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A B S T R A C T   

Interleukin-17A (IL-17A) is pro-inflammatory cytokine that has been suggested to influence susceptibility to 
asthma. This study sought to explore serum level and three variants of IL17A gene (rs2275913 G/A, rs3819024 
A/G and rs8193036 C/T) in Iraqi asthmatics to evaluate their association with susceptibility to disease. A case- 
control study was conducted on 104 asthmatics and 111 healthy controls. Serum level of IL-17A was determined 
with Enzyme linked-immunosorbent assay, while the ARMS-PCR method (tetra-primer-amplification-refractory- 
mutation system-polymerase chain reaction) was used for amplification and genotyping of IL17A variants. Me-
dian IL-17A level was significantly elevated in asthmatics compared to controls. Receiver operating characteristic 
curve analysis revealed that IL-17A was a significant predictor of asthma, and a very good area under curve was 
demonstrated. Logistic regression analysis revealed that allele and genotype frequencies of two variants 
(rs2275913 and rs8193036) showed significant differences between patients and controls. GA + AA and GA 
frequencies of rs2275913 variant were significantly increased in patients compared to controls. For rs8193036 
variant, frequencies of T allele and CT genotype were significantly lower in patients than in controls. In 
conclusion, IL-17A was upregulated in sera of asthmatics. Moreover, the rs2275913 variant was associated with a 
higher risk of developing asthma, while the rs8193036 variant was possibly associated with protective effects.   

1. Introduction 

Asthma is an increasingly global respiratory disorder that affects 
about a third of the world’s population and approximately 2.5 million 
asthmatics die annually from complications of disease (Rehman et al., 
2018). It is defined as immune-mediated inflammation characterized by 
excessive airway response to environmental allergens and viral and 
bacterial respiratory infections (Patel and Teach, 2019). Asthma is a 
complex multifactorial disease largely driven by inappropriate immune 
responses to environmental challenges in genetically susceptible in-
dividuals (Hossain et al., 2019). Human and animal model studies of 
asthma indicate that multiple gene polymorphisms are involved in 
conferring susceptibility to or protection against the disease (Morales 
and Duffy, 2019). Genes encoding polymorphic proteins, particularly 
those involved in regulating immune responses, have been the focus of 
extensive research regarding genetic susceptibility to asthma (Demenais 
et al., 2018). More than 60 genetic loci have been linked to asthma, and 
genome-wide association studies (GWASs) in children and adults with 

asthma have identified that several of these genes are involved in im-
mune responses (Schoettler and Strek, 2020). The GWASs have also 
identified that some of these genes encode the immune modulators cy-
tokines and their variants have been proposed to influence the suscep-
tibility to asthma (Laulajainen-Hongisto et al., 2020). Interleukin (IL) 
-17A is among these cytokines and has been shown to cause structural 
changes in airway smooth muscle cells, and thus may influence sus-
ceptibility to airway hyperresponsiveness (AHR) and development of 
asthma (Thompson et al., 2020). 

IL-17A is a member of the IL-17 family of cytokines mainly produced 
by T helper 17 (Th17) cells (Gu et al., 2013). It is a cytokine with pro- 
inflammatory properties, and plays key roles in host’s defenses against 
microbial pathogens and development of inflammation (Chen and Kolls, 
2017). However, unrestrained signaling of IL-17A has been linked with 
immunopathology, autoimmune diseases, and cancer development 
(Amatya et al., 2017). Further, it has been reviewed that aberrant 
expression or overexpression of IL-17A is implicated in a number of 
pathological conditions, including asthma and other related pulmonary 
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disorders (Gurczynski and Moore, 2018). In addition, IL-17A is a critical 
cytokine in mediating neutrophilic inflammation; therefore, direct as-
sociation between IL-17A and the processes of chronic airway inflam-
mation and remodeling in severe asthma has been described 
(Ramakrishnan et al., 2019). It has also been shown that viral, bacterial 
and fungal infections of the respiratory system can affect the Th17/IL- 
17A axis, thus promoting the occurrence and development of asthma 
(Liu et al., 2020a, 2020b). It has also been revealed that IL-17A level and 
gene expression were elevated in the blood, sputum, and broncho- 
alveolar of asthmatic patients, and were positively correlated with dis-
ease severity (Hynes and Hinks, 2020). 

