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Background

Allergic rhinitis (AR) and asthma are closely related, and AR is regarded as an important risk factor for the onset of asthma. However, the pathogenesis of the development of asthma from AR is still undefined.



Objective

The aim of this study was to investigate the mechanisms underlying the development of asthma from AR by comparing the transcriptome features of patients with AR with and without asthma.



Methods

Patients with AR with or without asthma caused by weed pollen who presented to the Allergy Clinic of Peking Union Medical College Hospital were recruited for this study. Peripheral blood samples of all the patients were collected during the weed pollen season (September) when the patients had allergic symptoms and outside the pollen season (November) when the patients had no symptoms. Transcriptomic analysis was conducted, and the differentially expressed genes (DEGs) and enriched immune pathways between the patients with AR with asthma (AR-asthma group) and those without asthma (AR group) were identified. In addition, the expression levels of some pivotal differentially expressed RNAs were quantified using quantitative polymerase chain reaction (PCR).



Results

During the weed pollen season, the immune-related Gene Ontology (GO) terms with P value < 0.05, enriched by the upregulated genes in the AR-asthma group compared to the AR group included antifungal humoral response, neutrophil-mediated killing of bacterium, antibacterial humoral response, antimicrobial humoral immune response mediated by antimicrobial peptides, and regulation of the T cell receptor signaling pathway. The immune-related GO terms with P values <0.05 enriched by downregulated genes were positive regulation of natural killer cell-mediated cytotoxicity, microglial cell activation, natural killer cell activation, and leukocyte-mediated cytotoxicity. The GO term of antimicrobial humoral immune response mediated by antimicrobial peptides was upregulated both during and outside the pollen season, and the upregulated expression of three DEGs (LTF, PF4, and ELANE) included in this term was verified through quantitative PCR.



Conclusions

The activation of the antimicrobial immune response mediated by neutrophils and the depression of cytotoxicity mediated by natural killer cells may play roles in the progression from AR to asthma.
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Introduction

Allergic rhinitis (AR) is a common allergic airway disease that affects 14% of adults in the United States (1) and approximately 17.6% of people in major Chinese cities (2). The incidence of epidemiologic AR in the grasslands of northern China is 32.4%, and the most common allergen is weed pollen (3). Asthma is also a common airway disease and its prevalence ranges between 5% and 16% worldwide (4). It is well known that AR and asthma frequently coexist and are closely related because of their shared physiology and pathology (5). In addition, it has been reported that AR is an important risk factor for the onset of asthma. In a 10-year retrospective study of 436 participants, diagnosis of AR at baseline was found to be a significant predictive factor for the development of asthma at the end of follow-up with the OR of 7.8 (6). Yin et al. investigated the natural course of AR caused by weed pollen in 1096 patients and found that 37% of the patients developed asthma within 5 years (7). Both AR and asthma severely affect the quality of life of patients and exert heavy financial burdens on patients, their families, and the society (8, 9).

The pathogenesis underlying the development of asthma from AR is unclear. Some authors have discussed the predictors for the progression from AR to asthma and reported that cigarette smoking, female sex, and bronchial hyper-responsiveness are possible risk factors for the onset of asthma in patients with AR (10–12). Panganiban et al. (13) identified 30 circulating microRNAs that are differentially expressed among healthy controls, patients with AR, and patients with asthma. In that study, miR-125b, miR-126, miR-21, miR-16, miR-223, miR-148a, and miR-146a were upregulated in the asthma group compared to the AR or healthy groups. Sobkowiak et al. (14) found that the expression of four proteins associated with airway fibrosis is significantly different between children with AR and those with asthma. In another study of patients with dust mite allergy, patients with asthma had higher neutrophil counts and IL-8 levels in the sputum than those without asthma both at baseline and 24 h after bronchial allergen challenge; however, the sputum eosinophil count and eosinophil cationic protein levels of the two groups were indistinguishable (15). However, more intensive studies are still necessary for the acquisition of repeatable and consistent results and the clarification of the specific mechanism of the progression from AR to asthma.

The aim of this study was to investigate the mechanisms underlying the development of asthma from AR by comparing the features of gene expression through transcriptome sequencing between patients with weed pollen induced AR and asthma and patients with weed pollen induced AR only. Because of the existence of persistent inflammation in the airway of patients with seasonal AR and asthma during and outside the pollen season (16, 17), the transcriptomic data both during and outside the season will be analyzed.



