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ABSTRACT 

Allergic rhinitis, a common upper respiratory condition, imposes significant healthcare costs worldwide each year 

due to its widespread occurrence. This condition has become a major global health concern. In recent years, there 

has been increasing interest in the study of allergic rhinitis, particularly about its rising prevalence and its 

association with other conditions such as asthma. This review focuses on single nucleotide polymorphisms (SNPs) 

associated with allergic rhinitis. It examines potential candidate genes associated with the condition and the SNP 

variants that may contribute to its development. The findings presented are based on research conducted globally, 

involving individuals diagnosed with allergic rhinitis. The results highlight several SNPs in different genes that 

are correlated with allergic rhinitis, with some potentially offering insights into the pathophysiology of the disease 

and paving the way for novel approaches to immunotherapy. 
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Introduction 

Allergic rhinitis (AR), often referred to as hay fever, is an inflammatory condition that affects the nasal mucosa 

[1]. Common symptoms include a runny nose, sneezing, itching, and nasal congestion [2]. The condition is marked 

by the infiltration of eosinophils, activation of cytokines, and increased mucus production. It is frequently found 

alongside other health issues such as nasal polyps, asthma, sinusitis, middle ear infections, and, in rare cases, 

lower respiratory tract infections [3-5]. 

As one of the most widespread conditions globally, allergic rhinitis affects about 25% to 40% of people worldwide 

[6-8]. Studies show its prevalence to be 38.5% in Asia, 23-30% in Europe, 12-30% in the United States, and 7.7% 

in Africa [9]. Evidence from family and twin studies suggests that allergic rhinitis has a heritability range of 33% 

to 75% [10]. 

The onset and progression of allergic rhinitis are influenced by a mix of genetic, epigenetic, and environmental 

factors [11-14]. This has led to extensive global research aimed at identifying genetic variations associated with 

the condition. Understanding these genetic changes could potentially lead to better prevention strategies and more 

effective treatment options for managing allergic rhinitis. 

This review focuses on single nucleotide polymorphisms (SNPs) associated with allergic rhinitis. It examines 

potential candidate genes linked to the condition and the SNP variants that may contribute to its development. 

Results and Discussion 

This collection of studies delves into the genetic variations associated with allergic rhinitis by comparing the 

genomes of affected individuals with those of healthy participants. The focus of these investigations was on single 

nucleotide polymorphisms (SNPs) present in genes linked to the onset and progression of allergic rhinitis. In the 
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following discussion, we summarize the key outcomes from these studies to highlight new insights and practical 

findings emerging in the field. 

Genetic variations associated with allergic rhinitis 

SNPs are common genetic alterations that can result in differences in phenotypic traits among individuals. 

Depending on their location in a gene, whether in the promoter, exonic, or intronic regions, these variations can 

lead to changes in how much a gene is expressed, the type of amino acid coded for, or how the RNA transcript is 

processed. If these SNPs alter the function or expression of proteins, they are considered pathogenic 

polymorphisms, which may contribute to disease. 

Role of chemokines and their receptors in allergic rhinitis 

Chemokines and their corresponding receptors are essential in the recruitment of inflammatory cells to areas 

affected by allergic reactions, making them critical in the context of allergic rhinitis. The role of these molecules 

has been studied in various allergic conditions. One chemokine, RANTES, has been closely linked with allergic 

diseases. For example, Kim’s research found that the A403 and G28 alleles of the RANTES gene promoter were 

significantly more prevalent in allergic rhinitis patients compared to healthy controls. Another study by Nakamura 

et al. [15] identified a strong association between the Ile64 polymorphism in the CCR2 gene and the C51 

polymorphism in the CCR3 gene with allergic rhinitis in a Japanese cohort. This research further revealed that the 

haplotype Ile/780C/51C64 was notably more common in allergic rhinitis patients than in the healthy group. 

Eosinophil peroxidase gene 

The gene responsible for encoding eosinophil peroxidase (EPO) produces a cationic enzyme released by activated 

eosinophils. Eosinophils are critical in defending the body against parasitic infections and also play a significant 

role in allergic inflammation. A study conducted by Nakamura et al. [16] analyzed specific polymorphisms in the 

EPO gene, namely Arg 202 (660G) in exon 6 and Leu358 in exon 7. These genetic variants were found to be 

linked to the onset of allergic rhinitis in individuals from Japan. Another study by Hrdlickova and Izakovicova-

Holla [17] revealed that the A/G3979 polymorphism showed a marked association with allergic rhinitis, 

influencing serum IgE levels. 

