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Abstract. Advanced glycation end-products as novel biomarkers of eosinophil-derived lung inflammatory
diseases (literature review). Gamian A., Zubchenko S.0O., Havrylyuk A.M., Kril LY., Chopyak V.V. Advanced
glycation end-products (AGEs) are created during the process of glycation of cells from various tissues and fluids and
are a heterogeneous group of molecules formed from the nonenzymatic reaction of reducing sugars with the amino
group of proteins, lipids, and nucleic acid. In normal conditions, they play the immunoregulatory role. In pathologic
conditions AGEs activate the receptors for advanced glycation end products (RAGE) and cause long-lasting
inflammation. RAGE participates actively in various disorders such as rheumatoid arthritis, diabetes, etc. However,
there is relatively small number of scientific studies on the possibility of using the role of AGE in the pathogenesis of
allergic diseases. RAGE transcript and protein are expressed in the lung by pulmonary type I alveolar epithelial cells,
suggesting that RAGE has an important role in lung pathophysiology. They repress some endogenous autoregulatory
functions leading to many diseases, including allergy. Oxidative stress increases the inflammatory reaction in asthma
and allergies. Long-lasting inflammation followed by free radicals production are important factors involved in allergic
reactions, they negatively influence the incidence and prognosis of allergy. RAGEs are expressed on circulating
immune cells, they activate NF kappaB and intracellular oxidative stress also increases the inflammatory reaction in
asthma and allergies. The membrane RAGE (mRAGE) signaling is proinflammatory, whereas soluble RAGE (sRAGE),
a secreted form of RAGE, is generally anti-inflammatory. The study of AGEs, soluble RAGE, ligands of RAGE HM GBI,
and S10048/4913 and IL-33 is useful in the context of their considering as biomarkers to the differentiation diagnostic
between eosinophils-derived and neutrophil-derived asthma/AAD. The mean serum levels of RAGE may be the target of
new therapeutic interventions.

Pedepar. KinueBi npoaykrn riikaunii Ak HoBi 0ioMapkepu eo3MHO}ITbHUX 3aNajJbLHUX NpoueciB y JereHsix
(oraisin iteparypu). Taw’sim A. 3y6uenko C.O., Faspumiok A.M., Kpias L., Yon’six B.B. Kinyesi npooykmu
enixayii (advanced glycation end-products, AGEs) € cemepocennoro 2pynorw peyosun, wo ymeopowmsca y npoyeci
HeghepmenmamueHoi peaxyii 6I0HOGNEHUX YYKpI6 3 amiHozpynamu OIIKig, ainidig i HYKIeiHO8UX KUCIOM 3 DI3HUX
MKAHUH [ piouH. Y HOpManbHOMY cmaHi 60HU Gidicparoms IMYHOpe2yIamopHy poiv. B ymoeax namonoeii AGEs
akmugyloms peyenmopu 0ns Kinyegux npooykmie anikayii (RAGE) i euxnuxaiome mpusane 3ananests. RAGE 6epymo
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AKMUBHY y4acmv y DI3HUX NAMOLOSTYHUX NpOYecax, Maxkux K pesMamoiOHuil apmpum, yyKposuii oiabem moujo.
Oouax nposedena NOpiGHAHO HeBeNUKA KINbKICMb HAYKOBUX 00CAi0NceHb w000 modiciueoi poai AGEs 6 namoeenesi
Gopmysanns anepeiunux 3axeopiosanv. RAGE mpanckpunm i 0iI0K eKCHpecylomuvCsi 6 Ne2eHsIX Ne2eHeGUMU ANb8e0-
JApHUMUY enimenianvhumu kKiimunamu muny I, eiomax — RAGE sidiepaioms sadciugy poiib y namoghizionozii nezemo.
Buseneno, wo RAGE npuecniuyioms Oesiki enOO2eHHi aymope2yisimopHi QyHKyii, wo npusgooums 00 (POpMyEaHHS
bacambox 3axeoproeans, exkaouarouu aiepeiio. OKUCHIOBANbHUL cmpec 301IbULYE 3aNnalbly peaKkyilo npu OpOHXIanbHill
acmmi ma iHwil anepeonamonozii. J{oeeompueane 3anaieHHs 3 NOOANbUWUM BUOLIEHHAM BUILHUX PAOUKANIE €
BANCTUBUMU  (hakmopamu, AKi Oepymov y4acmb 6 anepeidHux peaxyisix, 60HU He2amuHO 6NAUBAIOMb HA HACOMY
3azocmpets i npoenos anepeii. RAGE excnpecyromscsi Ha yupKyaro0Yux iMyHHUX KIMUHAX, 60HU AKMUBYIOMb KANCYIY
B i snympiwnboxknimunHuil 0KCUOAMUGHULL cmpec, Wo MAKONHC NIOCUTIOE 3ANATIbHY PeaKkyito npu acmmi ma anepeii.
Ilepeoaua cuenany uepez membpanny gopmy RAGE (mRAGE) cnpuyunse nposzananvuuil epexm, moodi K pO3UUHHA
cexkpemopra ¢opma RAGE (sRAGE) 3aszsuuaii € anmuszananvroro. [ocriodcenns pisnie AGEs, posuunnux RAGE,
nieandie RAGE HMGBI i S10048 / A913 i IL-33 € sasicnueumu 6 Konmexcmi po3ensidy ix sk 6iomapxepie 0as ouge-
PEeHYIANbHOT diacHOCMUKY MIdIC e03UHOQIIbHOI0 T Helimpoinbhoio / AAD ¢enomunamu acmmu. Hasenicmo y nayienma
cuposamxosux RAGE nasims cepednvoco pieHs € niocmagoro 07 8ubopy HO80i mepanedmuyHoi cmpamezii 1iKy8aHHA.