Materials and methods


Subjects

All the patients included in this study were recruited from the Allergy Clinic of Peking Union Medical College Hospital. The inclusion criteria were as follows: 1) adult patients; 2) patients with typical symptoms of rhinitis (18), including rhinorrhea, sneezing, and itchy nose and eyes, with or without asthma, during the weed pollen season (from August to September in Northern China); 3) positive results of intradermal tests for one or more kinds of weed pollen, including artemisia, humulus, and chenopodium pollen (diameter of wheal ≥10 mm); or specific immunoglobulin E (IgE) level to one or more kinds of weed pollen ≥ 0.7 KUA/L (ImmunoCAP system, Thermo Fisher Scientific, US). Concomitant asthma in patients with AR was diagnosed based on typical respiratory symptoms and variable expiratory airflow limitations during the weed pollen season, according to the criteria of the Global Initiative for Asthma report (19). The exclusion criteria were as follows: 1) pregnant or lactating women and 2) patients with chronic infections, immunodeficiency diseases, autoimmune disorders, or tumors. This study was approved by the Peking Union Medical College Hospital Review Board (ZS-1917). All patients provided written informed consent for participation in this study.



Study design

This was a cross-sectional study conducted during the autumn and winter seasons of 2020. Peripheral blood samples of the patients were collected at two time points: during the weed pollen season, when all the patients had AR symptoms with or without concomitant asthma (September), and after the weed pollen season, when all the patients had no allergic symptoms (November). Transcriptomic analysis of all blood samples was conducted, and the transcriptomic features of the patients with AR and asthma (AR-asthma group) were compared with those of patients with AR only (AR group) during and outside the pollen season. The expression levels of some pivotal differentially expressed ribonucleic acids (RNAs) identified through transcriptome sequencing were further quantified using quantitative polymerase chain reaction (qPCR).



Transcriptomic RNA sequencing and bioinformatics analysis

Total RNA was isolated from the blood sample which was stored at −80 °C. Messenger RNA (mRNA) was purified from total RNA using polyT and fragmented into 300–350 bp fragments. First-strand complementary deoxyribonucleic acids (cDNAs) were reverse-transcribed with fragmented RNA and deoxynucleotide triphosphates (dNTPs), and second-strand cDNA synthesis was subsequently performed. After adenylation of the 3’ ends of the DNA fragments, sequencing adaptors were ligated to the cDNA and the library fragments were purified. The template was enriched using PCR, and the PCR product was purified to obtain the final library. After library construction, high-throughput sequencing was performed using the Illumina Novaseq6000 sequencing platform (Illumina, San Diego, CA, USA).

For quality control of sequencing data, we analyzed the quality of raw data using FastQC v0.11.5 and obtained clean reads after removal of low-quality (quality score < 20) and adaptor sequences using Cutadapt v2.7. Thereafter, clean reads were mapped to the human reference genome GRCh38 using HISAT2 v2.1 (20). Uniquely mapped reads were utilized for the quantification of gene expression, which was performed using featureCounts v2.0.0 (21). Expressed genes were obtained by setting average fragments per kilobase of transcript per million fragments mapped (FPKM) ≥ 1 across all samples, followed by identification of differentially expressed genes (DEGs) within these genes using DESeq2 v1.30.1 (22) under the condition of |fold change| ≥ 1.2 and P value < 0.05. Gene Ontology (GO) enrichment analysis of immune-related process was conducted using ClueGO v2.5.8 (23) in Cytoscape v3.9.0 with “GO-ImmuneSystemProcess-EBI-UniProt-GOA-ACAP-ARAP-15.02.2022” as the input ontology file and visualized with ggplot2 v3.3.2. Then the GO terms were ordered based on the rich factor, which is calculated by number of genes enriched in a specific item divided by total number of genes in this term.



Quantitative PCR

Reverse transcription was conducted with the PrimeScript RT reagent Kit with gDNA Eraser for RT-PCR (RR047A, Takara Bio Inc., Beijing, China) and the thermal cycler (Thermo Fisher Scientific, Waltham, MA, USA) in a volume of 20 µL. The single cycle was 35 °C for 15 min and the incubation period was 85 °C for 5s. Relative qPCR was done with the Bio-Rad CFX Opus 96 Instrument and TB Green® Premix (RR820A, Takara Bio Inc., Beijing, China). Fold induction was calculated using the comparative Ct method and the formula 2-(ΔΔCt).



Statistical analysis

Normally distributed data are expressed as mean and standard deviation, while non-normally distributed data are expressed as median and interquartile range. Pearson χ2 test was used to compare sex ratios at baseline, whereas the differences in patient body mass index (BMI), length of AR course, and visual analog scale (VAS) scores between the AR and AR-asthma groups were verified using the Mann-Whitney U test. The expression levels of critical DEGs measured using quantitative PCR were compared between the two groups using t-tests. Statistical significance was set at P < 0.05. All statistical analyses were performed using SPSS statistical software (v23; SPSS Inc., Chicago, IL, USA).




