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Decreased Gene Expression of Lipoxin A4 Receptor May 
Contribute to Nonallergic Rhinitis Pathogenesis

Background: Rhinitis is a prevalent chronic inflammatory illness of the nasal mucosa. 
Arachidonic acid-derived lipoxin A4 (LXA4) has long been recognized to exert crucial anti-
inflammatory and pro-resolving effects on inflammatory responses through a specific receptor 
named LXA4 receptor/formyl peptide receptor-2 (ALX/FPR2). This study aimed to determine 
the serum level of LXA4 and the relative mRNA expression level of FPR2 in peripheral blood 
cells of patients with rhinitis (allergic and nonallergic) compared to healthy individuals.

Materials and Methods: The study groups consisted of 37 patients with Allergic Rhinitis (AR), 
16 patients with Nonallergic Rhinitis (NAR), and 20 sex- and age-matched healthy individuals. 
The measurement of LXA4 serum level was performed by the Enzyme-Linked Immunosorbent 
Assay (ELISA) technique, and the analysis of FPR2 mRNA expression level was performed by 
quantitative real-time PCR method.

Results: The serum concentrations of LXA4 decreased in AR and NAR patients compared to 
healthy controls; however, this difference was not statistically significant (P>0.05). Besides, the 
mRNA expression level of FPR2 in peripheral blood cells of patients with nonallergic rhinitis 
was significantly lower than that in allergic rhinitis (P<0.05).

Conclusion: Our results suggest that reduced gene expression of FPR2 may contribute to developing 
persistent and chronic nasal mucosa inflammation seen in NAR patients. Therefore, stable analogs 
of LXA4 and its receptor agonist may help develop new therapeutic approaches for rhinitis.
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 Introduction

hinitis is a chronic inflammation of the na-
sal mucosa characterized by the excessive 
mucosal influx of inflammatory cells such 
as eosinophils, basophils, mast cells, neu-
trophils, macrophages, B and T cells [1, 2]. 

The two major forms of rhinitis have commonly been 
defined in the clinic, including Allergic Rhinitis (AR) 
and Nonallergic Rhinitis (NAR) [3]. Acute inflamma-
tion is a salutary response of the host to eliminate and 
eradicate the invading pathogens or damaging agents. 
Although acute inflammation is necessary to host sur-
vival and health, non-resolving inflammation can lead to 
many chronic inflammatory disorders, including asthma, 
multiple sclerosis, rhinitis, rheumatoid arthritis, and ath-
erosclerosis [4].

Recently, researchers have found that omega-3 and 
omega-6 fatty acids-derived compounds, known as Spe-
cialized Pro-resolving lipid Mediators (SPMs) or im-
munoresolvents, play crucial anti-inflammatory and pro-
resolving actions. Lipoxins (LXs) are the lead members 
of SPMs and are imperative for the timely resolution of 
acute inflammation [5].

LXs are generated enzymatically from an omega-6 
fatty acid called Arachidonic Acid (AA) by transcellular 
biosynthesis after cell-cell interaction of various cells, 
including neutrophils, platelets, eosinophils, and airway 
epithelial cells [6, 7]. The anti-inflammatory functions 
of LXs are exerted via LXA4 receptor/formyl peptide 
receptor-2 (ALX/FPR2; also known as formyl peptide 
receptor like 1 or FPRL1), which is a G Protein-Coupled 
Receptor (GPCR). FPR2 is expressed by numerous cells, 
including human neutrophils, Natural Killer cells (NK 
cells), eosinophils, monocytes, airway epithelium, and 
macrophages, type 2 Innate Lymphoid Cells (ILC2), sy-
novial fibroblasts, intestinal epithelial cells, and T cells. 
Additional receptors can also interact with LXs, which 
include G Protein-coupled Receptor-32 (GPR32), Aryl 
Hydrocarbon Receptor (AHR), estrogen receptor, and 
Cysteinyl Leukotriene Receptor (CysLTR) [8, 9].

