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ABSTRACT 

Background: Because theophylline metabolism levels are lower in patients with the A allele at site _2964 (G/A) in the 

CYP1A2 gene, theophylline should be used with caution for asthmatic children.  

Aim: To analyze polymorphism of in asthmatic children, the CYP 1A2 gene is involved in theophylline metabolism.  

Patients and methods: This study was conducted at Zagazig University Hospitals' Allergy Disease Unit, Department of 

Pediatrics in the period from October 2019 to March 2021. 34 children diagnosed as asthma according to GINA 2019 from 

6 to 12 years old were included in this study. All asthmatic patients underwent pulmonary function tests, serum IgE levels, 

and CYP 450 genotyping using polymerase chain reaction with restriction fragment length polymorphism (RFLP).  

Results: Regarding gene polymorphism, AA occurred in 14.7%, GA in 26.5% while GG in 58.8% of the studied patients. 

G allele occurred in 72.1% of patients. There was a statistically significant association between 2964 (G/A) in the CYP1A2 

gene polymorphism both genotype and allele and level of asthma control (non with AA genotype had any degree of control).  

Conclusion:  The -2964 G/A polymorphism was found to be significantly related to increased theophylline clearance, and 

this polymorphism may influence CYP1A2 enzyme inducibility in Egyptian children with asthma. 
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INTRODUCTION  

Asthma is a diverse disease that is one of the 

world's major health issues. Asthma is a chronic 

inflammatory disorder of the airways in which numerous 

cells and cellular elements are involved. Asthma 

symptoms can worsen, and lung function can suffer as a 

result (1). Exacerbations of asthma are significant because 

they are associated with patient quality of life as well as 

significantly increased health-care spending (2).  

Theophylline, a methylxanthine drug, is 

prescribed for the treatment of asthma and other chronic 

lung diseases (emphysema and chronic bronchitis). 

 It dilates the smooth muscle of the bronchi 

(bronchodilator) (3). Theophylline has a narrow 

therapeutic index, which means that even minor dosage 

changes can cause side effects. Theophylline use may 

necessitate therapeutic drug monitoring. Theophylline 

side effects include tachycardia, headache, nausea, 

vomiting, and confusion (3). 

Several hypotheses about theophylline's 

mechanism of action have been proposed. According to the 

first hypothesis, theophylline dilates smooth muscle in the 

bronchus and vascular system, lowering airway sensitivity 

to histamine, methacholine, adenosine, and other allergens. 

According to the other hypothesis, theophylline binds to 

adenosine A2B receptors and blocks adenosine, which 

causes bronchoconstriction. To prevent inflammation, 

theophylline also inhibits phosphodiesterase (types III and 

IV) competitively and activates histone deacetylase (4).  

Theophylline has a volume distribution of 0.3 to 

0.7L/kg, with 40% bound to albumin. The liver is 

responsible for 90% of theophylline metabolism.  

 

Theophylline is metabolized by the genes 

CYP1A2 (major) and CYP2E1 (minor). Theophylline's 

demethylation and hydroxylation are catalysed by 

CYP1A2, while its hydroxylation is catalysed by 

CYP2E1 (5). 

 

AIM OF THE WORK 

     To investigate the role of the CYP 1A2 gene 

polymorphism in theophylline metabolism in children 

with asthma. 

 

PATIENTS AND METHODS 

       This case-control study that involved 34 asthmatic 

children. The ages of children ranged from 6 to 12 years 

old, with a mean age of  9.02 ± 1.78 years.  

 

Inclusion criteria: Asthmatic children with age range 6-

12 years old According to the Global Initiative for Asthma 

Guidelines (Bronchial asthma management and 

prevention, GINA 2019). Asthmatic children whether 

atopic or non- atopic.   

 

Exclusion criteria:  
        Autoimmune disorders, malignant neoplasia, 

cardiovascular disease, acquired immunodeficiency 

disease, and other chronic diseases including mental 

disorders. Children under the age of six. Children under 

immunotherapy as it alters cytokine profile. 

      All asthmatic patients underwent history taking, 

clinical examination and assessment of degree of asthma 
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severity and level of symptoms control on medications 

according to GINA guidelines.  

 

Pulmonary function tests were performed using forced 

spirometry (D-97024 Hochberg, Germany), which is a 

program that allows a fast and reliable determination of 

the respiratory resistance on the basis of a tidal breathing 

analysis. Forced spirometry is one of the basic 

measurements in pulmonology. At various breathing 

maneuvers, ventilated lung volumes and maximum 

respiratory flows were normally measured by means of a 

pneumotachograph (6). 