Results


Demographic characteristics and clinical manifestations of the patients

Twenty-five patients with AR allergic to weed pollen were recruited for this study. Of these, seven patients had concomitant asthma. As shown in Table 1, there were no significant differences in age distribution, male-to-female ratio, BMI, length of AR course, and VAS score of AR symptoms in the previous pollen season between the AR (n = 18) and AR-asthma (n = 7) groups. However, the VAS score of the AR-asthma group tended to be higher than that of the AR group (7.5 [7.0, 9.0] vs. 7.0 [5.0, 8.0]; P = 0.087).


Table 1 | Comparison of baseline characteristics between the AR group and AR-asthma group.





Transcriptomic differences between the AR-asthma and AR groups during the pollen season

Transcriptomic RNA sequencing and bioinformatics analysis showed that during the weed pollen season when all the patients had allergic symptoms, 158 genes were upregulated and 200 genes were downregulated in the AR-asthma group compared to the AR group (Figure 1). GO enrichment analysis of these DEGs was conducted and the GO terms related to immune reactions were screened out. The following five immune-related GO terms with a P value < 0.05 were enriched from the 158 upregulated genes and ordered based on the rich factor: antifungal humoral response, neutrophil-mediated killing of bacterium, antibacterial humoral response, antimicrobial humoral immune response mediated by antimicrobial peptides, and regulation of the T cell receptor signaling pathway. Four immune-related GO terms with a P value < 0.05, which included positive regulation of natural killer cell-mediated cytotoxicity, microglial cell activation, natural killer cell activation, and leukocyte-mediated cytotoxicity, were enriched from the 200 downregulated genes and ordered based on the rich factor (Figure 2).




Figure 1 | Volcano plot showing DEGs of the AR-asthma group compared to the AR group during the pollen season. Significantly up- and down-regulated genes (|fold change| ≥ 1.2, P value < 0.05 and average FPKM, fragments per kilobase of transcript per million fragments mapped ≥ 1) were labeled as red and blue dots, respectively. AR, allergic rhinitis; DEGs, differentially expressed genes; FC, fold change.






Figure 2 | Immune-related GO terms enriched from up-regulated DEGs between the AR-asthma group and AR group during the pollen season (A). Immune-related GO terms enriched from down-regulated DEGs between the AR-asthma group and AR group during the pollen season (B). Immune-related GO terms enriched from up-regulated DEGs between the AR-asthma group and AR group outside the pollen season (C). Immune-related GO terms enriched from down-regulated DEGs between the AR-asthma group and AR group outside the pollen season (D). AR, allergic rhinitis; DEGs, differentially expressed genes; GO, gene ontology.





Transcriptomic differences between the AR-asthma and AR groups outside the pollen season

During winter (outside the weed pollen season), when all the patients had no symptoms, 378 genes were upregulated and 507 genes were downregulated in the AR-asthma group compared to the AR group (Figure 3). GO enrichment analysis of these DEGs was also performed. Six immune-related GO terms with a P value < 0.05 were enriched from the 378 upregulated genes, and the top five based on the rich factor were as follows: regulation of inflammatory response to antigenic stimulus, megakaryocyte differentiation, toll-like receptor 4 signaling pathway, leukocyte tethering or rolling, and antimicrobial humoral immune response mediated by antimicrobial peptides. Thirty-six immune-related GO terms with a P value < 0.05 were enriched from the 507 downregulated genes, and the top five based on the rich factor were antibody-dependent cellular cytotoxicity (ADCC), regulation of germinal center formation, regulation of memory T cell differentiation, regulation of complement activation, and the Fc-γ receptor signaling pathway (Figure 2).




Figure 3 | Volcano plot showing DEGs of the AR-asthma group compared to the AR group outside the pollen season. Significantly up- and down-regulated genes (|fold change| ≥ 1.2, P value < 0.05 and average FPKM, fragments per kilobase of transcript per million fragments mapped ≥ 1) were labeled as red and blue dots, respectively. AR, allergic rhinitis; DEGs, differentially expressed genes; FC, fold change.





Quantitative PCR validation

The above-mentioned results indicated that the GO term of antimicrobial humoral immune response mediated by antimicrobial peptides was upregulated in the AR-asthma group compared to the AR group both during and outside the pollen season. The results also showed that if the DEGs between the two groups identified during and outside the pollen season were intersected, 39 DEGs were upregulated and 21 were downregulated at both time points (Figure 4). Only one immune-related GO term— the antimicrobial humoral immune response mediated by antimicrobial peptides— could be enriched from the 39 upregulated DEGs. This immune-related GO term included three DEGs, namely: LTF, PF4, and ELANE. However, no immune-related GO term was enriched from the 21 downregulated DEGs.




Figure 4 | Venn diagram showing the intersection of DEGs between the AR-asthma group and AR group during the pollen season and outside the pollen season. AR, allergic rhinitis; DEGs, differentially expressed genes.