In a murine model of asthma, Intravenous (IV) injec-
tion of a stable analog of LXA4 (LXa) reduced airway 
infiltration of leukocytes and generation of their media-
tors, including Interleukin (IL)-5, IL-13, eotaxin, pros-
tanoids, and CysLTs, confirming its ability to inhibit 
Airway Hyper-Responsiveness (AHR) and pulmonary 
inflammation. In addition, pulmonary inflammation and 
tissue infiltration of eosinophils triggered by eicosanoid 
decreased in transgenic mice expressing human FPR2 

in their leukocytes [10]. LXs also increase the level of 
an anti-inflammatory transcription factor called Peroxi-
some Proliferator-Activated Receptor-γ (PPAR-γ) [8]. 
Furthermore, LXs can serve as an antagonist for cys-
teinyl leukotriene receptor termed CysLT1R, thereby 
competing with Leukotrienes (LTs) [11]. Indeed, LXA4 
functions as an agonist with the highest affinity for FPR2 
and also can reduce the production of Leukotriene B4 
(LTB4) by human neutrophils [12, 13]. In severe cases 
of asthma, Bronchoalveolar Lavage Fluid (BALF) and 
activated whole blood levels of LXA4, as well as the 
gene expression level of FPR2 in peripheral blood gran-
ulocytes, significantly decreased, suggesting that these 
striking reductions exaggerate asthma [14, 15].

This study aimed to investigate the importance of 
LXA4 and its receptor in rhinitis pathogenesis. Hence, 
the serum levels of LXA4 and gene expression of FPR2 
were evaluated in peripheral blood cells of patients with 
rhinitis compared to healthy individuals.

Materials and Methods

Study participants

Subjects were selected among outpatients who attended 
the Allergy Clinic of Dr Mohammad Kermanshahi Hos-
pital located in Kermanshah Province, Iran (Table 1). 
Clinicians discerned all patients based on the Practical 
Guideline for Managing Allergic Rhinitis [16]. A total of 
29 common allergens were utilized for a Skin Prick Test 
(SPT) (listed in Table 2). Meanwhile, histamine dihydro-
chloride (10 mg/mL) and normal saline were applied as 
positive and negative controls; respectively. Atopy was 
assessed as having a wheal reaction equal to or greater 
than 3 mm in diameter. The positive and negative SPT 
was considered as allergic rhinitis and nonallergic rhini-
tis, respectively. The controls were healthy and lacked a 
history of allergic diseases. The study was approved by 
the Ethics Committee of the Kermanshah University of 
Medical Sciences (KUMS), and written informed con-
sent was obtained from all participants.

Sample collection

Peripheral venous blood (10 mL) was collected from 
all participants and then aliquoted into the CBC and clot 
tubes. To separate the serum, fresh blood samples in clot 
tubes were centrifuged at 4000 rpm for 5 minutes. The 
separated sera were kept at -70°C until further analysis.

Measurement of LXA4 and total IgE concentra-
tions in serum
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The Enzyme-Linked Immunosorbent Assay (ELISA) 
kits of total IgE and LXA4 were purchased from Pad-
tan Elm and Eastbiopharm companies, respectively. The 
serum levels of total IgE and LXA4 were measured in 
duplicate by the ELISA method following their manufac-
turer’s protocol. Finally, optical density and the concen-
tration of each sample were read at 450 nm wavelength 
using an ELISA reader device named STAT FAX 4200.

