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Abstract  

Atopic dermatitis (AD) is one of the most prevalent chronic inflammatory dermatological disorders in 
childhood. Assessment of AD severity is the initial step in designing the proper therapeutic plan. 
Moreover, it is imperative for evaluation of disease improvement during and following therapy. This 
study was designed to assess the prognostic role of miRNA-155 (miR-155) in the prediction of AD 
severity as the primary outcome. While the secondary outcome was to correlate the serum miR-155 
expression levels with the scoring atopic dermatitis (SCORAD) severity index. This case-control study 
included 24 children with AD and 24 apparently healthy children as a control group. AD children were 
stratified according to the SCORAD severity index. Approximately 58% of children had mild AD, 25% 
moderate AD, and about 17% severe AD. Children with AD had statistically significantly higher miR-
155 expression levels in comparison to the control children, (p< 0.001). Children with severe AD had 
statistically significantly higher miR-155 expression levels compared to mild AD children (p=0.001). 
The receiver operating characteristic curve analysis for miR-155 demonstrated that miR-155 can 
differentiate between children with mild AD and those with moderate-to-severe AD, with an area 
under the curve of 0.879, and an excellent discrimination power. A statistically strong significant 
positive correlation existed between miR-155 levels and SCORAD severity index (rs= 0.666, p<0.001). 
In conclusion, MiR-155 could be considered as a non-invasive biomarker of AD severity in children. It 
is a promising prognostic tool in the prediction of AD severity. 
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Introduction 

Atopic dermatitis (AD) is one of the most 
prevalent chronic inflammatory dermatological 

disorders that usually starts in childhood but 
often continues to adulthood, putting a major 
burden on healthcare costs. AD is manifested by 
exaggerated eczema and itching negatively 
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influencing the quality of life of both children 
and their family members. AD is the most 
common non-fatal health concern related to 
dermatological disorders which has a 
considerable psychosocial impact on patients 
and their families.1-5 

The reported global prevalence of AD is 15-
20% in pediatric population and 1-3% in adults.6 
Albeit the prevalence of AD and its burden 
varies extensively across the world. The 
estimated prevalence range of AD among 
Egyptian children has been reported as 3.6–
12.01%.7,8 Environmental factors, ethnicity, and 
socioeconomic status are the key determinants 
of its prevalence.9 AD is a highly heritable 
disease. It usually appears with other atopic 
conditions including bronchial asthma, allergic 
rhinitis, and food allergies.6,10 

The underlying pathophysiology of AD is 
multifactorial. Structural protein filaggrin 
insufficiency, disturbance of epidermal barrier 
function, and stimulation of the inflammatory 
processes and T cell infiltration are the 
commonly proposed AD mechanisms. In 
addition to other associated factors including, 
Staphylococcus aureus invasion, systemic 
immune responses [immunoglobulin E (IgE)-
mediated sensitization] as well as 
neuroinflammation.11,12  

The diagnosis of AD is mainly clinical. The 
American Academy of Dermatology (AAD) has 
developed simple diagnostic criteria based on 
symptoms and signs of the affected patients.13  

Assessment of AD severity is the initial step 
in designing the proper therapeutic plan for the 
patient. Moreover, it is imperative for 
evaluation of disease improvement during and 
following therapy.14,15 Various scoring systems 
have been developed for the assessment of AD 
severity. SCORing Atopic Dermatitis (SCORAD) 
considers clinical findings and area of 
involvement along with a subjective assessment 
of pruritus and sleep. Although SCORAD is a 
valid tool in AD severity assessment, it is time 
consuming during routine clinical examination 
and subjected to a high risk of biased self-
reported data.14, 16, 17 

MicroRNAs (miRNAs) are a class of a short 
non-coding single‐stranded RNA molecules, 
attached to the 3′ untranslated region of target 

messenger RNAs (mRNAs) and control the 
process of translation.18 MiRNAs have gained 
scientific significance because of their 
involvement in the pathophysiology of allergic 
disorders and their promising role as 
biomarkers in liquid biopsies.19 MiR-155 has 
been incriminated in many inflammatory 
immunological dermatological diseases.20 

