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Abst rac t
Introduction: Atopic dermatitis (AD) is chronic inflammatory skin disorder. The receptor for advanced glycation 
end products (RAGE) plays a role in inflammatory reactions. The soluble form of RAGE (sRAGE) acts as a decoy to 
inhibit interactions of RAGE. 
Aim: To determine serum sRAGE levels in children with AD.
Material and methods: AD diagnosis was made according to Hanifin and Rajka criteria. Disease severity was 
scored by the scoring atopic dermatitis (SCORAD) index. Skin prick testing (SPT), total immunoglobulin E (Ig E) and 
eosinophil counts were analysed. The sRAGE levels were determined using ELISA technique.  
Results: The children, aged 0.4 to 2.0 years with AD (n = 65) were investigated in two groups according to the pres-
ence (AD+/Atopy+ [n = 40]) or absence (AD+/Atopy− [n = 25]) of SPT positivity. The comparisons were made with 
a healthy control group matched for age and sex. The medians (interquartile range) of sRAGE levels in patient and 
control groups were 8.43 (1.04–18.37) and 14.09 (6.35–28.64), respectively (p < 0.001). The medians (interquartile 
range) of sRAGE levels in AD+/Atopy+, AD+/Atopy− and control groups were 8.5 (3.1–17.27), 7.75 (1.04–18.37) and 
14.09 (6.35–28.64), respectively (p = 0.004). Correlation analysis failed to reach significance with the disease severity 
sRAGE levels, total IgE levels and eosinophil counts. 
Conclusions: To our knowledge, this is the first study investigating the association of sRAGE levels with AD and 
disease severity in childhood. Serum sRAGE levels are decreased in AD but not correlated with disease severity. 
sRAGE levels may be important in the AD disease process.
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Introduction

Atopic dermatitis (AD) is a chronic, recurrent inflam-
matory skin disorder affecting many people especially 
children. Clinically, it is marked by itching and dry skin, 
scratching, patchy eczema, exudation, and skin thicken-
ing and discoloration [1, 2]. The pathogenesis of AD is 
complicated and still not fully known. Typical histopatho-
logical features such as vesicle formation, perivascular 
inflammatory infiltration and epidermal spongiosis in the 
dermis are observed in AD [3]. In addition, Fas/Fas ligand-
mediated keratinocyte apoptosis and caspase activation 
are included in the pathophysiology of AD [3].

Advanced glycation end products (AGEs) are a very 
different structure group of substances. The term “AGEs” 
includes all kinds of molecules e.g. proteins, lipid and 
nucleic acids [4]. The interaction between AGEs and their 
receptor (RAGE) reveals oxidative stress; thrombogenic 
and inflammatory reactions occur in various cells; they 
play a major role in the occurrence and advancement of 
destroying disorders, e.g. inflammatory, cardiovascular, 
neurodegenerative, autoimmune disorders as well as 
cancer growth and metastasis [5]. AGE belongs to the 
immunoglobulin superfamily which acts like a model-
recognition receptor for various ligands including those 
glycated and non-glycated ones. Membrane-bound RAGE, 
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the cleaved form soluble RAGE (sRAGE) behaves as a 
trap receptor by connecting pro-inflammatory ligands 
engaged towards mRAGE, providing anti-inflammatory 
effects (mRAGE) that induce activation of various down-
stream inflammatory pathways by binding to ligands [6]. 
In last decades, there has been growing evidence regard-
ing the important role of oxidative stress in many skin ag-
ing and cutaneous diseases. The skin is highly sensitive 
to AGEs changes and that accumulation of AGEs in the 
skin leads to an increase in free radicals [7]. 

The apoptosis is programmed cell death which is 
an important process for tissue functions and it is also 
involved in wound healing by prevention of persistent 
inflammation. The Fas/Fas ligand interaction-mediated 
keratinocyte apoptosis and resultant caspase activation 
play a role in the pathogenesis of AD [3, 8]. The AGEs 
binding to RAGE leads to production of reactive oxygen 
species, which eventually results in apoptosis [9]. The 
AGEs can enhance fibroblast apoptosis via activation of 
various caspases including caspase-3 and caspase-8 [10]. 
An increase in AGE levels leads to prolonged inflamma-
tion, with an adverse effect on wound healing [11]. Be-
sides, NF-kB is activated when AGEs bind to RAGE, result-
ing in cytokine activity. The enhanced cytokine activity 
prolongs inflammation with adverse effects on healing. 
It seems that it is needed to terminate the inflamma-
tory phase in order to proceed to subsequent stages of 
wound healing [11].

