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Abstract 

 Asthma is a chronic, complex respiratory disorder in which allergen-triggered 
inflammatory reactions in the airways contribute to the development of symptoms, 
including breathlessness, cough, wheezing, and dyspnea. It has been estimated that asthma 
affects about 300 million people in the world.Amplification refractory mutation system 
techniques (ARMS –PCR) was used for detection Interleukin-4(IL-4) gene polymorphism -590 
C>T (rs2243250). The genotype distribution results of the IL-4 gene showed significant 
differences p<0.05 between controls (CC: n=19, 95%; CT: n=1, 5%; TT:n=0) and asthma 
patients (CC: n=35, 50%; CT: n=33, 47.14 %; TT: n=2, 2.86%). The result showed an increase 
in CT, TT genotype, and T allele of -590 C>T in asthma patients than in controls, and they 
were significantly more likely than in controls to have the mutant allele (OR=14.010, 95%CI= 
1.858 -105.627, p=0.01).Results revealed that serum IL-4 levels were significantly higher 
(P<0.05) in patients (9.65±0.27pg/ml) compared with the healthy group (5.47±0.32 
pg/ml).The result showed the levels of the IL-4 recorded a significant increase (P<0.05) in the 
patients (9.65±0.27pg/ml) compared with the healthy group (5.47±0.32pg/ml). The study 
showed that theIL-4 genotype variants are indicative of IL-4 cytokineconcentrations, with 
the highest levels in asthma patients with CC variants (9.37±0.35pg/ml) compared to the 
homozygous CC genotype of controls (5.39±0.32 pg/ml). The heterozygote CT and variants of 
homozygote TT significantly had higher IL-4 cytokine levels in patients 
(9.88±0.02pg/ml&10.87±1.11pg/ml, respectively) compared to the IL-4 CCvariant 
(9.37±0.35pg/ml) in patients, and heterozygote CT in controls had higher IL-4 cytokine levels 
(7.16±0.0 pg/ml) compared to IL-4 CCvariant (5.39±0.32pg/ml) in controls. These results 
imply an association between the polymorphism of the IL-4 -590 C>T and IL-4 cytokine levels 
in the Iraqi asthma patient.

  

Keywords: Asthma,Interleukin 4, IL-4 gene polymorphism,ARMS –PCR. 

DOI Number: 10.14704/nq.2022.20.6.NQ22036                               NeuroQuantology 2022; 20(6):339-350 

Introduction  

Asthma is a chronic, heterogeneous inflammatory disease with complex pathological 

mechanisms and diverse clinical phenotypes. Severe asthma is one of the phenotypes, which 

is defined as uncontrolled asthma despite adherence to maximally optimized therapy and 

asthma worsens when high-dose treatment is decreased (1).Asthma is one of the most 

common major non-communicable diseases and for many, has a substantial impact on 

quality of life. Globally, asthma is ranked 16th among the leading causes of years lived with 

disability and 28th among the leading causes of burden of disease, as measured by disability-

adjusted life years. Around 300 million people have asthma worldwide, and it is likely that by 

2025 a further 100 million may be affected (2). Asthma was a problem worldwide with 

estimated 495,000 deaths every year, thus possessing a significant public health burden (3). 

mailto:qabasabdalridha@gmail.com
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 The evidence suggests that asthma is a complex multifactorial disorder, and its 

etiology has increasingly been attributed to interactions between genetic susceptibility, host 

factors, and environmental exposures. These include environmental factors (air pollution, 

pollens, mold and other aeroallergens, and weather), host factors (obesity, nutritional 

factors, infections, allergic sensitization), and genetic factors (asthma susceptibility loci on 

genes) (4). Although underlying mechanisms of asthma have not yet been fully understood, 

they may include airway inflammation, control of airway tone, and reactivity (5). It has also 

now been recognized that asthma may not be a single disease but a group of heterogeneous 

phenotypes with different etiologies and prognoses (6).  