Asthma and chronic obstructive pulmonary
disease (COPD) are the most common chronic lung
diseases worldwide. They are different from each
other in immunological mechanisms and patterns of
inflammation [3, 16]. Asthma and chronic obstruc-
tive pulmonary disease are two respiratory diseases
characterized by the accumulation of inflammatory
cells in the respiratory tract, which leads to
subsequent airflow obstruction [37]. Asthma/allergic
airway disease (AAD) is the main inflammatory
condition of modern societies [22]. Atopic asthmatics
have other signs of allergy, including eczema, rhinitis,
and nasal polyp, immediate skin test responses to
antigen, eosinophilia, and elevated IgE levels [37].

The mechanisms underlying the pathophysiology
of these two diseases are distinct: the mediators of
airway inflammation are different for COPD (neu-
trophils) and asthma (eosinophils) [37]. The search
for biomarkers as substances of the eosinophil-
derived inflammatory process is very important for
patients with lung diseases combined with allergy.

Advanced glycation end-products: physiolo-
gical and pathophysiological actions and effects

Advanced glycation end-products (AGEs) are
formed during the process of glycation within and
outside the cells from various tissues and biological
fluids. AGEs are a heterogeneous group of mole-
cules formed from the non-enzymatic reaction of
reducing sugars with the amino group of proteins,
lipids, and nucleic acid [27]. Glycation is a non-
enzymatic process, where reducing sugars (glucose,
fructose, glucose-6-phosphate, and other) react with
amino groups of proteins [19]. AGEs are formed by
the linkage of glucose usually to lysine residues
[21]. In physiological conditions, AGEs play a
regulatory role. Normally the proteolytic lysosomal
enzymes from circulating phagocytes and Kupffer
cells can destroy the AGEs spontaneously. The
processes of creating and removing AGEs are well-
balanced. AGEs are composed of a heterogeneous
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group of bioactive compounds (e.g. pentosidine,
carboxymethyl lysine, and imidazoline) that are
formed by non-enzymatic glycation of macromo-
lecules. Imidazoline is an inhibitor of histamine
release. Thereby, AGEs play a certain role in the
pathogenesis of diseases involving oxidative stress
and inflammation; the formation and action of AGEs
are linked — oxidative stress and inflammation [21].
Oxidative stress decreases immunity, the diminution
of IL-1, IL-6 thereby cause immunodepression.
Allergens contain numerous free radicals, they
oxidize or peroxidize proteins, lipoproteins, DNA,
etc. and thus change their properties. AGEs cause
lipoperoxidation, cross-bonds, inactivate nitric
oxide, costimulate the formation of cytokines,
support free-radical creation, cellular proliferation,
and support coagulopathy [20]. AGEs increase
vascular permeability, inhibit vascular dilatation by
blocking nitric oxide (NO), oxidize LDL, cho-
lesterol, support cytokine production, and increase
oxidative stress [21]. Endogenous and exogenous
(high dietary AGEs, cooking food at high dry heat,
elevated pH, and longer period) sources of AGEs
have been described in the literature. AGEs forma-
tion can be reduced with drugs, vitamins, and
cesation of cigarette smoking [27].