In particular, RAGE levels are high in lung tissue, im-
plying a major role for RAGE in pulmonary physiology. It is 
found in the alveolar and bronchial epithelia cells and pri-
marily localized at basolateral membrane alveolar type 1  
(AT1) cells. Currently, RAGE is thought to be an indicator 
for AT1 cells [12]. The accumulating evidence suggests 
that RAGE may have a key role in lung disorder including 
allergic airway inflammation, asthma, acute respiratory 
distress syndrome (ARDS), asthma or bronchopulmonary 
dysplasia [6, 13, 14]. Serum levels of sRAGE are reduced in 
patients with asthma and allergic airway disease, bron-
chiolitis, chronic obstructive pulmonary disease, adults 
with AD and psoriasis [13–18]. This is uncertain in paedi-
atric patients with AD.

Aim

This study was intended to establish sRAGE levels in 
children with AD and to evaluate the relation between 
sRAGE and illness severity.

Material and methods 

This randomized, prospective, case-control study was 
performed in the Department of Paediatric Allergy and 
Immunology outpatient clinic of a tertiary centre between 
March 2022 and October 2022. The major inclusion crite-
rion was the presence of current AD in children aged 4–24 

months (patient group). The AD was diagnosed based 
on the Hanifin and Rajka criteria [19]. Severity of AD was 
evaluated with the objective SCORAD index by the same 
allergist [20]. Patients who have additional chronic skin 
disease and any other disorder were excluded from the 
study. The children within the control group were brought 
to the Outpatient Clinic of the General Paediatrics Depart-
ment for a routine healthy child follow-up in the same age 
as the patient group (control group). Patients who have 
any systemic disease or skin disorder were excluded from 
the study. In the study, a skin-prick test, white blood cell 
count, absolute neutrophil count, C-reactive protein levels, 
absolute eosinophil count, and a survey about the history 
of atopic disorders and the risk factors for AD were used. 
We excluded patients with chronic skin diseases other 
than AD and any other disorder. Demographic character-
istics, clinical features, laboratory data were recorded in 
all children. Total IgE levels were evaluated by using sand-
wich immunoassay method on an autoanalyser (Roche 
Diagnostics E 602, Mannheim, Germany). and eosinophil 
count was analysed by using Sysmex-xn9000 haematol-
ogy analyser. Venous blood samples were collected in test 
tubes without anticoagulant for determination of sRAGE. 
The blood samples were centrifuged at 4000 rpm for  
10 min; afterwards, the sera were separated and stored at 
–80°C until analysis. 

Ethical disclosures

The Clinical Research, Ethics Committee of the Uni-
versity of Health Sciences, Kayseri City Hospital approved 
the study (18.08.2022/691). Before participation, written 
informed consent was acquired from all parents or legal 
guardians. 

Measuring gelsolin concentrations in plasma

Serum sRAGE levels were evaluated by human sRAGE 
enzyme linked immunosorbent assay (ELISA) kit (Range: 
0.05–24 ng/ml, BTLAB, Shanghai, China). sRAGE lev-
els were analysed in accordance to the manufacturer’s 
instructions and expressed as ng/ml. To calculate the 
sample concentrations, we used calibration curves ob-
tained from the standard. Both intra- and inter-assay 
coefficients of variation were < 10%.

Statistical analysis 

Descriptive statistics were made as number of units 
(n), percent (%), median (M), minimum (min.), maximum 
(max.) and interquartile range (IQR). The data of numeri-
cal variables were evaluated with the normal distribution 
Shapiro-Wilk test of normality. For numerical variables, 
two-group comparisons were made with the Mann-
Whitney U test, and three-group comparisons were 
made with the Kruskal-Wallis analysis. If the result of the 
Kruskal-Wallis analysis was found to be significant, mul-
tiple comparisons were made with the Dunn-Bonferroni 
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test. The distribution by gender was evaluated with the 
Pearson c2 test. The performance of sRAGE in predict-
ing inflammation was evaluated by Receiver Operating 
Characteristic (ROC) Curve analysis. Spearman correla-

tion analysis was used to test the relationship between 
numerical variables. SPSS Statistics Standard Concurrent 
User V 26 (IBM Corp., Armonk, New York, ABD) was used 
for all the statistical analysis. A p-value < 0.05 was ac-
cepted as statistically important.

