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Abstract
Background/Aims: Allergic rhinitis is a common chronic inflammatory disease affecting 
millions of people worldwide and substantially impairing quality of life. This study aimed 
to investigate the association of the IL-4 rs2243250 polymorphism with allergic rhinitis, 
inflammatory markers, and leukocyte profiles. Methods: A total of 182 participants were 
included, comprising 91 patients with allergic rhinitis and 91 healthy controls. Peripheral 
blood samples were collected for complete blood count, DNA extraction, and measurement 
of IL-4, IL-13, and IgE levels using enzyme-linked immunosorbent assays. Skin prick testing 
for weed, grass, tree, and mite allergens was performed to confirm IgE-mediated sensitization. 
The IL-4 rs2243250 polymorphism was detected by polymerase chain reaction followed by 
restriction fragment length polymorphism analysis using the AvaII restriction enzyme. Results: 
Significant differences (P < 0.001) between patients and controls were observed for all 
investigated immunological markers and differential white blood cell counts. For rs2243250, 
the CC genotype was associated with a reduced likelihood of allergic rhinitis (OR = 0.25; 95% 
CI: 0.11–0.55), whereas the TT genotype was associated with an increased likelihood (OR = 
3.8; 95% CI: 1.82–8.17). Similarly, the C allele was associated with reduced disease likelihood 
(OR = 0.35; 95% CI: 0.23–0.53), while the T allele was associated with increased likelihood (OR 
= 2.88; 95% CI: 1.88–4.41; P < 0.001). Significant positive correlations among several white 
blood cell types were also observed. Conclusion: The findings demonstrate an association 
between the IL-4 rs2243250 polymorphism and allergic rhinitis. The C allele and CC genotype 
were associated with reduced disease likelihood, whereas the T allele and TT genotype were 
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associated with increased likelihood. These genetic associations, together with alterations in 
inflammatory markers and leukocyte profiles, may contribute to understanding susceptibility 
to allergic rhinitis.

Introduction

Allergy rhinitis (AR) is among the most important medical problems in the globe. Nearly 
half a billion people around the world suffer from this allergic inflammation (Nur Husna et 
al.,2022) [1]. Due to a rise in prevalence over time, AR is generally a prevalent condition and 
a global concern (Pawankar,2014) [2]. There are many risk factors that have contributed 
over the years to the spread of allergic rhinitis, including human regionalism, as rural areas 
are less exposed to pollutants linked to increased AR. It can be concluded that urbanized 
cities are more exposed to the disease (Elholm et al.,2016) [3]. In addition to increasing 
the frequency of seasonal allergies, climate change is also extending the pollen season, as 
seen in Europe over the last three decades (Bergmann et al., 2020) [4]. The nasal blockage, 
rhinorrhea, pruritus and sneezing are the most common symptoms of this illness (Bousquet 
et al., 2020) [5]. It is commonly known that AR is mediated by the Th2 type immune response.  
Although AR is influenced by both genetic and environmental variables, further research is 
still needed to determine its precise etiology (Greiner et al., 2011) [6]. One of the advanced 
molecular techniques in the field of genetics is the identification of genetic polymorphisms 
closely linked to large population groups around the world and their association with allergic 
diseases (Choi et al., 2021) [7]. Regarding the higher incidence and frequency of allergic 
rhinitis in twins and atopic families, there is clear evidence of a genetic link to the condition 
(Choi et al., 2021) [8]. The immunoregulatory cytokines interlukin-4 (IL-4) and interlukin-13 
(IL-13) are primarily released by activated Th2 cells. In recent years, IL4 and IL-13 have 
gained widespread recognition as important mediators in the pathophysiology of AR, and 
they have a direct impact on Th2 cell development and drift. Because they have the same 
receptor subunit, IL-4 and IL-13 are essential for IgE-dependent inflammatory responses 
and for inducing IgE synthesis in B cells. Numerous allergic reactions, such as asthma, AR, 
mucus [9] and [10]. The current study aims to determine whether there is an association 
between genetic polymorphism rs2243250 in the IL-4 gene and the development of allergic 
rhinitis.

Materials and Methods

Ethical permit
All study participants agreed to provide blood samples and other information for an examination in 

accordance with the Helsinki Declaration. Written informed consent was obtained from all adult participants 
prior to enrollment; for participants under the legal age of consent, written informed consent was obtained 
from a parent or legal guardian, with the child’s assent also obtained where age-appropriate. The study 
protocol was reviewed and approved by the Research Ethics Committee of Al- Kadhimiya Educational 
Hospital and Allergic and Asthma Center in Baghdad-Iraq, ethics committee No. 29/492 in 15 /8/2024.

Study design
In this work, a study was designed between two groups of patients and controls to determine the 

relationship between the genetic polymorphism rs2243250 in the IL-4 gene and allergy rhinitis development. 
A total of 182 individuals participated in the present study. The control group comprised 91 participants, 
while the patient’s group comprised the other 91. Participants were recruited between January 2023 and 
December 2024; the age of participants ranged from 6 to 65 years across both groups.

© 2026 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG
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Selection the study groups
Patients’ group selection. A total of ninety-one patients suffering from allergy rhinitis were visited the 

Kadhimiya Educational Hospital and Allergic and Asthma Center in Baghdad-Iraq. All cases were diagnosed 
by specialist’s physician.

Controls’ group selection. In order to exclude bias and confounding, the control group in this study 
was carefully selected. A control group of ninety-one healthy people was chosen for this investigation. The 
control group sample was chosen based on a group of criteria in selecting the study sample, including family 
history of the disease, geographical area, and similar circumstances to avoid variation in results.