 

Serum IgE level: 

       Blood was drawn using standard venipuncture 

techniques, and the serum was separated as soon as 

possible from the blood cells. After one hour of clotting 

at room temperature, the samples were centrifuged for 10 

minutes (4°C) and the serum extracted. To avoid loss of 

bioactivity and contamination, samples were stored at -

20°C. Cycles of freeze-thaw were avoided. All reagents, 

serum references, and controls were brought to room 

temperature before the assay began (20-27° C) (7). 

 

Genotyping of CYP 450 gene by using polymerase 

chain reaction with restriction fragment length 

polymorphism.    

 

Blood Sampling: 2 milliliters sample of peripheral 

venous blood was collected on potassium EDTA (1 

mg/ml). DNA was extracted from each patient under strict 

aseptic conditions. 

 

DNA extraction (6): 
All of the reagents were analytical PCR-materials 

that had been highly purified. All of the tubes, tips, and 

pipettes used for DNA extraction were sterilised DNAase 

and RNAse free tubes were purchased from Promega to 

avoid contamination (Mandison, USA). Sigma-Wizard 

Aldrich's Genomic DNA Miniprep Kit was used to isolate 

DNA. 

 

Ethical approval:  

      The protocol for this study was approved by both 

the Institutional Review Board [IRB] and The Local 

Ethics Committee, Faculty of Medicine Zagazig 

University. Each case's parents provided written 

informed consent. The findings of the study protocol 

complied with the Helsinki Declaration. 

RESULTS 

          Table (1) showed that included 34 patients with 

asthma. Males represented 64.7% of them with age 

range from 6 to 12 years (mean 9.02± 1.78). Mean body 

weight was 41.53± 11.07 kg. Out of them, 32.4% were 

exposed to passive smoking. 

 

Table (1): Demographic data of the studied patients 

Parameter N=34 (%) 

Gender: 
Male 

Female 

 

22 (64.7%) 

12 (35.3%) 

Smoking Exposure: 
Negative 

Positive 

 

23 (67.6%) 

11 (32.4%) 

Age (year): 
Mean ± SD 

Range 

 

9.02 ± 1.78 

6 – 12 

Weight (kg): 
Mean ± SD 

Range 

 

41.53 ± 11.07 

25 – 70 

 

Regarding gene polymorphism, AA occurred in 14.7%, 

GA in 26.5% while GG in 58.8% of the studied patients. 

G allele occurred in 72.1% of patients (Table 2). 

 

Table (2): Distribution of the studied patients regarding 

to gene polymorphism 

 Number Percentage 

 

GG 

GA 

AA 

 

20 

9 

5 

 

58.8% 

26.5% 

14.7% 

Alleles: 

G 

A 

 

49 

19 

 

72.1% 

27.9% 

 

Table (3) showed that there is statistically 

significant association between G/A in the gene 

polymorphism both genotype and allele and level of 

control (non with AA genotype had any degree of 

control). The risk of poor control is increased 

significantly by GA (18.67 folds) followed by AA (26.1 

folds). 
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Table (3): Relation between level of control, gene polymorphism and alleles among studied patients 

Genotype 

Level of control 

p COR (95% CI) Uncontrolled 
Partially and well 

controlled 

N=19  % N=15  % 

AA 

GA 

GG 

5  

8  

6  

26.3 

40 

30 

0  

1  

14  

0 

6.7 

93.3 

 

<0.001** 

Indefinite 

18.67 (1.89 – 184) 

1 (reference) 

Alleles: 
A 

G 

 

18  

20  

 

47.4 

52.6 

 

1  

29  

 

3.3 

96.7 

 

<0.001** 

 

26.1 (3.22 – 211.6) 

*p<0.05 is statistically significant COR crude odds ratio   CI Confidence interval 

 

Table (4) There was statistically non-significant association gene polymorphism (G/A) and either gender, exposure 

to house hold smoking or age. On post hoc analysis, the difference was significant between GG and GA groups. While there 

was non-significant difference between patients with GA and AA groups or GG when compared to AA genotypes. There 

was statistically non-significant association between gene polymorphism (G/A) and body weight. On post hoc analysis, the 

difference was significant between GA and each other group. While there was non-significant difference between AA and 

GG genotypes. 