Results 

Overall, the study contained 65 children (40 children 
with AD and 25 age- and sex-matched healthy controls). 
The age range was 4–24 months. The median (IQR) age 
was 7 (8) and 10 (5) months in the patient and control 
groups, respectively. Table 1 displays the demographic fea-
tures of the patients in the study. The eosinophil count 
and total IgE value were  remarkably higher in the atopic 
group when compared to the non-atopic group and con-
trols. White blood cell counts, absolute neutrophil counts, 
and c-reactive protein levels did not differ between groups 
(Table 2). The medians (IQR) of sRAGE levels in patient and 
control groups were 8.43 (17.33) and 14.09 (22.29), respec-
tively (p < 0.001). The medians (IQR) of sRAGE levels in 
atopic, non-atopic and control groups were 8.5 (14.17), 7.75 
(17.33) and 14.09 (22.29), respectively (p = 0.004) (Figure 1). 
We could not show any statistically remarkable distinction 
in patients with atopic and non-atopic groups (Table 2). No 
remarkable correlation was found between sRAGE levels, 
eosinophil count, and total IgE levels and O-SCORAD index. 
According to the receiver operating characteristic (ROC) 
curve analysis realized for sRAGE between the patient and 
control groups, the area below the curve was 0.746 and 

Table 1. Characteristics of the study population

Parameter Groups P-value

Patient 
group

(n = 40)

Control 
group

(n = 25)

Gender& n (%):

Girl 16 (40.0) 11 (44) 0.800

Boy 24 (60.0) 15 (56)

Age† [month]:

M (interquartile range) 7.0 (8.0) 10 (5) 0.131

Min.–max. 4–24 4–16

s-RAGE† [ng/ml]:

M (interquartile range) 8.43 (9.22) 14.09 0.001

Min.–max. 1.04–18.37 (12.53) 
6.35–8.64

IgE†:

M (interquartile range) 20.97 (53.97) 12.48 (33.27) 0.107

Eosinophil counts† [mm3]:

M (interquartile range) 440 (315) 210 (235) < 0.001

M – median, interquartile range – distance between quartiles, &Pearson c2 test, 
†Mann-Whitney U test, Ig – immunoglobulin.

Table 2. Comparisons between groups

Parameter Group P-value

Non-atopic
n = 21

Atopic
n = 19

Control
n = 25

sRAGE:

M (Interquartile range) 7.75 (11.22)a 8.50 (7.78)a 14.09 (12.53)b 0.004

Min.–max. 1.04–18.37 3.10–17.27 6.35–28.64

White blood cell count:

M (interquartile range) 9530.0 (3060.0) 9420.0 (370.0) 9280.0 (3060.0) 0.442

Neutrophil count:

M (interquartile range) 2210.0 (1285.0) 1630.0 (1110.0) 2040.0 (1150.0) 0.276

Eosinophil count:

M (interquartile range) 400.0 (310.0)ab 560.0 (250.0)a 210.0 (235.0)b < 0.001

C-reactive protein:

M (interquartile range) 0.30 (1.20) 0.60 (1.00) 0.40 (0.70) 0.742

IgE:

M (interquartile range) 8.10 (30.33)a 33.49 (107.66)b 12.48 (33.27)a 0.004

O-SCORAD:

M (interquartile range) 25.30 (26.50) 38.00 (30.70) 0.194

M – median, interquartile range – distance between quartiles, †Mann-Whitney U test, ‡Kruskal-Wallis test, superscripts a and b indicate the difference between 
groups. There is no statistical difference between groups with the same superscripts. Ig – immunoglobulin, O-SCORAD – objective SCORAD.
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was statistically significant. When the sRAGE value was  
≤ 17.27, the sensitivity value was 97.5% and the specificity 
value was 44.0% (Figure 2).