IL-17A is encoded by a gene (IL17A) mapped to a region on the short 
arm of human chromosome 6 (6p12.2). Single nucleotide poly-
morphisms (SNPs) in the IL17A gene have been associated with sus-
ceptibility to various immune-mediated and inflammatory diseases 
(Pasha et al., 2019; Ruiz de Morales et al., 2020; Shao et al., 2020). 
Moreover, it has been proposed that these SNPs can modulate the 
expression of IL17A gene and may also affect Th17 cell functions (Chen 
and Kolls, 2017; Huang et al., 2017). A number of case-control and meta- 
analysis studies have been conducted in different ethnic and population 
groups to determine the role of IL17A gene SNPs in susceptibility to 

asthma but some results have not been replicated (Du et al., 2016; Liang 
et al., 2018; Nuolivirta et al., 2018; Zhai et al., 2018; Zhu et al., 2016). 

This study sought to explore serum level and three SNPs of IL17A 
gene (rs2275913 G/A, rs3819024 A/G and rs8193036 C/T) in Iraqi 
patients with asthma to evaluate their association with susceptibility to 
disease. 

2. Materials and methods 

2.1. Populations studied 

A case-control study was conducted on 104 adults with asthma at the 
Allergy Specialist Center (Rusafa, Baghdad, Iraq) during the period from 
January to June 2019. The Global Asthma Initiative (GINA) guidelines 
were followed in diagnosing asthma and grouping patients by disease 
severity (Becker and Abrams, 2017). Patients included in the study were 
those with a history of coughing accompanied by wheezing or shortness 
of breath (dyspnea) within the past 12 months. Patients with chronic 
respiratory infections or who had no apparent symptoms of asthma, as 
well as pregnant women, were excluded. The study also included a 
control group of 111 healthy individuals matched patients for age and 
gender. The controls were blood donors and had no signs or symptoms of 
allergy. Written consent was obtained from all participants after 
approval by the Ethics Committee at the Allergy Specialist Center. 

Patients and controls were characterized for age and gender. The 
patients were also characterized for family history, asthma severity 
(mild and moderate/severe asthma), atopy, total IgE level, and allergen 
type (animal dander, herbs, mites, and molds). According to the type of 
allergen, the patient was considered non-atopic (seropositive) or atopic 
(seropositive) (Pillai et al., 2011). A family history of asthma was 
determined if one of the family members had a pulmonary allergy 
(siblings, parents, or grandparents) (Table 1). 

2.2. Determination of serum total IgE, IL-17A and specific IgE 

Sandwich enzyme-linked immunosorbent assay (ELISA) kits were 
used to determine levels of IgE and IL-17A in sera of participants 
(Sunlong Biotech Company, China). The detection ranges of kits were 
6–400 ng/mL and 3.3–200 pg/mL, respectively. Serum evaluation for 
specific IgE was also performed in asthmatics (seronegative or sero-
positive) using multiplex immunoblot kit (Euroimmun, Germany). 
Twenty-five inhalation allergens were detected by the kit. For 
simplicity, the allergens were limited to four main types (animal dander, 
grasses, mites and molds). The tests were performed using the protocols 
recommended by the manufacturers. 

Table 1 
Baseline characteristics of asthmatics and controls.  

Characteristic Asthmatics; N =
104 

Control; N =
111 

p 

Age (mean ± SD); year 37.9 ± 12.1 35.9 ± 10.5 0.190 
Gender; N (%) 

Male 50 (48.1) 54 (48.6) 1.000 
Female 54 (51.9) 57 (51.4)  

Family history; N (%) 
Yes 54 (51.9) NA NA 
No 50 (48.1) NA NA 

Severity; N (%) 
Mild 49 (47.1) NA NA 
Moderate/Severe 55 (52.9) NA NA 

Atopy; N (%) 
Atopic 74 (71.2) NA NA 
Nonatopic 30 (28.8) NA NA 

Total IgE (mean ± SD); ng/ 
mL 

210.3 ± 48.4 146.8 ± 51.3 <0.001 

Allergen type; N (%) 
Animal dander 2 (1.9) NA NA 
Grasses 8 (7.7) NA NA 
Mites 34 (32.7) NA NA 
Molds 8 (7.7) NA NA 
Mixed 22 (21.2) NA NA 
Negative 30 (28.8) NA NA 

SD: Standard deviation; NA: Not applicable; p: Student t-test or Fisher exact test 
probability (significant p-value is bold-marked). 

