyls and advanced glycation end-products in the development of diabetic complications
and targets for intervention. /nz. J. Mol. Sci. 18(5), pii:E984 (2017).

490

Biomark. Med. (2019) 13(6) future science group



10.

14.

15.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Advanced glycation end products as biomarkers in systemic diseases

Schleicher ED, Wagner E, Nerlich A. Increased accumulation of the glycoxidation product N(epsilon)-(carboxymethyl)lysine in human
tissues in diabetes and aging. /. Clin. Invest. 99(3), 457468 (1997).

Goldberg T, Cai W, Peppa M ez al. Advanced glycoxidation end products in commonly consumed foods. /. Am. Diet.
Assoc. 104(8), 1287-1291 (2004).

Helou C, Gadonna-Widehem P, Robert N ¢z a/. The impact of raw materials and baking conditions on Maillard reaction products,
thiamine, folate, phytic acid and minerals in white bread. Food Funct. 7(6), 2498-2507 (2016).

Li L, Han L, Fu Q ¢# a/. Formation and inhibition of N ¢-(carboxymethyl)lysine in saccharide-lysine model systems during microwave
heating. Molecules 17(11), 12758-12770 (2012).

Fogliano V, Morales F. Estimation of dietary intake of melanoidins from coffee and bread. Food Funct. 2(2), 117-123 (2011).

Tagliazucchi D, Bellesia A. The gastro-intestinal tract as the major site of biological action of dietary melanoidins. Amino Acids 47(6),
1077-1089 (2015).

Cerami C, Founds H, Nicholl I ¢z a/. Tobacco smoke is a source of toxic reactive glycation products. Proc. Natl Acad. Sci. USA 94(25),
13915-13920 (1997).

Monnier V, Kohn R, Cerami A. Accelerated age-related browning of human collagen in diabetes mellitus. Proc. Natl Acad. Sci.
USA 81(2), 583-587 (1984).

Tamanna N, Mahmood N. Food processing and maillard reaction products: effect on human health and nutrition. /nz. /. Food Sci. 2015,
526762 (2015).

Poulsen MW, Andersen JM, Hedegaard RV et a/. Short-term effects of dietary advanced glycation end products in rats. Brit. J. Nutr.
115(04), 629-636 (2016).

Delgado-Andrade C, Fogliano V. Dietary advanced glycosylation end-products ({AGEs) and melanoidins formed through the Maillard
reaction: physiological consequences of their intake. Annu. Rev. Food Sci. Technol. 25(9), 271-291 (2018).

Finot PA, Magnenat E. Metabolic transit of early and advanced Maillard products. Prog. Food Nutr. Sci. 5(1-6), 193-207 (1981).

Koschinsky T, He C, Mitsuhashi T ez 2/. Orally absorbed reactive glycation products (glycotoxins): an environmental risk factor in
diabetic nephropathy. Proc. Natl Acad. Sci. USA 94(12), 64746479 (1997).

O’Brien JD, Thompson DG, Day S]J et al. Perturbation of upper gastrointestinal transit and antroduodenal motility by experimentally
applied stress: the role of beta-adrenoreceptor mediated pathways. Guz 30(11), 1530-1539 (1989).

Finot PA, Magnenat E. Le blockage de la lysine par la reaction de Maillard. II. Propriete chimiques des derives
N-(desoxy-1-D-fructosyl-1) et N-(dCsoxy-I-D-lactulosyl1-1) de la lysine. Helv. Chim. Acta 55, 1153-1164 (1972).

Erbersdobler HF. Determination of lysine damage and calculation of lysine bio-availability in several processed foods. Z. Ernahrungswiss.
30(1), 46-94 (1991).

Mehta BM, Deeth HC. Blocked lysine in dairy products: formation, occurrence, analysis, and nutritional implications. Compr. Rev. Food
Sci. Food Saf. 15(1), 206-218 (2016).

Uribarri J, Woodruff S, Goodman S et a/. Advanced glycation end products in foods and a practical guide to their reduction in the diet. /.
Am. Diet. Assoc. 110(6), 911-916 (2010).

