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ABSTRACT 

Background: Asthma is the most common chronic inflammatory disorder of 

the airways in children, with rising incidence during last few decades which 

brings heavy burden to the whole society. The underlying molecular 

mechanisms leading to asthma remain largely unclear. In complex diseases 

such as asthma, DNA methylation offers a potential mechanism for 

environmental modification of genetic responses. 

Objective: Our study aimed to investigate the association of methylation at the 

ADRB2 promoter region with asthma development in Egyptian children and 

further effect on their level of asthma control. 

Subjects and methods: Our case control study included 80 children, 

distributed as two groups: 64 asthmatics as cases and another 16 healthy 

children as control group. The cases were further sub-divided into three sub-

groups according the level of asthma control (based on GINA guidelines in 

2015): 28 were well controlled asthmatics, 24 were partly controlled asthmatics 

and 12 patients were uncontrolled asthma. Blood-derived DNA samples from 

all children and assays of ADRB2 gene methylation was done using 

polymerase chain reaction. Pulmonary function testing, Skin prick testing and 

serum total IgE levels were measured using ELISA for all cases. 

Results: The DNA methylation at ADRB2 promoter gene was significantly 

higher in the asthmatic children than in non-asthmatic group. Moreover, it was 

also higher in uncontrolled group in comparison to partly controlled and 

uncontrolled groups. Our data revealed a significant relationship between 

methylated DNA in patients with positive skin prick test and those receiving 

steroid therapy. ROC analysis revealed that methylated DNA can excellently 

differentiate asthmatic patients from healthy controls with AUC of 0.84 for 

DNA methylation. The optimal sensitivity and specificity to differentiate 

asthmatic children from controls were (87.5% and 81.5% at a cutoff expression 

value >1). ROC analysis revealed that methylated DNA can differentiate 

uncontrolled or partially controlled asthmatic patients and controlled asthmatic 

patients with AUC of 0.891 for DNA methylation. The optimal sensitivity and 

specificity were (86.1% and 89.3% at a cutoff expression value >2.2). 

Conclusion: our study suggested that increased methylation at the ADRB2 

promoter area is associated with increased asthma susceptibility and poor 

asthma control which put it as a possible diagnostic and prognostic biomarker 

for asthma assessment in the near future. 
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INTRODUCTION 
sthma is one of the most serious allergic 

diseases and the most common chronic 

childhood disease in developed nations 
[1]

  

Although the incidences of most 

chronic illnesses have decreased over the last 

several decades, the prevalence and severity 

of childhood asthma have increased over the 

same time period 
[2]

  

Recent studies have suggested that; 

in addition to genetic variations, epigenetic 

alterations, such as aberrant DNA methylation 

patterns, may play a role in the development 

of asthma and asthma-related phenotypes 
[3] 

 

Epigenetics is the study of 

mitotically heritable changes in phenotype 

(alterations in gene expression) that occur 

without direct alterations of the DNA 

sequence 
[4]

 

Features of epigenetic mechanism 

mainly consist of DNA methylation, histone 

modification, and microRNAs 
[5]

  

A 
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DNA methylation is a biochemical process during which a methyl group is added 

to the 5′ position of the pyrimidine ring of 

cytosines lying next to a guanine, which is 

referred as CpG sites 
[6] 

 

In complex diseases such as asthma, 

DNA methylation offers a potential 

mechanism for environmental modification of 

genetic responses, including those at the β-2 

adrenergic receptor (ADRB2) gene locus 
[7]

  

The ADRB2 is a G-protein-coupled 

receptor present in respiratory epithelium, 

airway smooth muscle, and lymphocytes and 

is the principle target of beta-agonist 

bronchodilators 
[8]

 

The gene encoding the receptor 

ADRB2, has been extensively studied as a 

candidate gene for asthma susceptibility, 

asthma phenotypes, and response to 

medications 
[9]

 

A single previous study has shown a 

positive association of methylation of the 

ADRB2 gene with asthma severity in a cohort 

of Caucasian Children 
[10]

 

On reviewing other previous studies, 

none have examined such effect on asthma in 

the Egyptian population. This is important as 

populations may be affected by 

environmental, ethnic or racial specific 

modifiers, which has an influence on 

epigenetic effects. This study aims to 

determine the effect of DNA methylation at 

the ADRB2 promoter region on Egyptian 

asthmatic children. 