Advanced glycation end products and advanced
oxidation protein products (AOPPs) are compounds
formed by the transformation of macromolecules,
including proteins, which can serve as densitometric
markers of oxidative stress and inflammation in a
number of diseases and their complications. Modi-
fied proteins can be used more efficiently than other
biomarkers to monitor disease progression and
outcome since proteins generally play a key role in
various structural and functional aspects of living
organisms and their activity and function are strictly
dependent on structure, conformation and composi-
tion pattern. Thus, modification of the conformation
/ structure of the polypeptide chain in conditions of
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oxidative stress / inflammation can lead to dysfun-
ction / function, of proteins their loss, and inhibition
of protein degradation (and, consequently, accumu-
lation) and can also have a wide range of down-
stream functional consequences, such as cellular
dysfunction, tissue damage, and disease onset and
progression. These biomarkers also have the advan-
tages over other modified proteins (e.g, carbonylated,
and nitrosylated proteins), namely, relative stability
and consequent higher blood concentrations [21].
AGEs are also present in foods. AGEs and other
signaling substances provoke innate immune system
through multiple mechanisms, resulting in the
development of allergic phenotypes [30]. High
intake of glucose and fat, due to the Western diet,
accelerate, the development of chronic diseases [25].
The Western lifestyle and diet promote innate dan-
ger signals and immune responses through the
production of "alarmins." Alarmins are endogenous
molecules secreted from cells undergoing nonpro-
grammed cell death that signal about tissue and cell
damage. High molecular group S (HMGBI) is a
major alarmin that binds to the receptor for
advanced glycation end-products (RAGE) [12].
Genetic predisposition and increasing amounts of
environmental reactive substances (e.g. allergens)
also can accelerate chronic diseases, consequently,
may be responsible for the modification of biomo-
lecules. Protein glycation, oxidation, and nitration
are the most important non-enzymatic protein
modifications involved in the formation of endo-
genous protein aggregates. At present, one of the
most studied classes of substances is the hete-
rogeneous group of AGEs. Different precursors are
responsible for the formation of AGEs in vivo, for
example, elevated levels of reactive oxygen species
(ROS) lead to the oxidation of proteins, lipids, and
nucleic acids increases [25]. AGEs generate ROS
and activate inflammatory signaling cascades. The
formation of AGEs is faster than their degradation,
which progresses after binding with the receptor of
advanced glycation end-products. The major reason
for the massive production of ROS is the activation
of NADPH-oxidase via complexes of ligand-RAGE.
Due to ROS increase, the permeability of cell
membranes and the migration of phagocytes into
tissues is intensified [26]. Oxidative stress is the
result of the imbalance between the endogenous
production of free ROS and reduced effectiveness of
antioxidant defense mechanisms. This imbalance
may exacerbate inflammation and injury by
enhancing the release of anti-inflammatory cyto-
kines and altering enzymatic function. Oxidative
stress occurs in many allergic and immunologic
disorders and has been well documented in patients
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with asthma. However, the role of oxidative stress in
allergic rhinitis has received little attention, although
it is likely to be similar to the role it plays in patients
with asthma [21]. Exposure to ozone has been
shown to exacerbate allergic rhinitis in experimental
animals and humans, and the molecular targets of
oxidative stress in allergic rhinitis have been found
in blood, nasal mucosa, nasal secretions, nasal ca-
vity, erythrocytes, and in exhaled air and exhaled
breath condensate. Reduced serum antioxidant levels
have also been recorded in patients with allergic
rhinitis and asthma. However, some authors were
unable to demonstrate the presence of markers of
oxidative stress in patients with allergic rhinitis or
demonstrated different degrees of involvement depen-
ding on the marker of oxidative stress detected [21].

Recent studies suggest that AGEs contribute to
pulmonary diseases [30]. Further larger-scale studies
are needed to test the use of AGEs and soluble
RAGE (sRAGE) as biomarkers for the prediction of
allergy in humans [20]. It has been recently demon-
strated that AGEs are involved not only in metabolic
abnormalities but also in other various inflammatory
disorders through interacting with their AGE recep-
tor, but the direct effects of AGEs on inflammatory
cells such as basophils are unknown [33].