Criteria of population samples selection. The study sample was chosen based on a number of factors, 
such as a history of allergic rhinitis, a positive physical examination, and a positive skin-prick test. Diagnosis 
of allergic rhinitis was established according to the Allergic Rhinitis and its Impact on Asthma (ARIA) clinical 
criteria, requiring the presence of at least two typical nasal symptoms (rhinorrhea, nasal obstruction, itching, 
or sneezing) confirmed by a positive skin-prick test to at least one of the tested aeroallergens. However, 
patients with lung disease, psoriasis, autoimmune diseases, malignant diseases, diffuse dermatitis, or 
respiratory infections were excluded. Healthy people without a family history of asthma, allergies, airway 
illnesses, atopy, or a potential chronic systemic disorder were not included in the control group.

Blood collection
6 ml of venous blood were collected from every participant. 3 ml of this were quickly put into EDTA 

tubes; the complete blood count (CBC) was performed on this fresh, unfrozen EDTA blood on the same day 
of collection, after which the remaining sample was stored at -20°C until DNA extraction. To estimate IL-4, 
IL-13 and IgE levels, the remaining 3 ml was put in a gel tube for serum isolation.

IL-4, IL-13 and IgE measurement
Serum was separated from whole blood collected in a gel tube using a centrifuge for all blood samples in 

order to estimate the amount of 1L-4, IL-13 and IgE in the populations in the current investigation. The serum 
was divided into 3 Eppendorf tubes and stored at a temperature of -20 degrees Celsius until the evaluation 
of interleukin 13, interleukin 4, and IgE. A human ELISA kit of IL-4 (Sunlong, catalog no. SL0997Hu) and 
IL-13 (Sunlong, catalog no. SL0974Hu) was used in accordance with manufacturing recommendations. For 
IgE estimation, an IgE Chemiluminescence assay on the Roche Cobas e411 immunoassay platform (Roche 
Diagnostics, Germany) was used for this purpose.

Skin prick test (SPT)
One technique for identifying the existence of particular immunoglobulin E (IgE)-mediated reactions 

is the skin prick test (SPT). A qualified healthcare professional who has received training in both identifying 
and treating anaphylaxis should undertake SPT. The test was conducted according to the following steps: 
A skin marker was placed straight directly on the inner part of the forearm. Subsequently, each allergen 
solution was administered to the skin in a sequential manner, with one drop being placed at a time. After 
that, the skin was punctured by piercing the droplet while maintaining a vertical orientation of the scalpel. 
A consistent pressure was sustained for a duration of one second, following which the scalpel was then 
withdrawn. The drying method was used instead of wiping to avoid the risk of cross-contamination with 
allergens on the arm. After the 10-15 min test period, the circumference of each red mark was carefully 
measured to determine its diameter. A test was considered positive when the mean wheal diameter was ≥ 
3 mm greater than that produced by the negative control. Histamine dihydrochloride (10 mg/mL) and the 
allergen diluent solution were used as the positive and negative controls, respectively, run alongside each 
panel. Allergen extracts were sourced from Stallergenes Greer. Participants were instructed to discontinue 
antihistamines and other medications known to suppress the wheal-and-flare response prior to testing, in 
line with standard SPT washout guidance.

Complete blood count (CBC)
The phrase “complete blood count” encompasses a battery of tests conducted in a medical laboratory 

to provide information on the cellular composition of an individual’s blood. The comprehensive blood count 
offers data about the quantity of blood cells, encompassing both leukocytes and erythrocytes, as well as 
platelets, along with the levels of hemoglobin and hematocrit. To quantify the different types of white blood 
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cells, one can add the differential of the white blood cells to the red blood cell indices, which indicate the 
average size and hemoglobin content inside the red blood cells. CBC parameters were measured using 
an automated hematology analyzer (Sysmex XN-350, Sysmex Corporation, Japan), based on the electrical 
impedance (Coulter) principle.

Detection of IL-4 genetic polymorphism rs2243250
Extraction of DNA. According to the Tonk-Bio Genomic DNA extraction kit (USA) recommendation, the 

DNA was extracted. The Nanodrop apparatus was utilized to assess the concentration and purity of DNA. 
A volume of 1µl from each DNA sample was used for measurement. The concentration and purity of the 
extracted DNA ranged from 60 to 150 nanograms per microliter (ng/µl) and was within the range of 1.8 to 
2 optical density at a wavelength of 260 nm/280 nm.

Preparing and selection of primers. In the present work, all primers which used for the detection IL-4 
genes were listed in Table1. The specific primers were diluted with nuclease-free water to reach a final 
concentration of 100μM. The primer stock solution was then stored at -20°C until it was needed.

PCR condition for IL-4 gene. 10μl of PCR premix (Bioneer/Korean), 5μl of DNA template, 2μl of both 
forward and reverse primers (10μM), and nuclease-free water were used to create the final 20μl volume 
of PCR amplification. The final undigested PCR amplicon size was 195 bp; this product was subsequently 
subjected to AvaII restriction digestion (see below) to resolve the rs2243250 genotype, yielding fragments 
of 175 bp + 20 bp for the C allele (which contains the AvaII recognition site) and an uncut 195 bp fragment 
for the T allele (which lacks the site).

