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Abstract 
 

Allergic rhinitis is one of the most common diseases of the upper respiratory system, which imposes a high cost on countries every year due 

to its high prevalence. This disease is a global health problem. In recent years, due to the increase in prevalence and clinical importance of 

allergic rhinitis in other diseases, such as asthma, the study of this disease has received much attention. In this article, single nucleotide 

polymorphisms involved in allergic rhinitis have been studied in particular. In this study, the possible candidate genes related to allergic 

rhinitis in people with this disease and the single nucleotide polymorphism variants related to the said disease were investigated. The data 

collected in this study was the result of studies conducted in different parts of the world. The population studied in the articles are people 

with allergic rhinitis. The results have shown the association of several single nucleotide polymorphisms in different genes with allergic 

rhinitis, some of which may be useful in understanding the pathophysiology and finding new methods for immunotherapy of allergic rhinitis.  
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INTRODUCTION 

Allergic rhinitis (AR), also known as hay fever, is an 

inflammatory disease of the nasal mucosa [1]. Runny nose, 

itching, sneezing, and nasal congestion are the most common 

clinical symptoms [2], and the penetration of europhilia, 

cytokine responses, and mucus secretion are among the 

characteristics of allergic rhinitis. Therefore, the coexistence 

of this disease with other diseases such as asthma, sinusitis, 

nasal polyps, middle ear inflammation, and rarely lower 

respiratory tract infection has been reported [3-5]. 

Allergic rhinitis is one of the most common diseases 

worldwide, so almost a quarter to 40% of the world's 

population is affected by this disease [6-8]. Previous studies 

show that the current prevalence of allergic rhinitis is 38.5% 

in Asia, 30-23% in Europe, 12-30% in the United States, and 

7.7% in Africa [9]. Based on family and twin studies, it has 

been shown that allergic rhinitis has a heritability rate of 33-

75% [10]. 

The complex interaction of genetics, epigenetics, and 

environmental factors plays an important role in the 

occurrence and development of allergic rhinitis [11-14]. 

Therefore, many studies have been conducted around the 

world to find genetic changes effective in the occurrence of 

allergic rhinitis; perhaps by identifying these changes, 

necessary preventions, and appropriate therapeutic 

interventions should be adopted. 

RESULTS AND DISCUSSION 

 In the studies conducted, people with allergic rhinitis and the 

genetic changes observed in the genome of these patients 

compared to healthy people have been investigated. In all 

reviewed articles, single nucleotide polymorphisms in 

candidate genes related to the occurrence and progression of 

allergic rhinitis were investigated. In the following, we 

discuss the findings of these studies so that we can access new 

and practical findings in this field from the results of these 

researchers' studies.  

Polymorphic Changes in Allergic Rhinitis  
Single nucleotide polymorphisms (SNPs) are among the most 

common changes in the genome that cause phenotypic 

differences between individuals. SNPs, by being located in 

the promoter, exonic, or intron region of a gene, can cause 

changes in gene expression level, coded amino acid type, and 

primary transcript splicing, respectively. In general, when 

SNPs cause changes in the function or expression of the 
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protein product, they are known as pathogenic 

polymorphisms [14].  

Chemokines and Chemokine Receptors 
Chemokines and their receptors are necessary for the 

chemical movement of various inflammatory cells to the site 

of inflammation; therefore, their relationship was 

investigated in general in allergic processes and especially in 

allergic rhinitis. RANTES is one of the chemokines whose 

relationship with allergic diseases has been extensively 

studied. In the study of Kim [14], it was shown that the 

polymorphic alleles A403 and G28 of the RANTES gene 

promoter are significantly higher in allergic rhinitis patients 

than in the healthy group. Nakamura et al. [15] showed that 

Ile64 polymorphism in the CCR2 gene and C51 

polymorphism in the CCR3 gene were significantly 

associated with allergic rhinitis in the Japanese population. 

This study also showed a high frequency of Ile/780C/51C64 

haplotype in allergic rhinitis patients compared to the control 

group. 

Eosinophil Peroxidase 
The eosinophil peroxidase (EPO) gene encodes a cationic 

protein that is released from activated eosinophils. Eosinophil 

granulocytes play an important role in protecting organisms 

against parasites. They are also proposed as cells that are 

effective in allergic inflammation. Nakamura et al. [16] 

conducted a study on eosinophil peroxidase gene 

polymorphisms, the results of which indicated the effect of 

polymorphisms Arg 202 (660G) in exon 6 and Leu358 in 

exon 7 of the EPO gene in causing allergic rhinitis in the 

Japanese population. Hrdlickova and Izakovicova-Holla [17] 

investigated gene polymorphisms, and finally, only 

polymorphism A/G3979 had a significant association with 

allergic rhinitis, and levels showed IgE serum. 

Interleukins and Interleukin Receptors 
Cytokines are a group of water-soluble protein molecules that 

are secreted from various cells of the immune system and can 

activate macrophages, convert B lymphocytes into plasma 

cells, and induce the production of different classes of 

antibodies. Studies have confirmed the important role of this 

factor in the development of allergic rhinitis. Bottema et al. 