 

Table (4): Relation between gene polymorphism and demographic data 

Parameter 

Gene polymorphism Test 

GG GA AA 
χ2 p 

N=20 % N=9 % N=5 % 

Gender: 
Male 

Female 

 

14  

6  

 

  70 

  30 

 

5  

4  

  

 55.6 

 44.4 

 

3  

2  

 

60 

40 

MC 0.912 

Smoking 

exposure: 
Negative 

Positive 

13  

7  

  65 

  35 

8  

1  

 88.9 

 11.1 

2  

3  

40 

60 
MC 0.206 

Age (year) 
Mean ± SD 

 

8.43 ± 

1.74 

 

 

 

10.44 ± 1.33 

 

 
8.8 ± 1.3 

 

 
5.041 0.013* 

HSD P1 0.01* P2 0.17  P3 0.885    

Weight (kg) 
Mean ± SD 

 

38 ± 9.11 

 

 

 

51.56 ± 11.18 

 

 

 

37.6 ± 7.7 

 

 
6.672 0.004* 

HSD 
P1  

0.004* 
 P2 0.035*  P3 0.996    

 

χ2Chi square for trend test *p<0.05 is statistically significant   p1 difference between GG and AG genotypes p2 the 

difference between AG and AA genotypes   p3 the difference between GG and AA genotypes.  HSD Tukey highest 

significant difference (post hoc test). 
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Table (5) showed that there was statistically non-significant association between gene polymorphism and either family 

history or consanguinity. 

 

Table (5): Relation between gene polymorphism and family history 

Parameter 

Gene polymorphism Test 

GG GA AA 
χ2 p 

N=20 % N=9 % N=5 % 

Family history: 
Negative 

Positive 

 

 

7  

13  

 

 

35 

65 

 

 

5  

4  

 

 

55.6 

44.4 

 

 

0  

5  

 

 

0 

100 

 

MC 

 

0.206 

Consanguinity: 
Negative 

Positive 

 

18  

2  

 

90 

10 

 

5  

4  

 

55.6 

44.4 

 

5  

0  

 

100 

0 

 

MC 

 

0.059 

MC McNamar test    *p<0.05 is statistically significant 

 

Table (6) showed that there was statistically non-significant association between gene polymorphism and either mode of 

steroid intake or need for beta agonist. 

 

Table (6): Relation between gene polymorphism and type of medications 

Parameter 

Gene polymorphism Test 

GG GA AA 

χ2 P 

N=20 % N=9 % N=5 % 

Steroid: 
Inhaled 

Oral 

 

12  

8  

 

60 

40 

 

4  

5  

 

44.4 

55.6 

 

2  

3  

 

40 

60 

MC 0.676 

Beta agonist: 
No 

Yes 

 

14  

6  

 

  70 

30 

 

8  

1  

 

88.9 

11.1 

 

3  

2  

 

60 

40 

MC 0.441 

MC McNamar test. 
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DISCUSSION 

The present study included 34 patients with 

asthma. Male represented 64.7% of them with age range 

from 6 to 12 years (mean 9.02 ± 1.78 years). Mean body 

weight was 41.53 ± 11.07 kg. out of them, 32.4% were 

exposed to passive smoking. 64.7% had positive family 

history and 17.6% had positive consanguinity. 17.6% had 

atopy, 58.8% had recurrent admissions, 52.9% received 

inhaled steroid and 26.5% received beta agonist. 

Regarding level of control, 55.9%, 26.5% and 17.6% 

were uncontrolled, partially uncontrolled and well-

controlled respectively. Concerning asthma grading, 

17.6%, 20.6% and 61.8% had mild, moderate and severe 

asthma respectively. 

Regarding gene polymorphism, the current study 

showed that AA occurred in 14.7% and GA occurred in 

26.5%, while GG occurred in 58.8% of the studied 

patients. G allele occurred in 72.1% of patients. The study 

by Likai et al. (8) reported that AA occurred in 3.7% and 

GA occurred in 11.11%, while GG occurred in 85.2% of 

the studied patients. While, the study by O’Reilly et al. (9) 

reported that GG occurred in 41 (54.7%) and GA occurred 

in 28 (37.3%), while AA occurred in 6 (8.0%) of the 

studied patients. G allele occurred in 72.1% of patients. 