Table 2 
Primer sequences used in the tetra-primer amplification refractory mutation system-polymerase chain reaction for the detection of IL17A gene single nucleotide 
polymorphisms.  

IL17A gene SNP Position (Ch 6)a Primer name Sequence (5′–3′) Product size (bp) 

rs2275913 G/A 5′UTR: 52186235 Outer Forward GGTACATGACACCAGAAGACCTACA Outer: 375 
Outer Reverse CCTGCTATGAGATGGACAAAATGT 
Inner Forward TTCCCATTTTCCTTCAGACGA G allele: 246 
Inner Reverse CCCAATGAGGTCATAGAAGAATCTATC A allele: 177 

rs3819024 A/G 5′UTR: 52185988 Outer Forward ATCTCCATCACCTTTGTCCAGTC Outer: 524 
Outer Reverse GGAAGGGCAGAAATTCATGTTCCTA 
Inner Forward GGCCAAGGAATCTGTGATGA A allele: 249 
Inner Reverse TTGATTTTCCATTTGATCTTTCTGTC G allele: 321 

rs8193036 C/T 5′UTR: 52185695 Outer Forward AGCATGTAGAATATGGGATACCAGC Outer: 549 
Outer Reverse AATTCCGGAAACTACTCAAGTTCC 
Inner Forward GCCCCCCTTTTCTCCATATT C allele: 315 
Inner Reverse TAGAGACTGGACAAAGGTGAGGG T allele: 277 

SNP: Single nucleotide polymorphism; Ch: Chromosome; bp: base-pair; T: Temperature. 
a Location on chromosome based on dbSNP build 154 (Released April 21, 2020).  
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2.3. Genotyping of IL17A gene SNPs 

Three IL17A gene SNPs associated with asthma were examined 
(rs2275913 G/A, rs3819024 A/G and rs8193036 C/T) as previously 
suggested (Du et al., 2016; Liang et al., 2018; Zhai et al., 2018; Zhu et al., 
2016). The manual salting-out procedure was employed to isolate whole 
genomic DNA from EDTA blood (Kalousová et al., 2017). The ARMS- 
PCR method (tetra-primer amplification refractory mutation system- 
polymerase chain reaction) was used for amplification and genotyping 
of IL17A SNPs using two non-specific (outer forward and reverse) and 
two allele-specific (inner forward and reverse) primers as given in 
Table 2 (Medrano and De Oliveira, 2014). The primers were designed 
using primer design web-based service for tetra-primer ARMS-PCR 
(Collins and Ke, 2012), and validated using Primer-BLAST-NCBI data-
base. The ARMS-PCR was conducted in 20 μL volume containing 2 μL of 
template DNA (20–50 ng/μL), 2 μL of AccuPower PCR PreMix (Bioneer, 
Korea), 0.5 μL of each primer (10 ρmol/μL) and 15 μL of DNAse-free 

water. The thermocycling was optimized for the following conditions: 
an initial denaturation (94 ◦C for 4 min), followed by 30 cycles of 
denaturation (94 ◦C for 30 s), annealing (58 ◦C for 30 s) and elongation 
(72 ◦C for 40 s), and a final single extension step (72 ◦C for 5 min). The 
ARMS-PCR products were electrophoresed on 2% agarose-gel, and 
migrating bands were visualized using a gel documentation system. 