Discussion

Our study indicated that sRAGE levels were lower in 
patients with AD than in the healthy controls. However, 
sRAGE levels did not differ significantly between patients 
with atopy positive and atopy negative. This result sug-
gested no remarkable effect of atopy on sRAGE. No sig-
nificant correlation was found between sRAGE levels and 
the severity of the disease. To the best of our knowledge, 
this is the first study showing lower sRAGE levels in pa-
tients with AD at childhood.

In clinical practice, aging phenotype is associated 
with more wrinkled and pigmented skin in patients with 
chronic AD when compared to controls. Moreover, it has 
also been recommended that AGEs act a role in the aging 
process given that the amount of AGEs is higher in elder 
individuals [21]. In animal models, it was shown that the 
recombinant soluble RAGE (sRAGE) blocked AGE-RAGE 
signalling pathway and that the exogenous sRAGE can 
remove AGEs from circulation and may prevent AGE-in-
duced tissue damage via acting as a decoy receptor for 
AGEs [22]. Given the neutralizing role of sRAGE, it is pro-
posed that the lower sRAGE level can increase AGE-RAGE 
reaction; thus, exacerbate subsequent inflammation. Ex-
ogenous sRAGE results in enhanced wound healing due 
to limitation of the inflammatory phase in the wound 
repair process [23]. In our study, sRAGE level was found to 
be lower in patients with AD. The treatment with sRAGE 
or ingredients containing sRAGE can reduce the symp-
toms of individuals with AD. 

The production and accumulation of AGEs is a natu-
rally occurring process during aging in the human tis-
sues. This process is raised by persistent hyperlipidae-
mia, hyperglycaemia and oxidative stress often observed 
in patients with psoriasis. A study by Papagrigoraki et al. 

found raised levels of skin and circulating AGEs in pso-
riasis patients. This study involved 80 patients with mild/
severe psoriasis and 80 controls (40 with severe eczema, 
40 healthy individuals). Levels of cutaneous and serum 
AGEs were higher in patients with severe psoriasis com-
pared to patients with mild psoriasis, patients with se-
vere eczema and to healthy controls. In the same study 
skin AGEs levels correlated positively with serum AGEs in 
all patients and serum AGEs levels well correlated with 
disease severity in psoriatic patients [23].

By contrast, serum levels of RAGE were remarkably 
lower in patients with psoriasis compared to those with 
eczema or healthy individuals and RAGE levels inversely 
related with psoriasis area and disease severity index 
score [24]. Authors showed that cutaneous AGEs might 
be the link between dermal inflammation and an in-
creased metabolic cardiovascular risk commonly seen in 
psoriasis patients. Also, it was shown that dysregulation 
in keratinocyte apoptosis is important in the pathogen-
esis of psoriasis [24]. These results recommend that the 
level of sRAGE, which has anti-inflammatory and anti-
apoptotic effects, can be low in psoriatic cases which 
has intensive AGE accumulation. In accordance with the 
literature, we found low sRAGE levels in the patient group 
with AD, which is a kind of disease with inflammation 
and apoptosis in its etiopathogenesis.

Some articles have shown that a decreased RAGE lev-
el is related to neutrophilic airway inflammation in asth-
ma and chronic obstructive pulmonary disease (COPD), 
it has been proposed that sRAGE might play a preven-
tive role in inflammatory lung disorders [6, 16]. Chen  
et al. asserted that sRAGE heals cigarette smoke-induced 
airway inflammation via downregulating S100A8/A9 ex-
pression and its related immune-inflammatory reactions 

Figure 1. sRAGE levels in children with atopic dermatitis 
and healthy controls AUC = 0.746

p < 0.001
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in the knockout of RAGE mice. This study hypothesized 
that reduced sRAGE may increase AGE-RAGE reaction 
and result in inflammation [25]. In the study by Zhang 
et al., sRAGE production was considerably reduced in the 
mouse model of neutrophilic asthma, which was strongly 
related with increased IL-17 levels and neutrophil infiltra-
tion, indicating a role for sRAGE production in the devel-
opment of Th17 sided inflammation [15]. 