Basophils are thought to play pivotal roles in the
pathogenesis of allergic reactions, but their roles in
inflammation associated with systemic abnormalities
such as metabolic disorders remain largely un-
known. Advanced glycation end products are
potentially important substances produced in high-
glucose disease conditions [13]. Apoptosis of
basophils was induced by high concentrations of
glycated albumin. Although glycated albumin trig-
gers degranulation or production of IL-4 and IL-13
in basophils, it dose-dependently induced IL-6 and
IL-8 secretion [13, 33]. AGEs are known to affect
human basophils; they inhibit cell longevity but
enhance the secretion of inflammatory cytokines.
So, basophils may play a role in inflammatory
conditions associated with metabolic disorders that
present elevated levels of AGEs [13].

The key functions of a receptor of advanced
glycation end-products in lung pathology
development

AGEs activate the receptor of advanced glycation
end product receptors and cause longlasting inflam-
mation [20]. RAGE, a member of the immunoglobulin
superfamily of cell surface molecules, is involved in
the signal transduction from pathogen substrates to cell
activation during the onset and continuation of
inflammation. RAGE were first identified in lung
tissue, they are located on the basolateral membranes
of alveolar epithelial type I and II cells [16].
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RAGE in the pulmonary compartment (epithelial
or endothelial cells) is important for allergic
pulmonary inflammation. RAGE is necessary for
both IL-33 release and group 2 innate lymphoid cells
(ILC2s) accumulation in the lungs to promote chro-
nic and acute allergic airway disease. Due to the
unique role of RAGE both before and after the
course of IL-33 in patients with allergic asthma,
blocking RAGE can alleviate a wide range of
symptoms associated with allergic airway inflam-
mation (AAI), including mucus hypersecretion,
airway hyper response, and eosinophilic inflam-
mation. A small-molecule inhibitor of RAGE could
be an attractive new treatment option for asthmatic
patients [22].

Generally, RAGE is an inflammation perpe-
tuating receptor and has many additional ligands,
including S100 proteins, high-mobility group protein
B1 (HMGBI1), amyloid B peptide, and heparin [22].
Two known RAGE ligands, S100A8/A9, and
HMGBI are associated with asthma pathogenesis in
human subjects [24]. Preferential localization of
RAGE is at cell-cell contacts [2, 25]. This receptor,
by binding AGEs, contributes to allergies. The link
between AGEs and allergies goes beyond discus-
sion.There are various theories about pathogenetic
roles of AGE (RAGE): 1) mast cells produce AGE-
binding protein, receptor to AGE (RAGE), apoptosis
of mast cells contributes to the formation of
inflammation; 2) glycated albumin supports the
extracellular release of superoxides from mito-
chondria, and thus damages calcium homeostasis; 3)
some AGEs have innate catalytic oxidative capacity;
stimulation of NAD(P)H oxidase through the
activation of RAGE and damage to mitochondrial
proteins leads to mitochondrial dysfunction and
induces oxidative stress [20].

Prolonged inflammation, accompanied by the
production of free radicals, is an important factor
involved in allergic reactions, affecting the incidence
and prognosis of allergies. RAGE, activate nuclear
factor NF kappa B formation and intracellular
oxidative stress. Besides, they inhibit some endo-
genous autoregulatory functions leading to allergies.
Oxidative stress increases the inflammatory reaction
in asthma and allergies. As it is our knowledge, there
are no published articles regarding AGEs responses
or the association between AGEs groups and IgE
concentrations in allergic patients.

The cytokines such as IL-5 and IL-13 are
mediators of eosinophil involvement and airway
remodeling, suggesting that RAGE probably acts as
a proximal mediator one or more pro-inflammatory
pathways. Because of the multivalence that RAGE
has, it is reasonable to conclude that RAGE acts
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below antigen recognition; thus, its ligands in
asthma/AAD are likely to be endogenous and not
derived from the initial antigenic stimulus. Finally,
although RAGE is predominantly expressed on
alveolar type I epithelial cells, some studies have
suggested that it is expressed on hematopoietic cells
and endothelium as well. Characterization of the cell
type(s) responsible for the effect seen in these
studies, as well as the elucidation of the molecular
pathways between RAGE and the T-cell cytokines
IL-5 and IL-13, will constitute key aims of future
studies [22].

