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■ Abstract
Background: The presence of oxidative stress in patients with asthma is well documented; however, the role of oxidative stress in allergic
rhinitis has received less attention, although it is likely to be similar to that observed in patients with asthma.
Advanced glycation end products (AGEs) 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 several diseases.
Objective: The aim of this study was to investigate the role of AGEs and AOPPs as new markers of oxidative stress and inﬂammation in
patients affected by allergic rhinitis.
Methods: AGE and AOPP levels were determined in the sera of 25 patients with allergic rhinitis and 64 healthy controls. AGEs and AOPPs
were detected using spectroﬂuorimetry and spectrophotometry, respectively.
Results: AGE levels in patients were signiﬁcantly higher than those in controls (P<.0001). These levels were not affected by the presence
of asthma. No statistically signiﬁcant differences were found between AOPP levels in patients or controls (P=.38).
Conclusions: Formation of AGEs and AOPPs may be accelerated in immunological and respiratory disorders such as asthma. Depending
on the marker evaluated, the presence or absence of oxidative stress in allergic rhinitis is controversial. To our knowledge, this is the ﬁrst
study showing the possible involvement of AGEs in allergic rhinitis. The different behavior observed for these 2 biomarkers is very likely due
to the activation of speciﬁc related biochemical pathways (eg, the myeloperoxidase pathway) associated with the condition under study.
Key words: Advanced glycation end products. Advanced oxidation protein products. Allergic rhinitis. Oxidative stress. Allergy.

■ Resumen
Antecedentes: La presencia de estrés oxidativo en pacientes con asma bronquial ha sido bien documentada, sin embargo el papel del
estrés oxidativo en las rinitis alérgicas no ha sido estudiado.
Los productos ﬁnales de la glicación avanzada (AGEs), y los productos de la oxidación avanzada de proteínas (AOPPs) son compuestos
formados por la transformación de macromoléculas, incluyendo proteínas, que pueden servir como marcadores densitométricos del estrés
oxidativo y de la inﬂación en diferentes enfermedades.
Objetivos: El motivo de este estudio fue investigar el papel de AGEs y AOPPs como nuevos marcadores del estrés oxidativo en la rinitis alérgica.
Métodos: Estos marcadores fueron analizados en 25 pacientes con rinitis alérgica y en 64 sujetos sanos, mediante métodos de
espectroﬂuorometría y espectrofotometría respectivamente.
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Resultados: Los resultados conﬁrman la existencia de niveles elevados de AGEs en pacientes respecto a los controles sanos (p<0.0001).
Estos niveles no se vieron inﬂuenciados por la presencia de asma. No encontramos diferencias signiﬁcativas entre los niveles de AOPPs
en pacientes y controles (p=0.38).
Conclusiones: La formación de AGEs y AOPPs podría dispararse en alteraciones inmunológicas y patologías respiratorias tales como el asma
bronquial. La presencia o no de estrés oxidativo en la rinitis alérgica es tema de controversia y depende del marcador evaluado. Este es
el primer estudio que demuestra la posible implicación de AGEs en la rinitis alérgica.
El diferente comportamiento observado para estos dos biomarcadores podría ser debido a las vías bioquímicas especíﬁcas (por ejemplo
la vía de la mieloperoxidasa) relacionadas con la condición patológica bajo estudio.
Palabras clave: Productos ﬁnales de la de la glicación avanzada. Productos de la oxidación avanzada de proteínas. Rinitis alérgica. Estrés
oxidativo. Alergia.