Evaluation of ALX/FPR2 gene expression 

Total RNA was isolated from fresh whole blood using 
the column method (Favorgen Biotech Corp., Taiwan) 
according to the manufacturer’s recommendations. Re-
verse transcription was performed by a cDNA synthe-
sis kit (Favorgen Biotech Corp., Taiwan) with a random 
hexamer primer, according to the manufacturer’s in-
struction. All RNA and cDNA samples were stored in a 
freezer at -70°C until used. Quantitative real-time PCR 
was performed by light cycler 96 (Roche) using SYBR® 
green real-time master mix (Favorgen Biotech Corp., 
Taiwan). The desired primers were designed by using 
Beacon Designer™ Software (Primer Biosoft, USA). 
The designed primer sequences for the FPR2 gene were 
forward 5′- GCTTAGCTGCTGGTGCT -3′ and reverse 
5′- CAGACTCATAGGACACTTCTTCA -3′. The rela-
tive quantity of target mRNA in samples was computed 
and normalized to the corresponding GAPDH mRNA 
transcript level as a control housekeeping gene. Primer 
sequences designed for the GAPDH gene were forward 
5′- CTTCCAGGAGCGAGATCCCT -3′ and GADPH 
reverse 5′- AATGAGCCCCAGCCTTCTC -3′. Eventu-
ally, relative mRNA expression ratios were computed 
using the Pfaffl method with this formula (R= (Etarget)

ΔCt 

target (control-sample)/(ERef)
ΔCt Ref (control-sample)) [17].

Data analysis

All data were expressed as Mean±SD. The Kruskal-
Wallis test was used to determine differences between 
groups. The correlations were according to the Spear-
man rank test. Statistical analysis and graph drawing 
were done using SPSS software v. 16 (SPSS, Chicago, 
IL, USA) and GraphPad Prism version 6 (GraphPad 
Software, La Jolla, California, USA). P values less than 
0.05 were considered significant.

Results

Increased serum levels of total IgE in allergic rhi-
nitis patients

Total IgE serum levels were measured in patients with 
allergic rhinitis and nonallergic rhinitis and compared 
the results to healthy controls (Figure 1). A significant in-
crease in total IgE serum levels was observed in patients 
with allergic rhinitis compared with the healthy controls 
and nonallergic rhinitis patients (P<0.05 and P<0.01, re-
spectively). However, there was no significant difference 
in the serum levels of total IgE between nonallergic rhi-
nitis patients and controls.

No significant difference in the serum levels of 
LXA4 between patients and controls

LXA4 serum levels were determined in patients with rhi-
nitis (allergic and nonallergic) and healthy subjects (Figure 
2). The results illustrated that LXA4 serum levels decreased 
in rhinitis patients compared to healthy controls. However, 
this difference was not statistically significant (P>0.05). 
Furthermore, LXA4 serum levels were not significantly dif-
ferent between allergic rhinitis and nonallergic rhinitis pa-
tients. No significant correlation was found between serum 
levels of LXA4 and total IgE in this study.

Decreased Gene Expression of Lipoxin A4 Receptor in Nonallergic Rhinitis
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Table 1. Demographic and clinical characteristics of the study participants

Variables Healthy Subjects (n=20)
Patients (n=53)

P
Allergic Rhinitis (n=37) Non-allergic Rhinitis (n=16)

Age (Y) Mean±SD 30.92±11.40 34.05±11.27 30.81±13.85 0.49

Sex (Female/Male) 8/12 18/19 8/8 0.84

Race, % white 100 100 100 -

Body mass index (BMI) 23.79 25.48 25.85 0.42

Rhinitis duration (y) Mean±SD - 7.11±6.05 5.38±3.86 0.29

Seasonal/chronic (n) 0 23/14 1/15 <0.001

Asthma (yes/no) 0 3/34 2/14 0.61

Smoking (yes/no) 0/20 4/33 0/16 0.17
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FPR2 gene expression level in non-allergic rhini-
tis decreased compared to allergic rhinitis patients

Figure 3 shows the relative mRNA expression level of 
FPR2 in leukocytes of patients with rhinitis and healthy 
individuals. FPR2 mRNA expression level was signifi-
cantly lower in patients with nonallergic rhinitis than in 
allergic rhinitis patients (P<0.05). Besides, the mRNA ex-
pression level of FPR2 increased, but not significantly, in 
allergic rhinitis patients than healthy individuals. No sig-
nificant difference in FPR2 mRNA expression was found 
between patients with nonallergic rhinitis and controls.