Hull GLJ, Woodside J, Ames J ¢t al. N-epsilon-(carboxymethyl)lysine content of foods commonly consumed in a Western style diet.
Food Chem. 131(1), 170-174 (2012).

Scheijen J, Clevers E, Engelen L ez al. Analysis of advanced glycation endproducts in selected food items by ultra-performance liquid
chromatography tandem mass spectrometry: presentation of a dietary AGE database. Food Chem. 190, 1145-1150 (2016).

Scheijen J, Hanssen NM]J, van Greevenbroek MM et al. Dietary intake of advanced glycation endproducts is associated with higher levels
of advanced glycation endproducts in plasma and urine: the CODAM study. Clin. Nuzr. 37(3), 919-925 (2018).

Birlouez-Aragon I, Saavedra G, Tessier FJ ez al. A diet based on high-heat-treated foods promotes risk factors for diabetes mellitus and

cardiovascular diseases. Am. /. Clin. Nutri. 91(5), 1220-1226 (2010).

Li M, Zeng M, He Z ez al. Increased accumulation of protein-bound N (carboxymethyl)lysine in tissues of healthy rats after chronic oral
n (carboxymethyl)lysine. /. Agric. Food Chem. 63(5), 1658-1663 (2015).

Vlassara H, Cai W, Crandall J ez a/. Inflammatory mediators are induced by dietary glycotoxins, a major risk factor for diabetic
angiopathy. Proc. Natl Acad. Sci. USA 99(24), 15596-15601 (2002).

Uribarri J, Peppa M, Cai W ez al. Restriction of dietary glycotoxins reduces excessive advanced glycation end products in renal failure
patients. J. Am. Soc. Nephrol. 14(3), 728-731 (2003).

Férster A, Kithne Y, Henle T. Studies on absorption and elimination of dietary Maillard reaction products. Ann. NY Acad. Sci. 1043,
474-481 (2005).

Alamir I, Niquet-Leridon C, Jacolot P ez al. Digestibility of extruded proteins and metabolic transit of N e-carboxymethyllysine in rats.
Amino Acids 44(6), 1441-1449 (2013).

Review

future science group www.futuremedicine.com

491



Review

Babtan, llea, Bosca et al.

35.

30.

37.
38.
39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.
52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

Guilbaud A, Niquet-Leridon C, Boulanger E ez 2. How can diet affect the accumulation of advanced glycation end-products in the
human body? Foods 5(4), 84 (2016).

Cefalu WT, Bell-Farrow AD, Wang ZQ et al. Caloric restriction decreases age-dependent accumulation of the glycoxidation products,
N"-(carboxymethyl)lysine and pentosidine, in rat skin collagen. /. Gerontol. A Biol. Sci. Med. Sci. 50(6), B337-B341 (1995).

Morales F, Somoza V, Fogliano V. Physiological relevance of dietary melanoidins. Amino Acids 42(4), 1097-1109 (2012).
Finot PA, Magnenat E. Metabolic transit of early and advanced Maillard products. Prog. Food Nutr. Sci. 5(1-6), 193207 (1981).

Schleicher ED, Wagner E, Nerlich A. Increased accumulation of the glycoxidation product N e -(carboxymethyl)lysine in human tissues
in diabetes and aging. /. Clin. Invest. 99(3), 457-468 (1997).

van der Lugt T, Weseler AR, Gebbink WA, Vrolijk M, Opperhuizen A, Bast A. Dietary advanced glycation endproducts induce an
inflammatory response in human macrophages in vitro. Nutrients 10(12), 1868 (2018).

Niquet-Léridon C, Tessier FJ. Quantification of Ne-carboxymethyl-lysine in selected chocolate-flavoured drink mixes using
high-performance liquid chromatography-linear ion trap tandem mass spectrometry. Food Chem. 126(2), 655663 (2011).