MiR-155 has been involved in IgE-dependent 
allergic disorders comprising AD and asthma.21 
MiR-155 levels were markedly overexpressed in 
different biological samples in patients with 
various forms of allergic conditions. For 
example, high expression levels of miR-155 
were recognized in serum samples of patients 
with allergic rhinitis, in asthmatic air passages 
and plasma.20, 22, 23 

Individuals suffering from AD exhibit a 
marked overexpression of miR-155.24 Activation 
of T cells within the skin is a common 
pathological finding in AD. MiR-155 may have a 
role in persistent skin inflammation by 
augmenting the proliferative response of T-
helper cells through the downregulation of 
cytotoxic T lymphocyte–associated antigen 4, a 
negative regulator of T-cell activation.25  

This study was designed to evaluate the 
prognostic role of miRNA-155 in the prediction 
of AD severity as the primary outcome. While 
the secondary outcome was to correlate the 
serum miRNA-155 expression levels with the 
SCORAD severity index. 

Subjects and Methods 

This was a case-control study. A total of 24 
children with AD were selected to participate 
from those attending the Allergy and 
Immunology Unit, Department of Medical 
Microbiology and Immunology, the 
Dermatology, Pediatrics Outpatient Clinics, 
Zagazig University Hospitals, Zagazig, Egypt, 
between December 2020 to June 2021. In 
addition, 24 of apparently healthy children after 
1:1 matching on age and sex were involved in 
the study as the control group.  

The eligibility criteria included children with 
AD, diagnosed according to Rajka criteria,26 
listed in the guidelines of the American 
Academy of Dermatology,13 and the degree of 
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severity was assessed by the SCORing Atopic 
Dermatitis (SCORAD) index (mild<25, 
moderate=25-50, severe>50).27 

The exclusion criteria included children who 
received systemic glucocorticoids, immuno-
suppressants or desensitization therapy in the 
past six months as well as those received local 
glucocorticoids or calcineurin inhibitors in the 
previous week. Moreover, children with chronic 
diseases, rather than asthma, autoimmune 
disorders, or any associated skin diseases were 
excluded.  

All eligible children were subjected to a full 
history taking and complete dermatological and 
clinical examination. 

Skin prick test (SPT) 

All AD children were checked for skin prick test 
(SPT). Skin testing was accomplished based on 
the proposed method of Bernstein et al., 2008. 
A week prior to skin testing, children were 
instructed to cease taking antihistamines. 
Allergen extracts for skin testing were locally 
prepared at Allergy and Immunology Unit, 
Department of Medical Microbiology and 
Immunology, Faculty of Medicine, Zagazig 
University, Zagazig, Egypt. Home-made allergen 
extracts: house dust, hay dust, wool, cotton, 
mixed molds, and mixed pollens were used. 
Saline and histamine were used as negative and 
positive controls, respectively. Fifteen minutes 
after skin prick, the reactions were assessed 
through measuring the diameters of both wheal 
and erythema; 3 mm above the negative control 
was determined as a positive test result.28  

Peripheral venous blood samples (5 ml) were 
drawn under complete aseptic conditions from 
the included children to measure the serum 
total IgE and expression level of miR‐155. Blood 
samples were centrifuged (1900 × g at 4 °C) for 
10 min. Sera were carefully collected and 
transferred into RNase-free tubes and stored at 
−80 °C until further analysis of total IgE and miR-
155  

Serum levels of total IgE 

The serum level of total IgE was measured 
quantitatively by utilizing commercially 
available sandwich enzyme-linked 

immunosorbent assay (ELISA) Kits 
(IMMUNOSPEC Corporation Canoga Park, CA 
91303, USA) following the manufacturer’s 
guidance. The results were reported in IU/ml. 
Using an ELISA reader for microtiter plates 
(Biotek, USA), the absorbance of standards and 
samples was measured at 450 nanometers. 

Total RNA extraction 

RNA extraction was performed using the 
miRNeasy Serum/Plasma Kits (Qiagen, Hilden, 
Germany), according to the manufacturer’s 
instructions. The miRNeasy Serum/Plasma Kits 
combine phenol/guanidine-based lysis of 
samples and silica-membrane–based 
purification of total RNA. A spectrophotometer 
(Thermo Scientific, USA) was used to measure 
the absorbance at 260 and 280 nm to verify the 
extracted RNA's quality and purity.  