MATERIALS AND METHODS 

Study design and setting: 

Our present study group consisted of 64 

cases and 16 controls, who were recruited 

from the outpatient pediatric pulmonology 

clinic and inpatient ward, Department of 

Pediatrics, Zagazig University in Egypt. All 

the patients were diagnosed according to the 

Expert Panel Report (EPR) 
[11]

 

The study design was approved by the 

Zagazig University ethical committee. A 

written informed consent was obtained from 

the caregiver of each participant before the 

start of the study. 

Subjects and samples 

Inclusion criteria:  

Asthmatic children, 5-15 years of age 

with clinically and spirometric-based 

diagnosis of asthma were included randomly 

at first in our study. Another nonasthmatic 

unrelated nonallergic age and sex matched 

control group with same ethnicity were 

selected randomly after completion of cases 

recruitment. Those patients were 15 years or 

younger which is the upper limit of care either 

in our pediatric pulmonology outpatient clinic 

or inward admission. 

Exclusion criteria:  

 Children younger than 5 years of age whose 

spirometric evaluation can’t be assessed. 

 Patients with severe co-morbidities e.g 

cancer, autoimmune diseases..etc 

 Patients on systemic steroids  

 Use of beta blockers 

The cases were classified into three 

groups on the basis of asthma control level 

according to GINA guidelines 
[12]

 

Sampling 

 A total of 5 ml venous blood was taken 

from each subject for further serological 

study. 

Data measurement 

Demographic, environmental and 

clinical and physical examination findings 

were recorded for all cases and controls 

included in the present study. 

Genotyping  

Detection of ADRB2 gene methylation 

using polymerase chain reaction (PCR) based 

restriction fragment length polymorphism 

(RFLP). 

Spirometry 

Pulmonary function tests were 

performed for all children using a fully 

computerized Spirometer (Jaeger 

MasterScreen™ IOS, version 5.2 

manufactured by VIASYS Healthcare GmbH, 

Hoechberg, Germany) 

 

Pulmonary functions were assessed 

using forced expiratory volume in 1 second 

(FEV1), forced vital capacity (FVC) and the 

FEV1/FVC ratio, measured and expressed as 

a percentage of predicted values with a ratio 

higher than 0.9 being normal. 

STATISTICAL ANALYSIS 

SPSS version 24.0 was used for 

statistical analyses. According to the type of 
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data, the following tests were used to test 

differences for significance: 

 Differences between qualitative variables and 

percentages in groups were compared by Chi-

square test.  

 Differences between parametric quantitative 

independent groups by t-test, in 

nonparametric by Man Whitney and multiple 

by ANOVA 

 Non parametric by Kruskal Wallace.  

 Correlation by Pearson correlation 

The significance level for all statistical tests 

was set at P value < 0.05. 

RESULTS 

This study was conducted from 

February 2015 to January 2016. 80 patients 

were included (64 cases and 16 controls) and 

their demographical characteristics are 

represented in Table (1) 

 

Table 1 Demographic characteristics of studied groups 

Age  N Mean SD T p 

Cases  64 8.6 2.7 0.62 0.54 

Controls  16 8.2 2.1 

Sex  Count  Cases Controls  Total  X
2
 P 

Males  N 33 9 42 0.11 0.74 

% 51.5% 56.2% 52.5% 

Females  N 31 7 38 

% 48.5% 43.8% 47.5% 

Total  N 64 16 80 

% 100% 100% 100% 
 

The above table revealed that both groups were matched regarding their age and age with no 

statistically significant difference between both groups. 
 

Table 2 Comparison between Serum levels of total IgE and peripheral eosinophils count in different 

studied groups. 

 Group N Median IQR Man 

Whitney  

Z 

P 

IgE (IU/ml) Cases 64 63 30.8-175.4 3.2 0.011 

Control 16 26 19-35.8 

Eosinophils(cell/

μl) 

Cases 64 342,5 236.3-442.5 2.6 <0.001 

Controls 16 227.5 211.3-256.3 

This table showed that the blood eosinophil count and total IgE levels were significantly 

higher in asthmatic patients than controls (P<0.05). 

 

Table 3 Comparison between quantitative expression of methylated DNA in different studied 

groups. 

 Group N Median IQR Man 

Whitney  Z 

P 

Methylated 

DNA 

expression 

Cases 64 2.4 1.7-2.8 0.62 <0.001 

Control 16 0.67 0.59-0.78 

 

This table showed that the quantitative expression of methylated DNA was significantly 

higher in asthmatic children than non-asthmatics (P<0.05). 