Based on the above results, LTF, PF4, and ELANE were considered possible key DEGs between the AR-asthma and AR groups, and their expression levels were validated through qPCR. The results of the qPCR showed that during the weed pollen season, the expression levels of ELANE and LTF in the AR-asthma group were significantly higher than those in the AR group, whereas the expression levels of PF4 in the two groups were not significantly different. Outside the weed pollen season, the expression levels of LTF, PF4, and ELANE in the AR-asthma group were significantly higher than those in the AR group (Figure 5).




Figure 5 | Quantitative PCR validation of three key DEGs between the AR-asthma group and AR group during the pollen season and outside the pollen season. AR, allergic rhinitis; DEGs, differentially expressed genes; PCR, polymerase chain reaction; *P < 0.05; **P < 0.01.






Discussion

In this study, we compared the transcriptome features between the AR-asthma group and the AR group and found that the GO term, antimicrobial humoral immune response mediated by antimicrobial peptides, was upregulated in the AR-asthma group compared to the AR group during and outside the pollen season. Most DEGs of this term, including DEFA3, DEFA4, ELANE, and LTF, encode antimicrobial peptides in neutrophils, indicating that the upregulated antimicrobial immune response in the AR-asthma group is mainly mediated by neutrophils. The results also showed that the GO term of neutrophil-mediated killing of bacterium was upregulated in the AR-asthma group during the pollen season. The important role of airway mucosal neutrophils in the pathogenesis of allergic asthma has been reported in several studies. In animal models of allergic asthma, allergen challenge is associated with the recruitment of neutrophils to the airway mucosa (24, 25). In addition, the interaction between pathogenic allergens and IgE/FcϵRI on the surface of neutrophils in patients with asthma could promote the secretion of neutrophil products, including elastase, myeloperoxidase, and reactive oxygen species (26–28), which induce epithelial cell damage and exacerbate airway mucosal inflammation (29). Impediment of neutrophil recruitment to the airway in asthmatic mice reduces eosinophil infiltration and Th2 cytokine levels, whereas supplementation of neutrophils restores type 2 inflammation and airway hyper-responsiveness (30). However, the difference in neutrophil-mediated immune reactions between patients with AR only and those with AR and asthma has not been widely discussed. It is well known that the development of both AR and allergic asthma are closely associated with increased levels of IgE antibodies and eosinophil inflammation, and that the difference in airway mucosal inflammation in the two conditions may be related to neutrophil-mediated immune response (18). It was reported that patients with allergic asthma showed higher levels of neutrophils and IL-8 in the sputum and more intensive neutrophil chemotaxis than patients with AR without asthma, both at baseline and after bronchial allergen challenge (15, 31). Our findings are consistent with the above-mentioned results, which suggest that the pathway related to neutrophil-mediated antimicrobial immune response is upregulated in patients with AR with asthma compared to patients with AR without asthma, both prior to the weed pollen challenge (outside the pollen season) and during the pollen challenge (during the pollen season).

The enrichment analysis of downregulated DEGs in the AR-asthma group compared to the AR group showed that during the pollen season, the GO terms related to NK cell activation and NK cell-mediated cytotoxicity were downregulated in the AR-asthma group, whereas outside the pollen season, the GO term ADCC was downregulated in the AR-asthma group. ADCC reactions are mainly mediated by NK cells, suggesting that the top downregulated GO terms during and outside the pollen season are consistent and closely related to the activities of NK cells. Compared to the AR group, the AR-asthma group showed depressed cellular cytotoxicity mediated by NK cells. It has been reported that the number and activities of NK cells in patients with asthma are downregulated relative to those in healthy individuals, which is consistent with our findings (32). Duvall et al. (33) reported that the number of NK cells in the bronchoalveolar lavage fluid (BALF) of patients with asthma is lower than that in the BALF of healthy subjects. Also the cytotoxicity of NK cells reflected by killing of K562 myeloid target cells in patients with asthma is impaired compared to that in healthy controls. However, studies on the differences in NK cell activity between patients with asthma and those with AR are lacking. The results of the present study provide new evidence of the role of decreased NK cell-mediated cellular cytotoxicity in the progression from AR to asthma.