Introduction
Oxidative stress is the result of an imbalance between
endogenous production of free reactive oxygen species (ROS)
and reduced effectiveness of antioxidant defense mechanisms.
This imbalance can worsen inflammation and injury by
enhancing the release of proinflammatory cytokines and
altering enzymatic function [1].
Oxidative stress occurs in many allergic and immunologic
disorders and has been well documented in patients with
asthma [1]. 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 [2]. Exposure
to ozone has been shown to exacerbate allergic rhinitis in
experimental animals [3] and in humans [4], and the molecular
targets of oxidative stress in allergic rhinitis have been found in
blood [5-10], nasal mucosa [6], nasal secretions [7], the nasal
cavity [8], erythrocytes [11], and in exhaled air and exhaled
breath condensate [12,13]. Reduced serum antioxidant levels
have also been recorded in patients with allergic rhinitis and
asthma [10,13,14]. However, some authors were unable to
demonstrate the presence of markers of oxidative stress in
patients with allergic rhinitis [15] or demonstrated different
degrees of involvement depending on the marker of oxidative
stress detected [16].
Advanced glycation end products (AGEs) and advanced
oxidation protein products (AOPPs) are compounds formed
by transformation of macromolecules, including proteins,
which can serve as densitometric markers of oxidative stress
and inÁammation in several diseases and their complications
[17,18]. Modified 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 folding pattern. Thus, modiÀcation of the
conformation/structure of the polypeptide chain in conditions
of oxidative stress/inÁammation can lead to dysfunction/
function, loss of proteins, and inhibition of protein degradation
(and, consequently, accumulation) and can also have a wide
range of downstream functional consequences, such as
cellular dysfunction, tissue damage, and disease onset and
progression. Furthermore, as the techniques used to measure
AGEs and AOPPs are simple, fast, and inexpensive, they can
be applied in routine laboratory practice to assess and monitor
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oxidative stress in critically ill and several other types of
patients. These biomarkers also have the advantages of
other modiÀed proteins (eg, carbonylated and nitrosylated
proteins), namely, relative stability and consequent higher
blood concentrations [19].
The aim of this study was to investigate the role of
AGEs and AOPPs as new markers of oxidative stress and
inÁammation in patients affected by allergic rhinitis.