 

 

Table 4 Laboratory data of the asthmatic patients grouped according to the asthma control level 

Variables Controlled Partially Uncontrolled Significance P-value 
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controlled test 

n=28 n=32 n=12 

Methylated DNA     

ANOVA, 

F=56.3 

 

<0.001 
 Mean±SD 1.8±0.43 2.4±0.42 3.8±0.85 

Blood eosinophil 

count (cell/μl) 

    

 

Kruskal-

Wallis H 

test=5.4 

 

0.067 

 Median(IQR) 300(218.8-

256.3) 

350(232.5-

425) 

450(342.5-580) 

IgE (IU/mL)     

 

Kruskal-

Wallis H 

test=7.6 

 

0.023 

 Median(IQR) 38.5(24-114.8) 70.5(33.3-

175.5) 

162.5(68.3-

803.5) 

 

This table showed that the quantitative expression of methylated DNA and IgE levels were 

significantly different among asthmatic patients (P<0.05). Blood eosinophil count was not 

significantly different among asthmatic patients (P=0.067). 

 

Table 5 Tukey post hoc test for comparison between controlled, partially controlled and 

uncontrolled asthmatic patients regarding the quantitative expression of methylated DNA 

Methylated DNA Controlled Partially controlled Uncontrolled 

n=28 n=24 n=12 

Mean±SD 

 1.8±0.43 2.4±0.42 3.8±0.85 

Controlled   <0.001 <0.001 

Partially controlled    <0.001 

This table showed that quantitative expression of methylated DNA was related to the 

asthma control level where it was significantly higher in partially controlled and uncontrolled 

patients than controlled patients (P<0.001). Also, the quantitative expression of methylated DNA 

was significantly higher in uncontrolled patients than partially controlled patients (P<0.001). 

 

Table (6): Correlations between methylated DNA and laboratory data in asthmatic patients 

Variable Blood eosinophil count 

(cell/μl) 

IgE 

Methylated DNA rs 0.37 0.49 

P 0.003 <0.001 

This table shows a weak positive but highly significant correlation between the quantitative 

expression of methylated DNA and blood eosinophil count (P=0.003). A reasonable positive but 

highly significant correlation between the quantitative expression of methylated DNA and IgE level 

(P<0.001) was found.  

 

 

 

 

 

A receiver operating characteristic (ROC) curve analysis: 
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Figure (3): shows area under the receiver operating characteristic (ROC) curve for determine the cut-off point for 

methylated DNA to differentiate between asthmatic patients vs healthy controls  

Figure (3): shows area under the receiver operating characteristic (ROC) curve for determine the cut-off point for 

methylated DNA to differentiate between asthmatic patients vs healthy controls  

 
 

Figure 3 shows area under the receiver operating characteristic (ROC) curve for determine the cut-off point for 

methylated DNA to differentiate between asthmatic patients vs healthy controls  

 

ROC analysis revealed that methylated DNA can excellently differentiate asthmatic 

patients from healthy controls with an area under the curve (AUC) of 0.84 for DNA methylation 

(95% CI: 0.74 to 91, P <0.001). The optimal sensitivity and specificity to differentiate asthmatic 

children from controls were (87.5% and 81.5% at a cutoff expression value >1). 

 

This finding recommends that methylated DNA is a potential diagnostic biomarker in 

childhood asthma. 

 

 
Figure 4 shows area under the receiver operating characteristic (ROC) curve for determine the cut-off point for 

methylated DNA to differentiate between uncontrolled or partially controlled asthmatic patients and controlled 

asthmatic patients. 

 

ROC analysis revealed that 

methylated DNA can differentiate 

uncontrolled or partially controlled asthmatic 

patients and controlled asthmatic patients with 
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an area under the curve (AUC) of 0.891 for 

DNA methylation (95% CI: 0.79 to 0.96, 

P<0.0001). The optimal sensitivity and 

specificity were (86.1% and 89.3% at a cutoff 

expression value >2.2).  

 

This finding recommends that 

methylated DNA is a potential prognostic 

biomarker in childhood asthma. 