Quantitative real-time polymerase chain reaction 
(qRT-PCR) for miR-155  

miScript II RT Kits (Qiagen, Germany) were 
utilized to create complementary DNA (cDNA), 
through reverse transcription process based on 
the manufacturer's recommendations. The 
reaction mixture (total volume of 20 µl) was 
prepared as follows: 2 µl Template RNA, 2 µl 
10x miScript Nucleics Mix, 2 µl miScript Reverse 
Transcriptase Mix, 4 µl 5x miScript HiSpec 
Buffer, and 10 µl RNase-free water. This mixture 
was incubated at 37°C for 60 minutes. After 
that, for inactivation of miScript RT, the mixture 
was incubated for 5 min at 95°C on a “Rocker 
Sahara 320 dry bath heat block” and thereafter 
put promptly onto ice. Afterwards, cDNA was 
kept at -80 °C until needed.  

Serum levels of MiR-155 were quantified by 
SYBR green-based real-time polymerase chain 
reaction (qRT-PCR) master mix {mi-Script SYBR® 
Green PCR Kit with miScript Primer assays 
(Qiagen, Valencia, CA, USA)}. The amplification 
was implemented in qRT-PCR (Stratagene 
Mx3000p system, Agilent Technologies, 
Germany). The housekeeping small RNA (RNU-
6) (miScript PCR control, Qiagen, Germany) was 
chosen as an internal control based on an 
earlier research study.29 

The amplification reaction mixture (20 µl) 
was prepared in accordance with the kit 
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manufacturer's instructions as follows: 2 µl of 
template cDNA, 10 µl 2x QuantiTect SYBR Green 
PCR Master Mix, 2 µl 10x miScript Primer Assay 
(miR-155 or RNU-6), 2 µl 10x miScript Universal 
Primer, and 4 µl RNase-free water.  For every 
sample, two distinct tubes were prepared: one 
for miR-155 and the other for human RNU6B 
(RNU6-2) a widely used reference. Thermal 
cycling condition was as follows: an initial 
activation step of 15 min at 95°C to activate 
HotStar Taq DNA Polymerase, followed by 40 
cycles each of denaturation at 95°C for 15 sec, 
then annealing at 55°C for 30 sec, and extension 
at 70°C for 30 sec.  

Normalization of miR-155 expression levels 

The ΔCt value and comparative cycle threshold 
method (ΔΔCt method) were used to report the 
miR-155 expression values. The ΔCt value was 
calculated by subtracting the cycle threshold 
(Ct) values of miRNA RNU6 from the Ct values of 
the target miRNAs. Following the 
demonstration of approximately equal 
efficiencies between the target gene and 
reference (miRNA RNU6B) gene in a validation 
experiment, the comparative threshold method 
was employed. Using the same sample, 
standard curves were conducted for each 
amplicon to determine the relative efficiencies 
of the target and reference amplifications. In 
the current study, the 2−ΔΔCT method was 
employed to determine the fold changes of 
miR- 155 expression.30  

Statistical Analysis 

All statistical analyses were calculated by the 
GraphPad Prism Software, Version 8.0 
(GraphPad, San Diego, CA, United States). 

Quantitative variables were summarized as the 
mean± standard deviation (SD) or median (IQR: 
interquartile range; 25th to 75th percentiles) 
according to the normality of the data. 
Qualitative variables were summarized by 
frequency(percentage). The Shapiro-Wilk test 
was used to examine the normality of 
quantitative variables. The receiver operating 
characteristic (ROC) curve was used to check the 
prognostic performance of miR-155 in the 
prediction of AD severity. Spearman’s 
correlation was used to assess the strength and 
direction of association between two variables, 
at least one is ordinal. The optimal cutoff points 
were determined by Youden’s index (sensitivity 
+ specificity -1) and the maximized area under 
the curve (AUC). Differences were considered 
significant at p<0.05. All statistical comparisons 
were two-tailed. 

Results 

A total of 24 (6 boys, 18 girls) AD children and 
24 (8 boys, 16 girls) normal control children 
were enrolled in this work. The mean age of the 
AD children was 7.8± 2.9 years and that of the 
control children was 7.7±2.6 years. Baseline 
characteristics were similar between the control 
children and AD children (p>0.05), as presented 
in Table 1. AD children were stratified according 
to the SCORAD severity index. Approximately 
58% of children had mild AD (14/24), 25% had 
moderate AD (6/24), and about 17% had severe 
AD (6/24). Moreover, atopic conditions (allergic 
conjunctivitis, allergic rhinitis, and asthma), SPT 
results, and serum levels of total IgE were not 
different among AD children stratified as stated 
in the SCORAD index (p>0.05), (Table 2). 