Koschinsky T, He C, Mitsuhashi T ez /. Orally absorbed reactive glycation products (glycotoxins): an environmental risk factor in
diabetic nephropathy. Proc. Natl Acad. Sci. USA 94(12), 6474-6479 (1997).

O’Brien JD, Thompson DG, Day SJ ez al. Perturbation of upper gastrointestinal transit and antroduodenal motility by experimentally
applied stress: the role of beta-adrenoreceptor mediated pathways. Gur 30(11), 1530-1539 (1989).

Neeper M, Schmidt AM, Brett J ez al. Cloning and expression of a cell surface receptor for advanced glycosylation end products of
proteins. /. Biol. Chem. 267(21), 14998-15004 (1992).

Wautier MP, Guillausseau PJ, Wautier JL. Activation of the receptor for advanced glycation end products and consequences on health.

Diabetes Metab. Syndr. Clin. Res. Rev. 11(4), 305-309 (2017).
Abe R, Yamagishi S. AGE-RAGE system and carcinogenesis. Curr. Pharm. Des. 14(10), 940-945 (2008).

Mahajan N, Dhawan V. Receptor for advanced glycation end products (RAGE) in vascular and inflammatory diseases. nz. J. Cardiol.
168(3), 1788-1794 (2013).

Sakaguchi M, Kinoshita R, Putranto EW ¢ a/. Signal diversity of receptor for advanced glycation end products. Acta Med. Okayama.
71(6), 459465 (2017).

Uribarri J, del Castillo MD, de la Maza MP ¢t al. Dietary advanced glycation end products and their role in health and disease. Adv.
Nutr. 6, 461-473 (2015).

Xie J, Méndez JD, Méndez-Valenzuela V, Aguilar-Herndndez MM. Cellular signalling of the receptor for advanced glycation end
products (RAGE). Cell. Signal. 25(11), 2185-2197 (2013).

Ahmad S, Khan H, Siddiqui Z ez 2. AGEs, RAGEs and s-RAGE; friend or foe for cancer. Semin. Cancer Biol. 49, 4445 (2018).

Sponder M, Campean IA, Emich M ¢z al. Long-term physical activity leads to a significant increase in serum sRAGE levels: a sign of
decreased AGE-mediated inflammation due to physical activity? Heart Vessels 33(8), 893-900 (2018).

Haddad M, Knani I, Bouzidi H, Berriche O, Hammami M, Kerkeni M. Plasma levels of pentosidine, carboxymethyl-lysine, soluble
receptor for advanced glycation end products, and metabolic syndrome: the metformin effect. Dis. Markers 2016, 6248264 (2016).

Yamagishi S, Matsui T, Nakamura K. Kinetics, role and therapeutic implications of endogenous soluble form of receptor for advanced
glycation end products (SRAGE) in diabetes. Curr. Drug Targets 8(10), 1138-1143 (2007).

Semba RD, Gebauer SK, Baer DJ ez 4. Dietary intake of advanced glycation end products did not affect endothelial function and
inflammation in healthy adults in a randomized controlled trial. /. Nuzr. 7, 10371042 (2014).

Bastos D, Gugliucci A. Contemporary and controversial aspects of the Maillard reaction products. Curr. Opin. Food Sci. 1, 13-20 (2015).

Kim CS, Park S, Kim J. The role of glycation in the pathogenesis of aging and its prevention through herbal products and physical
exercise. /. Exerc. Nutrition Biochem. 21(3), 55-61 (2017).

Vlassara H, Brownlee M, Manogue K ¢z al. Cachectin/TNF and IL-1 induced by glucose-modified proteins: role in normal tissue
remodeling. Science 240(4858), 15461548 (1988).

Crisan M, Taulescu M, Crisan D e al. Expression of advanced glycation end-products on sun-exposed and non-exposed cutaneous sites
during the ageing process in humans. PLoS ONE 8(10), 75003 (2013).

den Engelsen C, van den Donk M, Gorter K]J ez /. Advanced glycation end products measured by skin autofluorescence in a population
with central obesity. Dermatoendocrinology 4(1), 33-38 (2012).