Cytokines and their receptors 

Cytokines are water-soluble proteins secreted by various immune cells, which facilitate immune responses by 

activating macrophages and transforming B lymphocytes into plasma cells. These molecules are crucial in the 

progression of allergic rhinitis. Research by Bottema et al. [18] identified the C-1111T polymorphism in the IL-

13 gene as strongly associated with different types of rhinitis, particularly in atopic individuals. They also found 

that certain polymorphisms like Arg130Gln and G870A in the IL-13 gene correlated with asthma and elevated 

IgE levels. Similarly, a study by Chen et al. [19] found that the rs20541 variant in the IL-13 gene is a risk factor 

for allergic rhinitis in Asian populations. Additionally, research by Shazia et al. [20] in Pakistan suggested that 

the A-1512C polymorphism in IL-13 could contribute to the development of both asthma and allergic rhinitis. 

Further studies, such as those by Hu et al. [21], linked the rs7517847 variant of the IL-23R gene with an increased 

risk of allergic rhinitis. Another study by Micheal et al. [22] demonstrated a significant association of the TT 

genotype in rs2243250 and the GG genotype in rs2227284 with allergic rhinitis, while no significant correlation 

was found with rs2070874 polymorphism in the IL-4 gene. 

MRPL4 and TNF-α genes 

The MRPL4 gene, located near the intracellular adhesion molecule-1 (ICAM-1), plays an important role in cellular 

adhesion, particularly in the respiratory epithelium. Its proximity to the ICAM gene suggests it may be a potential 

risk factor for allergic rhinitis. Wei et al. [23] showed that individuals with the rs1799964 polymorphism in the 

MRPL4 gene had a higher frequency of allergic rhinitis associated with NF-α than healthy controls. 

TNFSF4 and BLK genes 

Recent research indicates that the TNFSF4 gene, involved in immune cell signaling, and the BLK gene, which 

regulates B and T cell functions, might collectively contribute to allergic rhinitis susceptibility. Shen et al. [24] 

explored various polymorphisms in these genes, including rs1234314 and rs1234315 in TNFSF4, as well as 
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rs13277113 and rs1600249 in BLK, in a Chinese population. Their findings suggested that the CC genotypes in 

rs1234314 and rs1234315, and the AA genotypes in rs1600249 and rs13277113, may offer protection against 

allergic rhinitis. In contrast, the AG genotype at rs13277113 was linked to an increased risk of the condition. The 

study further indicated that certain haplotypes, such as ACC (rs1234313, rs1234314, rs1234315) and GA 

(rs2254546, rs13277113), might lower the risk of developing allergic rhinitis, while other haplotypes, like GGT 

and AG, may provide protective effects. 

TSLP and OX40L genetic variations 

Thymic stromal lymphopoietin (TSLP) plays a critical role in initiating allergic responses, particularly within 

epithelial dendritic cells [25]. OX40L, part of the tumor necrosis factor receptor family, has been implicated in 

various autoimmune and inflammatory disorders [26]. Research by Soto-Quiros et al. [27] revealed that genetic 

variations in the TSLP and OX40L genes are closely linked to allergic rhinitis, demonstrating their strong 

association with both allergic symptoms and elevated IgE levels, notably in pediatric cases. 

FOXP3 gene and immune regulation 

The FOXP3 gene encodes a protein essential for immune system regulation, particularly in the function of T cells. 

Variations in this gene may result in immune dysfunction, contributing to the development of allergic diseases 

[27]. Hassannia et al. [28] found that the FOXP3-3279 polymorphism occurred more frequently in allergic rhinitis 

sufferers than in healthy controls, suggesting a potential role in the condition’s development. 

Leukotriene involvement in allergic inflammation 

Leukotrienes are lipid mediators involved in inflammatory processes, such as smooth muscle contraction and cell 

migration, during allergic reactions [29-31]. In a study by Gülçin Eskandari et al. [32], the A-444C polymorphism 

of the leukotriene C4 synthetase gene was linked to a higher risk of allergic rhinitis in individuals from Turkey, 

with the AC genotype and C allele significantly increasing susceptibility. 