[18] stated in a study that C-1111T of the IL-13 gene 

polymorphisms are significantly related to rhinitis types and 

atopic genotypes, Arg130Gln and G870A of the IL13 gene 

polymorphisms are significantly related to asthma and IgE 

serum level. Chen et al. [19] showed the association of 

rs20541 of the IL-13 gene polymorphism with the risk of 

allergic rhinitis in the Asian population. Shazia et al. [20], 

during a study they conducted in Pakistan, finally proposed 

the A-1512C polymorphism of the 13-IL gene as a risk factor 

for asthma and allergic rhinitis. Hu et al. [21] showed the 

association of rs7517847 of the IL-23R gene polymorphism 

with allergic rhinitis. The significant association of 

rs2243250 polymorphic TT genotype and rs2227284 

polymorphic GG genotype and non-association of rs2070874 

polymorphic genotype on IL4 gene was proposed by Micheal 

et al. [22]. 

MRPL4 / TNF-α 
Intracellular adhesion molecule type 1 gene is expressed in 

the respiratory epithelium and plays an important role in 

ocular sensitivities. The MRPL4 gene is located near 1-ICAM 

and at position p13.219 on the chromosome, and for this 

reason, it may be considered a risk factor for the occurrence 

of AR. Wei et al. [23] reported that the frequency of 

rs1799964 of the MRPL4 gene polymorphisms is 

significantly higher in people with NF-α allergic rhinitis than 

in healthy people. 

TNFSF4/ BLK  
Recent studies indicate that the interaction between the type 

4 tumor necrosis factor receptor gene and the B lymphocyte 

kinase gene can synergistically determine the direction of B 

and T cells. Shen et al. [24] studied rs1234314 and rs1234315 

polymorphisms of the TNFSF4 gene and rs13277113 and 

rs1600249 polymorphisms of the BLK gene as effective 

biomarkers in allergic rhinitis susceptibility in the Chinese 

population. The results showed that the CC genotype 

(rs1234314 (r1234315) and the AA (rs1600249, 113277113) 

genotype have a protective effect against allergic rhinitis. At 

the same time, the AG (rs13277113) genotype was proposed 

as a risk factor in the occurrence of AR. It was also stated that 

the ACC haplotype in rs1234313 rs1234314 rs1234315 and 

GA in rs2254546 rs13277113 significantly reduce the risk of 

AR while GGT and AG haplotypes show a protective effect 

against AR. 

TSLP/ OX40L 
Cytokine thymus-dependent stromal lymphoprotein (TSLP) 

is a key molecule in epithelial dendritic cells that causes 

allergic inflammation [25]. OX40L is related to the family of 

tumor necrosis factor receptors. Studies have shown that 

X40-0X40 interactions play an important role in the 

development of several inflammatory and autoimmune 

diseases [26]. Hence, Soto-Quiros et al. [27] studied 

polymorphisms of TSLP and OX40L genes about allergic 

rhinitis and stated that polymorphisms in TSLP OX40 genes 

were significantly associated with AR and related phenotypes 

and also showed that polymorphic T allele rs1837253 in 

TSLP gene is strongly related to rhinitis and allergic 

genotypes and clinical symptoms of allergic rhinitis and it 

was also stated that TSLP and OX40L gene polymorphisms 

are strongly associated with total IgE levels in children. 

FOXP3 
The gene coding for FOXP3 protein, which is also known as 

scruffin, is involved in the response of the body's immune 

system. Genetic variations in the FOXP3 gene may be 

associated with dysfunction of T cells [27]. Hassannia et al. 

[28] investigated the frequency of the FOXP3-3279 

polymorphism and showed that the haplotypes formed by the 
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A 3279 allele are significantly higher in allergic rhinitis 

patients than in the control group. 

Leukotrienes 
Leukotrienes (LT) are active lipid mediators that have been 

reported to mediate chemical movement cell activation and 

smooth muscle contraction during allergic inflammation [29-

31]. Gülçin Eskandari et al. [32] investigated the frequency 

of A-444C leukotriene C4 synthetase gene polymorphism in 

allergic rhinitis patients in Turkey, and the results showed 

that the AC genotype and the C allele of this SNP increase the 

risk of allergic rhinitis.  

GATA3 Transcription Factor 
GATA3 transcription factor is the most important effective 

factor in increasing Th2 function. In the study of Shirkani et 

al. [33], a significant association was observed between the 

rs1269486 polymorphism of the GATA3 gene and the high 

frequency of the GG genotype, and the G allele of this SNP 

was obtained in the patient group compared to the healthy 

group. The results obtained from Zhang et al. [34] also 

showed the high frequency of the G allele of rs1269486 

polymorphism and the low frequency of the A allele of 

rs2229360 polymorphism of the GATA3 gene in the group of 

patients. 