Materials and Methods
Patients
The study population comprised 25 patients aged 18
years with a diagnosis of rhinitis who were consecutively
seen and evaluated in the outpatient allergy ofÀce of the
Dipartimento BioMedico di Medicina Interna e Specialistica
of the University of Palermo, Palermo, Italy. The evaluation
consisted of a skin prick test (SPT), assay of serum total
and speciÀc immunoglobulin (Ig) E, and nasal lavage with
eosinophil count. Symptoms (sneezing, rhinorrhea, nasal
pruritus, and nasal obstruction) were graded according to
the following scale: 0, absent; 1, mild (symptoms were
present but not troublesome); 2, moderate (symptoms were
present but did not interfere with normal activity); and 3,
severe (symptoms were troublesome and interfered with
normal activity) [20]. The severity of all nasal symptoms
was evaluated by patients using a visual analog scale (VAS)
and was classiÀed, in accordance with the Allergic Rhinitis
and its Impact on Asthma (ARIA) guideline [21], as severe
if patients were affected by 1 or more of the following items:
sleep disturbance; impairment of daily activities, leisure,
or sport; impairment of school or work; and troublesome
symptoms. Rhinitis in the absence of these qualiÀers was
classiÀed as mild. Nasal symptoms were also classiÀed as
intermittent or persistent, with intermittent deÀned as the
presence of symptoms for >4 days a week or <4 weeks
per year; persistent symptoms were deÀned as symptoms
occurring with greater frequency.
None of the patients was treated with medications or
immunotherapy when the biomarkers were assessed. During
the previous pollen season, all patients had taken topical
corticosteroids to control their symptoms. At the time of the
study, none of the patients was receiving nasal corticosteroids
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or antihistamines, although they used nasal saline irrigations
when needed.
The control group comprised 64 healthy donors
matched for sex and age. Participants gave their written
informed consent, and the local ethics committee approved
the study.
Skin Prick Test
Patients underwent SPT on the volar aspect of the
forearm, using a standard panel of aeroallergens present in
our geographic area (Alk Abelló). The panel consisted of
the following extracts: grass (Phleum pratense, Dactylis
glomerata, Festuca arundinacea Schreb, Lolium perenne,
and Poa pratensis); weeds (mugwort [Artemisia vulgaris]),
wall pellitory, or sticky weed [Parietaria judaica]); olive
tree (Olea europaea) and cypress (Cupressus arizonica);
house dust mites (Dermatophagoides pteronyssinus and
Dermatophagoides farinae); molds (Alternaria alternata,
Cladosporium herbarum, and Aspergillus fumigatus); animal
dander (cat and dog); negative control (glycerinated saline);
and positive control (histamine, 10 mg/mL). Positive responses
were deÀned as any wheal with a diameter 3 mm greater than
that of the negative control 15 minutes after application of the
allergen. The diameter was assessed by adding the minimum
and maximum diameter and dividing by 2. Wheal diameters
were reported for each patient.
The SPT showed positivity for Parietaria (13 patients),
house dust mites (12 patients), grass (11 patients), olive tree
(8 patients), cypress (7 patients), cat (6 patients), mugwort
(3 patients), and molds (1 patient). Five patients were
monosensitive: 3 for Parietaria and 2 for house dust mites.
The clinically relevant allergens were Parietaria, house dust
mites, and grass.
Serum Total and Speciﬁc IgE
A blood sample was processed at the time of diagnosis.
Serum total IgE and speciÀc IgE were determined using a
Áuoroimmunoassay (UniCAP 100, Phadia) according to the
manufacturer’s instructions. Results for serum total IgE and
speciÀc IgE were expressed as kU/L and kUA/L, respectively,
and calibrated against the World Health Organization standard
for IgE: 1 kU for total IgE and 1 kUA for speciÀc IgE were
both equal to 2.4 ng/mL. Serum total IgE was determined
with a detection limit of 2 kU/L and an upper limit of 5000
kU/L. Serum speciÀc IgE was determined with a detection
limit of 0.35 kUA/L and an upper limit of 100 kUA/L at the
time of diagnosis and with a detection limit of 0.1 kUA/L and
an upper limit of 100 kUA/L at the follow-up visit. SpeciÀc
IgE was measured in all patients for the same allergens used
in the SPT.
Eosinophil Counts in Nasal Fluid
Nasal lavage was performed using a disposable metereddose nasal inhaler (Markos) Àlled with normal sterile saline
solution at room temperature. This device consists of a
plastic cup with 2 compartments. The central compartment
was Àlled with sterile saline solution, while the external
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compartment collected the liquid after washing. The total
input of saline solution was approximately 8 mL (4 mL
per nostril for 5 minutes). To collect the nasal washings,
participants were instructed to take an active breath during a
Valsalva maneuver in order to harvest nasal Áuid in the cup.
The samples obtained were stored on ice and centrifuged at
400g for 10 minutes at 4°C. The individual variation in the
volume recovered compared with the volume introduced was
86 ± 8%. Nasal eosinophil counts were performed on the nasal
lavage Áuid. One cytospin slide for each sample (1 ⴒ 10–4 cells
in 170 +L per slide) was centrifuged at 10g for 10 minutes
in a cytocentrifuge device (Shandon Southern Ltd.). The
slides were immediately Àxed in 95% ethyl alcohol, dipped
in Wright-Giemsa stain, and examined using oil immersion
light microscopy at a magniÀcation of ⴒ400. Eosinophils
were expressed as a percentage of 300 cells [22,23]. All the
specimens were examined by the same microscopist (SLP),
who had no knowledge of the clinical histories, the results
for SPT and speciÀc serum IgE, or the severity of the rhinitis
symptoms [23].
Sera Collection
A sample of blood was withdrawn from the antecubital
vein. Sera were allowed to clot at room temperature for 2 hours,
then separated by centrifugation at 1200g for 15 minutes and
stored at –80°C until used.
Determination of AGEs and AOPP
AGEs and AOPPs were detected using spectroÁuorimetry
and spectrophotometry, respectively, as described by Spatari
et al [24]. AGE was determined by diluting serum 1:50 with
phosphate-buffered saline (PBS; pH, 7.4), and Áuorescence
intensity was recorded at maximum emission (~440 nm) upon
excitation at 350 nm and expressed in arbitrary units (AU).