The Restriction fragment length polymorphism (RFLP). The characteristics of IL-4 (rs2243250) variants 
primers sequencing, restriction fragment sizes, and restriction enzymes are illustrated in Table 1. The 
undigested PCR amplicon for rs2243250 was 195 bp; the fragment sizes listed in Table 1 are those obtained 
after AvaII digestion of this amplicon, not the size of the amplicon itself.

rs2243250 polymorphism detection. The PCR cycling parameters for the rs2243250 polymorphism 
were conducted as follows: One cycle of the principal denaturation phase at 95°C for five minutes, followed 
by 35 cycles of the denaturation step at 95°C for 30 seconds, the annealing step at 57°C for 30 seconds, and 
the extension step at 72°C for 30 seconds. The PCR reaction was terminated by running one cycle for the 
infinite step at 4°C after a 10-minute cycle for the final extension step at 72°C. The amplified PCR products 
were digested using AvaII for rs2243250 as described: 5 µl of the PCR product was combined with 0.5 µl 
of the enzyme. Then, 2.5 µl of buffer was mixed with 17 µl of sterile distilled water. The mixture was then 
incubated at 37 °C for 1 hour before being subjected to gel electrophoresis.

Agarose gel preparation and electrophoresis. One gram of agarose powder was dissolved in 100 ml of 
TEB buffer to prepare a 1% concentration of gel that was used for DNA fragment separation. The mixture of 
powder and buffer was heated in the microwave for 30 seconds until the agarose was completely dissolved. 
After cooling to 50–60°C, the agarose gel was mixed with 2 μl of red safe dye and carefully poured into 
the tray, being careful not to create air bubbles between the comb’s teeth. The gel was then left to set for 
30–40 minutes at room temperature. The tray was placed in the tank, and the comb was gently removed 
once the final gel solidification was complete. 8 μl of loaded DNA were carefully placed into an agarose 
electrophoresis gel well after DNA samples were first mixed with a loading dye so that 5 μl of each DNA 
sample were combined with 3 μl of loading dye. After the electrophoresis tank was sealed with its unique 
cover, an electric current was run for 75 minutes at 70 volts. Using a UV transilluminator, the DNA sample 
was observed and captured on camera using UV light at 336 nm.

Statistical analysis
The statistical analysis of this case control study was performed with the statistical package for social 

sciences (SPSS) 20.0 and Microsoft Excel 2013. Numerical data were tested for normality using the Shapiro-
Wilk test, which indicated an approximately normal distribution for the continuous immunological and 
hematological variables; these are accordingly presented as mean ± standard error (SE) and were compared 
using the independent-samples t-test for two groups and one-way ANOVA for comparisons among more 
than two groups. Categorical data were described as count and percentage. Chi-square test or fisher exact 
test used to estimate the association between variables. The lower level of accepted statistically significant 
difference is bellow or equal to 0.05. Odds ratio was calculated in order to measure the potential risk of 
mutant allele in Asthmatic patients to predispose a disease risk, in addition to heterozygous genotype 
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and homozygous mutant in comparison with homozygous wild genotype. Hardy-Weinberg equilibrium 
in the control group was assessed using a chi-square goodness-of-fit test comparing observed genotype 
counts with those expected under equilibrium, calculated from the observed allele frequencies. Pearson’s 
correlation coefficient was used to assess the relationship between continuous immunological and 
hematological variables, consistent with the approximately normal distribution established above. Pairwise 
comparisons between the three rs2243250 genotype groups (CC, CT, and TT) were performed directly using 
the independent-samples t-test for each pairwise contrast (CC vs. CT, CC vs. TT, and CT vs. TT), rather than 
a global ANOVA with post-hoc correction, since each pairwise genotype contrast was of a priori interest.

Results

The significant variations between controls and cases according to demographic 
characteristics is illustrated in Table 1. Concerning the age group, the results record 
insignificant differences between group study (P=0.557). Likewise, the results showed that 
insignificant differences (P=0.149) between the study groups according to residence. For 
the family history of the disease, the results report significant variations (P=0.001) between 
cases and controls.

For allergy types, Table 3 explain the percentage of allergy types among patients’ group 
according to type of allergen. The results recorded the allergy reaction rates of the patients as 
follows: 74.72%, 61.53%, 48.35%, and 32.96% for weed, grass, trees, and mites respectively. 
As for the results of patients who were not allergic, the percentages were as follows: 67.04%, 
51.65%, 38.46%, and 25.28% for mites, trees, grass and weed respectively. Separately, 
58.24% of patients (n = 53) reported concurrent use of allergy-related medication (chiefly 
antihistamines) at the time of enrollment; this is a clinical characteristic of the cohort and 
not an additional SPT allergen category.

Table 1. The primers set of IL-4 (rs2243250). Primer sequences and restriction enzymes were used in Table 
2 according to [11]

 
Target gene Primer sequencing Fragment size after AvaII digestion Restriction enzyme 

IL-4 (rs2243250) 
F 5’ CTTCCGTGAGGACTGAATGAGAC3’ 175 bp and 20 bp for C allele 

AvaII R 5’ GCAAATAATGATGCTTTCGAAGTTTCAG3’ 195 bp for 
T allele 

 
 

Table 2. The significant differences between cases and controls according to demographic characteristics 
Demographic characteristics Variables Control Patient P-value 
Age (year) Median 31 29 0.557 
Gender Female 51 (56%) 59 (64.8%) 0.144 Male 40 (44%) 32 (35.2%) 
Residence Urban 46 (50.5%) 38 (41.8%) 0.149 Rural 45 (49.5%) 53 (58.2%) 
Family history of asthma Yes 0 (0.0%) 45 (49.5%) <0.001 NO 91 (100%) 46 (50.5%) 

 
 Table 3. The percentage of allergy types of patients according to allergen 

Allergy types of patients Patients with 
allergy Percentage (%) Patients with 

non-allergy Percentage (%) 
Weed 68 74.72% 23 25.28% 
Grass 56 61.53% 35 38.46% 
Trees 44 48.35%   47 51.65% 
Mites 30 32.96% 61 67.04% 
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For immunological markers, the significant differences between controls and patients 
noted in Table4. The results showed clear highly significant differences P < 0.001 between 
patients and healthy individuals for all types of WBCs as well as IL-4 and IL-13.