Interleukin (IL)-4 is the greatest T-helper (Th)2 secreted cytokine and has 

determinative roles in asthma disease pathogenesis (7). Many asthma-related genes have 

been linked to susceptibility of this disease. The role of the IL-4 is represented by its effect 

that seems of particular importance for asthma including stimulation of mucus-producing 

cells and fibroblast, thus also implicating   IL-4 in the pathogenesis of airway remodeling (8). 

Another potentially important activity of IL-4 in allergic inflammation is its ability to induce 

the expression of vascular cell adhesion molecule-1 on endothelial cells this will produ 

enhanced adhesiveness of the endothelium for T-cells, eosinophils, basophils, and 

monocytes, which are characteristics of allergic reactions (9).Because of these properties, IL-

4 has long been considered a potential target in allergies and asthma, and numerous in 

vivostudies highlighted its role in IgE production (10). IL-4 has originally been discovered as a 

low molecular weight T cell-derived polypeptide of 129 amino acids these characteristics of 

IL-4 accentuate the crucial roles of cytokines in the pathogenesis of asthma (11, 12). 

Additionally, IL4 gene polymorphisms, like promoter region (C + 33 T) SNP(13), and 3017 G/T 

SNP in intron 2 (14),The IL-4 gene is located on chromosome 5q31(15). The -590C>T 

(rs2243250) polymorphism has been recognized upstream of the transcription initiation site 

(16). 

 The current study aimed to determine the frequencies of -590 C>T (rs2243250) SNP 

in the IL-4 genein asthmatic patients by ARMS-PCR technique and to investigate whether 

there is an influence of each SNP on variations in serum protein production level of IL-4in 

asthmatic patients according to genotypic and allelic variation. 

Materials and methods 

Sampling and data collection

  

This study had carried out in Al-Sadr Teaching Hospital/ Allergy and Asthma Center 

and Al-Hakim Hospital/ Chest and Respiratory Diseases Center in Al-Najaf province -Iraq and 

the laboratory of molecular biology in the Department of Biology / Faculty of Science –

University of Kufa, during the period from April 2021 through May 2022. The study 

population included 70 Asthma and 20 healthy subjects. 

The levels of IL-4 in the blood were measured by enzyme-linked immunosorbent assay 

(ELISA)kit SunLong Biotech, china. 

 Genomic DNA was isolated by using the protocol of DNA Mini Kit, which was 

designed for purifying DNA from Geneaid Biotech. Ltd., Taiwan The concentration (ng/ml) 

and purity (260/280 nm) of the DNA extracts were measured at 260 nm and 280 nm with a 

NanoDrop spectrophotometer (BioDrop\England). Amplification the of SNPS fragments in 

the IL-4 590 C>Tgene was done by using a conventional PCR thermocycler (Labnet/USA), The 

ARMS PCRTechnique was performed for the detection of the IL-4 gene polymorphism (-590 
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C>T).The amplification stepsconsisted of a first denaturation step where DNA was initially 

denatured at95 ∘C for 3min, and then 10 cycles had performed as follows: First Denaturation 

95 ∘C for 15 sec, First Annealing 65∘for50 sec, First Extension72∘C for 40 sec. Then, 20 cycles 

had performed as follows: The second Denaturation 96∘C for 50 sec, Second Annealing59∘C 

for50 sec, Extension 72∘C for 50 sec, The PCR amplification was completed by a final 

Extensionof 72∘C for 7 min. Amplification of the IL-4 genes resulted in 248 bp (C allele) and 

216bp (T allele) products. The primer pairs listed in (table, 1), were synthesized by Macrogen 

/ China. Electrophoresis was used to separate the PCR products with a ladder marker 

(Promega, USA). The product was loaded onto a 2% agarosestained with a DSRed Nucleic 

Acid Stain and run at 70 volts for an hour and a half. The DNA bands were photographed 

using a photo documentation system after being visualized by a UV transilluminator.                                             

  

Table1:Primers sequences for IL-4 polymorphism. 

Gene Primers sequences PCR 

produc

t 

Ref. 

IL-4 

-590 C>T 

rs2243250 

Forward 1 

(C allele) 

5′-ACA CTA AAC TTG GGA GAA CAT TGT  C -3′ 248bp 

 

 

216bp 

 

 

 

Alsaidet al. 