In the current study, we discovered a statistically 

significant link between the CYP1A2 gene polymorphism 

2964(G/A) and asthma control. The CYP1A2 gene has a 

statistically significant association with 2964(G/A) 

polymorphism both genotype and allele and level of 

control (non with AA genotype had any degree of 

control). GA significantly increased risk of poor control 

by 18.67 folds while AA indefinitely increased the risk. A 

allele significantly increased risk of poor control by 26.1 

folds. This is supported by Likai et al. (8) who found that 

there was a statistically significant link between 

2964(G/A) in the CYP1A2 gene polymorphism and 

severity of asthma. Furthermore, the current result can be 

supported by Urlacher et al. (10) who reported a 

statistically significant relationship between 2964(G/A) 

in the CYP1A2 gene polymorphism and severity of 

asthma. GA significantly increased risk of severe asthma. 

In our study, results showed that gene 

polymorphism has a statistically insignificant association 

(G/A) and either gender or exposure to household 

smoking. There was statistically non-significant 

association gene polymorphism (G/A) and age. On post 

hoc analysis, the difference between the GG and GA 

groups was significant. While there was no statistically 

significant difference between patients with GA and AA 

groups or GG when compared to AA genotypes. There 

was statistically non-significant association between gene 

polymorphism (G/A) and body weight. On post hoc 

analysis, the difference between GA and the other groups 

was significant, but the difference between AA and GG 

genotypes was not. It is well known that CYP1A2 

substrates are heterocyclic amines, aromatic amines, and 

nitrosamines, all of which are found in tobacco smoke, 

and that smoking alters CYP1A2 activity (11). This can be 

supported by Sudipta et al. (12) who investigated the 

relationship between CYP1A2 activity and smoking, 

gender, age, and CYP1A2 polymorphisms. Smoking was 

found to have the greatest impact on CYP1A2 activity, 

while gender had a minor effect. 

 However, Thibault et al. (13) showed non-

significant relationship between age or gender and 

theophylline clearance in asthmatic patients.  

In Urlacher et al. (10) study, age exhibited a 

significant inverse correlation with theophylline 

clearance (CLth)  per body weight in the G/G 

polymorphism subgroup of 2964(G/A) among asthmatic 

patients. In the G/A and A/A subgroups, there was no 

significant relationship between CLth and age, and levels 

of CLth, even of young patients with G/A mutations, were 

lower than those in the G/G subgroup. These findings 

suggest that gene polymorphism may be added to the list 

of factors known to affect theophylline metabolism 

. In regard to factors that increase theophylline 

metabolism, Nerea et al. (7) showed that theophylline 

metabolism was increased by smoking in the G/G group 

but remained unchanged in the G/A and A/A groups. 

These findings suggest that polymorphisms of site 

2964(G/A) in the 5'-flanking region are involved in 

regulation of CYP1A2 enzyme activities. It is thus 

possible that transcription is decreased in those with 

genotype G/A or A/A at 2964(G/A). 

The current study found no statistically 

significant link between gene polymorphism and either 

family history or consanguinity. Furthermore, there was 

no statistically significant link between gene 

polymorphism and IgE, total leucocytic count and 

eosinophilia, or neutrophilia.  

We also found that there is no statistically 

significant link between gene polymorphism and the 

presence of atopy. 

 The relationship between gene polymorphism and 

either need is statistically insignificant or frequency of 

admission. This can be supported by Kubota et al. (14) who 

found non-significant association between type, severity of 

asthma or frequency of admission and the theophylline 

clearance in asthmatic patients. There was a statistically 

insignificant link between gene polymorphism and either 

mode of steroid intake or need for beta agonist. The study 

by Junyi et al. (15) reported that when compared to the 

G/G genotype, theophylline clearance decreased 

significantly in asthma patients with the G/A or A/A 

genotype. It has also been reported that in the G/G 
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genotype, high theophylline clearance values were 

significantly correlated with age. 

 Also, the study by Kubota et al. (14) stated that 

theophylline clearances were calculated using genotypes 

in CYP1A2, and a significant association was found at the 

-3860G >A point mutation. Those with an A mutant allele 

genotype (GA+AA) cleared theophylline significantly 

faster than those with a GG genotype. They discovered a 

significant increase in theophylline clearance in people 

with the A mutant allele. Sidra et al. (11) reported that 

theophylline metabolism in smokers was found to be 

affected by age and severity of asthma. 

 

CONCLUSION 

 The -2964 G/A polymorphism was found to be 

significantly related to increased theophylline clearance, 

and this polymorphism may influence the enzyme 

inducibility of CYP1A2 in Egyptian children with 

asthma. There was a statistically significant link between 

2964(G/A) in the CYP1A2 gene polymorphism and level 

of asthma control and severity of asthma. 2964 G/A 

polymorphism and A allele increased the risk of poor 

control. 

