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Abstract---Background: Asthma is a chronic inflammatory process 

that affects the airways of the lung. It has a greater impact on public 

health. It is a polygenic disease, many factors play a role implicated in 

triggering its that starts like genetic, environmental, and geographic 
factors. Genetic studies have focused on the forkhead box O3 

(FOXO3a) gene, mainly polymorphism at the specific sites which is 

thought may contribute to exacerbating the attack and complications 

of asthma. Methods: The study was designed as a case-control and 

involved 138 of asthmatic patients and 120 seemingly healthy people 

used as a control group. The diagnosis was carried out by consultants 
at a special respiratory center in Babylon governorate. Genotyping of 

all subjects was done for FOXO3a (rs13217795; C/T) analysis by PCR-

RFLP technique. Multinominal regression was used to calculate Odds 

ratios (ORs) and 95% confidence intervals (CIs) by IBM. SPSS software 

version 20.0. Results: Analysis of the results that obtained form this 

work a considerable modification in forms of rs13217795; C/T 
polymorphism between asthmatic and healthy individuals. elevation 

in the risk of asmathic patient was seen in T allele of FOXO3a gene  

(odds ratio of 2.0313, 95% CI: 1.5493 - 2.6631, P<0.0001). 

Conclusions: We concluded that patients who carry the T/T allele are 

at high risk for developing illness and complications compared with 
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other forms which included  C/T and C/C alleles, respectively (P < 

0.0001), and patients with the C/T allele showed increased 

susceptibility with border-line significance. The results suggest that 

FOXO3a (rs13217795; C/T) polymorphism has a significant role in the 
development and progression of asthma. 

  

Keywords---Asthma, FOXO3a, SNP, allele frequency, polymorphism, 

Iraq. 

 
 

Introduction 

 

Asthma is an allergic and non-allergic disease  that causes obstruction of the 

airways, leading to attacks of shortness of breath that do not continue indefinitely 

and have some degree of reversibility (1). The condition has a genetic factor; 
therefore, children from an asthmatic family have a greater chance of developing 

asthma than those from families with no asthmatics (2)(3). Episodes of asthma 

usually feature wheezing, coughing, a tightening of the chest, and difficulty of 

breath (4)(5). Spirometry is an extremely useful investigation for respiratory 

diseases, but it is grossly under-utilized in many countries. For the clinical 
diagnosis of asthma, the demonstration of airway obstruction and its reversibility 

(a <12% and 200-ml increase in forced expiratory volume in 1 s [FEV1]) following 

the inhalation of a bronchodilator is recommended. A reduced ratio of FEV1 to 

forced vital capacity (FVC) indicates airflow obstruction (6). Bronchial asthma is a 

complex disease and, because of there are multiple factor regard as both genetic 

and environmental factors may affect  its clinical presentation . Genetic elements 
have an important role in asthma and indicate whether a many person may 

develop asthma and this accrue as the result of this genetic map (7).  

 

Asthma exhibits the characteristics of inflammatory disease; this inflammatory 

reaction is mainly due to contributing effect of different cytokines that act as a 
mediator in an inflammatory and allergic reaction, which include a group of 

inflammatory markers such as interleukin-4 (IL-4), interleukin-5 (IL-5), and 

interleukin-13 (IL-13) which secreted mainly through specific T lymphocyte 

mainly T helper 2 (Th2) cells (1). Airway hyperresponsiveness and tissue 

transformation are due to the connection between asthma and Th2 cell 

inflamation. The activation of inflammatory cells comes from an unusual response 
to specific “aerial elements”(7).The approach to the pathogenesis of developing 

asthma indicates that the etiological factor participating are mainly through 

interaction of environmental with molecular and genetic effects  (8).  

 

The forkhead box O (FOXO) genes responsible for regulating important pathways, 

including the action of “insulin” signaling, the regulation process of programmed 
cell death or “apoptosis”, fixing and correcting the error in DNA that cause 

mutation through control repair mechanism, and control the effect of oxygen free 

radicals that cause an imbalance of prooxidant and antioxidant control 

mechanism, and longevity  (9). FOXO3 is located on the long arm of chromosome 

six (6q21) responsible for controlling the process of transcription of certain factors 

of the transcription process of RNA. These transcription factors play important 
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roles in controlling the action and mechanism of “immune homeostasis”, and 

different function losses may be linked to chronic inflammatory processes(10). 