Discussion

The current study revealed that patients with allergic 
rhinitis and nonallergic rhinitis have lower serum levels 

of LXA4 than healthy subjects. However, this difference 
was not statistically significant. Moreover, the gene ex-
pression level of LXA4 receptor, FPR2, in leukocytes of 
patients with nonallergic rhinitis was low compared to 
allergic rhinitis patients.

In recent years, the mechanisms involved in the resolu-
tion of acute inflammation have attracted great interest 
in managing and treating inflammatory-based disorders 
[18, 19]. A timely and successful resolution of acute in-
flammation is an active and dynamic process governed 
by omega-6 and omega-3 fatty acids-derived “anti-
inflammatory and pro-resolving” lipid mediators such 
as Lipoxins (LXs) and resolvins [5, 20]. Interestingly, 
increased airway biosynthesis of LXA4 and expression 
of its receptor, FPR2, are shown after allergen sensitiza-
tion and challenge. Signaling through the LXA4-FPR2 

Res Mol Med, 2021; 9(3):155-162

Figure 1. Serum concentrations of total IgE in control, Allergic Rhinitis (AR), and Nonallergic Rhinitis (NAR) groups
Total IgE serum concentration significantly increased in AR patients compared to healthy controls and NAR patients (P=0.01 and 
P=0.005, respectively). However, there was no significant difference between healthy controls and NAR patients in the serum total IgE 
concentrations. Data are expressed as the Mean±SD (*P<0.05 and **P<0.01).

Table 2. List of 29 common allergens with positive Skin Prick tests (Spts) 

Mite Mix 7-Grass Mix Ash Pepper Tomato Acacia

Poplar plantain Soya Pea Malt Barely

Bermuda grass Oak Aspergillus Cypress Maple Cockroach

Peanut Almond Peach Ginger Garlic Tree mix

Timothy Walnut P.Rye Orange Cypress

Jahangiri S, et al
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Figure 3. FPR2 gene expression level in peripheral blood cells of control, Allergic Rhinitis (AR), and Nonallergic Rhinitis (NAR) subjects
The gene expression level of FPR2 increased in AR patients relative to healthy controls. However, it was not statistically significant. 
Moreover, the FPR2 gene expression level was significantly diminished in NAR patients compared to AR patients (P=0.014). Data are 
expressed as the Mean±SD (ns= not statistically significant, *P<0.05). ALX/FPR2:LXA4 receptor/formyl peptide receptor-2.

Figure 2. LXA4 serum levels in control, Allergic Rhinitis (AR), and Nonallergic Rhinitis (NAR) groups
Serum levels of LXA4 decreased in AR and NAR patients compared to healthy controls; however, it was not statistically significant. 
Also, there was no significant difference between AR and NAR patients in the serum levels of LXA4. Data are expressed as the 
Mean±SD (ns= not statistically significant). 

Res Mol Med, 2021; 9(3):155-162
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axis decreased allergic airway and pulmonary inflamma-
tion, as demonstrated by reducing IL-5, IL-13, CysLTs, 
eotaxin, prostanoids, serum IgE production, as well as 
eosinophils and T cells infiltration [10].