 

Sources of funding: This research did not receive any 

specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors. 

Conflicts of interest: There are no conflicts of interest, 

according to the authors. 

 

REFERENCES 
1. Global Initiative of Asthma (2019): detailed informaion 

to support the main gina report. European Respiratory 

Journal, 54 (2): 215-219. 

2.  Song Y, Matthew D, Jessica M et al. (2020): 

Computational-Based Mechanistic Study and Engineering 

of Cytochrome P450 MycG for Selective Oxidation of 16-

Membered Macrolide Antibiotics. Journal of the American 

Chemical Society, 142 (42): 17981-17988. 

3.  Nikolaos K, Célia A, Jean-Marc N et al. (2020): 
Electrocatalytic O2 Activation by Fe Tetrakis 

(pentafluorophenyl) porphyrin in Acidic Organic Media. 

Evidence of High-Valent Fe Oxo Species. Inorganic 

Chemistry; 59 (16): 11577-11583.  

4.  Xiongyi H, John T (2018): Oxygen Activation and 

Radical Transformations in Heme Proteins and 

Metalloporphyrins. Chemical Reviews, 118 (5): 2491-

2553. 

5.  Surajit K, Sason S, Hemanta K et al. (2020): A 

Paradigm Shift in the Catalytic Cycle of P450: The 

Preparatory Choreography during O2 Binding and Origins 

of the Necessity for Two Protonation Pathways. ACS 

Catalysis, 10 (19): 11481-11492.  

6.  Melanie A , Leland B, Sinan S et al. (2019): Tuning the 

Geometric and Electronic Structure of Synthetic High-

Valent Heme Iron(IV)-Oxo Models in the Presence of a 

Lewis Acid and Various Axial Ligands. Journal of 

American Chemical Society, 141 (14): 5942-5960.  

7.  Nerea A, Miquel T, Ana A et al. (2018): Density 

Functional Theory Study on the Demethylation Reaction 

between Methylamine, Dimethylamine, Trimethylamine, 

and Tamoxifen Catalyzed by a Fe(IV)–Oxo Porphyrin 

Complex. Journal of Physical Chemistry A., 122 (6): 1658-

1671. 

8.  Likai D, Fang L, Yanwei L et al. (2018): Dioxygen 

Activation by Iron Complexes: The Catalytic Role of 

Intersystem Crossing Dynamics for a Heme-Related 

Model. Journal of Physical Chemistry, 122 (5): 2821-2831.  

9.  O’Reilly E, Kohler V, Flitsch S et al. (2011): 
Cytochromes P450 as useful biocatalysts: addressing the 

limitations. Chem. Commun., 47: 2490–2501. 

10.  Urlacher V, Girhard M (2012): Cytochrome P450 

Monooxygenases in Biotechnology and Synthetic Biology. 

Trends Biotechnol., 30: 26–36. 

11.  Sidra G, Asim M, Sam P (2019): Selective Hydrogen 

Atom Abstraction from Dihydroflavonol by a Nonheme 

Iron Center Is the Key Step in the Enzymatic Flavonol 

Synthesis and Avoids Byproducts. Journal of the American 

Chemical Society, 141 (51): 20278-20292.  

12.  Sudipta M, Abhijit N, Sarmistha B et al. (2020): A 

Single Iron Porphyrin Shows pH Dependent Switch 

between “Push” and “Pull” Effects in Electrochemical 

Oxygen Reduction. Inorganic Chemistry, 59 (19): 14564-

14576. 

13.  Thibault T, Erik A, Ilaria G et al. (2019): 
Chemoselectivity in the Oxidation of Cycloalkenes with a 

Non-Heme Iron(IV)-Oxo-Chloride Complex: Epoxidation 

vs. Hydroxylation Selectivity. Journal of the American 

Society for Mass Spectrometry, 30 (10): 1923-1933. 

14.  Kubota M, Nodate M, Yasumoto-Hirose M et al. 

(2005): Isolation and Functional Analysis of Cytochrome 

P450 CYP153A Genes from Various 

Environments. Biosci. Biotechnol. Biochem., 69: 2421–

2430. 

15.  Junyi D, Chengxia M, Chungu X et al. (2018): 
Mechanistic Insights into the Enantioselective Epoxidation 

of Olefins by Bioinspired Manganese Complexes: Role of 

Carboxylic Acid and Nature of Active Oxidant. ACS 

Catalysis, 8 (5): 4528-4538.

 