Nowotny K, Castro JP, Hugo M ez al. Oxidants produced by methylglyoxal-modified collagen trigger ER stress and apoptosis in skin
fibroblasts. Free Rad. Biol. Med. 120, 102—113 (2018).

Van Putte L, De Schrijver S, Moortgat P. The effects of advanced glycation end products (AGEs) on dermal wound healing and scar
formation: a systematic review. Scars, Burns Healing 2, 1-14 (2016).

Gautieri A, Passini FS, Silvan U ez /. Advanced glycation end-products: mechanics of aged collagen from molecule to tissue. Matrix Biol.

59, 95-108 (2017).

492

Biomark. Med. (2019) 13(6) future science group



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.
87.

Advanced glycation end products as biomarkers in systemic diseases

Suggests that advanced glycation end products determine functional and biological effects in collagen connective tissues through
decrease tissue viscoelasticity (limiting fiber—fiber and fibril-fibril sliding).

Holte KB, Juel NG, Brox J1I e al. Hand, shoulder and back stiffness in long-term type 1 diabetes; cross-sectional association with skin
collagen advanced glycation end-products. The Dialong study. /. Diabetes Complications 31(9), 1408-1414 (2017).

Svensson RB, Smith ST, Moyer PJ ez al. Effects of maturation and advanced glycation on tensile mechanics of collagen fibrils from rat
tail and Achilles tendons. Acta Biomater. 70, 270-280 (2018).

Karim L, Tang SY, Sroga GE ez al. Differences in non-enzymatic glycation and collagen cross-links between human cortical and
cancellous bone. Osteoporosis Int. 24(9), 2441-2447 (2013).

Thomas CJ, Cleland TP, Sroga GE ¢t al. Accumulation of carboxymethyl-lysine (CML) in human cortical bone. Bone 110, 128-133
(2018).

Koyama Y, Takeishi Y, Arimoto T e# a/. High serum level of pentosidine, an advanced glycation end product (AGE), is a risk factor of
patients with heart failure. /. Card. Fail. 13(3), 199-206 (2007).

Gallo 1, Agnese V, Coronnello C ez al. On the prospect of serum exosomal miRNA profiling and protein biomarkers for the diagnosis of
ascending aortic dilatation in patients with bicuspid and tricuspid aortic valve. Inz. J. Cardiol. 15(273), 230-236 (2018).

Mastrocola R, Collino M, Rogazzo M et al. Advanced glycation end products promote hepatosteatosis by interfering with SCAP-SREBP
pathway in fructose-drinking mice. Am J. Physiol. Gastrointest. Liver Physiol. 305(6), G398-G407 (2013).

Stanhope KL, Schwarz JM, Keim NL ez 2/. Consuming fructose-sweetened, not glucose sweetened, beverages increases visceral adiposity
and lipids and decreases insulin sensitivity in overweight/obese humans. /. Clin. Invest. 119(5), 1322-1334 (2009).

Gaens KH, Niessen PM, Rensen SS ez al. Endogenous formation of Ne-(carboxymethyl) lysine is increased in fatty livers and induces
inflammatory markers in an 7z vitro model of hepatic steatosis. /. Hepatol. 56(3), 647-655 (2012).

N-epsilon-(carboxymethyl) lysine accumulation is significantly associated with the grade of hepatic steatosis and hepatic
inflammation, and also with levels of inflammatory markers (their gene expression).

Hayashi N, George ], Takeuchi M ez al. Acetaldehyde-derived advanced glycation end-products promote alcoholic liver disease. PLoS
ONE 8(7), €70034 (2013).

Takeuchi M, Watai T, Sasaki N ez a/. Neurotoxicity of acetaldehyde-derived advanced glycation end products for cultured cortical
neurons. /. Neuropathol. Exp. Neurol. 62(5), 486-496 (2003).