2.4. Statistical analysis 

Pearson Chi-square test or two-tailed Fisher exact test were used to 
analyze categorical variables. Continuous variables were tested for 
normality using Kolmogorov-Smirnov and Shapiro-Wilk tests. Normally 
distributed variables (parametric) were given as mean ± standard de-
viation (SD), and comparisons were made with Student t-test. Skewed 
variables (non-parametric) were given as median and interquartile 
range (IQR: 25–75%) and comparisons were made using either Man-
n–Whitney U (to compare to groups) or Kruskal–Wallis (to compare 

Fig. 1. Boxplot presentations of IL-17A median level in asthmatics and controls. The median was significantly increased in patients compared to controls (A), while 
no significant difference was found after stratification by gender (B), family history (C), disease severity (D), atopy (E) or allergen type (F). MT: Mites; GR: Grasses; 
MO: Molds; AD: Animal dander; MX: Mixed; p: Mann–Whitney U (to compare two groups) or Kruskal–Wallis (to compare more than two groups) test probability. 
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more than two groups) test. Hardy-Weinberg equilibrium (HWE) was 
assessed using Pearson Chi-square goodness of fit test. Receiver oper-
ating characteristic (ROC) analysis was employed to assess the diag-
nostic performance of IL-17A and to estimate area under curve (AUC), 
sensitivity, specificity and cut-off value. Genetic association between 
IL17A gene SNPs and asthma risk was evaluated using logistic regression 
analysis under five genetic models (allele, recessive, dominant, over-
dominant and codominant). The association was expressed as odds ratio 
(OR) and 95% confidence interval (CI). The statistical package IBM SPSS 
Statistics 25.0 (Armonk, NY: IBM Corp.) was used to perform these an-
alyses. Pairwise linkage disequilibrium (LD) between IL17A gene SNPs 
were determined with SHEsis software (Shi and He, 2005). G*Power 3 
software was used to estimate power of sample size (Faul et al., 2007). A 
probability value (p) ≤ 0.05 was considered statistically significant after 
adjustment for multiple comparisons (Bonferroni correction). 

3. Results 

3.1. Power of sample size 

Under 0.05 α error of probability, a sample of 104 patients and 111 
controls achieved an actual power of 0.73 (1 – β error probability). 

3.2. IL-17A serum level 

Median level of IL-17A was significantly elevated in asthmatics 
compared to controls (8.0 [IQR: 7.7–8.5] vs. 6.8 [IQR: 6.2–7.2] pg/ml; p 
< 0.001). Stratification of patients according to gender, family history, 
asthma severity, atopy or type of allergen revealed no statistically 

Fig. 2. Receiver-operating characteristic (ROC) curve analysis of IL-17A in 
asthmatics. The estimated area under curve was 0.884 (95% CI: 0.835–0.932; p 
< 0.001). At a cut-off value of 7.4 pg/mL, the sensitivity and specificity of IL- 
17A were 87.5 and 85.6%, respectively. 

Table 3 
Genetic association and Hardy-Weinberg equilibrium analyses of IL17A gene SNPs in asthmatics and controls.  

SNP/Genetic model Allele/genotype N (%) OR 95% CI p (adjusted p) 

Asthmatics; N = 104 Controls; N = 111 

rs2275913 
Allele G 170 (81.7) 200 (90.1) Reference   

A 38 (18.3) 22 (9.9) 2.03 1.16–3.57 0.017 (0.102) 
Recessive GG + GA 103 (99.0) 110 (99.1) Reference   

AA 1 (1.0) 1 (0.9) 1.07 0.07–17.30 0.963(1.000) 
Dominant GG 67 (64.4) 90 (81.1) Reference   

GA + AA 37 (35.6) 21 (18.9) 2.37 1.27–4.41 0.007 (0.042) 
Overdominant GG + AA 68 (65.4) 91 (82.0) Reference   

GA 36 (34.6) 20 (18.0) 2.41 1.28–4.53 0.006 (0.036) 
Codominant GG 67 (64.4) 90 (81.1) Reference   

GA 36 (34.6) 20 (18.0) 2.42 1.29–4.55 0.006 (0.036) 
AA 1 (1.0) 1 (0.9) 1.34 0.08–21.87 0.836 (1.000) 