DISCUSSION 

Asthma is the most common chronic 

airway inflammatory disease of children. It is 

characterized by bronchial hyper-

responsiveness which leads to remodeling and 

lastly intractable airflow obstruction 
[13]

 

The incidence of asthma is rising 

among children, which brings heavy burden 

to the whole society and results in huge 

medical expenditure all over the world. It is 

well-evidenced that asthma is a multi-factorial 

disorder caused by a complex interaction of 

genetic and environmental factors 
[14]

 

There is an underlying complex 

pathogenetic process which leads to the 

development of airway inflammation, 

bronchial hyper-reactivity, recurrent episodes 

of wheezing and dyspnea 
[15]

 

The increased prevalence of pediatric 

asthma is associated with modern lifestyle 

factors such as air pollutants and indoor 

contaminants and allergens thought to be 

influencing the increase 
[16]

 

As asthma development and 

progression are affected by environmental 

factors, a hypothesized role for epigenetic 

mechanisms has been proposed 
[17]

 

There has been particular interest in a 

role for DNA methylation, one of the most 

widely studied epigenetic mechanisms, which 

is known to be responsive to environmental 

exposures 
[18]

 

From this point of view, this study 

was held to verify the association of DNA 

methylation at the ADRB2 promoter region 

with asthma development in Egyptian 

children and its further effect on their level of 

asthma control. 

To our knowledge, this is the first 

Egyptian study verifying the association of 

DNA methylation at the ADRB2 promoter 

region with asthma susceptibility and impact 

on disease course. 

The elevated IgE production in 

asthmatic patients results in promotion of 

acute hypersensitivity responses, chronic 

eosinophil-predominant allergic inflammation 

with Th2 cells cytokine production 
[19]

 

Atopic asthma is influenced by 

genetic and environmental factors, and the 

level of atopy in particular is an inherited 

tendency, characterized by high non-specific 

IgE and/or high specific IgE against common 

antigens 
[20]

 

Eosinophilic inflammation is 

considered a characteristic of allergic asthma, 

which is more common in childhood than 

adulthood 
[21] 

In concordance with these data, our 

study revealed that the asthmatic group has 

higher levels of peripheral eosinophils 

(median = 342.5) and total IgE (median = 63) 

in comparison to the non-asthmatic group 

(median eosinophils = 227.5 and median total 

IgE = 26). 

These results are similar to those 

found by Antczak et al. in 2016, where 

higher levels of peripheral eosinophils and 

total IgE were observed in asthmatic group in 

comparison to non-asthmatics 
[22]

 Another 

similar result was verified by Mishra et al., 

in 2011 where their study showed increased 

mean serum level of peripheral eosinophils 

and total IgE for cases of bronchial asthma in 

comparison to healthy control 
[23]

 

Our data revealed a significant 

positive correlation between DNA 

methylation and serum level of both 

peripheral eosinophils count and total IgE 

level 

Our data revealed non-significant 

relationship between patients' age and gender 

and their state of DNA methylation (p value 

0.09 and 0.8 respectively) 

Although the effect of age and sex 

has been examined in adults in several 

studies, few studies have reported on the 

effects of age on DNA methylation in 

children. Among adults, several studies have 

reported an inverse relationship between age 

and sex and methylation status with weak or 

no association with methylation 
[24]

 

Similar to our results, a number of 

studies focusing on methylation also found no 
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relationship between age and sex and 

methylation state in children 
[25] 

In the contrary to our study, Huen et 

al in 2014 had found a significant relationship 

of DNA methylation with host factors (age 

and sex) in children with decreased 

methylation among older age group and 

female children in comparison to younger age 

group and male patients 
[26]

 

According to Naumova et al in 2013 

and in contrary to the above results, DNA 

methylation also varied with age and was 

higher in older males 
[27]

 

Lovinsky-Desir et al 2014 had also 

highlighted a significant age-, sex-differences 

in promoter methylation in allergic asthmatics
 

[28]
 

Regarding DNA methylation at the 

promoter region of the ADRB2 gene, our 

study revealed significant difference between 

asthmatic children and non-asthmatics with 

increased DNA methylation in the cases (2.4) 

more than non-asthmatics (0.67). 

Moreover, the ROC curve analysis 

revealed that hyper-methylated DNA has a 

diagnostic value in childhood asthma 

diagnosis with the optimal sensitivity and 

specificity to differentiate asthmatic children 

from controls were 87.5% and 81.5% at a 

cutoff expression value >1. 

Our data revealed also that hyper-

methylated DNA was associated with poor 

asthma control where with an optimal 

sensitivity and specificity equal 86.1% and 

89.3% at a cutoff expression value >2.2 which 

gives it a potential prognostic marker for 

childhood asthma. 

These findings represent the 

successful identification of a possible 

epigenetic biomarker of asthma susceptibility 

and further outcome. They also indicate that 

seemingly very subtle changes in ADRB2 

methylation may reflect large differences in 

phenotypic outcome. 