It has been reported that ELANE and PF4 are closely related to the pathogenesis of asthma. ELANE is a gene that encodes the protein elastase, which is a serine protease mainly found in neutrophils (34) and can damage the integrity of the airway epithelium (32). Weng et al. (35) found that neutrophil elastase (NE) induces the expression of eosinophil chemokines, thus promoting eosinophil infiltration and type 2 inflammation. In patients with asthma, the level of elastase is significantly correlated with the proportion of neutrophils in the sputum and negatively correlated with the forced expiratory volume in one second (34). PF4 encodes platelet factor 4, which is produced from activated platelets and is increased in the peripheral blood or BALF of patients with asthma (36). Additionally, platelet factor 4 has been found to induce airway hyper-responsiveness in an asthma model (37, 38).However, studies on the comparison of the expression levels of ELANE or PF4 between patients with AR and those with asthma are rare. In the present study, the AR-asthma group showed upregulated ELANE and PF4 expression compared to the AR group in the transcriptomic analysis, suggesting that increased elastase and platelet factor 4 may contribute to the development of allergic asthma from AR. We notice that in the qPCR tests, the measured expression level of PF4 in the AR group and AR-asthma group during the pollen season were not significantly different, and this might be related with the partial degradation to varying degrees in different RNA samples after several months of storage.

The protein encoded by LTF is lacto-transferrin, which is derived from the granules of neutrophils. Lacto-transferrin can inhibit eotaxin-stimulated eosinophil migration into the airway (39) and prevent the development of mucin-producing cells (40). Kruzel et al. found that lacto-transferrin relieved pollen-induced allergic airway inflammation (40). Thus, the phenomenon observed in the present study, which is the higher expression of LTF in the peripheral blood cells of patients in the AR-asthma group than in those of the AR group, may be the protective reaction of the body against asthma inflammation and self-balance. Tsokos et al. (38) reported that patients with asthma show enhanced lacto-transferrin expression in their pulmonary tissues during fatal asthma attacks compared to controls, which is consistent with the findings of the present study.

This study had some limitations. First, the sample size is relatively small, which may lead to bias. In this condition the heterogeneity among different patients may have interfered with the data analysis. Second, there are no healthy controls in this study, and the transcriptomic differences between the AR-asthma group and healthy subjects will provide more supportive evidence for the current findings. Third, we did not validate the results of RNA sequencing and qPCR with specific protein quantitation using western blot assay.

This study focused on the GO terms related to immune reactions while analyzing the difference of transcriptome data between AR and asthma group, and found that the activation of the antimicrobial immune response mediated by neutrophils and the depression of cytotoxicity mediated by NK cells may be involved in the development of asthma from AR. However, prospective studies should be conducted in the future to verify the current findings, in which patients with only AR are recruited and followed up for years until asthma develops. The essential factors involved in the development from AR to asthma could be confirmed through the pair comparison between the AR stage and AR-asthma stage in the same person. Also further experiments in protein level and in animal models are needed to investigate the underlying specific mechanism in the future.



Data availability statement

The data presented in the study are deposited in the Genome Sequence Archive for Human repository of National Genomics Data Center of China, accession number HRA002991.



Ethics statement

The studies involving human participants were reviewed and approved by Peking Union Medical College Hospital Review Board. The patients/participants provided their written informed consent to participate in this study.



Author contributions

We claim that we have directly participated in the planning, execution and analysis of the study. KG designed the project and guided the study. LL, ZW, LC, and YX contributed to the patient recruitment and quantitative PCR. LL, HZ, XW, and KG contributed to the transcriptomic RNA sequencing and bioinformatics analysis. LL wrote the manuscript. ZW, LC, YX, HZ, XW, and KG revised the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This research was funded by the grant support from National Natural Science Foundation of China (No. 82070033), National High Level Hospital Clinical Research Funding (No. 2022-PUMCH-B-089), and Natural Science Foundation of Beijing (No. 7222136).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Meltzer, EO, Blaiss, MS, Naclerio, RM, Stoloff, SW, Derebery, MJ, Nelson, HS, et al. Burden of allergic rhinitis: allergies in America, Latin America, and Asia-pacific adult surveys. Allergy Asthma Proc (2012) 33 Suppl 1:S113–41. doi: 10.2500/aap.2012.33.3603

2. Wang, XD, Zheng, M, Lou, HF, Wang, CS, Zhang, Y, Bo, MY, et al. An increased prevalence of self-reported allergic rhinitis in major Chinese cities from 2005 to 2011. Allergy (2016) 71:1170–80. doi: 10.1111/all.12874

3. Wang, XY, Ma, TT, Wang, XY, Zhuang, Y, Wang, XD, Ning, HY, et al. Prevalence of pollen-induced allergic rhinitis with high pollen exposure in grasslands of northern China. Allergy (2018) 73:1232–43. doi: 10.1111/all.13388

4. Martinez, FD, and Vercelli, D. Asthma. Lancet (2013) 382:1360–72. doi: 10.1016/S0140-6736(13)61536-6

5. Khan, DA. Allergic rhinitis and asthma: epidemiology and common pathophysiology. Allergy Asthma Proc (2014) 35:357–61. doi: 10.2500/aap.2014.35.3794