 

The primary mechanisms regulating the activity of the FOXO3a gene involve 

controlling theprocess of  “translocation of FOXO3”a between the “nucleus and 
cytoplasm”, and this action are completed by tadding phosphate groups through 

action of  of enzyme mainly  of “kinases:. The phosphorylation of FOXO3a by P38 

mitogen-activated protein kinases, macrophages stimulating 1 (MST1), and 5' 

AMP-activated protein kinase (AMPK) promote its nuclear entry and increase its 

transcriptional activity (11). Because balancing nuclear import and export is 
critical for maintaining FOXO3a functions, the loss of this balance leads to the 

increase and improvement of several types of diseases involving cancer. FOXO3a  

through its effect on transcription factor which is important for controlling many 

physiological actions inside the cell and disturbance of this process trigger for 

developing abnormal event in the cell as cancer and disease (12). Furthermore, 

FOXO3a is a core regulator of cellular homeostasis, stress response, and 
longevity, as it can modulate a variety of cellular processes, integrating inputs 

from energy metabolism, growth factors, and stress signaling cascades. The main 

processes regulated by FOXO3a include cell cycle progression, DNA repair, 

autophagy, reactive oxygen species detoxification, and apoptosis. In this research, 

we check out if the rs13217795 (C > T) polymorphism of the FOXO3a gene is 

embroiled and related to asthma in the Iraqi population (13). In this research, the 
aim was investigate FOXO3a (rs13217795) gene polymorphism to assess if genetic 

variants are associated with asthma in an Iraqi population. 

 

Methods  

 

Study Participants 
 

Before beginning the study, we gained approval from the Ethics Board. This 

research included 258 participants: 138 patients with well-diagnosed asthma and 

120 volunteers considered as a control healthy group. 

 
Inclusion criteria 

 

All patients with pure asthma were pre-diagnosed by consultants following Global 

Imitative for Asthma global initiative for asthma (GINA) guidelines (14). 

 

Elimination conditions 
 

Indiviuals suffering from diabetes mellitus or hypertension, those who smoked, 

were pregnant, or had any inflammatory diseases or autoimmune diseases, such 

as rheumatoid arthritis (RA), were excluded from this study. 

 
Blood sample collection 

 

Samples (5 ml) of peripheral blood from 120 healthy individuals and 138 patients 

suffering from asthma who were admitted to the special center for respiratory 

diseases were collected in EDTA tubes. DNA was separated from the lymphocyte 

of blood using ReliaPrep Blood gDNA Miniprep System (Cat. no. A508, Promega, 
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USA) using the manufacturer’s instructions and guidelines. The extracted DNA 

was assessed for concentration and purity using a spectrophotometric assay 

(NANO drop-1000, Thermo Fisher Scientific, USA) and stored at −20°C until the 
date of analysis. At the time of the assay, the DNA was detected using agarose gel 

electrophoresis with the aid of ethidium bromide and purple gel-loading dye to 

visualize and track the DNA under a UV Gel Documentation System (Photo 

documentation E-Graph, Japan) 

 

Primer design and genotyping of rs13217795 in FOXO3a  
 

The polymorphism rs13217795 in FOXO3a was detected by amplification of the 

segment containing" the polymorphic region using polymerase chain reaction 

(PCR)". The work depends on the principle of the method apply for detection the 

mutation by  “a PCR restriction fragment length polymorphism (PCR-RFLP)” (15), 

by the action of the specific enzyme  “restrictive endonuclease”.action first by 
amplifying the polymorphism region using PCR, the following specific primers 

were designed for this research as follows (16) were used: “forward primer” 5'-

CTCCTTGGTCAGTTTGGTG-3' and “reverse primer” 5'-

ATGAGTGAAGATGGAAGTAAGC-3'. The amplification was completed using a 25 µl 

total volume PCR mix containing 100 ng of genomic DNA, 5 µl of genomic 
extracted DNA, with a volume of 2.5 µl from  primer sspecific for this study all 

these elements were added to a volume of  12.5  µl of “hot start green master mix: 

Promega, and 2.5 µl of ddH2O. In a thermal cycler, the reaction was run with the 

following optimized protocol:” initial denaturation (95°C, 5 minutes, 1 cycle)," 30 

cycles of denaturation (95°C, 30 seconds), annealing (58°C, 30 seconds), 

extension (72°C, 30 seconds), final extension: (72°C, 5 minutes)", and a final hold 
(12°C, 15 minutes)”. The fragment of 667 bp which considered as “amplicon” 

gestated at 37°C per nuclease (New England Biolabs, UK) endonuclease for 90 

minutes in a final  volume of 20 µl containing a volume of 4 µl of ddH2O, 5 µl of 

specific “NEB Buffer”, a volume of 10 µl of the amplicon, and 1 µl “BspH1”. The 

digested amplicon was subjected to 2% agarose gel electrophoresis with a safe 

stain and visualized by UV light using gel documentation (Photo documentation 
E-Graph, Japan) 

. 