The serum concentration of AGEs was normalized to the
total protein amount determined by the Bradford assay and
expressed in AU per gram of protein. AOPPs were determined
by diluting 200 +L of blood serum 1:5 with PBS; 200 +L of
chloramine-T (0-100 mol/L) was added for calibration, and
200 +L of PBS was applied as a blank on a microtiter plate.
Ten microliters of 1.16 M KI and 20 +L of acetic acid were
added, and absorbance was measured immediately at 340 nm.
The serum concentration of AOPPs was normalized to the
total protein amount determined by the Bradford assay and
expressed as nanomoles of chloramine per milligram of protein.
Each sample was analyzed in triplicate for determination of
AGE and AOPP.
Statistical Analysis
The statistical analysis was performed with SPSS for
Windows (version 13.0, SPSS Inc). Data were presented as
median and 95% conÀdence interval (CI). Differences between
data series were analyzed using the Mann-Whitney test. A
multivariate regression model was constructed to assess the
possible dependence of AGE and AOPP on nasal cytology
(lymphocytes, neutrophils, and eosinophils).
Statistical signiÀcance was set at P<.05.
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AGE levels were signiÀcantly higher in patients (1926.26
AU/g prot [95%CI, 910.65-2904.9]) than in controls (416.98
AU/g prot [95%CI, 339.13-567.22]) (P<.0001) (Figure 1).
AGE levels were not affected by the presence of asthma
(patients with rhinitis, 2373.97 AU/g prot [95%CI, 883.922997.89]; patients with rhinitis and asthma, 1376.7 AU/g
prot [95%CI, 793.34-4057.11]) (P=.777).
No statistically significant differences were found
between AOPP levels in patients (1.96 nmol/mg prot
[95%CI, 1.44-2.45]) and controls (1.82 nmol/mg prot
[95%CI, 1.42-2.22]) (P=.38) (Figure 2).
AOPP levels were not affected by the presence of asthma
(patients with rhinitis, 1.95 nmol/mg prot [95%CI, 1.313.15]; patients with rhinitis and asthma, 1.98 nmol/mg prot
[95%CI, 0.89-3.52]) (P=.91).
Neither serum AGEs nor AOPPs correlated with total
and speciÀc IgE and VAS values.
A statistically signiÀcant association was found between
AGE levels and nasal cytology (P=.04), in particular with
the proportion of neutrophils and eosinophils (standardized
coefÀcient, –0.53 [P=.02] and –0.50 [P=.04], respectively)
(Figure 3).
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Figure 1. AGE concentrations in patients and controls. The lines represent
means. AGE indicates advanced glycation end product.
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Figure 2. AOPP concentrations in patients and controls. The lines represent
means. AOPP indicates advanced oxidation protein product.
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Figure 3. Relationship between AGE levels and eosinophils. AGE indicates
advanced glycation end product.
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Determination of circulating levels of AGEs and AOPPs
in oxidative stress is an area of increasing interest, as is
detection of inÁammatory markers in several diseases.
AGEs are composed of a heterogenous group of
bioactive compounds (eg, pentosidine, carboxymethyl
lysine, and imidazolone) that are formed by nonenzymatic
glycation of macromolecules [17]. Formation of AGEs
is markedly increased in hyperglycemia, and AGEs are
involved in the pathogenesis of diabetic complications.
However, it is increasingly clear that AGEs also play a role
in the pathogenesis of other diseases involving oxidative
stress and inÁammation, including atherosclerosis, chronic
obstructive pulmonary disease, rheumatoid arthritis, and
multiple sclerosis [25-29]. In fact, the formation and action of
AGEs is linked both to oxidative stress and to inÁammation.
AGE levels can rise via auto-oxidation of sugars and
other glycation intermediates and via lipid peroxidation
of polyunsaturated fatty acids, both of which produce
reactive carbonyl compounds. Additionally, some AGEs
can be formed at inÁamed foci via nicotinamide adenine
dinucleotide phosphate oxidase and via myeloperoxidase
action in glucose-independent pathways [30,31].
AOPPs are proteins (predominantly albumin and its
aggregates) that are damaged by oxidative stress. They
contain abundant dityrosines, which enable cross-linking,
disulÀde bridges, and carbonyl groups and are mainly formed
by chlorinated oxidants (hypochlorous acid and chloramines)
resulting from myeloperoxidase activity [18]. In addition to
a common formation mechanism (oxidative stress) leading
to macromolecule damage, the biological effects of AOPPs
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are similar to those of AGEs and are considered to have a role
in inÁammatory processes and immune dysregulation [32].
Several studies have demonstrated that formation of
AGEs and AOPPs may be accelerated in immunological and
respiratory disorders such as asthma, which is often associated
with allergy [33-36]. The patients enrolled in our study were
affected by allergic rhinitis, a disease in which Àndings on
the presence or absence of oxidative stress are controversial
[15,16], depending on the marker evaluated.
We found higher levels of serum AGEs in patients than
in healthy controls, although the serum levels of AOPPs in
patients were similar to those of controls.
To our knowledge, this is the Àrst study showing the
possible involvement of AGEs in allergic rhinitis.
The different behavior observed for these 2 biomarkers
is very likely due to the activation of speciÀc biochemical
pathways (eg, the myeloperoxidase pathway) associated with
the disorder under study.
Some years ago, Aksoy et al [35] demonstrated the
presence of signiÀcantly higher serum AOPP levels in patients
with allergic rhinitis than in controls. Other than the different
experimental conditions, the discrepancy between these
Àndings and ours might be justiÀed by variations in data
calculations. In fact, while Aksoy et al expressed their results as
micromoles per liter, we normalized the serum AOPP content
to serum total protein content, taking into account that elevated
circulating levels of allergen-speciÀc and nonspeciÀc proteins
may be present in allergic patients [37].
In conclusion, this preliminary study evaluates the role of new
biomarkers of oxidative stress in allergic rhinitis. However, other
studies are needed to monitor these molecules during treatment
and to evaluate the possible therapeutic use of antioxidants, whose
role in allergic patients remains open to debate.