6. Polosa, R, Al-Delaimy, WK, Russo, C, Piccillo, G, and Sarva, M. Greater risk of incident asthma cases in adults with allergic rhinitis and effect of allergen immunotherapy: a retrospective cohort study. Respir Res (2005) 6:153. doi: 10.1186/1465-9921-6-153

7. Yin, J, Yue, FM, Wang, LL, He, HJ, Xu, T, Li, H, et al. [Natural course from rhinitis to asthma in the patients with autumnal pollinosis: a clinical study of 1096 patients]. Zhonghua Yi Xue Za Zhi (2006) 86:1628–32. doi: 10.3760/j:issn:0376-2491.2006.23.011

8. Kulthanan, K, Chusakul, S, Recto, MT, Gabriel, MT, Aw, DCW, Prepageran, N, et al. Economic burden of the inadequate management of allergic rhinitis and urticaria in Asian countries based on the GA(2)LEN model. Allergy Asthma Immunol Res (2018) 10:370–8. doi: 10.4168/aair.2018.10.4.370

9. Yaghoubi, M, Adibi, A, Safari, A, FitzGerald, JM, and Sadatsafavi, M. The projected economic and health burden of uncontrolled asthma in the united states. Am J Respir Crit Care Med (2019) 200:1102–12. doi: 10.1164/rccm.201901-0016OC

10. Venn, A, Lewis, S, Cooper, M, Hill, J, and Britton, J. Questionnaire study of effect of sex and age on the prevalence of wheeze and asthma in adolescence. BMJ (1998) 316:1945–6. doi: 10.1136/bmj.316.7149.1945

11. Geier, DA, Kern, JK, and Geier, MR. Demographic and neonatal risk factors for childhood asthma in the USA. J Matern Fetal Neonatal Med (2019) 32:833–7. doi: 10.1080/14767058.2017.1393068

12. Polosa, R, Knoke, JD, Russo, C, Piccillo, G, Caponnetto, P, Sarva, M, et al. Cigarette smoking is associated with a greater risk of incident asthma in allergic rhinitis. J Allergy Clin Immunol (2008) 121:1428–34. doi: 10.1016/j.jaci.2008.02.041

13. Panganiban, RP, Wang, Y, Howrylak, J, Chinchilli, VM, Craig, TJ, August, A, et al. Circulating microRNAs as biomarkers in patients with allergic rhinitis and asthma. J Allergy Clin Immunol (2016) 137:1423–32. doi: 10.1016/j.jaci.2016.01.029

14. Sobkowiak, P, Narozna, B, Wojsyk-Banaszak, I, Breborowicz, A, and Szczepankiewicz, A. Expression of proteins associated with airway fibrosis differs between children with allergic asthma and allergic rhinitis. Int J Immunopathol Pharmacol (2021) 35:2058738421990493. doi: 10.1177/2058738421990493

15. Lopuhaa, CE, Out, TA, Jansen, HM, Aalberse, RC, and van der Zee, JS. Allergen-induced bronchial inflammation in house dust mite-allergic patients with or without asthma. Clin Exp Allergy (2002) 32:1720–7. doi: 10.1046/j.1365-2222.2002.01542.x

16. Bake, B, Viklund, E, and Olin, AC. Effects of pollen season on central and peripheral nitric oxide production in subjects with pollen asthma. Respir Med (2014) 108:1277–83. doi: 10.1016/j.rmed.2014.06.007

17. Harmanci, K, Urhan, B, Anil, H, and Kocak, A. Nasal and bronchial response to exercise in children with seasonal allergic rhinitis out of the pollen season. Int Forum Allergy Rhinol (2015) 5:143–8. doi: 10.1002/alr.21455

18. Bousquet, J, Khaltaev, N, Cruz, AA, Denburg, J, Fokkens, WJ, Togias, A, et al. Allergic rhinitis and its impact on asthma (ARIA) 2008 update (in collaboration with the world health organization, GA(2)LEN and AllerGen). Allergy (2008) 63 Suppl 86:8–160. doi: 10.1111/j.1398-9995.2007.01620.x

19. Reddel, HK, Bacharier, LB, Bateman, ED, Brightling, CE, Brusselle, GG, Buhl, R, et al. Global initiative for asthma strategy 2021: executive summary and rationale for key changes. Eur Respir J (2022) 59:2102730. doi: 10.1183/13993003.02730-2021

20. Kim, D, Paggi, JM, Park, C, Bennett, C, and Salzberg, SL. Graph-based genome alignment and genotyping with HISAT2 and HISAT-genotype. Nat Biotechnol (2019) 37:907–15. doi: 10.1038/s41587-019-0201-4