Statistical analysis 

 

Analyzed statistically using IBM SPSS statistics version 2.0 for Microsoft Windows 
(SPSS, Chicago, Illinois, USA) to verify the association between polymorphism and 

disease condition using Fisher’s exact test, and 

https://www.easycalculation.com/statistics/odds-ratio.php was used for odds 

ratio (OR) calculations. Genotype frequencies consistent with the Hardy–Weinberg 

equilibrium (HWE) were assessed by using HWE SNPs Analysis Hardy from the 

university Magna Graecia (UMG) depending on Pearson’s χ2 test. At statistically 
significant  P-value <0.05 (17) 

 

Results 

 

Research focused on the genotype frequencies of 138 asthmatic patients (78 

males, 60 females) compared with 120 healthy participants (67 males, 53 females) 
using a PCR-RFLP assay to investigate the presence or absence of the designed 

https://www.easycalculation.com/statistics/odds-ratio.php
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mutation single nucleotide polymorphism (SNP)of the FOXO3a gene. The 

rs13217795 SNP of the FOXO3a gene was recognized via the C/T allele. The the 

genotype frequencies, as shown in Figure 1. Our results indicate that the 

homozygous recessive allele (T/T) has a frequency of 43.5%, while the 

homozygous reference allele (C/C) and heterozygous allele (C/T) appeared less 
often at 30.4% and 26.1%, respectively. Furthermore, the frequency of the mutant 

T allele was increased in asthmatic patients (57%) compared with the controls, 

while the wild type C allele had a frequency of 43%. These frequencies were much 

higher compared with the control group (38% and 62%, respectively), as shown in 

Figure 2. 
 

The associations of each genotype with asthma and under different models of 

inheritance were further tested (Table 1). The data from the HWE exact test 

revealed that only the control group genotype frequency follow the HWE (P < 

0.18), while a significant deviation was recorded in the distribution of the 

asthmatic patients’ genotypes (P < 0.0001), which failed to coincide with HWE, as 

shown in Table 2. The analysis of the rs13217795 SNP revealed a significant 
association with the occurrence of asthma. Specifically, the T/T homozygous 

recessive genotype increased the risk of asthma fourfold with respect to those 

with the wildtype C/C allele (OR = 4.28, CI 95%, 2.08-8.82, P = 0.000) and the 

heterozygous C/T allele (OR = 0.57, CI 95%; 0.31-1.03, P = 0.05). Further 

analysis regarding the recessive and over-dominant models indicated a significant 

association (P < 0.0001) between the recessive mutant model and the risk of 

asthma, with a risk factor of about 5.82 fold. The frequency of the minor allele (T) 
was higher in the asthma patients than those in the control group, however. 

 

Table 3 shows the genotype and allele frequency of the FOXO3a gene 

polymorphism in males and females. The frequency of the C/T genotype in males 

was significantly higher in control individuals than asthmatic patients (53.7% 

versus 23.1%), and the T/T genotype frequency was significantly higher in the 

patient than the control group (46.2% versus 10.5%). The OR for those with the 
T/T allele indicated they had a 5.1 times higher risk of developing asthma 
compared with people with the C/C wildtype allele. The C allele was more 

prevalent in the healthy control group (63%) than the asthma group (42%), and 

the mutant T allele frequency was the opposite, being detected in 58% of asthma 

patients and 37% of healthy participants. 
 

The frequency of the heterozygous allele (C/T) in females did not exhibit any 

significant difference between the studied groups (P = 0.32), but there was a 

significant difference in the frequency of the homogenous mutant (T/T) genotype 

between patients and healthy volunteers (40% versus 13%). The OR (3.42) for the 

mutant homozygous T/T allele indicates that it confers a 3.42 times higher risk of 

developing asthma compared with the wildtype C/C allele. The C allele was more 
frequent in the control group (60%) than the patient group (45%), while the T 

allele frequency showed the opposite trend, manifesting in 55% of patients and 

40% healthy people. 
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Discussion 

 

In the present research, we assessed the association between FOXO3a gene 

polymorphism (rs13217795) and the risk of asthma in a population in Iraq. A 
significant association (p< 0.05) among intended SNP from the FOXO3a gene. 