Table 5 illustrates the significant differences between patients and control groups 
in immunological markers. The results of IgE levels in sera as well as WBC counts of the 
study group were significantly (P < 0.001) higher in cases than in controls. The significant 
differences in lymphocyte (P=0.03), monocyte (P=0.01), and neutrophil (P=0.02) recorded 
between patients and control groups in males. Likewise, eosinophil, basophil, IL-4, and IL-13 
showed highly significant differences (P< 0.001) between patients and controls in the male 
group.

For the female group, the significant differences between patients and control groups 
in immunological markers are clarified in Table 6. All immunological markers in the female 
group demonstrated high significance (P < 0.001) in cases compared to controls

Detection of rs2243250 SNP in IL-4
Fig. 1 displays the specific band of rs2243250 SNP in IL-4 gene at 195bp for TC and 

TT, and 175bp for CC genotypes. These results clarify the two alleles T and C in rs2243250 
SNP in both cases and controls group. The genotypes and allele frequency proportion of 
the rs2243250 genetic polymorphism in the IL-4 gene are clarified in Table 7. The present 
results noted that the CT genotype in the control group was more prevalent than the other 
genotypes, where the CT, CC, and TT genotypes were 44%, 39.6%, and 16.4%, respectively. 
Nevertheless, the proportion of genotypes in the case group showed that the CT and TT 

Table 4. WBCs differential count between patients and controls
 

Immunological markers   (rs2243250) genotypes p-value Control  Patients 
IgE (IU/ml) (65.15±3.16) (263.45 ± 12.32) < 0.001 
WBCs (count/mml) (6921.98±171.31) (9125.27 ± 195.26) < 0.001 
Lymphocyte (count/mml) (1889.23±54.84) (2212.6 ± 56.36) < 0.001 
Monocyte (count/mml) (595.12 ± 16.96) (721.79 ± 19.27) < 0.001 
Neutrophil (count/mml) (4162.77 ± 108.03) (4977.05 ± 115.47) < 0.001 
Eosinophil (count/mml) (240.93 ± 11.18) (1058.49 ± 26.33) < 0.001 
Basophile (count/mml) (33.93 ± 1.39) (155.49 ± 4.81) < 0.001 
IL-4 (pg/ml) (53.38 ± 2.03) (128.68 ± 5.1) < 0.001 
IL-13 (pg/ml) (5.74 ± 0.41) (13.4 ± 0.56) < 0.001 

 
 Table 5. Significant differences between controls and patients in male according to the immunological 

markers  
Immunological markers   ((Mean ± SE) p-value Control (male) Patients (male) 
IgE (65.02 ± 4.88) (283.89 ± 20.53) < 0.001 
WBCs (7190 ± 258.84) (9084.38 ± 338.35) < 0.001 
Lymphocyte  (1920.25 ± 83.07) (2195.69 ± 94.02) 0.03 
Monocyte  (606.43 ± 25.13) (714.94 ± 33.81) 0.01 
Neutrophile  (4368.93 ± 167.96) (4977.84 ± 200.07) 0.02 
Eosinophil  (257.96 ± 17.39) (1042.47 ± 45.16) < 0.001 
Basophile  (36.43 ± 2.21) (153.56 ± 9.18) < 0.001 
IL-4 (50.74 ± 2.97) (125.94 ± 7.77) < 0.001 
IL-13 (5.32 ± 0.62) (15.14 ± 1) < 0.001 
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genotypes were equal in proportion and were higher compared to the CC genotype, where 
the proportion of CT and TT was 42.9%, while the CC genotype proportion was 14.2%. For 
the CC genotype, OR was 0.25 (95% CI = 0.11 - 0.55), indicating a significant protective effect 
(P < 0.001). Whereas the OR of the CT genotype was 0.96 (95% CI = 0.53 - 1.71), indicating 
no significant association (P=1). The OR of the TT genotype was 3.8 (95% CI = 1.82 - 8.17), 
indicating a significant (P < 0.001) etiological factor. Moreover, the OR of C and T allele 
frequencies were 0.35 (95% CI: 0.23 - 0.53) and 2.88 (95% CI: 1.88 - 4.41), respectively, 
indicating that the C allele is significantly protective and the T allele is a significant etiological 
factor (< 0.001), respectively. Genotype distribution in the control group did not deviate 

Table 7. IL-4 (rs2243250) genotyping and alleles frequencies in cases compared to controls
 

Genotypes 
+ 
Alleles 

Control (n=91) Cases (n=91) 
OR (95%CI) p-value Observed Expected Observed Expected 

No. % No. % No. % No. % 
CC 36 39.6 34.46 37.9 13 14.2 11.61 12.8 0.25(0.11 - 0.55) < 0.001 
CT 40 44 43.08 47.3 39 42.9 41.79 45.9 0.96(0.53 - 1.71) 1 
TT 15 16.4 13.46 14.8 39 42.9 37.61 41.3 3.8(1.82 - 8.17) < 0.001 
Total  91 100 91 100 91 100 91 100   
Allele frequency  
C  112(62.2%) 65(36.1%) 0.35 (0.23 - 0.53) < 0.001 
T 70(37.8%) 117(63.9%) 2.88 (1.88 - 4.41) < 0.001 

 

Table 6. Significant differences between controls and patients in female according to the immunological 
markers 