21. Liao, Y, Smyth, GK, and Shi, W. featureCounts: an efficient general purpose program for assigning sequence reads to genomic features. Bioinformatics (2014) 30:923–30. doi: 10.1093/bioinformatics/btt656

22. Love, MI, Huber, W, and Anders, S. Moderated estimation of fold change and dispersion for RNA-seq data with DESeq2. Genome Biol (2014) 15:550. doi: 10.1186/s13059-014-0550-8

23. Bindea, G, Mlecnik, B, Hackl, H, Charoentong, P, Tosolini, M, Kirilovsky, A, et al. ClueGO: a cytoscape plug-in to decipher functionally grouped gene ontology and pathway annotation networks. Bioinformatics (2009) 25:1091–3. doi: 10.1093/bioinformatics/btp101

24. Hosoki, K, Boldogh, I, Aguilera-Aguirre, L, Sun, Q, Itazawa, T, Hazra, T, et al. Myeloid differentiation protein 2 facilitates pollen- and cat dander-induced innate and allergic airway inflammation. J Allergy Clin Immunol (2016) 137:1506–13 e2. doi: 10.1016/j.jaci.2015.09.036

25. Toussaint, M, Jackson, DJ, Swieboda, D, Guedan, A, Tsourouktsoglou, TD, Ching, YM, et al. Host DNA released by NETosis promotes rhinovirus-induced type-2 allergic asthma exacerbation. Nat Med (2017) 23:681–91. doi: 10.1038/nm.4332

26. Monteseirin, J, Bonilla, I, Camacho, MJ, Conde, J, and Sobrino, F. IgE-dependent release of myeloperoxidase by neutrophils from allergic patients. Clin Exp Allergy (2001) 31:889–92. doi: 10.1046/j.1365-2222.2001.01083.x

27. Monteseirin, J, Chacon, P, Vega, A, El Bekay, R, Alvarez, M, Alba, G, et al. Human neutrophils synthesize IL-8 in an IgE-mediated activation. J Leukoc Biol (2004) 76:692–700. doi: 10.1189/jlb.0903441

28. Monteseirin, J, Camacho, MJ, Montano, R, Llamas, E, Conde, M, Carballo, M, et al. Enhancement of antigen-specific functional responses by neutrophils from allergic patients. J Exp Med (1996) 183:2571–9. doi: 10.1084/jem.183.6.2571

29. Hammad, H, and Lambrecht, BN. The basic immunology of asthma. Cell (2021) 184:1469–85. doi: 10.1016/j.cell.2021.02.016

30. Hosoki, K, Aguilera-Aguirre, L, Brasier, AR, Kurosky, A, Boldogh, I, and Sur, S. Facilitation of allergic sensitization and allergic airway inflammation by pollen-induced innate neutrophil recruitment. Am J Respir Cell Mol Biol (2016) 54:81–90. doi: 10.1165/rcmb.2015-0044OC

31. Lavinskiene, S, Jeroch, J, Malakauskas, K, Bajoriuniene, I, Jackute, J, and Sakalauskas, R. Peripheral blood neutrophil activity during dermatophagoides pteronyssinus-induced late-phase airway inflammation in patients with allergic rhinitis and asthma. Inflammation (2012) 35:1600–9. doi: 10.1007/s10753-012-9475-0

32. Tsai, YF, and Hwang, TL. Neutrophil elastase inhibitors: a patent review and potential applications for inflammatory lung diseases (2010 - 2014). Expert Opin Ther Pat (2015) 25:1145–58. doi: 10.1517/13543776.2015.1061998

33. Duvall, MG, Barnig, C, Cernadas, M, Ricklefs, I, Krishnamoorthy, N, Grossman, NL, et al. Natural killer cell-mediated inflammation resolution is disabled in severe asthma. Sci Immunol (2017) 2: eaam5446. doi: 10.1126/sciimmunol.aam5446

34. Vignola, AM, Bonanno, A, Profita, M, Riccobono, L, Scichilone, N, Spatafora, M, et al. Effect of age and asthma duration upon elastase and alpha1-antitrypsin levels in adult asthmatics. Eur Respir J (2003) 22:795–801. doi: 10.1183/09031936.03.00112302

35. Weng, Q, Zhu, C, Zheng, K, Wu, Y, Dong, L, Wu, Y, et al. Early recruited neutrophils promote asthmatic inflammation exacerbation by release of neutrophil elastase. Cell Immunol (2020) 352:104101. doi: 10.1016/j.cellimm.2020.104101

36. Idzko, M, Pitchford, S, and Page, C. Role of platelets in allergic airway inflammation. J Allergy Clin Immunol (2015) 135:1416–23. doi: 10.1016/j.jaci.2015.04.028