Many genes are known and implicated in the airway inflammation in asthma 

involving FOXO3a. Our results indicated that highst frequency in control group 

for hetroygous CT rather than asthma patient. Genotype frequencies of mutant 

type TT for cases were 43.5% while healthy subjects were 11.7% respectively. On 

the other hand, CC genotypes were 30.4% for asthmatic patients and 35% for the 
healthy group respectively. Minor allele frequency (T allele)  were 57% and 38% 

for patients and the control group, while major allele frequency were 43% and 

62% for patients and the control group respectively. Nihal  et. al, (18) study on the 

Egyptian children reached the highest frequency was seen for the heterozygous 

CT in both cases and controls groups, whereas the genotype frequencies of 
mutant type TT for cases and controls were 12 % and 16% respectively also 

distribution of CC genotype was present in 37.3% of asthmatic patients and 

22.6% in the control group and this is opposite to our results. 

 

Asthma is a long-term inflammatory disorder of the bronchial tree in which 

several cells, especially eosinophils, mast cells, and T lymphocytes, play a key 
role. Asthma is also recognized as having a solid genetic component (19). FOXO3a 

plays a central role in maintaining immunoregulation and is associated with 

several inflammatory diseases, including arthritis and chronic obstructive 

pulmonary disease (20). In this study, we explored the association between an 

intronic single-nucleotide substitution in FOXO3a (rs13217795) and asthma, and 

we found a significant association between the SNP and the disease (P < 0.05). 

 
FOXO3a is known as a tumor suppressor gene, as it is a trigger for apoptosis (21). 

It encodes a protein, a transcription factor with forkhead DNA-binding domains. 

FOXO3a also has roles in the expression regulation of several genes involved in 

diverse biological processes, such as the duplication of nuclear DNA content 

before cell division, senescence, oxidative stress resistance, and vascular 

remodeling (22)(23). However, FOXO3 is involved in innate immune homeostasis 
and inflammation, controlling the T cell response and regulating neutrophil 

functions during inflammation (24). The link between FOXO3a gene 

polymorphism and RA disease was investigated by Ludikhuize et al., who found 

that mutation of the FOXO3a gene increased the survival of neutrophils in RA 

samples compared with healthy samples. As neutrophils are one of the main 

components involved in eliciting an immune response, their survival and 

maintenance are fundamental to asthmatic inflammation (25). A deficiency in 
FOXO3a has been associated with spontaneous lymphoid proliferation, 

inflammation in various organs, and increased hyperactivated T helper cells (26). 

 

RA studies revealed that the phosphorylation of FOXO3a occurs in lymphocytes. 

FOXO3a deficiency in mice resulted in spontaneous lymphoproliferation along 
with inflammation of various organs, such as salivary glands and lungs, and 

increased helper T cell activity, suggesting FOXO3a has an important role in 

preventing T cell hyperactivity—one of the primary causes of asthmatic 

inflammation (26). The hyperactivity of mast cells is associated with FOXO3a 
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polymorphism, as mast cells are key mediators of smooth muscle inflammation in 

asthma (27), and FOXO3a keeps mast cells alive (25). Therefore, increased mast 

cell proliferation may result from the phosphorylation or mutation(s) of FOXO3a 

(28). The function of FOXO3 is affected by post-translational modifications, such 
as acetylation, phosphorylation, and ubiquitination, which may affect post-

transcription protein levels (29)(30). 