Immunological markers  
 

 (Mean ± SE) p-value Control (female) Patients (female) 
IgE (65.24 ± 4.18) (252.24 ± 16.08) < 0.001 
WBCs (6711.76 ± 226.41) (9178.18 ± 250.61) < 0.001 
Lymphocyte  (1864.9 ± 73.56) (2243.76 ± 74.06) < 0.001 
Monocyte  (589.25 ± 23.11) (714.81 ± 23.92) < 0.001 
Neutrophil  (4001.07 ± 137.97) (4989.55 ± 149.01) < 0.001 
Eosinophil  (227.57 ± 14.45) (1074.99 ± 34.11) < 0.001 
Basophile  (31.97 ± 1.74) (155.23 ± 5.8) < 0.001 
IL-4 (55.46 ± 2.78) (130.29 ± 6.97) < 0.001 
IL-13 (6.06 ± 0.54) (12.54 ± 0.67) < 0.001 

 

Fig. 1. The results of the RFLP amplification of the polymorphic genotypes in rs2243250 SNP in IL-4 gene. 
The PCR products were electrophoresed (70 V for 75 minutes) in 1% agarose gels containing red safe stain. 
The bands were illustrated by UV light. L lane represents a 100-bp molecular weight marker.
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from Hardy-Weinberg equilibrium (observed vs. expected genotype counts in Table 7; χ² = 
0.47, df = 1, P = 0.495), supporting the reliability of the genotyping procedure. The results in 
Table 8 explain the significant differences between male and female patients according to CC 
genotype. The results recorded highly significant differences (P < 0.001) in monocyte. On the 
other hand, insignificant differences (P > 0.05) are listed in Table 8 for other types of WBCs 
between male and female patients. For TC genotypes, insignificant differences (P > 0.05) 
between male and female patients were observed in differential WBCs that are listed in Table 
9. In Table 10, insignificant differences (P > 0.05) between male and female patients are seen 
in differential WBCs according to TT genotype.The results summarized in Table 11 describe 
the significant variation between male and female patients in IgE antibody levels according 
to rs2243250 genotypes. The results reported insignificant differences between patients’ 
groups (P > 0.05). Table 12 clarified the significant differences between male and female 
patients in IL-4 and IL-13 levels in sera according to rs2243250 genotypes. Concerning IL-
4, the results indicated insignificant differences (P > 0.05) between male and female in all 
forms of genotypes CC, TC, and TT, while IL-13 noted the significant differences (P = 0.01) 
between male and female in patients with CC and TT genotypes. Insignificant differences (P 
> 0.05) were seen in patients with TC genotypes according to IL-13 levels.

Table 8. Significant differences between male and female patients in the differential white blood cells count 
according to the CC genotype 

Blood cells 
IL-4 (rs2243250) genotypes 

p-value CC  
Patients (male) Patients (female) 

WBCs (8500 ± 372.89) (8100 ± 639.79) 0.5 
Lymphocyte (1985.71 ±111.66) (1882.17 ± 210.21) 0.5 
Monocyte (691.98±177.88) (635.94 ± 62.98) < 0.001 
Neutrophil (4692.49±287.91) (4384.57 ± 349.66) 0.5 
Eosinophil (984.48 ± 42.71) (1044.51±104.23) 0.6 
Basophile (145.45 ± 14.74) (152.95 ± 17.93) 0.7 

 
 Table 9. Significant differences between male and female patients in the differential white blood cells count 

according to the TC genotype
 

Blood cells 
IL-4 (rs2243250) genotypes 

p-value TC 
Patients (male) Patients (female) 

WBCs (8945.45±652.32) (9310.71±319.69) 0.6 
Lymphocyte (2125.45±189.17) (2344.46±94.13) 0.6 
Monocyte (720.24±60.4) (722.1±35.65) 0.3 
Neutrophil (4999.92±376.11) (5009.64±195.72) 0.9 
Eosinophil (962.92±84.64) (1079.14±38.62) 0.2 
Basophile (137.03±16.81) (155.56±7.47) 0.3 
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The significant differences between patients in IL-4 and IL-13 levels according to their 
genotyping patterns are shown in Table 13. The results in Table 13 clarify insignificant 
differences (P > 0.05) between all patients in the study groups according to genetic 
polymorphism of rs2243250 in IL-4 and IL-13 levels. For IgE and differential WBCs, 
the significant differences between patients according to their genotyping patterns are 
displayed in Table 14. Statistically significant differences were observed only between 
patients with CC genotypes against TT in IgE (P = 0.03), WBCs (P = 0.04), and lymphocytes 
(P = 0.05). Likewise, a significant difference was noted between patients with CC against 
TC genotypes in lymphocytes (P = 0.02); the corresponding WBC comparison between CC 
and TC genotypes did not reach statistical significance (P = 0.06). Regarding other immune 
markers, no statistical significance was found among patients. Further studies are needed to 
explain the above results.

Table 10. Significant differences between male and female patients in the differential white blood cells 
count according to the TT genotype 

Blood cells 
IL-4 (rs2243250) genotypes 

p-value TT 
Patients (male) Patients (female) 

WBCs (9485.71 ± 554.98) (9216 ± 411.53) 0.5 
Lymphocyte (2355.86 ± 140.4) (2165.88 ± 115.58) 0.1 
Monocyte (722.27 ± 54.36) (750.81 ± 35.61) 0.9 
Neutrophil (5103.17±330.4) (5081.72 ± 239.66) 0.8 
Eosinophil (1133.97 ± 72.16) (1059.21 ± 60.28) 0.3 
Basophile (170.6 ± 14.04) (158.49 ± 9.46) 0.3 