Takeuchi M, Saito T. Cytotoxicity of acetaldehyde-derived advanced glycation end-products (AA-AGE) in alcoholic-induced neuronal
degeneration. Alcohol Clin. Exp. Res. 29(12), 220S-224S (2005).

Wild S, Roglic G, Green A et al. Global prevalence of diabetes. Diabetes Care 27(5), 1047-1053 (2004).

Danaei G, Finucane MM, Lu Y ¢z al. National, regional, and global trends in fasting plasma glucose and diabetes prevalence since 1980:

systematic analysis of health examination surveys and epidemiological studies with 370 country-years and 2.7 million

participants. Lancet 378(9785), 31-40 (2011).
Gaens KH, Goossens GH, Niessen PM ez al. N-(carboxymethyl)lysine-receptor for advanced glycation end product axis is a key

modulator of obesity-induced dysregulation of adipokine expression and insulin resistance. Arterioscler. Thromb. Vase. Biol. 34(6),
1199-1208 (2014).

Lakhan SE, Kirchgessner A. The emerging role of dietary fructose in obesity and cognitive decline. Nuzr. J. 12, 114 (2013).

Hsu TM, Konanur VR, Taing L ¢ al. Effects of sucrose and high fructose corn syrup consumption on spatial memory function and
hippocampal neuroinflammation in adolescent rats. Hippocampus 25(2), 227-239 (2015).

Dahl A, Hassing LB, Fransson E ez al. Being overweight in midlife is associated with lower cognitive ability and steeper cognitive decline
in late life. /. Gerontol. A Biol. Sci. Med. Sci. 65(1), 57-62 (2010).

Shuvaev VV, Laffont I, Serot JM et al. Increased protein glycation in cerebrospinal fluid of Alzheimer’s disease. Newrobiol.

Aging 22(3), 397-402 (2001).

Lian W, Jia H, Xu L ez /. Multi-protection of DL0410 in ameliorating cognitive defects in D-galactose induced aging mice. Front. Aging
Neurosci. 9(409), 1-17 (2017).

Levi B, Werman M]. Long-term fructose consumption accelerates glycation and several age-related variables in male rats. /.

Nutr. 128(9), 1442-1449 (1998).

Seneff' S, Wainwright GML, Mascitelli L. Nutrition and Alzheimer’s disease: the detrimental role of a high carbohydrate diet. Eur. /. Int.
Med, 22(2), 134-140 (2011).

Younis N, Sharma R, Soran H ¢ a/. Glycation as an atherogenic modification of LDL. Curr. Opin. Lipidol. 19(4), 378-384 (2008).
Mastrocola R, Nigro D, Cento AS ez al. High-fructose intake as risk factor for neurodegeneration: key role for carboxy methyllysine
accumulation in mice hippocampal neurons. Neurobiol. Dis. 89, 65-75 (2016).

Carboxy methyllysine accumulation in hippocampal neurons triggered by high-fructose diet determine the same molecular and
metabolic alterations observed in early phases of neurodegenerative diseases, and can represent a risk factor for their onset.

Review

future science group www.futuremedicine.com

493



Review

Babtan, llea,

88.

89.

90.

91.
92.

93.

94.

95.

96.

97.

98.

99.

100.

101.
102.

103.

104.

105.

106.

107.
108.

109.

110.

111.
112.

113.

114.

115.

Bosca et al.

Lee A, Cerami A. Elevated glucose 6-phosphate levels are associated with plasmid mutations in vive. Proc. Natl Acad. Sci. USA 84(23),
8311-8314 (1987).

Quan KK, Kusewitt DF, Hudson LG. Glyoxal leads to defective keratinocyte migration and down-regulation of Snai2. /. Dermatol. Sci.
73(2), 166-169 (2014).

Liao Y, Yin S, Chen Z, Li F, Zhao B. High glucose promotes tumor cell proliferation and migration in lung adenocarcinoma via the

RAGE-NOXs pathway. Mol. Med. Rep. 17(6), 8536-8541 (2018).
Brownlee M. Negative consequences of glycation. Mezabolism 49(2 Suppl. 1), 9—-13 (2000).