Exogenous IL-33 induces IL-5 and IL-13 expres-
sion independent of allergen. Lack of IL-33 leads to
attenuated Th2 immune responses to the allergen,
indicating that this cytokine is critical in the
development of a competent allergic response. 1L-33
expression is increased in the lungs of patients with
severe asthma. IL-13 expressing cells were able to
reconstitute bronchial hyperresponsiveness and
pulmonary inflammation in response to exogenous
IL-25. These data suggest that IL-13 signaling is
sufficient for Th2-mediated disease [24]. Despite
these discoveries, the tissue-specific mechanisms
that cause the release of the epithelium-derived
cytokines are incompletely understood. Recent
investigations have suggested a role of the receptor
of advanced glycation end-products in mediating of
development of allergic airway disease in
experimental animal models [1, 22, 35].

RAGE is highly expressed in the lung and binds
multiple ligands, suggesting that it might act as a
pattern recognition receptor to promote lung inflam-
mation. The role for RAGE in the pathogenesis of
human asthma has recently been supported by two
genome-wide association studies that have identified
a single nucleotide polymorphism in domain binding
of RAGE ligand (G82S), which correlates with
altered FEV1, a key parameter of pulmonary func-
tion in asthma [14, 28]. RAGE is implicated as a
potential mediator of ILC2 (the major producers of
IL-5 and IL-13) accumulation in the lung [18].
RAGE is necessary for increased production of IL-
33 from pulmonary cells in response to the allergen.
RAGE is highly expressed on type I alveolar
epithelial cells [8, 10], whereas 1L-33 localizes to
nuclei and is released by type II alveolar epithelial
cells in response to damage. How RAGE activation
might direct increased IL-33 expression is unclear,
but it is known that type I and type II alveolar
epithelial cells communicate through multiple
paracrine and juxtacrine signaling pathways [5, 15].
RAGE was found to drive AAI by promoting 1L.-33
expression in response to allergen and by coor-
dinating the inflammatory response downstream of
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IL-33 [24]. The absence of RAGE impedes pulmo-
nary accumulation of ILC2s in experimental models
of AAI IL-33 is a potent stimulator of a novel class
of innate lymphoid cells that secrete copious
amounts of the Th2 cytokines IL-5 and IL-13. ILC2s
lack a T-cell receptor but express other markers
suggestive of lymphoid origin - CD45 and CD90.
ILC2s, which bear receptors for IL-10, IL-12, IL-17,
IL-25, and IL-33 (ST2), have been found to play a
crucial role in the evolution of type 2 inflammation
in animal models of pulmonary disease [24].

RAGE activation on endothelium, mononuclear
phagocytes, and lymphocytes triggers cellular acti-
vation with the release of key pro-inflammatory
mediators [16, 26.]. The molecules of integrin Mac-1
of leukocytes bind to RAGEs on endothelial cells
and contribute its migration to the inflammation
area. Anti-RAGE antibodies can block the activation
of lymphocytes and phagocytes [26], but autoan-
tibodies IgG-AGE in patients with early synovitis
play an important role in protein turnover, tissue
remodeling, and the pathologies of different diseases
[31]. The expression of RAGE is significantly decrea-
sed in COPD lung, especially in severe disease [16].

Advanced glycation end-products and immune
response to allergens

The modern role of fundamental processes of
innate and acquired immunity in the pathogenesis of
atopic dermatitis, allergic rhinitis, and bronchial
asthma has been demonstrated [34]. The capacity of
RAGE to bind many pro-inflammatory ligands
indicates that RAGE is an important component in
the propagation of immune responses. Like most
components of the innate immune system, the gene
encoding RAGE (Ager) is localized within the major
histocompatibility class (MHC) of class III [26].

Interaction of AGEs with its cell-bound receptor
(RAGE) results in the generation of oxygen radicals,
NF-«f, pro-inflammatory cytokines, and cell adhe-
sion molecules [27]. The promotor of gene encoding
of RAGE has the property to bind to NF-xB. NF-kB
is a common activator of lymphocytes and has been
identified as being capable to regulate RAGE syn-
thesis [26]. The interaction of RAGE on leukocytes
results in the activation of sustained NF-«xB-
dependent gene expression. NF-kB is a key point of
immune reactions; they activate the genes and
encode regulation of apoptosis and cell proliferation
[17, 34]. The onset of cellular signaling pathways
leads to the activation of the transcription factor NF-
kB. It migrates to the cell nucleus and activates the
expression of cytokine genes (TNF-a, IL-1, IL-6),
chemokines (IL-8, MIP1, RANTES), adhesive mole-
cules (VCAM-1, ICAM-1), and enzymes (iNOS)
and support the inflammation process [26].
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It should be noted that RAGE has been identified
as capable of complexing with TLR9 (the principal
DNA-recognizing receptor). This RAGE-TLR9
complex can detect pathogen DNA. RAGE has been
shown to reduce immune recognition and promote
DNA uptake by endosomes in the lungs [29]. TLRs
are involved in the pathogenesis of asthma. Allergen
recognition can activate TLR4 and subsequently
allergen-specific Th2 cells. TLR2 stimulates the
Th2-mediated immune response, which may be
correlated with the Th1/Th2 imbalance in asthma.
Increased expression of TLR2, TLR3, and TLR4
plays a potential role in the development of asth-
matic exacerbations [37].