 
 Table 11. Significant differences between male and female patients in IgE antibody according to rs2243250 

genotypes 
IgE with genotypes (rs2243250) genotypes p-value Patients (male) Patients (female) 
IgE (CC) (370.84±34.73) (283.86 ± 58.66) 0.2 
IgE (TC) (260.92±21.85) (267.39±25.75) 0.6 
IgE (TT) (258.46 ±36.86) (227.98 ± 16.91) 0.4 

 
Table 12. Significant differences between male and female patients in IL-4 and IL-13 according to rs2243250 
genotypes 

Immunological markers  
with genotypes 

 (rs2243250) genotypes p-value Patients (male) Patients (female) 
IL-4 (CC) (113.37±10.29) (129.74 ±22.47) 0.5 
IL-4 (TC) (127.08±15.81) (138.09±10.27) 0.5 
IL-4 (TT) (131.34 ± 12.04) (121.39 ± 9.53) 0.4 
IL-13 (CC) (15.93 ± 1.57) (11.9 ± 1.03) 0.01 
IL-13 (TC) (14.37±1.79) (13.86±0.87) 0.8 
IL-13 (TT) (14.75±1.98) (8.33 ± 0.8  0.01 
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Correlation between immunological markers in the study groups
The results summarized in Table 15 explained the correlation between levels of 

immunological factors in the study groups. For the case group (n = 91, df = 89), correlation 
coefficients with |r| ≥ 0.207 are statistically significant at P < 0.05; coefficients below 
this threshold, referred to as “insignificant” throughout the text, did not reach statistical 
significance.

Table 14. Significant differences between all patients in IgE and differential WBCs according to rs2243250 
genotypes 

Immunological markers  
with genotypes 

 (rs2243250) genotypes p-value Patients  Patients 
IgE (CC vs TT) (330.70±33.81) (238.92±16.98) 0.03 
IgE (CC vs TC) (330.70±33.81) (265.57±19.34) 0.11 
IgE (TT vs TC) (238.92±16.98) (265.57±19.34) 0.3 
WBCs (CC vs TT) (8315.38±345.64) (9312.82±326.85) 0.04 
WBCs (CC vs TC) (8315.38±345.64) (9207.69±290.57) 0.06 
WBCs (TT vs TC) (9312.82±326.85) (9207.69±290.57) 0.81 
Lymphocyte (CC vs TT) (1937.92±109.89) (2234.08±89.71) 0.05 
Lymphocyte (CC vs TC) (1937.92±109.89) (2282.69±86.21) 0.02 
Lymphocyte (TT vs TC) (2234.08±89.71) (2282.69±86.21) 0.7 
Monocyte (CC vs TT) (666.11±45.22) (740.57±29.69) 0.18 
Monocyte (CC vs TC) (666.11±45.22) (721.57±30.32) 0.32 
Monocyte (TT vs TC) (740.57±29.69) (721.57±30.32) 0.66 
Neutrophil (CC vs TT) (4550.37±218.62) (5089.42±191.48) 0.07 
Neutrophil (CC vs TC) (4550.37±218.62) (5006.90±173.32) 0.11 
Neutrophil (TT vs TC) (5089.42±191.48) (5006.90±173.32) 0.75 
Eosinophil (CC vs TT) (1012.18±51.53) (1086.05±46.31) 0.29 
Eosinophil (CC vs TC) (1012.18±51.53) (1046.36±36.94) 0.59 
Eosinophil (TT vs TC) (1086.05±46.31) (1046.36±36.94) 0.51 
Basophile (CC vs TT) (148.91±11.02) (162.84±7.83) 0.31 
Basophile (CC vs TC) (148.91±11.02) (150.33±7.16) 0.91 
Basophile (TT vs TC) (162.84±7.83) (150.33±7.16) 0.24 

 

Table 13. Significant differences between all patients in IL-4 and IL-13 according to rs2243250 genotypes
 

Immunological markers  
with genotypes 

 (rs2243250) genotypes p-value Patients  Patients 
IL-4 (CC vs TT) (120.93±11.45) (124.96±7.43) 0.95 
IL-4 (CC vs TC) (120.93±11.45) (134.98±8.43) 0.38 
IL-4 (TT vs TC) (134.98±8.43) (124.96±7.43) 0.5 
IL-13 (CC vs TT) (11.79±1.43) (13.34±0.91) 0.23 
IL-13 (CC vs TC) (11.79±1.43) (14 ± 0.78) 0.09 
IL-13 (TT vs TC) (14 ± 0.78) (13.34±0.91) 0.5 
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Concerning the IgE antibody, the correlation relationship in Table 15 was insignificantly 
weakly positive with monocyte (r = 0.11), neutrophil (r = 0.1), basophil (r = 0.07), and 
IL-4 (r = 0.17). No correlation was seen between IgE and lymphocyte and eosinophil (r = 
0). Analogously, there was a non-significant negative correlation between IgE and IL-13 
level (r=-0.15). For WBC count, the results recorded a significant positive correlation with 
lymphocytes, monocytes, neutrophils, eosinophils, and basophils (r = 0.78, 0.84, 0.96, 0.79, 
and 0.8, respectively). On the other hand, the results noted insignificant weak negative and 
positive correlations between WBCs and IL-4 (r=-0.08) and IL-13 (r=0.06), respectively. 
The results in Table 15 also explain the correlation between the differential WBCs and IgE, 
IL-4, and IL-13. For monocyte, the results reported a positive correlation with neutrophil 
(r=0.92) and basophil (r=0.75); in contrast, the results pointed to an insignificant weak 
positive correlation between monocyte and lymphocyte (r=0.41), eosinophil (r=0.47), IL-4 
(r=0.01), and IL-13 (r=0.12). Regarding neutrophils, the result indicated a significant positive 
correlation with eosinophils (r=0.66) and basophils (r=0.76). While the results of the current 
study recorded a weak, statistically insignificant negative correlation between neutrophils 
and IL-4 (r=-0.03) and a positive correlation between neutrophils and IL-13 (r=0.1). The 
positive significant correlation between eosinophils and basophils (r=0.77) was seen in the 
present results, on the one hand, and on the other hand, there was a weak positive insignificant 
correlation with IL-13 (r=0.01) and a weak negative insignificant correlation with IL-4 (r=-
0.15). For basophils, the results were found to have a weak negative insignificant correlation 
with IL-4 (r=-0.07) and a weak positive insignificant correlation with IL-13 (r=0.06). The 
correlation between IL-4 and IL-13 in the current work was observed to be a weak, positive, 
insignificant one (r=0.12). Table 15 can be summarized regarding the correlation between 
white blood cells and the levels of interleukins. There is a weak negative correlation with 
IL-4, in contrast to IL-13, where the results showed a weak positive correlation. With the 
exception of the lymphocyte cells, the results revealed a weak negative correlation with IL-4 
and IL-13 together.