GATA3 gene’s role in Th2 responses 

The GATA3 gene regulates the activity of Th2 cells, which are central to allergic immune responses. Research 

by Shirkani et al. [33] showed a marked association between the rs1269486 polymorphism in GATA3 and the 

increased prevalence of the GG genotype in allergic rhinitis patients, compared to the control group. Zhang et al. 

[34] also observed a higher frequency of the G allele of rs1269486 in patients, suggesting a potential link between 

this variant and allergic disease susceptibility. 

TIM-1 gene and T cell differentiation 

Located on chromosome 11, the TIM-1 gene is involved in T cell differentiation and plays a role in allergic 

conditions. Mou et al. [35] highlighted the association of the G > C416 and G > A1454 polymorphisms in the 

TIM-1 gene with greater susceptibility to allergic rhinitis, as well as elevated levels of IgE and IgA. 

PTPN22 and CTLA-4 in immune regulation 

The PTPN22 and CTLA-4 genes are key regulators of immune responses, with their variations linked to 

autoimmune diseases. In a study conducted by Song et al. [36] on Chinese children, the CC genotype and C allele 

of rs1310182 in PTPN22 were significantly more prevalent in allergic rhinitis patients than in controls. 

Additionally, the AA genotype of rs231725 was less common in the patient group. 

Toll-like receptors and immune response 

Toll-like receptors (TLRs) are essential for detecting pathogens and triggering immune responses. Nilsson et al. 

[37] studied the genetic variations in TLR7 (rs179008) and TLR8 (r12407992) genes in the Danish population 

and found that these polymorphisms were associated with an increased likelihood of developing allergic rhinitis. 

FCRL3 and immune regulation in allergic rhinitis 

FCRL3, a gene involved in immune regulation, has been shown to contribute to autoimmune diseases [38, 39]. 

Gu et al. [40] identified polymorphisms in FCRL3, including rs7528684, rs10489678, and rs7522061, as 

significant risk factors for allergic rhinitis in a Chinese population. The study also demonstrated that the AGT 

haplotype was notably more frequent in allergic rhinitis patients. 
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Histamine inactivation pathways in allergic rhinitis 

Histamine is a central player in the allergic response, often released from mast cells and contributing to the typical 

symptoms of allergic rhinitis. Its inactivation involves two major enzymes: histamine N-methyltransferase 

(HNMT) and diamine oxidase (DAO). According to Qili’s findings, variations in the HNMT and DAO genes can 

alter the function of these enzymes, leading to reduced histamine breakdown and potentially exacerbating allergic 

reactions. Meza-Velázquez et al. [41] investigated the effect of specific genetic variations (C314T and C2029G) 

in these genes on allergic rhinitis severity in children from Mexico. The study concluded that carriers of the 

mutated alleles were more prone to higher histamine levels in the serum, stronger allergic symptoms, and a greater 

likelihood of developing chronic allergic rhinitis. 

Role of vitamin D metabolism in allergic rhinitis 

Vitamin D influences immune function by regulating macrophages and reducing the production of Th2 cytokines, 

which are pivotal in the development of allergic conditions [42]. The enzyme encoded by the CYP2R1 gene, 

responsible for the conversion of vitamin D to its active form, plays a crucial role in this process. Tian et al. [43] 

examined the link between genetic variations in the vitamin D receptor (VDR) and CYP2R1 genes and the 

persistence of allergic rhinitis in a Chinese cohort. Their results indicated that the AA genotype of the CYP2R1 

rs2060793 polymorphism increased the likelihood of persistent allergic rhinitis, especially in younger individuals 

(under 16 years). In addition, the AG and GG genotypes of the VDR rs731236 polymorphism were found to 

increase the risk of reduced allergic rhinitis persistence. 