HWE-p  0.105 0.924     

rs3819024 
Allele A 106 (51.0) 117 (52.7) Reference   

G 102 (49.0) 105 (47.3) 1.07 0.73–1.56 0.772(1.000) 
Recessive AA+AG 80 (76.9) 84 (75.7) Reference   

GG 24 (23.1) 27 (24.3) 0.93 0.50–1.75 0.830 (1.000) 
Dominant AA 26 (25.0) 33 (29.7) Reference   

AG + GG 78 (75.0) 78 (70.3) 1.27 0.70–2.32 0.438 (1.000) 
Overdominant AA+AG 50 (48.1) 60 (54.1) Reference   

AG 54 (51.9) 51 (45.9) 1.27 0.74–2.17 0.381 (1.000) 
Codominant AA 26 (25.0) 33 (29.7) Reference   

AG 54 (51.9) 51 (45.9) 1.34 0.71–2.55 0.366 (1.000) 
GG 24 (23.1) 27 (24.3) 1.123 0.53–2.40 0.753 (1.000) 

HWE-p  0.692 0.409     

rs8193036 
Allele C 197 (94.7) 190 (85.6) Reference   

T 11 (5.3) 32 (14.4) 0.33 0.16–0.68 0.002 (0.004) 
Codominant CC 93 (89.4) 79 (71.2) Reference   

CT 11 (10.6) 32 (28.8) 0.29 0.14–0.62 0.001 (0.002) 
TT ND ND    

HWE-p  0.569 0.076    

HWE: Hardy-Weinberg equilibrium; p: Two-tailed Fisher’s exact or Chi-square test probability (significant p-value is bold-marked); Adjusted p: Bonferroni correction 
adjusted p; SNP: Single nucleotide polymorphism; OR: Odds ratio; CI: Confidence interval. 
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significant differences with respect to the distributions of IL-17A median 
levels (Fig. 1). ROC curve analysis revealed that IL-17A was a significant 
predictor of asthma, and a very good AUC was demonstrated (AUC =
0.884; 95% CI: 0.835–0.932; p < 0.001). At a cut-off value of 7.4 pg/mL, 
IL-17A showed a sensitivity of 87.5% and a specificity of 85.6% (Fig. 2). 

3.3. IL17A gene SNPs 

Three SNPs of IL17A gene (rs2275913 G/A, rs3819024 A/G and 
rs8193036 C/T) were analyzed in asthmatics and controls under five 
genetic models (allele, recessive, dominant, overdominant and codom-
inant). Genotype frequencies of the three SNPs were compatible with 
HWE and no significant differences were found between the observed 
and expected frequencies in patients or controls (Table 3). 

Logistic regression analysis revealed that allele and genotype fre-
quencies of two SNPs (rs2275913 and rs8193036) showed significant 
differences between patients and controls. Frequency of A allele of the 

SNP rs2275913 was higher in patients than in controls, but the adjusted 
p was not significant (p = 0.017; adjusted p = 0.102). However, GA + AA 
(dominant model) and GA (overdominant and codominant models) 
frequencies of the SNP rs2275913 were significantly increased in pa-
tients compared to controls. The corresponding ORs were 2.37 (95% CI: 
1.27–4.41; p = 0.007; adjusted p = 0.042), 2.41 (95% CI: 1.28–4.53; p =
0.006; adjusted p = 0.036) and 2.42 (95% CI: 1.29–4.55; p = 0.006; 
adjusted p = 0.036), respectively. For SNP rs8193036, only two geno-
types were detected (CC and CT). Frequencies of T allele and CT geno-
type were lower in patients than in controls, and the adjusted p of both 
differences was significant (0.004 and 0.002, respectively (Table 3). 

When asthmatics stratified according to gender, family history, dis-
ease severity and atopy, allele frequencies of rs2275913, rs3819024 and 
rs8193036 SNPs showed no significant differences (data not shown). 
Further, genotypes of these SNPs had no influence on serum level of IL- 
17A in patients or controls (Fig. 3). 

3.4. Linkage disequilibrium 

Pairwise analysis of IL17A SNPs (rs2275913, rs3819024 and 
rs8193036) using SHEsis software revealed that the three SNPs did not 
show LD (Fig. 4). 