SuM, Chien M, Lin C. RAGE gene polymorphism and environmental factor in the risk of oral cancer. /. Dent. Res. 94(3), 403-411
(2015).

Sanders NT, Dutson DJ, Durrant JW ez al. Cigarette smoke extract (CSE) induces RAGE-mediated inflammation in the Ca9-22
gingival carcinoma epithelial cell line. Arch. Oral Biol. 80, 95-100 (2017).

Bhawal UK, Ozaki Y, Nishimura M et a/. Association of expression of receptor for advanced glycation end products and invasive activity
of oral squamous cell carcinoma. Oncology 69(3), 246-255 (2005).

Huang ZH, Zhao DC, Lu HW. Association between the receptor for advanced glycation end products gene polymorphisms and cancer
risk: a systematic review and meta-analysis. /. Buon. 20(2), 614-624 (2015).

Gaens KH], Ferreira I, Van Der Kallen CJH ez al. Association of polymorphism in the receptor for advanced glycation end products
(RAGE) gene with circulating RAGE levels. /. Clin. Endocrinol. Metab. 94(12), 5174-5180 (2009).

Duan Z, Chen G, Chen L ez al. Determinants of concentrations of ne-carboxymethyl-lysine and soluble receptor for advanced glycation
end products and their associations with risk of pancreatic cancer. Inz. J. Mol. Epidemiol. Gener. 5(3), 152-163 (2014).

Pusterla T, Nemeth J, Stein I ez a/. Receptor for advanced glycation endproducts (RAGE) is a key regulator of oval cell activation and
inflammation-associated liver carcinogenesis in mice. Hepatology 58(1), 363-373 (2013).

Tesarova P, Kalousova M, Zima T, Tesar V. HMGBI, S100 proteins and other RAGE ligands in cancer — markers, mediators and
putative therapeutic targets. Biomed. Pap. 160(1), 1-10 (2016).

Sasahira T, Kirita T, Bhawal UK ¢z al. Receptor for advanced glycation end products (RAGE) is important in the prediction of
recurrence in human oral squamous cell carcinoma. Histopathology 51(2), 166-172 (2007).

Abe R, Yamagishi S. AGE-RAGE system and carcinogenesis. Curr. Pharm. Des. 14(10), 940-945 (2008).

Nguyen AH, Detty SQ, Agrawal D. Clinical implications of high-mobility group box-1 (HMGB1) and the receptor for advanced
glycation end-products (RAGE) in cutaneous malignancy: a systematic review. Anticancer Res. 37(1), 1-8 (2017).

Sasahira T, Kirita T, Oue N ez a/. High mobility group box-1-inducible melanoma inhibitory activity is associated with nodal metastasis
and lymphangiogenesis in oral squamous cell carcinoma. Cancer Sci. 99(9), 1806-1812 (2008).

Kataoka K, Ono T, Murata H ez 2/. ST00A7 promotes the migration and invasion of osteosarcoma cells via the receptor for advanced
glycation end products. Oncol. Lett. 3(5), 1149-1153 (2012).

Tan B, Shen L, Yang K ¢z al. C6 glioma-conditioned medium induces malignant transformation of mesenchymal stem cells: possible role

of S100B/RAGE pathway. Biochem. Biophys. Res. Commun. 495(1), 78-85 (2018).

Gibbins HL, Proctor GB, Yakubov GE ¢z a/. Concentration of salivary protective proteins within the bound oral mucosal pellicle. Ora/
Dis. 20(7), 707-713 (2014).

Frenkel ES, Ribbeck K. Salivary mucins protect surfaces from colonization by cariogenic bacteria. AEM 81(1), 332-338 (2015).

Lettrichova I, Morvova M, Sikurova L. Saliva as diagnostic fluid: its applicability to noninvasive evaluation of oxidative stress status and
ovulation detection [PhD thesis]. Comenius University, Mlynska dolina 842 48, Bratislava. (2015).