37. Coyle, AJ, Uchida, D, Ackerman, SJ, Mitzner, W, and Irvin, CG. Role of cationic proteins in the airway. hyperresponsiveness due to airway inflammation. Am J Respir Crit Care Med (1994) 150:S63–71. doi: 10.1164/ajrccm/150.5_Pt_2.S63

38. Tsokos, M, and Paulsen, F. Expression of pulmonary lactoferrin in sudden-onset and slow-onset asthma with fatal outcome. Virchows Arch (2002) 441:494–9. doi: 10.1007/s00428-002-0666-1

39. Bournazou, I, Mackenzie, KJ, Duffin, R, Rossi, AG, and Gregory, CD. Inhibition of eosinophil migration by lactoferrin. Immunol Cell Biol (2010) 88:220–3. doi: 10.1038/icb.2009.86

40. Kruzel, ML, Bacsi, A, Choudhury, B, Sur, S, and Boldogh, I. Lactoferrin decreases pollen antigen-induced allergic airway inflammation in a murine model of asthma. Immunology (2006) 119:159–66. doi: 10.1111/j.1365-2567.2006.02417.x



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Li, Zhang, Wang, Wang, Cui, Xu and Guan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu.2022.1026121_cover.jpg
’ frontiers l Frontiers in Immunology

Upregulated antimicrobial
immune response mediated by
neutrophils in the development
from allergic rhinitis to asthma





OEBPS/Images/fimmu-13-1026121-g003.jpg
-log, (P value)

N

N

log,(FC(AR-asthma vs AR))

Regulation type
® Downregulated (507)
Not significant (19086)
® Upregulated (378)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Upregulated antimicrobial immune response mediated by neutrophils in the development from allergic rhinitis to asthma

      

        		

          Background

        



        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Subjects

          



          		

            Study design

          



          		

            Transcriptomic RNA sequencing and bioinformatics analysis

          



          		

            Quantitative PCR

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Demographic characteristics and clinical manifestations of the patients

          



          		

            Transcriptomic differences between the AR-asthma and AR groups during the pollen season

          



          		

            Transcriptomic differences between the AR-asthma and AR groups outside the pollen season

          



          		

            Quantitative PCR validation

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-13-1026121-g004.jpg
During the pollen season Outside the pollen season
upregulated upregulated

During the pollen season
downregulated

Outside the pollen season
downregulated





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-13-1026121-g002.jpg
>

GO terms (biological process)

o

GO terms (biological process)

During the pollen season, AR-asthma vs AR, upregulated

antifungal humoral response

neutrophil-mediated killing of bacterium

antibacterial humoral response

antimicrobial humoral immune response mediated by antimicrobial peptide

regulation of T cell receptor signaling pathway

Outside the pollen season, AR-asthma

regulation of inflammatory response to antigenic stimulus

megakaryocyte differentiation

toll-like receptor 4 signaling pathway

leukocyte tethering or rolling

antimicrobial humoral immune response mediated by antimicrobial peptide

myeloid leukocyte differentiation

o

) Rich .factor

vs AR, upregulated

0.000 0.025 0.050 0.075 0.100
Rich factor

GO terms (biological process)

GO terms (biological process)

positive regulation of natural killer cell mediated cytotoxicity

positive regulation of pattern recognition receptor signaling pathway

During the pollen season, AR-asthma vs AR, downregulated

microglial cell activation
natural killer cell activation

leukocyte mediated cytotoxicity

0.4

2

0 003 006 009 0.12
Rich factor

Outside the pollen season, AR-asthma vs AR, downregulated

antibody—-dependent cellular cytotoxicity
regulation of germinal center formation
regulation of memory T cell differentiation
regulation of complement activation

Fc-gamma receptor signaling pathway

response to interferon-gamma
positive regulation of lymphocyte proliferation

positive regulation of innate immune response

lymphocyte activation involved in immune response

0.3 0.4

Rich factor





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-1026121-g005.jpg
During pollen season

*

Hl AR group
AR-Asthma group

Relative expression

* *%

Relative expression
¥






OEBPS/Images/fimmu-13-1026121-g001.jpg
-log4o(F value)

log,(FC(AR-asthma vs AR))

Regulation type

® Downregulated (200)
Not significant (19683)
® Upregulated (158)





OEBPS/Images/table1.jpg
Indexes AR group AR-asthma

(n=18) (n=7)
Women (n, %) 9, 50.0% 3,42.9%
Age (years old) 34+8 32+9
BMI (kg/mz) 22.8 (20.6, 24.2) 264 (22.1, 30.0)
Course of AR (years) 5(3,9) 7 (4,9)
VAS of past AR 7.0 (5.0, 8.0) 7.5 (7.0, 9.0)

symptoms

AR, allergic rhinitis; BMI, body mass index; VAS, visual analogue scale.

value

1.000
0.551
0.064
0.745
0.087