The sRAGE inhibits interactions between RAGE and 
AGE products like High Mobility Group Box 1 (HMGB1) 
by acting as a decoy receptor. Zang et al. showed that 
sRAGE inhibited Th17 polarization driven by recombinant 
HMGB1 (rHMGB1)-activated dendritic cells (DCs) in vitro 
[15]. Another study indicated that sRAGE levels was sig-
nificantly lower in asthmatic patients when compared 
to controls; in addition, in subgroup analysis the sRAGE 
levels were also considerably lower in patients with se-
vere asthma and uncontrolled asthma [26]. In a prospec-
tive, observational and analytical study by Egron et al., 
93 infants were recruited. Authors reported that sRAGE 
levels were significantly lower in acute bronchiolitis pa-
tients than in controls but did not correlate with clinical 
severity. Also, no correlation was found between serum 
sRAGE and severity score, respiratory viruses, and recur-
rent wheezing at 1 year [27]. In our study, we found that 
the sRAGE levels were lower in patients with AD when 
compared to healthy controls in agreement with the lit-
erature; however, no association was detected with dis-
ease severity. 

Hong et al. showed that AGE expression was higher 
in corneocytes in the cutaneous tissues of adult patients 
with AD; therefore, suggesting that AGE can be associ-
ated with more intense oxidative stress and facilitate 
dermal inflammation. They also found that the mean 
levels of corneocyte AGEs from the lesional and non-
lesional areas did not differ significantly. This condition 
may underline the presence of subclinical inflammation 
in the non-lesional AD skin. Authors additionally dem-
onstrated that serum sRAGE was prominently reduced 
in patients with AD [19]. sRAGE eliminates the harmful 
effects of AGE. For this reason, low levels of sRAGE have 
been recommended as a biomarker candidate to define 
the presence of some diseases such as asthma, allergic 
airway diseases, psoriasis, cardio-metabolic diseases, 
dyslipidaemia and cancer etc.

Our study has some limitations. First, it is a single-
centre study and includes a small number of children 
and only reflects the data of our patients. Second, sRAGE 
levels in the skin tissue were not assessed in the study. 
Because of these limitations, our results may not be 
practicable to other institutions.

Conclusions

Based on these findings, it is asserted that sRAGE 
may play a role in the disease process in AD. The de-

crease in sRAGE may demonstrate ongoing inflamma-
tion and apoptosis. The sRAGE can be used as a marker 
for AD. Also, the topical and/or systemic use of some 
molecules (such as sRAGE and/or products containing 
sRAGE) may be a target of therapeutic interventions in 
the future.

Conflict of interest

The authors declare no conflict of interest.

References

1.	 Wollenberg A, Barbarot S, Bieber T, et al. Consensus-based 
European guidelines for treatment of atopic eczema (atopic 
dermatitis) in adults and children: part I. J Eur Acad Derma-
tol Venereol 2018; 32: 657-82.

2.	Katoh N, Ohya Y, Ikeda M, et al. Japanese guidelines for atop-
ic dermatitis 2020. Allergol Int 2020; 69: 356-69. 

3.	Trautmann A, Akdis M, Kleemann D, et al. T cell-mediated 
Fas-induced keratinocyte apoptosis plays a key pathogenetic 
role in eczematous dermatitis. J Clin Invest 2000; 106: 25-5.

4.	Yamagishi S, Matsui T. Soluble form of a receptor for ad-
vanced glycation end products (sRAGE) as a biomarker. Front 
Biosci (Elite Ed) 2010; 2: 1184-95.

5.	Prasad K. Is there any evidence that AGE/sRAGE is a univer-
sal biomarker/risk marker for diseases? Mol Cell Biochem 
2019; 451: 139-44.

6.	Raita Y, Zhu Z, Freishtat RJ, et al. Soluble receptor for ad-
vanced glycation end products (sRAGE) and asthma: Men-
delian randomisation study. Pediatr Allergy Immunol 2021; 
32: 1100-3.

7.	Guarneri F, Custurone P, Papaianni V, et al. Involvement of 
RAGE and oxidative stress in inflammatory and infectious 
skin diseases. Antioxidants 2021; 10: 82.

8.	Gungor HE, Sahiner UM, Karakukcu C, et al. The plasma gel-
solin levels in atopic dermatitis: effect of atopy and disease 
severity. Allergol Immunopathol (Madr) 2015; 44: 221-5. 