Sculley D, Langley-Evans S. Periodontal disease is associated with lower antioxidant capacity in whole saliva and evidence of increased
protein oxidation. Clin. Sci. 105(2), 167-172 (2003).

Guentsch A, Preshaw P, Bremer-Streck S et a/. Lipid peroxidation and antioxidant activity in saliva of periodontitis patients: effect of
smoking and periodontal treatment. Clin. Oral Invest. 12(4), 345-352 (2008).

Behuliak M, Palffy R, Gardlik R ez 4/ Variability of thiobarbituric acid reacting substances in saliva. Dis. Markers. 26(2), 49-53 (2009).

Wei D, Zhang XL, Wanag Y. Lipid peroxidation levels, total oxidant status and superoxide dismutase in serum, saliva and gingival
crevicular fluid in chronic periodontitis patients before and after periodontal therapy. Aust. Den. J. 55(1), 70-78 (2010).

Téthové L, Celecovd V, Celeca P. Salivary markers of oxidative stress and their relation to periodontal and dental status in children. Dis.
Markers 34(1), 9-15 (2013).

Yoon MS, Jankowski V, Montag S ez al. Characterisation of advanced glycation end products in saliva from patients with diabetes
mellitus. Biochem. Biophys. Res. Commun. 323(2), 377-381 (2004).

Garay-Sevilla ME, Regalado JC, Malacara JM ez al. Advanced glycosylation end products in skin, serum, saliva and urine and its
association with complications of patients with Type 2 diabetes mellitus. /. Endocrinol. Invest. 28(5), 223-230 (2005).

The advanced glycation end products assessment in skin, serum and saliva can be correlated with diabetes complications.

494

Biomark. Med. (2019) 13(6) future science group



116.

117.

118.
119.
120.

121.

122.

123.
124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Advanced glycation end products as biomarkers in systemic diseases

Wautier MP, Boulanger E, Guillausseau PJ ez al. AGEs, macrophage colony stimulating factor and vascular adhesion molecule blood
levels are increased in patients with diabetic microangiopathy. 7hromb. Haemost. 91(5), 879-885 (2004).

Ciui B, Tertis M, Feurdean CN e 4/. Cavitas electrochemical sensor toward detection of N-epsilon (Carboxymethyl)lysine in oral cavity.

Sens. Actuators B Chem. 281, 399—407 (2019).

The first cavitas printed electrochemical sensor for the direct salivary detection of N-epsilon (carboxymethyl) lysine integrated in
a mouth guard.

Ilea A, Babtan AM, Bosca AB ez al. Advanced glycation end products (AGEs) in oral pathology. Arch. Oral Biol. 93, 22-30 (2018)
Sadowska-Bartosz I, Bartosz G. Prevention of protein glycation by natural compounds. Molecules 20(2), 3309-3334 (2015).

Grauballe MB, Ostergaard JA, Schou S ez al. Blockade of RAGE in Zucker obese rats with experimental periodontitis. /. Periodonzal. Res.
52(1), 97-106 (2017).

Yu MC, Chang CY, Chao YC ez al. Ph-responsive hydrogel with an anti-glycation agent for modulating experimental periodontitis. /.
Periodontol. 87(6), 742-748 (2016).

Engebretson SP, Hey-Hadavi J. Sub-antimicrobial doxycycline for periodontitis reduces hemoglobin Alc in subjects with type 2
diabetes: a pilot study. Pharmacol. Res. 64(6), 624-629 (2011).

Thornalley P. The glyoxalase system in health and disease. Mol. Aspects Med. 14(4), 287-371 (1993).

Suh JH, Wang H, Liu RM e al. (R)-alpha-lipoic acid reverses the age-related loss in GSH redox status in post-mitotic tissues: evidence
for increased cysteine requirement for GSH synthesis. Arch. Biochem. Biophys. 423(1), 126-135 (2004).

Lo CY, Li S, Tan D et al. Trapping reactions of reactive carbonyl species with tea polyphenols in simulated physiological conditions. Mol.
Nutr. Food Res. 50(12), 1118-1128 (2006).