Table 1. Baseline characteristics of the participating children 

Baseline characteristics 
Control children 

AD 
children p-value 

n=24 n=24 

Age (years), mean± SD 7.8±3.0 7.7±2.6 NS† 

Sex, n (%)   
NS‡ Boys 8 (33) 6 (25) 

Girls 16 (67) 18 (75) 
Data are presented as mean± standard deviation unless otherwise mentioned. p > 0.05 is not significant (NS). 

†Independent samples t-test. ‡Fisher's exact test (R C). Abbreviations: AD, atopic dermatitis. 
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Table 2. Baseline characteristics of atopic dermatitis (AD) children stratified according to SCORAD 
index. 

Baseline characteristics 

SCORAD index 
p-

value 
Mild Moderate Severe 

n=14 n=6 n=4 

Age (years), mean± SD 8.1±3.2 8.7±2.7 5.6±1 NS† 

Boys, n (%) 6(43) 0(0) 0(0) NS‡ 

Associated atopic conditions,  
n (%) 

    

Allergic conjunctivitis 2(14) 0(0) 0(0) NS‡ 

Allergic rhinitis 6(43) 0(0) 0(0) NS‡ 

Asthma 6(43) 2(33) 0(0) NS‡ 

SPT, n (%)     

Mixed molds 4(29) 2(33) 0(0) NS‡ 

Mixed pollens 10(71) 4(67) 4(100) NS‡ 

House dust 6(43) 2(33) 2(50) NS‡ 

Wool 4(29) 0(0) 2(50) NS‡ 

Cotton dust 4(29) 0(0) 0(0) NS‡ 

Hay dust 2(14) 2(33) 0(0) NS‡ 

Total IgE (IU/ml), median (IQR) 42.81(28.83-67.78) 71(22.75-109) 87.5(45-115.75) NS§ 

†Independent samples t-test p > 0.05 is not significant (NS). ‡Fisher's exact test (R C). §Kruskal-Wallis H test.  
Abbreviations: IQR, interquartile range; SCORAD, scoring atopic dermatitis; SPT, skin prick test. 
 

Children with AD had statistically significantly 
higher miR-155 expression levels compared to 
the control children [(median (IQR) 16.75 (13.0-
23.63) vs. 0.91 (0.25-1.44), (p< 0.001)] (Figure 
1). Similarly, children with severe AD had 
statistically significantly higher miR-155 
expression levels compared to mild AD children 
(mean± SD, 26.50±3.46 vs 14.42±6.10, p=0.001). 
However, miR-155 expression levels did not 
differ between severe and moderate AD 
children (mean± SD, 26.50±3.46 vs 20.7±2.90, 
p=0.21) (Figure 2). Additionally, a statistically 
significantly positive correlation existed 
between miR-155 expression levels and SCORAD 
severity index (rs= 0.666, p<0.001) (Figure 3). 
The ROC curve analysis for miR-155 expression 
level demonstrated that miR-155 can 
differentiate between children with mild AD and 
those with moderate-to-severe AD, with an AUC 
of 0.879, and an excellent discrimination power 
[(95% confidence interval: 0.725 to 1.0, 
p=0.002)] (Table 3 and Figure 4). 
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Figure 1. MiR-155 expression levels in the 
control and atopic dermatitis (AD) children. 
Data are median (IQR). 
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Figure 2. A scatter plot with regression line of 
miR-155 against SCORAD severity index. 
Abbreviations: miRNA, microRNA; rs, Spearman correlation 
coefficient; SCORAD, scoring atopic dermatitis. 
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Figure 3. MiR-155 expression levels in atopic 
dermatitis (AD) children stratified according to 
the SCORAD severity index. Bars not sharing the 

common superscript letters differ significantly at p<0.05 by 
ANOVA followed by post hoc Tukey's multiple comparisons 
test. Data are mean± SD. Abbreviation: miRNA, microRNA; 
SCORAD, scoring atopic dermatitis.

Table 3. Prognostic value of miR-155 in the prediction of atopic dermatitis (AD) severity. 