Discussion

IL-4 and IL-13 are considered pivotal players in the pathogenesis of allergic rhinitis 
[12]. The present result in Table 4 reported high significance between patients and controls 
(P < 0.001) in IL-4 and IL-13 levels. This result is supported by the results of a study conducted 
by [13], where it was observed that allergic rhinitis was characterized by the presence of 
high levels of IL-4 and IL-13. In addition, the results of the current study recorded statistically 
significant (P < 0.001) differences in IgE levels between study groups (Table 4). This result is 
related to the fact that IL-4 and IL-13 work to cause major diseases by causing the activation 
of B-cells, which can activate the production of IgE antibodies, thus stimulating the goblet 
cells and inducing mucus overproduction through the airway stimulation response [14]. 
Moreover, some previous evidence has shown a link between the development of asthma 
and allergic rhinitis and the overproduction of IgE antibodies, which may indicate that it is a 

Table 15. Immunological markers levels Pearson’s correlation in case group
 

Immune  
markers IgE WBC Lymphocyte Monocytes Neutrophil Eosinophil Basophil IL-4 IL-13 
IgE 1 0.07 0 0.11 0.1 0 0.07 0.17 -0.15 
WBC 0.07 1 0.78 0.84 0.96 0.79 0.8 -0.08 0.06 
Lymphocyte 0 0.78 1 0.41 0.58 0.7 0.5 -0.15 -0.04 
Monocytes 0.11 0.84 0.41 1 0.92 0.47 0.75 0.01 0.12 
Neutrophil 0.1 0.96 0.58 0.92 1 0.66 0.76 -0.03 0.1 
Eosinophil 0 0.79 0.7 0.47 0.66 1 0.77 -0.15 0.01 
Basophil 0.07 0.8 0.5 0.75 0.76 0.77 1 -0.07 0.06 
IL-4 0.17 -0.08 -0.15 0.01 -0.03 -0.15 -0.07 1 0.12 
IL-13 -0.15 0.06 -0.04 0.12 0.1 0.01 0.06 0.12 1 
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good immune indicator in diagnosing respiratory diseases [15]. The results of the current 
study agreed with [16] that clarify the presence of IgE antibody levels in patients as a result 
of the presence of some stimuli such as grass and trees. The results of the current study are 
also consistent with [17] and [18], which indicated that IgE-associated hypersensitivity is a 
frequent problem caused by allergen sources such as house dust mite, grass pollen and other 
foods that responsible for activation the hypersensitivity and then IgE mediated. Studies 
have shown that adults with allergies do not develop sensitization to new allergens, but 
rather exhibit a stable pattern of IgE reactivity to a specific group of allergens [19]. Allergen-
associated IgE levels are decreased in patients who are already sensitized in the absence of 
allergen exposure, while they are elevated upon exposure [20]. Interestingly, contact with 
isolated allergens across the nasal mucosa can lead to increased IgE levels [21]. Furthermore, 
increased secondary IgE production can only be induced by allergen molecules containing 
intact IgE antigens, not by allergen derivatives containing only T-cell antigens [22]. This 
evidence is consistent with the results of the current study in Table 3, which is that allergens 
differ from one person to another, and on this basis, IgE antibody levels may be produced 
according to the type of stimulus. The result in Table 4 presented highly significant differences 
(P < 0.001) between patients and controls in WBC differential cells. The results of the current 
study were consistent with the results of study [23], which showed that the patients with 
moderate-severe allergic rhinitis have elevated levels of activated and pathogenic eosinophils, 
which are also associated with increased production of IL-4 in their serum. Eosinophils are 
known to play an active role in chronic allergic diseases [24].  A close association has been 
demonstrated by the presence of a number of eosinophils in nasal smears, a biomarker for 
patients with allergic rhinitis [25]. There is further evidence that eosinophil levels are 
associated with increased levels in patients with allergic rhinitis after exposure to allergens 
[26]. Regarding basophils, the binding of allergens to IgE leads to the degradation of 
basophils, which in turn releases several pro-inflammatory mediators, such as histamine, 
causing allergic symptoms [27]. This fact may be explained by the presence of elevated 
basophil levels. Concerning neutrophile levels in the sera of groups in the current work, the 
results clarify highly significant differences (P < 0.001) between patients and controls. 
Neutrophils are produced in large quantities in the bone marrow through the process of 
granulopoiesis [28]. They play an important role in innate immunity, representing 50-70% 
of their presence in the blood [29]. In addition, this type of cell is recruited in response to 
inflammatory cytokines [30] and subsequently migrates from the bloodstream to tissues in 
response [31]. Neutrophils are activated during hypersensitivity reactions by decreased 
levels of selectin, a protein important in neutrophil migration [32]. The presence of high 
levels of neutrophils in the sera of patients with allergic rhinitis may be explained by the fact 
that neutrophils express both FcεRI [33] and FcγRs [34] receptors and can therefore be 
stimulated directly by allergens and via mast cells. Additional research has verified that 
neutrophils function as antigen-presenting cells (APCs) and have the ability to stimulate the 
growth of T cells specific to allergens that are engaged in the late-phase response [35]. This 
may explain the elevated levels of lymphocytes in the patients’ sera due to their stimulation 
by neutrophils. Tables 5 and 6 in the present work explain the significant differences in 
immunological factors between patients and controls in males and females, respectively. 
Clearly, the results require further scientific investigation. The demographic region and 
sample size may be the most important determinants in interpreting these results. It is not 
possible to rely on a specific geographic region or sample size to determine the association. 