(2013)(17) 

 

Hussein & 

Jaber (2017) 

(18) 

 

Badshah et 

al. 

(2018)(19) 

Forward 2 

(T allele) 

5′-ACA CTA AAC TTG GGA GAA CAT TGT T -3′ 

Reverse 5′- GAA TTT GTT AGT AAT GCA GTC CTC C- 3′ 

 

 Statistical analysis 

Statistical analyses of all results were carried out with the help of Statistical Package 

for the Social Sciences (SPSS) version 23 software statisticalpackage using t- test and Chi-

square test (with a P-value at a level of significance less than 0.05) to compare values of 

results between groups. Result values were expressed as mean + SE,  anumber of patients, 

or percentages.                                                                                                      

 

 

 

 

Results and Discussion 

The IL-4 gene polymorphism -590 C>T (rs2243250)  

The 20 healthy subjects; 19 (95%) had found as homozygous CC alleles, 1 (5%) was found as 

heterozygous genotype (with the C and T alleles (CT), and no healthy subject had found as 

homozygous genotype TT alleles; (CC: n=19, 95%; CT: n=1, 5%; TT: n=0) (Figure1).Asthma 

patients: Among the 70 patients; 35(50%) had found as homozygous CC alleles, 33(47.14%) 

were found as heterozygous genotype (with the C and T alleles (CT), and 2(2.86%) had found 
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as homozygous   genotype TT alleles; (CC: n=35, 50%; CT: n=33, 47.14 %; TT: n=2, 2.86%) 

(Table 3 & figure1).                   

Table 3: The results of genotypic frequenciespolymorphism -590 C>TtheIL-4genein 

patients and controls. 

Genotypes 
Healthy controls  

(n=20) 

Asthma patients  

(n=70) 

CC 19(95%) 35(50%) 

CT 1(5%) 33(47.14%) 

TT 0  2(2.86 %) 

p-value 0.001* 

Alleles frequency n (%) n (%) 

C allele 39(97.5%) 103(73.57%) 

T allele 1(2.5 %) 37(26.43 %) 

   X2 

p-value 

OR (95%CI) 

10.696 

0.001* 

14.010 (1.858 -105.627) 

Data were expressed as number and a percentage (N %). *P<0.05     significant. 

Abbreviations:X2= chi-square, OR= odds ratio, CI=confidence interval.

  

That means the frequencies of -590 C>T (rs2243250) this SNP in the  IL4 gene in the 

70 Iraqi Asthma patients in Al-Najaf province were with significant differences from that of 

the 20 healthy controls group (p˂0.05). The result showed an increase in genotype CT, TT, 

and T allele of the -590 C>T in Asthma patients than controls, and they were significantly 

more likely than controls to have the mutant allele (OR=14.010, 95%CI= 1.858 -105.627, 

p=0.01). This result indicates a possible role for the SNP in asthma disease.  

 
Figure 1The electrophoresis image of ARMS-PCR analysis of -590 C>T SNP in the IL-4 gene. 

Lane 1: 100 bp DNA Ladde. Lane 2&3 (sample 1); Lane 4&5(sample 2):homozygous 

genotype, CC (248bp in the first lane of each sample). Lane 6&7 (sample 3); Lane 

8&9(sample 4); Lane 10&11(sample 5):heterozygous genotype, CT (248 bp in the first lane, 

and 216 bp in the second lane of each sample). Lane 12&13 (sample 6): homozygous 

genotype, TT (216 bp in the second lane of the sample). 

That means the frequencies of -590 C>T (rs2243250) this SNP in the  IL4 gene in the 

70 Iraqi Asthma patients in Al-Najaf province were with significant differences from that of 
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the 20 healthy controls group (p˂0.05). The result showed an increase in genotype CT, TT, 

and T allele of the -590 C>T in Asthma patients than controls, and they were significantly 

more likely than controls to have the mutant allele (OR=14.010, 95%CI= 1.858 -105.627, 

p=0.01). This result indicates a possible role for the SNP in asthma disease.  