Conclusion 

Allergic rhinitis, a common condition triggered by IgE reactions to allergens, often coexists with diseases like 

asthma [44]. The hallmark symptoms include sneezing, nasal congestion, itching in the eyes and nose, along with 

watery nasal discharge [45]. These symptoms can significantly disrupt daily activities, social interactions, and 

work or school commitments, reducing the overall quality of life. Both genetic factors and environmental 

exposures play pivotal roles in the onset of allergic rhinitis [46]. Research highlights that variations in several 

genes, such as those involved in interleukins, cytokines, leukotrienes, eosinophil peroxidase, MRPL4, TNF-α, 

histamine-N-methyltransferase, diamine oxidase, VDR, CYP2R1, Toll-like receptors, PTPN22, CTLA-4, FCRL3, 

TSLP, OX40L, FOXP3, GATA3, and TIM, contribute to the disease’s development [21-46]. These genetic 

differences may also influence an individual’s response to medications, emphasizing the need to consider genetic 

profiling for more personalized treatment approaches in managing allergic rhinitis and related conditions like 

asthma. 

Acknowledgments: None 

Conflict of Interest: None 

Financial Support: None 

Ethics Statement: None 

References 

1. Bousquet J, Anto JM, Bachert C, Baiardini I, BosnicAnticevich S, Canonica GW, et al. Allergic rhinitis. Nat 

Rev Dis Primers. 2020;6(1):1-7.  

2. Zheng R, Wu X, Huang X, Chen Y, Yang Q, Li Y, et al. Gene expression pattern of Treg and TCR Vγ 

subfamily T cells before and after specific immunotherapy in allergic rhinitis. J Transl Med. 2014;12(1):24.  

3. Khaltaev N, Bousquet J. Allergic rhinitis and its impact on asthma update (ARIA 2008) the perspective from 

Spain. J Investig Allergol Clin Immunol. 2008;18(5):327-34.  

4. Ajwa N, Alhuwayji ZA, Masiri HM, Alhaddad NM, Tawfik L, Allaf AM, et al. Prevalence of dental defects 

among pediatric patients with cerebral palsy: a systematic review. Ann Dent Spec. 2022;10(4):84-90. 

5. Alhammad IM, Aseri AM, Alqahtani SA, Alshaebi MF, Alqahtani SA, Alzahrani RA, et al. A review on 

updates in management and Treatment of Psoriasis. Arch Pharm Pract. 2021;12(1):74-8. 



Manole et al., Genetic Insights into Allergic Rhinitis: A Comprehensive Review 

 

 

43 

6. Rabin R, Vieths S. Global Atlas of Allergic Rhinitis and Chronic Rhinosinusitis_Regulation and 

Standardization of AIT extracts. Global Atlas of Allergic Rhinitis and Chronic Rhinosinusitis. 2015:219-21.  

7. Mardi K. Diagnostic pitfalls in minimal deviation adenocarcinoma of the uterine cervix: review and update. 

Clin Cancer Investig J. 2021;10(6):269-74. 

8. Akdis CA, Hellings PW, Agache I. Global atlas of allergic rhinitis and chronic rhinosinusitis. EAACI; 2015.  

9. Yang D, Yuan Y, Zhang S, Zhao K, Li F, Ren H, et al. Association between IL-13 Gene rs20541 

polymorphism and glioma susceptibility: a meta-analysis. Oncol Res Treat. 2018;41(1-2):14-21.  

10. Harb H, Renz H. Update on epigenetics in allergic disease. J Allergy Clin Immunol. 2015;135(1):15-24.  

11. Passali D, Cingi C, Staffa P, Passali F, Muluk NB, Bellussi ML. The international study of the allergic rhinitis 

survey: outcomes from 4 geographical regions. Asia Pac Allergy. 2018;8(1):1-8.  

12. Aljebrin YJ, Rashed AA, Alahmed MA, Alsamadani JH, Mahamat FM, Alrsheedi AS, et al. Literature 

review: the efficacy of glucocorticoids in IgA nephropathy patients. Entomol Appl Sci Lett. 2021;8(2):85-

90. 

13. Meng Y, Wang C, Zhang L. Recent developments and highlights in allergic rhinitis. Allergy. 

2019;74(12):2320-8.  

14. Kim JJ, Lee JH, Jang CH, Kim YS, Chae SC, Chung HT, et al. Chemokine RANTES promoter 

polymorphisms in allergic rhinitis. Laryngoscope. 2004;114(4):666-9.  