Vlassopoulos A, Lean ME], Combet E. Oxidative stress protein glycation and nutrition — interactions relevant to health and disease

throughout the lifecycle. Proc. Nutr. Soc. 73(3), 430-438. (2014).

Sell DR, Lane MA, Obrenovich ME ez al. The effect of caloric restriction on glycation and glycoxidation in skin collagen of nonhuman

primates. /. Gerontol. A Biol. Sci. Med. Sci. 58(6), 508-516 (2003).

Sievenpiper JL, de Souza R], Mirrahimi A ez al. Effect of fructose on body weight in controlled feeding trials: a systematic review and
meta-analysis. Ann. Intern. Med. 156(4), 291-304 (2012).

Wang DD, Sievenpiper JL, de Souza R] e al. The effects of fructose intake on serum uric acid vary among controlled dietary trials. /.
Nurr. 142(5), 916-923 (2012).

Bunn HF, Higgins PJ. Reaction of monosaccharides with proteins: possible evolutionary

significance. Science 213(4504), 222-224 (1981).

Cozma Al, Sievenpiper JL, de Souza R]J ¢z al. Effect of fructose on glycemic control in diabetes: a systematic review and meta-analysis of
controlled feeding trials.. Diabetes Care 35(7), 16111620 (2012).

Sievenpiper JL, Carleton AJ, Chatha S ez al. Heterogeneous effects of fructose on blood lipids in individuals with type 2 diabetes:
systematic review and meta-analysis of experimental trials in humans. Diabetes Care 32(10), 19301937 (2009).

Lobner J, Degen J, Henle T. Creatine is a scavenger for methylglyoxal under physiological conditions via formation of
N-(4-methyl-5-oxo-1-imidazolin-2-yl)sarcosine (MG-HCxr). /. Agric. Food Chem. 63(8), 2249-2256 (2015).

134. Javadi S, Yousefi R, Hosseinkhani S ez al. Protective effects of carnosine on dehydroascorbate-induced structural alteration and opacity of

135.

136.

137.

138.

139.

140.

141.

lens crystallins: important implications of carnosine pleiotropic functions to combat cataractogenesis. /. Biomol. Struct.

Dyn. 35(8), 1766-1784 (2017).

Deo P, Keogh JB, Price NJ ez al. Effects of weight loss on advanced glycation end products in subjects with and without diabetes: a
preliminary report. Int. J. Environ. Res. Public Health 14(12), 1-8 (2017).

Goon JA, Aini AH, Musalmah M ez al. Effect of tai chi exercise on DNA damage, antioxidant enzymes, and oxidative stress in
middle-age adults. /. Phys. Act. Health 6(1), 43—-54 (2009).

Kondoh Y, Kawase M, Ohmori S. D-lactate concentrations in blood, urine and sweat before and after exercise. Eur. J. Appl. Physiol.
Occup. Physiol. 65(1), 88-93 (1992).

Couppé C, Svensson RB, Grosset JF et al. Life-long endurance running is associated with reduced glycation and mechanical stress in

connective tissue. Age 36(4), 9655 (2014).

Maessen MFH, Schalkwijk CG, Verheggen RTHM ez al. A comparison of dicarbonyl stress and advanced glycation endproducts in
lifelong endurance athletes vs. sedentary controls. /. Scz. Med. Sport. 20(10), 921-926 (2017).

Macias-Cervantes MH, Rodriguez-Soto JMD, Uribarri J ez al. Effect of an advanced glycation end product-restricted diet and exercise on
metabolic parameters in adult overweight men. Nuzrition 31(3), 446451 (2015).

Sponder M, Campean IA, Emich M e a/. Long-term physical activity leads to a significant increase in serum sRAGE levels: a sign of
decreased AGE-mediated inflammation due to physical activity? Heart Vessels 33(8), 893-900 (2018).

Review

future science group www.futuremedicine.com

495







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