The promoter region of the IL-4 gene that contains a -590C>T SNP interacts with nuclear 

transcription factors and regulates IL-4 expression. Specifically, the T allele has been shown 

to enhance the binding of nuclear transcription factors to the promoter region, ultimately 

upregulating the   IL-4 expression (20, 21, 22). The substitution of C with T in the -590 

position of the IL-4 promoter has been observed to increase IgE levels in patients with 

asthma (23,24, 25). 

 The result of this study agrees withHussein and Jaber study which found that the C 

allele frequency in asthma patients was highest in comparison with the Tallele, in spite of 

that, the T allele may play role in the development of the disease(18).  

 These results are consistent withGuia and  Ramos study, which showed that the CC 

genotype was observed to have a significantly increased frequency in patients in spite that 

CT and TT genotype frequencies were found in asthma(26).  

 These results are consistent with Dahmaniet al. study, which reviled that in allergic 

rhinitis patients from an Iranian population in Tehran the CC genotype in the -590 C>T SNP 

within the IL-4 gene was associated with an increased risk of allergic rhinitis (27). 

 These results were agreed with Zhanget al. who showed thatthe IL-4 -590 C>T SNP 

shows a significant difference between asthmatic and controls when comparing the TT vs. 

CC (OR, 3.63; OR 95% CI, 1.16-11.63; p=0.01) and TT vs. CT (OR, 2.48; OR 95% CI, 0.91-6.95; 

p=0.05) genotypes. As well as Allergic rhinitis and eczema, the same, study demonstrated a 

significant association of the CT and TT genotype with both allergic rhinitis (p = 0.04) and 

eczema (p=0. 005) in the asthmatic group(28). 

These results were consistent withNeelofar et al.who recorded that the genotype 

and each allele frequency of IL-4 gene -590 C>T locus had statistically significant differences 

between the two groups (P=0.007, P=0.002, <0.05). The probability of asthma in children 

with TT homozygous genotype was higher than that in children with CC genotype (OR=8.91, 

95% CI=1.89, 41.98), and the probability of asthma in children with T allele was significantly 

higher and was 3.07 times more than that in children with C allele (OR=3.07, 95% CI=1.50, 

6.27). They suggested that the T allele might increase the IgE level and the probability of 

asthma in children(29).  

Fila-Danilowet al. found through the study on IL-4 gene polymorphisms -590 C>T in 

250 asthma children and 200 normal children that the T allele is related to asthma, and it 

can increase the serum IgE concentration. The above indicates that the allele of T is closely 

related to asthma, which is consistent with the results of this study(30). 

 This result agrees withPawankaret al.study, which reviled that, the distribution of 

the observed IL-4 -590 C>T genotype and alleles frequencies in the asthma case was 

heterozygous genotype CT 42.7% for homozygous CC 36.0% and TT 21.3%. Their results 

revealed significant differences in the frequency distributions of the heterozygous CT among 

case and control (0.019) at p<0.05. Although there were no significant differences in wild 

homozygous (CC) and mutant homozygous (TT) polymorphisms between case and 

controls(31). 
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 These results were consistent with the results ofAlsaid et al.study, which recorded 

the distribution of alleles and genotypes of IL4 -590 C>T polymorphism (rs2243250) between 

the controls and patients with paranoid schizophrenia has been compared. The CC genotype 

and the C allele were the most represented in both groups. As the homozygous TT genotype 

was extremely rare in both tested groups, the distribution of genotypes of IL4 -590 C>T 

polymorphism was compatible with schizophrenic patients (p = 0.5379), but not for the 

control group (p<0.01)(17).  

 These results were agreed with Al Rushoodet al.study which reported that the 

frequency of the homozygous CC genotype in type 2 Diabetes Mellitus was significantly 

lower in diabetic patients compared with the controls (10.4% vs. 26.7%, p=0.002). On the 

other hand

 ,  

the frequency of the heterozygous (CT) at -590 of the IL-4 was significantly 

higher in patients than in controls (85.2% vs. 66.3%, p=0.001). The frequency of the TT 

genotype was 4.4% in patients compared to 6.9% in the controls with anon-significant 

statistical difference(32). 