AD 
severity 

Cut-off 
value 

Sensitivity% 
(95% CI) 

Specificity% 
(95% CI) 

Youden 
index 

C Statistic/AUC 
(95% CI) 

p-
value 

miR-155 
expressio
n level 

>16.57 100 (72.25-100) 78.6 (52.41-92.43) 0.786 0.879 (0.725 to 1) 0.002 

Significant difference at the p<0.05 level.  Abbreviations: AD, atopic dermatitis; AUC, area under the curve;  
CI, confidence interval. 
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Figure 4. The receiver operating characteristic 
(ROC) curve for miR-155 in the prediction of 
atopic dermatitis (AD) severity among the 
participating AD children. 

Discussion 

AD is the most frequent chronic inflammatory 
condition affecting the skin. Inheritance, 
disrupted skin barrier disruption, and 
dysregulated immune response are some of the 
fundamental theories of AD development.32  

This study was designed to evaluate the 
prognostic role of miRNA-155 in the prediction 
of AD severity and to correlate the serum 
miRNA-155 expression levels with the SCORAD 
severity index. The results demonstrated that 
serum miRNA-155 is a promising prognostic 
biomarker for the assessment of AD severity 
with an excellent discriminative ability. 
Moreover, AD severity was positively correlated 
with serum miRNA-155 expression levels.  

MiRNAs act as key players in post-
transcription controlling most cellular 
processes. A single miRNA molecule can target 
several mRNAs, usually within the same 
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signaling pathway. Disturbed miRNAs 
expressions may alter cellular responses and 
cause disease development. Currently, the role 
of miRNA in allergy disorders has been 
extensively studied.19,33  

MiR-155 plays a master role in innate and 
adaptive immune responses.34-36 For example, 
miRNA-155 is critical for the dendritic cells (DCs) 
maturation and further activation. Activated 
DCs are responsible for stimulation of antigen-
specific T-cell activation which is one of the 
main drivers in the pathogenesis of AD.37, 38  

The present findings showed that the serum 
expression levels of miRNA were significantly 
higher in AD children than in control children. In 
corroboration, the earlier study of Ma and 
coworkers (2015).24demonstrated that the 
relative expression levels of miRNA-155 in 
peripheral CD4+ T cells were markedly elevated 
in 33 AD patients versus 31 healthy participants. 
Furthermore, they reported that the miRNA-155 
relative expression levels in the skin lesions of 
AD patients were significantly increased in skin 
lesions compared with perilesional skin and 
normal skin. According to the study of Sonkoly 
and colleagues (2010), high expression levels of 
miR-155 were observed in mast cells from skin 
lesions of AD patients.25  

We found a strong positive correlation 
between miR-155 serum expression levels and 
SCORAD severity index, this finding reflecting 
the reported role of miR-155 in the 
pathogenesis of AD in children. Inconsistent to 
our findings, Ma et al., 2015, found a moderate 
positive correlation between miR-155 
expression levels in AD peripheral CD4+ T cells 
with AD disease severity.24  

AD is associated with the increased risk of 
immune-mediated inflammatory diseases such 
as asthma, and allergic rhinitis 5. In support of 
this notion, most of the enrolled AD children, 
especially children with mild AD experience 
coexistent topic disorders (allergic 
conjunctivitis, allergic rhinitis, and asthma). 

IgE signifies a crucial role in different allergic 
disorders.39 However, our findings 
demonstrated a non-significant difference in 
serum total IgE levels among AD children 
stratified according to the SCORAD severity 
index. Likewise, some people with severe AD 

may have normal serum total IgE. In addition, 
possible confounders as coexistent of parasitic 
infection, and certain types of cancer may alter 
its level.40,41  

The present study has some limitations. First, 
the current findings are considered preliminary 
until validated in a larger and multicenter study 
in the future for a more comprehensive 
understanding the interplay between miRNA-
155 and AD, however, the achieved post-hoc 
power is more than 99%. Second, whether the 
role of miR-155 in childhood AD differs from 
adulthood AD is another issue. 

In conclusion, MiR-155 serum expression 
levels were prominently higher in AD children in 
comparison to apparently healthy control 
children. MiR-155 could be considered as a non-
invasive biomarker of AD severity in children. It 
is a promising prognostic tool in the prediction 
of severity AD.   
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