15. Nakamura H, Higashikawa F, Nobukuni Y, Miyagawa K, Endo T, Imai T, et al. Genotypes and haplotypes 

of CCR2 and CCR3 genes in Japanese cedar pollinosis. Int Arch Allergy Immunol. 2007;142(4):329-34.  

16. Nakamura H, Miyagawa K, Ogino K, Endo T, Imai T, Ozasa K, et al. High contribution contrast between the 

genes of eosinophil peroxidase and IL-4 receptor α-chain in Japanese cedar pollinosis. J Allergy Clin 

Immunol. 2003;112(6):1127-31.  

17. Hrdlickova B, Izakovicova-Holla L. Association of single nucleotide polymorphisms in the eosinophil 

peroxidase gene with allergic rhinitis in the Czech population. Int Arch Allergy Immunol. 2009;150(2):184-

91.  

18. Bottema RW, Nolte IM, Howard TD, Koppelman GH, Dubois AE, De Meer G, et al. Interleukin 13 and 

interleukin 4 receptor-α polymorphisms in rhinitis and asthma. Int Arch Allergy Immunol. 2010;153(3):259-

67.  

19. Chen ML, Zhao H, Huang QP, Xie ZF. Single nucleotide polymorphisms of IL-13 and CD14 genes in allergic 

rhinitis: a meta-analysis. Eur Arch Oto-RhinoLaryngol. 2018;275:1491-500.  

20. Shazia M, Kanza M, Mehwish I, Irum S, Farida A, Asifa A. IL-13 gene polymorphisms and their association 

with atopic asthma and rhinitis in Pakistani patients. Iran J Allergy Asthma Immunol. 2013:391-6.  

21. Hu D, Hu G, Zhu J, Shen Y, Kang H, Hong S. Association between polymorphisms of the IL-23R gene and 

allergic rhinitis in a Chinese Han population. PloS One. 2013;8(5):e63858.  

22. Micheal S, Minhas K, Ishaque M, Ahmed F, Ahmed A. IL4 gene polymorphisms and their association with 

atopic asthma and allergic rhinitis in Pakistani patients. J Investig Allergol Clin Immunol. 2013;23(2):107-

11. 

23. Wei X, Zhang Y, Fu Z, Zhang L. The association between polymorphisms in the MRPL4 and TNF-α genes 

and susceptibility to allergic rhinitis. PloS One. 2013;8(3):e57981.  

24. Shen Y, Liu Y, Wang XQ, Ke X, Kang HY, Hong SL. Association between TNFSF4 and BLK gene 

polymorphisms and susceptibility to allergic rhinitis. Mol Med Rep. 2017;16(3):3224-32.  

25. Wang YH, Liu YJ. Thymic stromal lymphopoietin, OX40-ligand, and interleukin‐25 in allergic responses. 

Clin Experiment Allergy. 2009;39(6):798-806.  

26. Croft M, So T, Duan W, Soroosh P. The significance of OX40 and OX40L to T‐cell biology and immune 

disease. Immunol Rev. 2009;229(1):173-91.  

27. Soto-Quiros M, Avila L, Hunninghake G, Weiss S, Celedon J. Polymorphisms in TSLP and TSLP-related 

Genes Are Associated with Allergic Rhinitis. J Allergy Clin Immunol. 2010;125(2):AB235.  

28. Hassannia H, Abediankenari S, Ghaffari J. FOXP3 and TGF-β gene polymorphisms in allergic rhinitis. Iran 

J Immunol. 2011;8(4):218-25.  

29. Duroudier N, Tulah A, Sayers I. Leukotriene pathway genetics and pharmacogenetics in allergy. Allergy. 

2009;64(6):823-39.  

30. Sadhu P, Kumari M, Rathod F, Shah N, Patel S. A review on poly(amidoamine) dendrimers: properties, 

synthesis, and characterization prospects. Arch Pharm Pract. 2022;13(4):1-6. 



Manole et al., Genetic Insights into Allergic Rhinitis: A Comprehensive Review 

 

 

44 

31. Nasr AM, Ahmed YA, Gafar AA, Ahmed SA, Meshref ET, Ahamed EA, et al. Prevalence and risk factors of 

choriocarcinoma in saudi arabia: a systematic review. Clin Cancer Investig J. 2022;11(6):4-8. 