The observation of effect between 

ADRB2 methylation and risk for severe 

asthma suggests its potential utility in 

providing important information on 

susceptibility to more severe asthma at 

multiple levels of methylation. 

Our findings support the hypothesis 

that asthma development and severity may be 

affected by interactions between 

environmental and epigenetic factors. 

Similar to our results, Fu et al in 

2012 had concluded that increased ADRB2 

methylation in blood was found to be 

associated with increased risk to develop 

asthma in children. Furthermore, DNA hyper-

methylation was associated with severe 

asthma exacerbations and poor asthma control 

suggesting its role as a potential prognostic 

biomarker for childhood asthma
 [10] 

In airway smooth muscle, increased 

methylation of ADRB2 may lead to the 

reduced expression of the ADRB2 gene, 

which may compromise its ability to act as a 

mediator of airway relaxation and the body’s 

response to both endogenous and synthetic 

b2-agonists 
[29]

 

Previous molecular and genetic 

studies have found that both ADRB2 

expression and at least one ADRB2 genetic 

variant can alter bronchoreactivity to b2-

agonists 
[30]

 

Reduced response to b2-agonist as a 

result of the epigenetic down-regulation of 

ADRB2 expression may prompt the more 

frequent use of short-acting b2-agonists, 

which in turn may further compromise the 

effectiveness of b2-agonist treatment and lead 

to the exacerbation of asthma symptoms. 

Furthermore, studies of the effect of the use of 

the short-acting b2-agonist albuterol as 

monotherapy have shown that asthma control 

may deteriorate over time with regular use as 

opposed to intermittent use 
[29] 

In the contrary to our results, Gaffin 

et al in 2014 had concluded that increased 

DNA methylation at the promoter region of 

the ADRB2 gene was associated with 

decreased asthma severity and improved 

asthma phenotypes and pulmonary function 

test (PFT) as measured by spirometry which 

provide evidence that epigenetic modification 

of the ADRB2 gene may directly influence 

the asthma course 
[31] 

The current study enrolled a racially 

and ethnically diverse population and focused 

on methylation of the 5′UTR downstream of 

the transcriptional start site of ADRB2 gene 

in egyptian children while Gaffin et al focus 

on methylation at upstream region of the 

transcriptional start site of ADRB2
 [31]
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Another study by Gaffin and 

Phipatanakul in 2014 and in the contrary to 

our results had found that the increased 

methylation at the promoter region of the 

ADRB2 gene was inversely associated with 

asthma severity
 [32]

 

The association of DNA Hypo-

methylation and increased childhood asthma 

prevalence was documented by Yang et al 

2015
 [33]

 

Such discrepancy between different 

studies may be attributed to ethnic 

differences, sampling differences and other 

factors that affect disease course between 

different populations 
[34]

 

The findings presented here are an 

important step in elucidating the relationship 

between methylation at the ADRB2 gene and 

clinical asthma phenotypes.  

Vigorous investigation of epigenetic 

DNA modification of ADRB2 may offer the 

opportunity to discover new pathways in the 

disease and new pharmacologic targets 
[35]

 

Clarifying the role of epigenetic 

effects on the ADRB2 gene, as well as other 

candidate genes, allows for further 

understanding of complex asthma phenotypes 

by determining functional modifications to 

genomic expression.  

We anticipate that integrative studies 

that explore the joint contributions of both 

genetic and epigenetic variations on 

phenotype will advance our understanding of 

complex diseases, particularly those with both 

significant genetic and environmental 

contributions, such as asthma. 

CONCLUSION 
Our results provide an evidence of an 

association between epigenetic changes in an 

established asthma candidate gene and 

increased risk to develop asthma among 

children. Increased ADRB2 DNA methylation 

in blood was found to be associated with 

increased risk for severe uncontrolled asthma 

in a population of children with active 

asthma. 

Study limitation: 
Our study was a single-center study 

(Zagazig University) with a relatively small 

sample size due to high cost concerning 

detection of  DNA methylation, and so 

additional large-scale case–control studies are 

required to confirm our findings. 

Other limitations includes that our 

analyses rely on the use of methylation data 

generated from peripheral blood leukocytes, 

which may not be the most appropriate tissue 

in which to study associations with asthma. 

Cells from other tissues may be more 

relevant, such as airway epithelial cells, 

buccal cells or cells from broncho-alveolar 

lavage. 
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