In general, many studies show that immune disorders are more commonly associated with 
females than males [36]. In the current study, however, statistically significant differences 
between patients and controls were observed in both sexes across all measured immunological 
parameters, including eosinophils, basophils, IL-4, and IL-13 (Table 5, Table 6), suggesting 
that the genotype-associated immune response in this cohort was not restricted to females. 
The results of the current study in Table 7 are consistent with those of study [37] regarding 
rs2243250, as the study showed that the TT genotype and T allele were associated with an 
increased risk of allergic rhinitis. In addition, a study by [38] demonstrated an association 
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between rs2243250 and airborne allergens. Many studies have focused on the role of genetic 
polymorphisms in the development of diseases, including a study [39] that reported that the 
genotype TG in the genetic polymorphism rs2981572 in the IL-20 gene was associated with 
an increased risk of asthma. In fact, many interleukins and genetic polymorphisms in their 
genes have been linked in one way or another to the disease, whether as a protective or 
causative factor. For example, the [40] study clarifies a link between the genetic polymorphism 
rs2981572 in the IL-20 gene and kidney disease and a link between the genetic polymorphism 
rs20541 in the IL-13 gene and renal cell carcinoma [41]. Genetics, lifestyle, social, economic, 
and environmental factors, as well as the accessibility of health and treatment facilities 
offered by the national health system, all have an impact on human health. These components 
are combined to support prevention and help people lead sustainable, healthy lives [42]. The 
results of the current study in Tables 8, 9, 10, and 11 explain the comparison between male 
and female patients in immunological markers according to the genotypes of their genes. In 
fact, the results did not show any statistically significant differences except for the difference 
between patients’ groups in monocyte levels in Table 8 according to the CC genotype. A study 
[43] found that the immune and inflammatory response pathways of monocytes are more 
regulated in females than in males. This is due to the association of expression of some cells 
that show a sex bias. However, more studies are required to investigate these variations and 
associations in immune parameters and relationships depending on the human sex. The 
results in Table 12 show significant differences between the participating patients in the 
levels of IL-4 and IL-13 according to the rs2243250 genotypes they carry. The results 
recorded no significant difference between the patients in IL-4. On the contrary, statistically 
significant differences appeared between the participating patients with TT and CC genotypes 
in the levels of IL-13. These cytokines are key players in regulating allergy-associated 
inflammation, possessing significant immunomodulatory effects. They affect a wide range of 
immune cells, including B cells, eosinophils, basophils, monocytes, fibroblasts, endothelial 
cells, respiratory epithelial cells, smooth muscle cells, and keratinocytes. Recent studies have 
demonstrated the role of IL-4 and IL-13 in the development of several autoimmune diseases. 
Furthermore, these cytokines are suspected to play a major role in the pathogenesis of 
inflammatory arthritis. Recent research suggests that IL-4 and IL-13 may play an important 
role in inhibiting the inflammatory processes associated with rheumatoid arthritis and may 
also contribute to a positive modulation of the disease process [44]. However, there are other 
studies that need to be conducted to explain these differences. According to the results of 
Table 13, the increased production of IL-4 and IL-13 was not related to patients’ groups 
according to their genotyping of the rs2243250 polymorphism. This may be because patients 
generally expressed similar or somewhat similar levels of interleukin, and it is possible that 
this is due to the same geographical community, which may be defined by similar living 
conditions. This is likely due to the fact that the patients generally expressed similar 
interleukin levels, or the severity of the disease was similar. This may also be due to the fact 
that they live in a single geographic community, perhaps defined by similar living conditions. 
Regarding the results in Table 15, which indicate correlations between immune parameters, 
most of the study results recorded statistically insignificant correlations, whether positive or 
negative. At the same time, it became clear that correlations between blood cell types were 
positive and significant. This may explain the synergistic action of defensive blood cells in 
cases of immune diseases or various injuries to which the body is exposed. A study on 
metabolic syndrome found significant associations between white blood cells [45]. This 
study may be consistent with the general explanation of the association between blood cells 
and their synergistic function.

Conclusion

Based on these results, there is likely to be a link between the development of the disease 
and rs2243250 genetic polymorphisms in the IL-4 gene, consistent with prior meta-analytic 
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evidence supporting this association. Beyond confirming the genetic association, the present 
study adds value by combining, within the same Iraqi cohort, rs2243250 genotyping with 
serum IL-4, IL-13, and IgE quantification and a full differential leukocyte profile, allowing the 
genetic, cytokine, and cellular dimensions of allergic rhinitis to be examined together rather 
than in isolation. Weak positive and negative correlations between immunological markers 
were seen on the one hand, and significant positive correlations between WBC types were 
seen on the other.
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