 These results were agreed withMahmood& Abdullastudy which reviled that the 

polymorphism of the IL-4 -590 C>T gene showed high CT and TT genotype inankylosing 

spondylitis in comparison with control while CC genotype showed high in controls(33). 

 These results were conducted withBadshahet al. study which showed that the 

genotypic and allelic distributions of IL-4 -590 C>T promoter regions among Hepatitis C Virus 

Infection patients as followings: CT and TT, were prevalent in HCV-infected patients (42.1% 

and 15.1%, respectively) compared with the control population (22.3% and 10.8%, 

respectively), whereas CC genotype predominated the overall population(19). 

 These results were agreed with Kazemi study which showed thatin a total of 153 

Idiopathic Nephrotic Syndrome subjects and 64 controls, the CC genotype of IL-4 gene 

polymorphism was detected in 64% of the patients compared to 69.5% in the controls (P = 

0.57). The heterozygous CT genotype was detected in 30% of patients compared to 25.5% in 

the controls (p= 0.61). The TT-genotype was detected in 6% of patients and in 5% of the 

controls (p= 1.00)(34).    

 These results have disagreed withHusseinet al.study which showed that despite the 

frequency of the CC genotype was 69 (69.0%) in the patients and 108 (72.0%) in the controls, 

the frequency of the CT genotype was 29 (29.0%) in the patients and 38 (25.3%) in 

controlsand the frequency of the TT genotype was 2 (2.0%) in the patients and 4 (2.7%) in 

the controls(35). 

 These results partially disagreed with Ramroodiet al.study which reviled that the 

polymorphism of the IL-4 -590 C>T gene was showed high CC and CT genotype inrheumatoid 

arthritis in comparison with control while TT genotype showed high in controls(36). 

       These results disagreed withRockmanet al.study which reviled that, The CC, CT, and TT 

genotypes of 590 C>T were found in 45%, 44%, and 11% of healthy control, in comparison 

with 71.5%, 18%, and 10.5% in migraines patients, respectively. The allele frequency of IL-4 

rs2243250 (CT) were 67% (C), 33% (T) in healthy controls and 80.5% (C), 19.5% (T) in 

migraines, respectively(37).                                                        

Table 4.5: The results of IL-4 levels according to the genotype of IL4-590 C>T in asthma 

patients and controls. 

  IL-4 level (pg/ml ) p-values 
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Results values were expressed as mean± SE, *: p< 0.05 or significant differences between 

mean values. 

The rs2243250 (−590C>T) SNP in the promoter region of the IL-4 gene considers a 

regulatory polymorphism, that affects the binding of the nuclear factor for activated T cells, 

one of the main transcriptional activators of IL-4 in T cells. In vitro and in vivo studies show 

that the presence of the minor allele T contributes to the appearance of a supplementary 

NFAT binding site, which will affect the transcription rate (a threefold greater expression 

than the −590C allele) ( 36). This is one of the explanations for the high level of IL-4 in 

asthma patients that carry the T allele than in those with the CC genotypes.  

Another study, which included patients of north European heritage, reported the 

influence of −590 C>T promoter polymorphisms on IL-4 gene expression and IL-4 secretion. 

The presence of −590 C>T TT genotypes were associated with increased expression and 

secretion compared with −590 C>T CC (38). 

Study Tsai et al.indicated that the T allele of the SNP -590C > T has been associated 

with increased transcriptional activity in vitro(39). 

While studyRenauldmentioned that, the exact mechanism for this increment is not 

known. However, since the SNP is located within 5′UTR of the gene, it may be possible that 

alterations in this gene could be influencing its transcription and/or mRNA stabilization(40).  