RAGE is found in many cells, including lung
tissue cells, and RAGE is expressed on circulating T
lymphocytes, monocytes, and macrophages [20].
The membrane RAGE (mRAGE) signaling is pro-
inflammatory, whereas soluble RAGE (sRAGE), a
secreted form of RAGE, is generally anti-inflammatory
because it scavenges pro-inflammatory ligands [16].
Circulating soluble forms of RAGE (sRAGE) and
endo-secretory RAGE (esRAGE) compete with RAGE
for ligand binding and function as a decoy [27].

In pulmonary diseases, soluble RAGE causes
activation and maturation of B cells, which leads to
a higher secretion of IgM and IgG and leads to
activation of T cells, which is confirmed by inc-
reased production of cytokines [6]. The absence is
manifested by reduced activation of T-cells to
antigens. RAGE is involved in the differentiation of
T-cells along with a Thl phenotype and RAGE
mRNA is more abundant in Thl compared with Th2
cells [7]. Although T-lymphocytes are thought to be
the main source of IL-4, IL-5, and IL-13, other cell
types have been linked to the production of one or
more members of this triad. Thus, IL-4 induction in
the absence of the other two typical Th2 cytokines
could be reflective of either uncoupling in the
cytokine response at the T-cell level or the recruit-
ment of other cell types that may produce IL-4, such
as macrophages or basophils. The fact that immu-
noglobulin production in response to antigens occurs
in the absence of RAGE, despite the lack of other
features associated with allergic airway disease, is
consistent with prior studies suggesting that B-cell
deficiency (and hence immunoglobulin production)
does not affect the physiologic and pathological
changes seen in response to allergen sensitization
and challenge in an experimental mouse model of
asthma/AAD. Furthermore, the fact that in the
presence of high hypersensitivity, eosinophilia, or
remodeling would seem to indicate that IgE alone is
not playing a central mechanistic role in this model
of asthma, although it must be noted that changes in
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airway physiology were assayed with graded doses
of methacholine rather than allergen [22].

The mucosal T-cells play important roles in
asthma but activated IL-2R" CD4" T-cells in the
broncho-alveolar lavage (BAL) of asthmatics. The
Th-2 cytokine pathway, which links IL-4/IL-5 pro-
duction to IgE synthesis, is associated with the
accumulation of eosinophils and mast cells in lung
tissues. Interleukin-13 (IL-13), which is a Th2 mar-
ker, is known to be important in eosinophilic
inflammation and asthma too [11]. IgE binds to
receptors found on the surface of mast cells, thus
initiating an allergic response. Therefore, activated
mast cells subsequently degranulate to release hista-
mine, leading to the development of bronchial
constriction. In most asthma cases, there is a predo-
minant expression of Th2-type cytokines, including IL-
4, IL-5, IL-13, these cytokines result in the increased
migration of eosinophils and mast cells [37].

IL-17 has been suggested to play a role in allergy
and asthma; it is upregulated in response to allergen
sensitization. RAGE plays a role in IL-17 regulation.
RAGE may actively inhibit the secretion of IL-17,
directly or by disrupting precursor cytokines, such as
IL-23. Conversely, the absence of RAGE may lead
to compensatory induction of other factors that in
turn drive the IL-23/IL-17 axis [36]. Although IL-17
has been shown to play a role in neutrophilic
asthma, it has also been shown to be a negative
regulator of established allergic asthma. The
baseline elevation of IL-17 may thus impede the ini-
tiation of a primary asthmatic response [22].