References
1. Holguin F, Fitzpatrick A. Obesity, asthma, and oxidative stress. J
Appl Physiol. 2010;108:754-9.
2. Bowler RP, Crapo JD. Oxidative stress in allergic respiratory
diseases. J Allergy Clin Immunol. 2002;110:349-56.
3. Iijima MK, Kobayashi T, Kamada H, Shimojo N. Exposure to
ozone aggravates nasal allergy-like symptoms in guinea pigs.
Toxicol Lett. 2001;123:77-85.
4. Riediker M, Monn C, Koller T, Stahel WA, Wuthrich B. Air pollutants
enhance rhinoconjunctivitis symptoms in pollen-allergic individuals.
Ann Allergy Asthma Immunol. 2001;87:311-8.
5. Akbay E, Arbaù H, Uyar Y, Oztürk K. Oxidative stress and
antioxidant factors in pathophysiology of allergic rhinitis. Kulak
Burun Bogaz Ihtis Derg. 2007;17:189-96.
6. Li XL, Zhou AG, Zhang L, Chen WJ. Antioxidant status and
immune activity of glycyrrhizin in allergic rhinitis mice. Int J Mol
Sci. 2011;12:905-16.
7. Ogasawara H, Yoshimura S, Kumoi T. Hydrogen peroxide
generation by eosinophils in allergic rhinitis. Auris Nasus
Larynx. 1991;18:133-43.
8. Tanou K, Koutsokera A, Kiropoulos TS. Inﬂammatory and
oxidative stress biomarkers in allergic rhinitis: the effect of
smoking. Clin Exp Allergy. 2009;39:345-53.