Increased plasma concentrations of IL-4 can influence the immune status of asthma 

patients through several mechanisms and result in many phenotypes beyond the scope of 

the immune system, IL-4 was originally identified as a B cell growth factor, which drives the 

optimal stimulation of B cells by antigen. IL-4 induces the immunoglobulin isotype switch 

from IgM to IgE. IL-4 is also deeply involvedin IgE synthesisfrom B-lymphocytes and plasma 

cells, and it could be hypothesized that total serum IgE is a biomarker for asthma 

phenotypes. In addition to its direct activity on IgE production, IL-4 promotes the 

development of TH2 responses by modulating the differentiation of T cells.  Another 

important activity of IL-4 is its ability to induce the expression of vascular cell adhesion 

molecule 1, which is expressed by IL-4-activated endothelial cells. This will produce 

enhanced adhesiveness of the endothelium for T cells, eosinophils, basophils, and 

monocytes, which is characteristic of allergic reactions. Because of these properties, IL-4 has 

long been considered a potential target in asthma (41). 

In addition to −590C>T promoter polymorphisms on the IL-4 gene direct effect on 

increased expression and secretion of IL-4 in asthma patients, suggested that the T allele 

may increase the IgE level and the probability of asthma(29). 

Study Pawankaret al.investigated the association between IL-4-590 genotype in 

asthmatic patients and control. Their study showed that the presence of IL-4 serum levels 

was significantly associated with the genotype of IL-4-590 (CC, CT, and TT) among patients 

and control at (P ≤ 0.05). They recorded the highest levels of IL-4 in bronchial asthma 

Genotype Healthy controls 

(n=20)  

Asthma patients 

(n=70) 

CC 5.39±0.32 9.37±0.35 0.0001* 

CT 7.16±0.0 9.88±0.02 0.315 *

  

TT 0 10.87±1.11  
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patients with CT and TT variants compared to the controls, which is in agreement with the 

current study results(3). 

  

Mahmood and Abdulla results were inconsistent with the findings of this study, 

which recorded that the IL-4 concentrations were significantly lower in ankylosing 

spondylitis patients carrying the rs2243250 TT genotype than in those with the CC and CT 

genotypes (both P< 0.05) (33).  

 

 

 

 

 

Table 2: the serum level ofIL-4 cytokinein Patients and Controls 

              Groups 

 

 

Parameters  

Patient (n=70) Controls (n=20) 

p-value 

  

Interleukin-4pg/ml 9.65 ± 0.27pg/ml 5.47 ± 0.32 pg/ml   0.0001* 

Results values had expressed as mean± SE, *: p< 0.05 or significant differences between 

values of parameters. 

 The result of this study showed that the mean serum level of IL-4 in asthma 

patients was significantly higher (P<0.05) than in controls (9.65±0.27pg/ml vs. 5.47±0.32 

pg/ml) respectively (table, 2). 

 These results are in consonance with Tavakol et al. study that found that the mean 

serum IL-4 levels in asthmatics patients and controls were 15.73 pg/ml and 13.07pg/ml, 

respectively. Immune and inflammatory responses mediated by cytokines, play important 

roles in the pathophysiology of asthma. These responses are associated with the 

overexpression of Th2 cytokines such as IL-4 and IL-13 (42). 

  The result of this study agreed withRenet al.study, which showed that the levels of 

serum IL-4 in the asthmatics group were obviously higher than in the control group(43). 

 The result of this study agreed withMahmood& Abdullastudy, which found that the 

levels of serum IL-4 in the ankylosing spondylitis group were remarkably higher than in the 

control group(33).The results of this study just as Pawankaret al.study showed that the 

mean serum level of IL-4 was significantly higher in Asthma (P ≤ 0.01) than in controls 

(445.1978± 356.39316pg/ml vs. 54.4255± 19.80227pg/ml) respectively(31). Additionally, a 

highly significant (P≤ 0.01)IL-4 has a critical role in the pathogenesis of allergic rhinitis, 

particularly in the late phase of the disease (44).  

Conclusion 

The genotype distribution results of the -590 C>T SNP of the IL-4 gene showed a significant 

increased (p<0.05) in genotype CT, TT, and T allele of the -590 C>T in asthma patients than 

controls. This indicates a possible role of this genotype in the risk of asthma occurrence in these 

Iraqi patients. 
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The -590C>T promoter polymorphisms on the IL-4 gene had a direct effect on increased 

expression and secretion of IL-4 in asthma patients.There was a high level of IL-4 in asthma 

patients that carry the T allele than in those with the CC genotypes. 
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