32. Gülçin Eskandari H, Ünal M, Görüroĝlu Öztürk Ö, Vayisoĝlu Y, Muşlu N. Leukotriene C4 synthase A-444C 

gene polymorphism in patients with allergic rhinitis. Otolaryngol—Head Neck Surg. 2006;134(6):997-1000.  

33. Shirkani A, Mansouri A, Abbaszadegan MR, Faridhosseini R, Azad FJ, Gholamin M. GATA3 gene 

polymorphisms associated with allergic rhinitis in an Iranian population. Rep Biochem Mol Biol. 

2017;5(2):97.  

34. Zhang L, Zhang L, Wang X, Han D, Duan H, Zhao Y. Association of single nucleotide polymorphisms in 

GATA with allergic rhinitis. Acta Oto-Laryngol. 2009;129(2):190-4.  

35. Mou Z, Shi J, Tan Y, Xu R, Zhao Z, Xu G, et al. Association between TIM-1 gene polymorphisms and 

allergic rhinitis in a Han Chinese population. J Investig Allergol Clin Immunol. 2010;20(1):3-8.  

36. Song SH, Wang XQ, Shen Y, Hong SL, Ke X. Association between PTPN22/CTLA-4 gene polymorphism 

and allergic rhinitis with asthma in children. Iran J Allergy Asthma Immunol. 2016;15(5):413-9.  

37. Nilsson D, Andiappan AK, Halldén C, De Yun W, Säll T, Tim CF, et al. Toll-like receptor gene 

polymorphisms are associated with allergic rhinitis: a case-control study. BMC Med Genet. 2012;13(1):66.  

38. Kouhkan A, Pourpak Z, Moin M, Dorosty AR, Alizadeh RS, Teimorian S, et al. A study of malnutrition in 

Iranian patients with primary antibody deficiency. Iran J Allergy Asthma Immunol. 2004:189-96.  

39. Safaralizadeh R, Minuchehr Z, Soheili Z, Moin M, Pourpak Z, Kardar G, et al. Phylogenetic analyses of 

human alpha subunit of FCepsilonRI with other species. In ALLERGY 2009 Jan 1 (Vol. 64, pp. 268-268). 

Commerce Place, 350 Main St, Malden 02148, Ma Usa: Wiley-Blackwell Publishing, INC.  

40. Gu Z, Hong SL, Ke X, Shen Y, Wang XQ, Hu D, et al. FCRL3 gene polymorphisms confer autoimmunity 

risk for allergic rhinitis in a Chinese Han population. PloS One. 2015;10(1):e0116419.  

41. Meza-Velázquez R, López-Márquez F, Espinosa-Padilla S, Rivera-Guillen M, Gutíerrez-Díaz N, Pérez-

Armendáriz L, et al. Association between two polymorphisms of histamine-metabolizing enzymes and the 

severity of allergic rhinitis in a group of Mexican children. Allergol Immunopathol. 2016;44(5):433-8.  

42. Zhang L, Zhang S, He C, Wang X. VDR gene polymorphisms and allergic diseases: evidence from a meta-

analysis. Immunol Investig. 2020;49(1-2):166-77.  

43. Tian HQ, Chen XY, Lu Y, Lu WM, Wang ML, Zhao HL, et al. Association of VDR and CYP2R1 

polymorphisms with mite-sensitized persistent allergic rhinitis in a Chinese population. PloS One. 

2015;10(7):e0133162.  

44. Tohidinik HR, Mallah N, Takkouche B. History of allergic rhinitis and risk of asthma; a systematic review 

and meta-analysis. World Allergy Organ J. 2019;12(10):100069.  

45. Kakaje A, Alhalabi MM, Alyousbashi A, Hamid A, Hosam Aldeen O. Allergic rhinitis and its 

epidemiological distribution in Syria: a high prevalence and additional risks in war time. BioMed Res Int. 

2020:27;2020.  

46. Li Y, Rui X, Ma B, Jiang F, Chen J. Early-life environmental factors, IFN-γ methylation patterns, and 

childhood allergic rhinitis. Int Arch Allergy Immunol. 2019;178(4):323-32. 

 