© 2013 Esmon Publicidad

105

9. Długosz A, Liebhart J, Piotrowska D, Dor A, Liebhart E. Markers
of oxidative balance and concentration of selected metals in
pollinotics. Przegl Lek. 2005;62:1328-31.
10. Emin O, Hasan A, Aysegul D, Rusen D. Total antioxidant status
and oxidative stress and their relationship to total IgE levels
and eosinophil counts in children with allergic rhinitis. J Investig
Allergol Clin Immunol. 2012;22:188-92.
11. Sadowska-Woda I, Sychta B, Rachel M, Bieszczad-Bedrejczuk
E. Protective effect of desloratadine against oxidative stress
in human erythrocytes in vitro. Environ Toxicol Pharmacol.
2010;30:141-46.
12. Gratziou C, Rovina N, Makris M, Simoes DC, Papapetropoulos
A, Roussos C. Breath markers of oxidative stress and airway
inﬂammation in Seasonal Allergic Rhinitis. Int J Immunopathol
Pharmacol. 2008;21:949-57.
13. Celik M, Tuncer A, Soyer OU, Saçkesen C, Tanju Besler H, Kalayci
O. Oxidative stress in the airways of children with asthma and
allergic rhinitis. Pediatr Allergy Immunol. 2012;23:556-61.
14. Bakkeheim E, Mowinckel P, Carlsen KH, Burney P, Carlsen KC.
Altered oxidative state in schoolchildren with asthma and
allergic rhinitis. Pediatr Allergy Immunol. 2011;22:178-85.
15. Sagdic A, Sener O, Bulucu F, Karadurmus N, Özel HE, Yamanel
L, Tasci C, Naharci I, Ocal R, Aydin A. Oxidative stress status
and plasma trace elements in patients with asthma or allergic
rhinitis. Allergol Immunopathol (Madr). 2011;39:200-5.
16. Jiao J, Zhang W, Meng N, Wang H, Zhang L. Changes of
oxidative stress in peripheral serum of patients with allergic
rhinitis. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi.
2010;45:455-8.
17. Kalousová M, Zima T, Tesar V, Dusilová-Sulková S, Skrha J.
Advanced glycoxidation end products in chronic diseases
– clinical chemistry and genetic background. Mutat Res.
2005;579:37-46.
18. Piwowar A. Advanced oxidation protein products. Part I.
Mechanism of the formation, characteristics and property. Pol
Merkuriusz Lek. 2010;28:166-9.
19. Miraglia N, Assennato G, Clonfero E, Fustinoni S, Sannolo N.
Biologically effective dose biomarkers. G Ital Med Lav Ergon.
2004;26:298-301.
20. Di Lorenzo G, Pacor ML, Pellitteri ME, Morici G, Di Gregoli A, Lo
Bianco C, Ditta V, Martinelli N, Candore G, Mansueto P, Rini GB,
Corrocher R, Caruso C. Randomized placebo-controlled trial
comparing ﬂuticasone aqueous nasal spray in monotherapy,
ﬂuticasone plus cetirizine, ﬂuticasone plus montelukast and
cetirizine plus montelukast for seasonal allergic rhinitis. Clin
Exp Allergy. 2004;34:259-67.
21. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias
A, Zuberbier T, Baena-Cagnani CE, Canonica GW, van Weel C,
Agache I, Aït-Khaled N, Bachert C, Blaiss MS, Bonini S, Boulet
LP, Bousquet PJ, Camargos P, Carlsen KH, Chen Y, Custovic A,
Dahl R, Demoly P, Douagui H, Durham SR, van Wijk RG, Kalayci
O, Kaliner MA, Kim YY, Kowalski ML, Kuna P, Le LT, Lemiere
C, Li J, Lockey RF, Mavale-Manuel S, Meltzer EO, Mohammad
Y, Mullol J, Naclerio R, O'Hehir RE, Ohta K, Ouedraogo S,
Palkonen S, Papadopoulos N, Passalacqua G, Pawankar R,
Popov TA, Rabe KF, Rosado-Pinto J, Scadding GK, Simons FE,
Toskala E, Valovirta E, van Cauwenberge P, Wang DY, Wickman
M, Yawn BP, Yorgancioglu A, Yusuf OM, Zar H, Annesi-Maesano
I, Bateman ED, Ben Kheder A, Boakye DA, Bouchard J, Burney P,

J Investig Allergol Clin Immunol 2013; Vol. 23(2): 101-106

G Di Lorenzo, et al

106

22.

23.

24.

25.

26.

27.

28.

29.

Busse WW, Chan-Yeung M, Chavannes NH, Chuchalin A, Dolen
WK, Emuzyte R, Grouse L, Humbert M, Jackson C, Johnston SL,
Keith PK, Kemp JP, Klossek JM, Larenas-Linnemann D, Lipworth
B, Malo JL, Marshall GD, Naspitz C, Nekam K, Niggemann B,
Nizankowska-Mogilnicka E, Okamoto Y, Orru MP, Potter P,
Price D, Stoloff SW, Vandenplas O, Viegi G, Williams D; World
Health Organization; GA(2)LEN; AllerGen. Allergic Rhinitis and
its Impact on Asthma (ARIA) 2008 update (in collaboration
with the World Health Organization, GA(2)LEN and AllerGen).
Allergy. 2008;63(suppl 86):8-160.
Di Lorenzo G, Mansueto P, Melluso M, Candore G, Colombo
A, Pellitteri ME, Drago A, Potestio M, Caruso C. Allergic rhinitis
to grass pollen: measurement of inﬂammatory mediators of
mast cell and eosinophils in native nasal ﬂuid lavage and in
serum out of and during pollen season. J Allergy Clin Immunol.
1997;100:832-7.
Di Lorenzo G, Pacor ML, Amodio E, Leto-Barone MS, La Piana
S, D'Alcamo A, Ditta V, Martinelli N, Di Bona D. Differences
and similarities between allergic and nonallergic rhinitis in a
large sample of adult patients with rhinitis symptoms. Int Arch
Allergy Immunol. 2011;155:263-70.
Spatari G, Saitta S, Cimino F, Sapienza D, Quattrocchi P, Carrieri
M, Barbaro M, Saija A, Gangemi S. Increased serum levels
of advanced oxidation protein products and glycation end
products in subjects exposed to low-dose benzene. Int J Hyg
Environ Health. 2012;215:389-92.
Gangemi S, Allegra A, Aguennouz M, Alonci A, Speciale
A, Cannavò A, Cristani M, Russo S, Spatari G, Alibrandi A,
Musolino C. Relationship between advanced oxidation protein
products, advanced glycation end products, and S-nitrosylated
proteins with biological risk and MDR-1 polymorphisms in
patients affected by B-chronic lymphocytic leukemia. Cancer
Invest. 2012;30:20-6.
de Groot L, Hinkema H, Westra J, Smit AJ, Kallenberg CG, Bijl M,
Posthumus MD. Advanced glycation endproducts are increased
in rheumatoid arthritis patients with controlled disease. Arthritis
Res Ther. 2011;13(6):R205. Epub 2011 Dec 14.
Sternberg Z, Ostrow P, Vaughan M, Chichelli T, Munschauer
F. AGE-RAGE in multiple sclerosis brain. Immunol Invest.
2011;40:197-205.
Wu L, Ma L, Nicholson LF, Black PN. Advanced glycation end
products and its receptor (RAGE) are increased in patients with
COPD. Respir Med. 2010;105:329-36.
Anderson MM, Requena JR, Crowley JR, Thorpe SR, Heinecke
JW. The myeloperoxidase system of human phagocytes
generates Nepsilon- (carboxymethyl)lysine on proteins: a

