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Chronic rhinosinusitis (CRS) with nasal polyps (CRSwNP) mainly expresses type-2 endotype, featuring eosinophils as a main player in the inflammatory process. Prolonged eosinophilia in the tissues of asthma and CRSwNP patients has been associated with structural changes, leading to fixed airflow obstruction in asthma and nasal polyposis in CRSwNP. This suggests that eosinophils may belong to different subgroups playing distinct roles in pathogenesis. Recent studies highlight the roles of inflammatory eosinophils (iEOS) in driving inflammation and tissue damage, whereas tissue-resident eosinophils (rEOS) maintain homeostasis and tissue repair in the airway. Therefore, understanding both roles of eosinophil subpopulations is crucial for better CRSwNP management, including enhancing the diagnosis accuracy, predicting recurrence, and optimizing treatment strategies.
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1 Introduction

Chronic rhinosinusitis (CRS) with nasal polyps (CRSwNP) is an inflammatory nose disease with a complex mechanism of dysregulated immune responses, which significantly contributes to morbidity and reduced quality of life. According to a European Position Paper on Rhinosinusitis and Nasal polyps (EPOS) 2020, CRSwNP is characterized by the presence of two or more symptoms among nasal obstruction, facial pain/pressure, and hyposmia/anosmia more than or equal to 12 weeks with endoscopic based evidence of bilateral nasal polyposis (1).

The primary treatment for CRSwNP includes nasal irrigation, nasal spray, intranasal corticosteroids, and a short-course of oral corticosteroids. In refractory cases, functional endoscopic sinus surgery (FESS) is considered. Additionally, biological treatments are available for severe cases, such as dupilumab (monoclonal anti-IL-4Rα), mepolizumab (monoclonal anti-IL-5), and omalizumab (monoclonal anti-IgE). However, despite appropriate treatment, the need of systemic steroid use remains high, which is associated with adverse effects such as infections, diabetes, obesity, osteoporosis, cardiovascular disease, and cataracts. Furthermore, 40% of patients who underwent surgery experienced nasal polyp recurrence within 18 months, and 25% of surgery cases required revision procedures. This burden is more significant in those with comorbid asthma and high eosinophil levels (2–4).

The inflammation patterns underlie the heterogeneity in clinical manifestation and treatment responsiveness affecting disease management and outcomes. Identifying phenotypes (e.g., eosinophilic CRS, allergic fungal rhinosinusitis (AFRS), and non-eosinophilic CRS) and endotypes (e.g., type 2 and non-type 2) of CRSwNP improves the therapeutic options and clinical outcomes prediction after treatment. Endotypes have been widely utilized in clinical guidelines for planning personalized treatment. They are classified by the patterns of inflammatory drivers, including T helper (Th) cells and innate lymphoid cells (ILCs). The Type 2 endotype is characterized by increased T helper type 2 (Th2) cells and elevated levels of associated cytokines, which has a downstream influence on eosinophil numbers, specific IgE, and total IgE. In contrast, non-Type 2 endotypes are driven by increased T helper type 1 (Th1) and T helper type 17 (Th17) responses, resulting in elevated neutrophil levels. Most CRSwNP typically exhibit type 2 phenotype, primarily characterized by eosinophilic inflammation. Therefore, detecting abnormalities in eosinophils is crucial for effective management in this group (1). Currently, only a limited number of biomarkers, including peripheral eosinophilia, tissue eosinophilia count, and IgE, are available for type-2 endotype (5). This limitation highlights the need for a deeper understanding of the mechanisms driving CRSwNP pathobiology. Additionally, advance knowledge of eosinophils is essential to identify potential biomarkers to improve diagnostic, prognostic, and therapeutic strategies (5).

Eosinophils are remarkable players in the pathogenesis of CRSwNP, particularly in severe and refractory forms (6). Blood and tissue eosinophilia are reported in approximately 80% of all CRSwNP cases and correlate with poor disease control and a higher risk of recurrence after FESS (5). Recent studies have shown that eosinophils not only have inflammatory and destructive roles but also contribute to homeostasis and tissue repair (7–9). These data indicate the functional diversity within the eosinophil population, leading to the concept of subpopulations in the eosinophils and disease manifestation and outcomes. In this review, we summarize the current knowledge on eosinophil subpopulations in CRSwNP, their pathophysiologic role, and the potential ways of harnessing them to manage this eosinophilic disease.




2 Basic features of eosinophil homeostasis

Eosinophils originate in bone marrow before differentiation, proliferation, and activation through IL-3, GM-CSF, and IL-5 cytokine signals. They migrate from bloodstream to the inflamed tissue following a gradient of chemokines such as eotaxin, CCL-5, and the cytokine IL-5 (10). The high expression of adhesion molecules on epithelial cells at the inflamed area facilitates eosinophil attachment via L-selectins and integrins, inducing diapedesis into the tissue (11). Upon eosinophils arrive at the target organs, lipid mediators and cytokines in the surrounding milieu trigger their activation and degranulation (12) (Figure 1). Eosinophil granule proteins, such as major basic protein (MBP), eosinophil cationic protein (ECP), eosinophil peroxidase (EPO), and eosinophil-derived neurotoxin (EDN), exhibit cytotoxic effects able to neutralize microorganisms and parasites. However, their non-selective mechanism also causes severe damage to host tissues, potentially leading to the pathogenesis of various inflammatory diseases such as asthma, CRS, nasal polyps, and eosinophilic esophagitis (EoE) (8). Furthermore, cytokines released by eosinophils, such as IL-4, IL-5, and IL-13, enhance the inflammatory processes by activating and attracting other immune cells in the type-2 high pathway (12). Eosinophils may access lymph nodes from high endothelium venules and provide IL-4 to T cells undergoing activation and proliferation, thus sustaining the Th2 orientation of the immune response (13).