TIM (T Cell Immunoglobulin and Mucin Domain) 
The TIM-1 gene is located at position q31-335 on the 

chromosome and is involved in the differentiation of T cells 

and allergic diseases. Mou et al. [35] stated that G>C416 and 

G>A1454 polymorphisms of the TIM-1 gene are associated 

with susceptibility to allergic rhinitis and IgE and IgA levels. 

PTPN22/ CTLA-4 
Studies have shown that protein tyrosine phosphatase and 

related protein or cytotoxic T lymphocytes are associated 

with several immune-related diseases. In a study conducted 

by Song et al. [36] among Chinese children, it has been 

shown that the prevalence of CC genotype and C allele of 

rs1310182 polymorphism in the group of allergic rhinitis 

patients is higher than that of PTPN22 gene in the control 

group, and they also stated that AA genotype and allele A 

polymorphism of rs231725 is significantly reduced in the 

patient group. 

Toll-like Receptor 
The importance of Toll receptor proteins in host protection 

and initiation of innate and adaptive immune responses has 

been reported. Nilsson et al. [37] showed that the genetic 

variations of rs179008 in the TLR7 gene and r12407992 in 

the TLRS gene are effective in the risk and incidence of 

allergic rhinitis in the Danish population. 

FCRL3 
FCRL3 (Fc receptor-like gene) is a new immune regulatory 

gene whose role in autoimmune diseases has been reported 

[38, 39]. Gu et al. [40] introduced rs7528684, rs10489678, 

and rs7522061 polymorphisms as a strong risk factor, and 

polymorphism of r945635 was introduced as a weak risk 

factor for allergic rhinitis disease in the Chinese population. 

Based on this study, it was shown that the haplotype of strong 

risk SNPs (AGT) showed significantly high frequency in 

allergic rhinitis patients. 

Histamine-N-Methyl Transferase/Diamine Oxidase 
Histamine is one of the key inflammatory mediators that are 

activated and secreted by mast cells and mast cells and cause 

the symptoms of allergic rhinitis. Histamine is broken down 

through two main metabolic pathways involving the enzymes 

histamine N-methyltransferase (HNMT) and diamine oxidase 

(DAO). The results of Qili's research showed that the 

nucleotide changes of HNMT and DAO genes could change 

their enzyme activity; therefore, a variety of genetic variants 

that reduce the activity of these enzymes can reduce the 

ability of these enzymes to inactivate histamine and 

contribute to the development and chronicity of allergic 

inflammation. Meza-Velázquez et al. [41] have studied the 

association of C314T and C2029G polymorphisms in HNMT 

and DAO genes, respectively, by examining the severity of 

allergic rhinitis in a group of Mexican children. The results 

showed that patients who have mutated alleles of any of the 

SNPs are at a higher risk of allergic rhinitis, increased serum 

histamine levels, and more severe symptoms. 

VDR/ CYP2R1 
Previous research results have shown that vitamin D activates 

macrophages and reduces the production of cytokines by Th2. 

Th2 cytokines are necessary for the initiation and progression 

of allergic reactions; therefore, it is thought that the metabolic 

pathway of vitamin D is involved in the development of 

allergic diseases [42]. CYP2R1 encodes the enzyme 

hydroxylase (vitamin D 25-hydroxylase), which is effective 

in absorbing vitamin D. Tian et al. [43] found the association 

of polymorphisms in vitamin D receptor and cytochrome 

P450 2R1 (cytochrome P450 2R1 = vitamin D 25-

hydroxylase) with mite persistent allergic rhinitis in 

investigated the Chinese population. This study stated that the 

AA genotype of the CYP2R1 gene polymorphism rs2060793 

increased the risk of PER in the subgroup under 16 years of 

age. The AG and AG/GG genotypes of the VDR gene 

polymorphism rs731236 gene increased the risk of PER 

reduction. 

CONCLUSION 

Allergic rhinitis is a highly prevalent disease caused by IgE 

reactions after exposure to allergens. This disease is often 

associated with other diseases, such as asthma [44]. This 

disease's main symptoms are sneezing, congestion, itchy eyes 

and nose, and runny nose and eyes [45]. Therefore, this 

disease can affect the patient's quality of life, and daily 

activities affect social relationships, work, and school. 

Evidence shows that genetic predisposition and 

environmental factors are the main causes of this disease [46]. 

The results obtained from several studies indicate that single 
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nucleotide polymorphisms in several coding genes, including 

interleukins and their receptors, cytokines and their receptors, 

leukotrienes, eosinophil peroxidase, MRPL4 TNF-α, 

histamine-N-methyltransferase, diamine oxidase, VDR, 

CYP2R1, Toll-like receptor, PTPN22, CTLA-4, FCRL3, 

TSLP, OX40L, FOXP3, GATA3, and TIM [21-46]. The 

different genetic make-up of people can also cause 

differences in people's response to a particular drug. 

Therefore, different genetic variants and their effect on the 

response to drug treatments in allergic diseases such as 

asthma and allergic rhinitis are very important to adopt the 

most suitable treatment based on the genetic make-up of 

people. 
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