J Investig Allergol Clin Immunol 2013; Vol. 23(2): 101-106

30.

31.

32.

33.

34.

35.

36.

37.

mechanism for producing advanced glycation end products at
sites of inﬂammation. J Clin Invest. 1999;104:103-13.
Anderson MM, Heinecke JW. Production of N(epsilon)(carboxymethyl)lysine is impaired in mice deﬁcient in NADPH
oxidase: a role for phagocyte-derived oxidants in the formation
of advanced glycation end products during inﬂammation.
Diabetes. 2003;52:2137-43.
Marsche G, Frank S, Hrzenjak A, Holzer M, Dirnberger S,
Wadsack C, Scharnagl H, Stojakovic T, Heinemann A, Oettl
K. Plasma-advanced oxidation protein products are potent
high-density lipoprotein receptor antagonists in vivo. Circ Res.
2009;104:750-7.
Tsukahara H, Shibata R, Ohta N, Sato S, Hiraoka M, Ito S, Noiri
E, Mayumi M. High levels of urinary pentosidine, an advanced
glycation end product, in children with acute exacerbation
of atopic dermatitis: relationship with oxidative stress.
Metabolism. 2003;52:1601-5.
Sathiyapriya V, Bobby Z, Vinod Kumar S, Selvaraj N, Parthibane
V, Gupta S. Evidence for the role of lipid peroxides on glycation
of hemoglobin and plasma proteins in non-diabetic asthma
patients. Clin Chim Acta. 2006;366:299-303.
Tochino Y, Kanazawa H, Ichimaru Y, Asai K, Kyoh S, Hirata K.
Nepsilon-(carboxymethyl)lysine, a major advanced glycation
end product in exhaled breath condensate as a biomarker of
small airway involvement in asthma. J Asthma. 2007;44:861-6.
Aksoy F, Demirhan H, Veyseller B, Yildirim YS, Ozturan O,
Basinoùlu F. Advanced oxidation protein products as an
oxidative stress marker in allergic rhinitis. Kulak Burun Bogaz
Ihtis Derg. 2009;19:279-84.
Kanazawa H, Tochino Y, Kyoh S, Ichimaru Y, Asai K, Hirata K.
Potential roles of pentosidine in age-related and diseaserelated impairment of pulmonary functions in patients with
asthma. J Allergy Clin Immunol. 2011;127:899-904.
Reich M, Niess JH, Bär C, Zwacka G, Markert UR. Elevated
nonspeciﬁc plasma proteins in allergic patients. J Investig
Allergol Clin Immunol. 2003;13:60-5.

Manuscript received July 21, 2012; accepted for
publication September 27, 2012.

Paola Lucia Minciullo
Via Consolare Antica, 28
98071 Capo d’Orlando (ME)
Italy
E-mail: pminciullo@unime.it

© 2013 Esmon Publicidad