 

Additionally, the FOXO3a gene regulates the production of IL-10, NF-𝜅B, IFN-𝛼, 
and IL-2. The genes for IFN‐γ and IL-2 are pro-inflammatory targets of the 

FOXO3a. SNP of FOXO3a may result in the upregulation of these genes, thereby 

facilitating continuous inflammation (31)(32). An Egyptian cross-sectional case-

control study done by Nihal et al. on 75 asthmatic children following up in the 

pulmonology outpatient clinic, and 75 age and sex-matched healthy control 

reported no association between FOXO3a gene polymorphism (rs13217795) and 
asthma. Their results were the C allele frequency was 53.3% in the healthy group 

and 62.8% in the patients group, whereas T allele frequencies were  37.2% in 

asthmatic cases and 46.7% in the healthy subjects while the CC genotype has 

appeared in 37.3% of asthmatic patients and 22.6% in the controls, (p 

value>0.05) (33), which disagrees with our findings. In contrast, Shravani et. al.’s  

documented the results of a case-control study designed with the lowest CC 
genotype (9.65%) in asthmatic patients and 50.7% in the control group while the 

TT genotype was high (51.75%) in asthmatic patients compared to the control 

group (12.67%), also T allele frequencies were distributed with71.05% in 

asthmatic patient and 30.99% respectively, which consistent with the present 

study, as they found a significant relationship between asthma and the C/T and 

T/T genotypes (P < 0.0001) (16). 
 

Conclusions 

 

Our results demonstrated that the rs13217795 “polymorphism” of the FOXO3a 
gene can be considered a potential threat factor for increasing the susceptibility 

and exacerbation of the attack of asthma. The rs13217795 C < T SNP in FOXO3a 
was associated with the development of asthma, with the T allele being more 

frequent in asthma patients than the C allele. We also found asthma risk to be 

affected by gender. 

 

Acknowledgements 

 
The authors would like to thank the staff and nurses in the respiratory center in 

Babylon governorate Hospitals for their cooperation and help in implementing this 

work as well as the special thanks for patients.. 

 

Abbreviations 
 

FOXO3a: Forkhead box O3 

FVC: Forced vital capacity 

FEV1: Forced expiratory volume in 1 s 

MST1: Macrophages stimulating 1 

AMPK: 5' AMP-activated protein kinase  
ROS: Reactive oxygen species 



 

 

6081 

GINA: Global initiative for asthma 

RA: Rheumatoid arthritis 

PCR: Polymerase chain reaction 
RFLP: Restriction fragment polymorphism 
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Figure 1: PCR product digestion with BspHI endonuclease demonstrating the 
different genotypes of FOXO3a on 2% agarose, 100 V; lanes 1,5, 6, 7 represent 

heterozygous C/T allele (3 bands 667+391+275 bp); lanes 3, 4: represent 

homozygous recessive T/T allele (2 bands of 391+275 bp). Homozygous wildtype;  

C/C allele (1 band 667 bp) does not appear here. Lane M contains the 100 bp 

DNA marker. 

 

 
Fig. 2. Frequency distribution of (rs13217795) SNP of FOXO3a genotypes 

(A)/alleles (B) in asthmatic patients and controls 
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Table 1 

Genotype and allele frequency of FOXO3a gene polymorphism in the studied 

groups 

 

 
 

Table 2: Hardy-Weinberg equilibrium results of FOXO3a gene polymorphisms in                  

healthy subjects and patients with asthma group 

 
 CC CT TT C T P value 

All Subjects 84 100 74 268 248 <0.0003 

Control 42 64 14 148 92 0.18 

Patients 42 36 60 120 156 <0.0001 

 

 

 
 

 

 

 

SNP (C/T) 
rs13217795 

Control (%) 
#120 

Patient (%) 
#138 

OR 
(95% CI) 

P value 

Co-dominant  

CC 42(35%) 42(30.4%) 1.00  

CT 64(53.3%) 36(26.1%) 0.5714 

0.3161 - 1.0331 

0.05 

TT 14(11.7%) 60(43.5%) 4.2857 

2.0818 - 8.8228 

<0.0001 

Dominant  

CT+TT 78(65%) 96(69.6%) 1.2308 

0.7305 - 2.0738 

0.4354 

Recessive  
CC+CT 106(88.3%) 78(56.5%) 1.00  

TT 14(11.7%) 60(43.5%) 5.8242 

3.0372 - 11.1686 

< 0.0001 

Overdominant  

CC+TT 56(46.7%) 102(7.9%) 1.00  
CT 64(53.%) 36(26.1%) 0.3088 

0.1831 - 0.5207 

< 0.0001 

Additive  

C 148(62%) 120(43%)  

T 92(38%) 156(57%) 

Frequency of T 
allele 

92 
(38%) 

156 
(57%) 

2.0313 
(1.5493 - 2.6631) 

< 0.0001 
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Table 3 

Genotype and allele frequency of FOXO3a gene polymorphism  in the studied 

groups according to gender interaction 
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