4. Discussion 

This study demonstrated that IL-17A was upregulated in sera of 
asthmatics. These findings are consistent with results of other studies, 
where elevated levels of IL-17A were found in peripheral blood and 
broncho-alveolar lavage fluids of asthmatics (Dimitrova et al., 2019; 
Hasegawa et al., 2017; Hynes and Hinks, 2020; Mansour et al., 2017; 
Shabana et al., 2019). Molecular studies confirmed that mRNA expres-
sion of IL17A gene was upregulated in patients with asthma (Alyasin 
et al., 2013; Eltaweel et al., 2018; Pandey and Prakash, 2020). Together, 
these findings indicate that IL-17A is a cytokine that plays a key role in 
immunopathogenesis of asthma. Functionally, IL-17A is a pro- 
inflammatory cytokine that can activate the airway epithelial cells and 
alveolar macrophages to produce pro-inflammatory cytokines and che-
mokines; for instance, IL-1, IL-6, IL-8, granulocyte-macrophage colony 
stimulating factor (GM-CSF), and tumor necrosis factor-alpha (TNF-α), 
which enhance the recruitment of neutrophils into the lungs and thus 
inflammatory episodes are indirectly promoted by IL-17A. Therefore, 
neutrophilic airway inflammation has been shown to be an important 
asthma phenotype often associated with severe and acute exacerbation 
of asthma (Gao et al., 2017). Moreover, human lung endothelial cells 
also express IL-17A and IL-17F receptors (IL-17RA and IL-17RC), and 
when activated by IL-17, they release CXCL1, which is a chemo-
attractant for neutrophils (Hynes and Hinks, 2020). A further phenotype 
of asthma is mediated by eosinophils (eosinophilic asthma), and these 
cells also express IL-17RA and IL-17RC. Therefore, neutrophils and eo-
sinophils are indirect targets for IL-17A in exaggerating the airway 
inflammation and AHR (Possa et al., 2013). Accordingly, the serum level 
of IL-17A has been proposed as an independent risk factor associated 
with asthma or the disease severity (Hynes and Hinks, 2020). This study 
confirms this suggestion and ROC curve analysis demonstrated that IL- 
17A was a very good predictor of asthma with a diagnostic sensitivity 
of 87.5% and a specificity of 85.6%. Another study showed that the IL- 
17A/IL-10 ratio could be used as a biomarker for improving asthma in 
patients receiving vitamin D supplements. The authors found that IL- 
17A levels were elevated in asthmatics with vitamin D deficiency, 
while IL-10 levels tended to be lower. When taking vitamin D supple-
ments, IL-17A levels decreased while IL-10 levels increased (Shabana 
et al., 2019). 

Case-control studies have also identified that IL17A gene variants 
(SNPs) are associated with susceptibility to asthma. These studies 
motivated us to make further understanding of IL-17A role in etiology 
and pathogenesis of asthma. Most of the studies investigated three SNPs, 

  