Lipoxin concentrations are significantly lower in the 
sputum of patients with Severe Asthma (SA) than those 
with mild asthma [21]. Furthermore, in activated whole 
blood of patients with SA, the LXA4 generation was 
significantly reduced compared to those with moderate 
asthma [15]. Also, LXA4 levels in plasma isolated from 
stimulated whole blood of SA patients have been indi-
cated to be significantly lower compared to patients with 
mild and moderate asthma [7]. Besides, BALFs levels 
of LXA4 are significantly lower in SA patients than sub-
jects with non-severe asthma [14]. It was illustrated that 
LXA4 plasma levels were significantly reduced instantly 
after exercise challenge in both asthmatic children with 
positive and negative responses to exercise, suggesting 
the association between impaired biosynthesis pathways 
of LXs and development of exercise-induced broncho-
constriction in asthmatic children [22]. Furthermore, the 
LXA4 levels in stimulated whole blood of children with 
different degrees of asthma severity (mild, moderate, 
and severe) are gradually reduced with the exacerbation 
of asthma [23]. Moreover, it was shown that the urinary 
concentrations of LXA4 relative to the concentrations of 
15 epimers of LXA4 (15-epi-LXA4) were significantly 
lower in asthmatic patients [24]. 

A previous study by Shimizu et al. revealed a lower 
concentration of LXA4 in the nasal secretions of patients 
having chronic rhinosinusitis with nasal polyposis rela-
tive to AR patients [25]. These findings indicate that a 
defect in the biosynthesis pathway of LXA4 leading 
to lower LXA4 levels may be implicated in the patho-
genesis of chronic airway inflammation. Indeed, stable 
analogs of LXA4 suppress the extreme accumulation, 
trafficking, and activation of eosinophils and T cells into 
the lungs of sensitized and challenged mice [26]. Con-
trary to previous findings, we found no significant differ-
ence between rhinitis patients and healthy subjects in the 
serum concentrations of LXA4. This discrepancy may 
partly be due to the different involved sites in rhinitis rel-
ative to asthma so that asthma is a chronic inflammatory 
illness of the lower airways, while rhinitis is a chronic 
inflammation of the upper airways [27]. The difference 
in the types of investigated samples can also be another 
reason (e.g. serum, nasal secretions, etc).

ALX/FPR2 is primarily expressed by multiple cells 
such as human neutrophils, eosinophils, monocytes, 
macrophages, T and NK cells, ILC2, fibroblasts, and air-

way epithelial cells [28-30]. In addition to LXA4, FPR2 
is also specifically activated by an omega-3 fatty acids-
derived metabolite termed resolvin D1 [31]. In line with 
our findings, some studies show a reduced FPR2 recep-
tor expression in children and adults with SA [14, 21]. 
Besides, a lower gene expression of FPR2 has formerly 
been reported in inferior turbinates than in nasal polyps 
[25]. However, inconsistent with our study, another study 
found no significant difference in gene expression of 
FPR2 in Peripheral Blood Mononuclear Cells (PBMCs) 
of control, mild and severe asthma groups [12]. 

Based on the findings presented in Table 1, most non-
allergic rhinitis patients (93.75%) enrolled in our study 
had chronic rhinitis, whereas most allergic rhinitis pa-
tients (62.16%) had seasonal rhinitis. This issue (chro-
nicity stage of the disease) can be a rational reason for 
reducing FPR2 gene expression in the nonallergic rhini-
tis group. In other words, chronic inflammation in nonal-
lergic rhinitis patients can arise from decreasing the gene 
expression of FPR2.

Conclusion

In conclusion, our findings are the first demonstration of 
diminished gene expression of FPR2 in association with 
nonallergic rhinitis disease. Given the anti-inflammatory 
and pro-resolving effects of FPR2 in airway inflamma-
tion, its reduction may increase the susceptibility of non-
allergic rhinitis patients to beget persistent and chronic 
upper airways inflammation. Our results suggest that 
stable analogs of LXA4 and its receptor agonist may help 
develop new therapeutic approaches for rhinitis. Further 
studies with larger sample sizes and the investigation of 
pro-inflammatory lipid mediators, particularly LTB4 and 
cytokines, as well as other LXA4 receptors and LXA4-
producing enzymes, are warranted to uncover the precise 
functions of inflammation-resolution mediators and to be 
addressed these molecules as therapeutic targets.
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