The changes of expression of advanced glyca-
tion end-products and its receptors in lung
inflammatory diseases

Persistent inflammation and airflow obstruction
are the major characteristics of asthma and COPD.
However, the patterns of inflammation and the
immunological mechanisms that lead to the airway
structural alterations are different for the respective
diseases. Inflammation in the larger conducting
airways is mainly observed in asthma [38]. In
contrast, COPD predominantly affects the lung pa-
renchyma and smaller airways [13]. In investigation
Iwamoto et al. [16] found that the blood level of
RAGE was higher in asthmatic subjects compared
with patients suffering from the chronic obstructive
pulmonary disease and control group. Another ex-
perimental study [22] has shown that RAGE is more
expressed in asthmatic airways and giving RAGE
inhibitors markedly decreased inflammation in an
animal model of asthma. El-Seify et al. [9] found
that serum level of SRAGE correlated with the
severity of bronchial asthma clinically and func-
tionally. More multicenter studies are needed on a
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larger number of asthmatic children to detect the
effect of anti-asthma medications on serum RAGE.
Serum RAGE is elevated during acute childhood
asthma exacerbation in comparison with control
subjects [3]. In newborns of allergic parents higher
levels of IgE and AGEs in umbilical blood are
revealed. We believe that the probability of future
allergic reactions in children, whose mothers have
an allergy, maybe higher when the level of AGEs
and IgE in umbilical cord blood is significantly inc-
reased. Because the levels of glucose in two groups
did not differ significantly, we can conclude that
potentially allergic children have increased oxidative
stress [20].

Another possible explanation is that reduction in
sRAGE might modify neutrophilic airway inflam-
mation, as SRAGE has anti-inflammatory properties
by capturing RAGE ligands. This concept is in
agreement with the fact that reduced plasma sRAGE
levels is accompamed with transition of COPD in
asthma with neutrophilic airway inflammation. Mo-
reover, the recent study by Sukkar et al. [32] has
demonstrated a clear association between broncho-
alveolar lavage fluid sSRAGE and airway neutrophilic
inflammation. Therefore, the present results indicate
that peripheral lung destruction might be associated
with decreased plasma sRAGE in patients with COPD-
asthma transition and COPD, but further investigations
are needed to clarify its mechanisms and potential role
of modulating the lung inflammation [16].

Bronchodilators and corticosteroids remain the
mainstays of therapy, but they are ineffective or
inadequate for some groups of patients. New the-
rapies that use ancillary mechanisms of the disease
and have fewer side effects than chronic corticos-
teroid treatment are urgently needed. A few studies in
humans have suggested that there is an increase in the
levels of RAGE ligands HMGB1 and S100A8/A913 in
samples from patients with asthma compared with
controls, suggesting that RAGE may contribute to
asthma/AAD pathogenesis. Although one recent
study suggested that SRAGE is increased concomi-
tantly with HMGBI in patients with asthma, another
suggested a decrease in SRAGE and no change in
HMGBI in patients with neutrophilic asthma. Apart
from the potential inconsistency between the latter two
results, those studies have not provided mechanistic
insight as to the role of mRAGE versus sRAGE in
asthma, nor have they elucidated how cytokines and
chemokines key to allergic disease are differentially
regulated in the presence or absence of RAGE [22].

Soluble receptor of advanced glycation end pro-
ducts (SRAGE) acts as a decoy receptor for RAGE
which has several distinct pro-inflammatory ligands
in the extracellular compartment and is believed to
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protect against inflammation and cell injury. Plasma
levels of sRAGE showed statistically significant
lower levels in asthmatic patients compared to the
control group [9] and were similarly decreased in
COPD groups, but not in asthma [23]. RAGE is
primarily expressed on alveolar type 1 pneumocytes
and could assist these cells in acquiring a spreading
morphology [9]. Therefore, RAGE might have a role
in alveolar integrity, and decreased sRAGE levels
could be associated with disrupted alveolar struc-
tures [16]. Increased levels of RAGE were demon-
strated in bronchoalveolar lavage fluid in various
direct models of lung injury induced separately by
intratracheal instillation of hydrochloric acid,

lipopolysaccharide (LPS), or Escherichia coli as well
as exposure to hyperoxia [3].

CONCLUSIONS
1. The patterns of inflammation and the immuno-
logical mechanisms that lead to the airway structural
alterations are different for the various lung diseases.
2. A few studies in humans have suggested that
the use of AGEs, soluble RAGE, ligands of RAGE
HMGBI1, and S100A8/A913 and IL-33 as biomar-
kers are necessary for the differential diagnosis bet-
ween eosinophil-derived and neutrophil-derived
asthma/AAD.
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