p = 0.447 

p = 0.149 

p = 0.302 

p = 0.711 

p = 0.305 

p = 0.707 

Fig. 3. Serum level of IL-17A stratified by IL17A gene SNP genotypes 
(rs2275913, rs3819024 and rs8193036) in asthmatics and controls. The geno-
type had no significant influence on IL-17A level. p: Mann–Whitney U (to 
compare two groups) or Kruskal–Wallis (to compare more than two groups) test 
probability. 
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which were rs2275913, rs3819024 and rs8193036. Regarding the first 
SNP (rs2275913), genetic association analyses under dominant (GA +
AA genotypes), overdominant (GA genotype) and codominant (GA ge-
notype) genetic models suggested that GA genotype might have sus-
ceptibility role in asthma with an OR range of 2.37–2.42. In line with our 
observation, a significantly elevated frequency of GA genotype was re-
ported in Chinese asthmatics (Du et al., 2016). Chinese asthmatic chil-
dren with AA genotype were also at greater risk to have asthma (Chen 
et al., 2010). Additional three studies found conflicting results. In 
Tunisian asthma children, GG genotype of rs2275913 variant showed a 
significantly elevated frequency (Maalmi et al., 2014). In Portuguese 
adult asthmatics, allele and genotype frequencies of rs2275913 variant 
showed no significant differences between patients and controls, but the 
authors reported a significantly increased frequency of AA genotype in 
rhinitis patients compared to asthmatics (Resende et al., 2017). In study 
from Finland, the rs2275913 polymorphism was associated with a 
decreased risk of post-bronchiolitis asthma in children aged 11–13 years 
of age, but not in earlier ages (Holster et al., 2018). To clarify the as-
sociation between IL17A rs2275913 polymorphism and susceptibility to 
asthma, a meta-analysis of 10 studies that included 5016 subjects was 
performed. Overall analysis indicated a significant association between 
rs2275913 SNP and risk of asthma. In subgroup analysis stratified ac-
cording to age and ethnicity, the protective effects of G allele was sug-
gested asthmatic children and Asians (Zhai et al., 2018). The present 
study support such conclusion, and the allele G had a lower frequency in 
asthmatics than in healthy controls (81.7 vs. 90.1%), but the difference 
was significant before correction of p-value (p = 0.017; adjusted p =
0.102). 

In the case of rs3819024, neither alleles nor genotypes showed as-
sociation with risk of asthma, and the frequencies showed no significant 
differences between patients and controls. However, in a Chinese study, 
the genotypes GA and GG were proposed to have protective effects 
against allergic rhinitis and comorbid asthma development (Wang et al., 
2012). A meta-analysis of nine studies involving 3650 asthmatics and 
3370 controls of Asian origin revealed that rs3819024 SNP was signif-
icantly associated with the risk of asthma in Asians (AA vs. GG: OR =
1.77, 95% CI = 1.39–2.25; p = 0.02) (Jin et al., 2015). 

The third SNP was rs8193036, and the results revealed a significantly 
decreased frequency of T allele and CT genotype in asthmatics compared 
to controls. In line with our findings, the T allele frequency was signif-
icantly decreased in Japanese patients with aspirin-exacerbated respi-
ratory disease (Kohyama et al., 2011). However, no association was 
found between rs8193036 variant and asthma of Chinese (Wang et al., 
2011) and Finnish children (Nuolivirta et al., 2018). In Taiwanese pa-
tients, it was indicated that rs8193036 had an independent role in the 
association with pediatric asthma, but the association was weak (Wang 
et al., 2009). However, a further Asian study reported conflicting results 
and the TT genotype was presented with a significantly higher frequency 
in asthmatics compared to healthy controls (Du et al., 2016). 

Although there have been some conflicting results, IL17A gene 
polymorphisms are suggested to play key roles in etiology of asthma, 
and their susceptibly and protective potentials have been indicated. The 
discrepancy might be related to ethnic variations, and most of the 
populations studied (including Iraqis) show ethnic-dependent variations 
in allele and genotype frequencies of cytokine genes (Ad’hiah et al., 
2018). Besides, the calculated power of sample size was 0.73, which is 
less than the accepted power of 0.80, and this may not allow a repre-
sentative picture of the association between IL17A gene SNPs and 
asthma to be drawn. 

5. Conclusions 

IL-17A was upregulated in sera of asthmatics, and this was accom-
panied by significant variations in the distributions of allele and geno-
type frequencies of two IL17A gene SNPs (rs2275913 and rs8193036) 
between patients and healthy controls. In this respect, the SNP 
rs2275913 was associated with an elevated risk to develop asthma, 
while rs8193036 was an SNP with protective potential. However, the 
study was limited by the number of SNPs investigated and further var-
iants in IL17A gene meriting extensive investigations to determine their 
role in etiology of asthma. 

Fig. 4. Pairwise linkage disequilibrium (LD) map of three IL17A gene SNPs (rs2275913, rs3819024 and rs8193036) genotyped using SHEsis software. The LD 
between any pair of SNPs is expressed as D′ (Left) and r2 (Right) values multiplied by 100. Values approaching zero indicate no LD, and those approaching 100 
indicate complete LD. The square colored red represent varying degrees of LD and darker shades indicate stronger LD. 
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