9.	Peres GB, Schor N, Michelacci YM. Impact of high glucose 
and AGEs on cultured kidney-derived cells. Effects on cell 
viability, lysosomal enzymes and effectors of cell signaling 
pathways. Biochimie 2017; 135: 137-48. 

10.	Alikhani Z, Alikhani M, Boyd CM, et al. Pathways through cy-
toplasmic and mitochondrial genes and stimulate fibroblast 
apoptosis enhance expression of pro-apoptotic advanced 
glycation end products mechanisms of signal transduction. 
J Biol Chem 2005; 280: 12087-95. 

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

12.	 Demling N, Ehrhardt C, Kasper M, et al. Promotion of cell ad-
herence and spreading: a novel function of RAGE, the highly 
selective differentiation marker of human alveolar epithelial 
type I cells. Cell Tissue Res 2006; 323: 475-88. 

13.	 Perkins TN, Donnell ML, Oury TD. The axis of the receptor 
for advanced glycation endproducts in asthma and allergic 
airway disease. Allergy 2021; 76: 1350-66. 

14.	 Patregnani JT, Fujiogi M, Camargo CA, et al. Serum soluble 
receptor for advanced glycation end-products (sRAGE) in 
infants with bronchiolitis: associations with acute severity 
and recurrent wheeze. Clin Infect Dis 2021; 73: 2665-72. 



Advances in Dermatology and Allergology 6, December/2023

Serum sRAGE levels in children with atopic dermatitis: a prospective study 

771

15.	 Zhang F, Su X, Huang G, et al. sRAGE alleviates neutrophilic 
asthma by blocking HMGB1/RAGE signalling in airway den-
dritic cells. Sci Rep 2017; 7: 14268. 

16.	Sukkar MB, Wood LG, Tooze M, et al. Soluble RAGE is defi-
cient in neutrophilic asthma and COPD. Eur Respir J 2012; 
39: 721-9. 

17.	 Damasiewicz-Bodzek A, Wielkoszynski T. Advanced protein 
glycation in psoriasis. J Eur Acad Dermatol Venereol 2012; 
26: 172-9.

18.	 Hong JY, Kim MJ, Hong JK, et al. In vivo quantitative analysis 
of advanced glycation end products in atopic dermatitis – 
possible culprit for the comorbidities? Exp Dermatol 2020; 
29: 1012-6. 

19.	Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. 
Acta Dermatovenerol 1980; 92: 44-7.

20.	Oranje AP, Glazenburg EJ, Wolkerstorfer A, et al. Practical 
issues on interpretation of scoring atopic dermatitis: the  
SCORAD index, objective SCORAD and the three-item sever-
ity score. Br J Dermatol 2007; 157: 645-8.  

21.	 Pageon H, Zucchi H, Dai Z, et al. Biological effects induced by 
specific advanced glycation end products in the reconstruct-
ed skin model of aging. Biores Open Access 2015; 4: 54-64. 

22.	Yue Q, Song Y, Liu Z, et al. Receptor for advanced glycation 
end products (RAGE): a pivotal hub in immune diseases. 
Molecules 2022; 27: 4922. 

23.	Papagrigoraki A, Maurelli M, Del Giglio M, et al. Advanced 
glycation end products in the pathogenesis of psoriasis. Int 
J Mol Sci 2017; 18: 2471.

24.	Gabr SA, Al-Ghadir AH. Role of cellular oxidative stress and 
cytochrome C in the pathogenesis of psoriasis. Arch Derma-
tol Res 2012; 304: 451-7. 

25.	Chen M, Wang T, Shen Y, et al. Knockout of RAGE amelio-
rates mainstream cigarette smoke induced airway inflam-
mation in mice. Int Immunopharmacol 2017; 50: 230-5.

26.	El-Seify MYH, Fouda EM, Nabih ES. Serum level of soluble 
receptor for advanced glycation end products in asthmatic 
children and its correlation to severity and pulmonary func-
tions. Clin Lab 2014; 60: 957-62.

27.	Egron C, Roszyk L, Rochette E, et al. Serum soluble receptor 
for advanced glycation end-products during acute bronchi-
olitis in infant: prospective study in 93 cases. Pediatr Pulm-
onol 2018; 53: 1429-35.