Figure 1 | The different role of eosinophil subgroups in chronic inflammatory diseases The increase of pro-inflammatory cytokines from the inflamed areas induces the eosinophil progenitors to proliferate, mature, and differentiate into rEOS and iEOS before entering the bloodstream. Eosinophils are directed to the site of inflammation by chemokines. Their movement becomes slower and trapped by the elevated expression of adhesion molecules on epithelial cells before penetrating into the inflamed site. Within this microenvironment, eosinophils become activated and release cytokines and granules, contributing to pathogenesis and adverse outcomes in diseases such as CRSwNP, asthma, EoE, and EGPA. To create a strategy for managing these diseases, several technology facilitates the investigation of the differences in eosinophil function in individuals. Figure created with www.BioRender.com ACQ, Asthma Control Questionnaire; ACT, Asthma Control Test; EGPA, Eosinophilic granulomatosis with polyangiitis; EoE, Eosinophilic Esophagitis; EoEHSS, Eosinophilic Esophagitis Histologic Scoring System EoP, Eosinophil progenitors; FFS, Five-factor score; I-SEE, Index of Severity for Eosinophilic Esophagitis; iEOS, inflammatory eosinophil; MLK, Modified Lund Mackey; MLM, Modified Lund Kenedy; rEOS, resident eosinophil; SNOT-22, Sino-nasal Outcome Test-22.






3 Subpopulations of eosinophils

Eosinophils generally survive in circulation for 3 to 18 hours and represent less than 5% of the total leukocyte count. However, large amounts of eosinophils are present in tissues such as adipose tissue, uterus, mammary glands, gastrointestinal (GI) tract, hearts, lungs, and thymus, with a half-life extending from 36 hours to 1 week (8, 10, 14, 15). Eosinophils in the nasal polyp tissue tend to live longer than 2 weeks because they express the antiapoptotic genes, such as BCL2A1, BCL2L1, BCL3, BIRC2, BIRC3, TNFAIP3, PPP1R15A, which inhibit the apoptosis pathway. Moreover, tissue eosinophils exhibit higher activation and prolonged survival, driven by IL-5 from the inflammatory microenvironment, compared with peripheral eosinophils. IL-5 sustains eosinophil survival by inhibiting apoptosis through the JAK-STAT pathway (6, 14, 16). Furthermore, it was shown that the eosinophil population dominates over other immune cells in the upper airway tissue of both those with or without CRS. The eosinophil proportion is higher in CRSwNP than in CRS without nasal polyps (CRSsNP) groups. Surprisingly, their proportion is higher in controls than in the CRSsNP groups. These data indicate that substantial eosinophil populations may play a role in inducing inflammation, while others may have different functions (17).

The specific population of resident EOS (rEOS) was recently identified in mice lung tissue by surface markers Siglec-FintCD62L+CD101low without effect from IL-5 and located at the lamina propria. In contrast, an IL-5-dependent population of inflammatory EOS (iEOS) characterized by Siglec-FhiCD62L-CD101hi is recruited during a house-dust-mite (HDM) treatment and is dense near the epithelial layer (8). Similar eosinophil subpopulations have been identified in the human pulmonary and nasal polyp tissues through the different expression of CD62L and IL-3R as Siglec-8+CD62L+IL3R- cells for iEOS, and Siglec-8+CD62L-IL3R+ for rEOS (8, 18–20). Eosinophil density is high throughout the nasal lamina propria and the epithelial layer of CRSwNP and CRSsNP (17), however, the roles of the different eosinophil populations have not yet been elucidated.

The gene expression profiles of rEOS and iEOS reveal distinct roles in the immune response. rEOS are involved in homeostasis, tissue repair, antimicrobial defense, and decrease the Th2 response, while iEOS express several inflammation-associated genes (8). Electron microscopy evidenced structural differences between the two subsets, with rEOS exhibiting piecemeal degranulation (PMD), releasing a small number of selective granule packages over time, while iEOS displayed massive degranulation and no PMD (8). The degranulation observed with rEOS may relate to the regulatory immune response, immune cell recruitment to the inflamed site, antimicrobial defense, and tissue repair by secreting various proteins (8, 20). Conversely, iEOS cytolytic degranulation releases all the granules, which include MBP, ECP, EPO, and EDN, leading to tissue damage and prolonged inflammation. In the disease condition, the excessive cytokines released, such as IL-5 promote the survival and enhance the function of iEOS due to their IL-5-dependent, resulting in high population and hyperactivate of iEOS that may contribute to the pathogenesis of eosinophilic diseases (8). This is related to the observation in nasal sinus tissue from eosinophilic CRS, showing the degranulation pattern is half of PMD, and the rest shows cytolysis (21).

However, the roles of these subgroups are still controversial. The study on colitis found active eosinophils (A-EOS) in the epithelial layer of the colon have a function in homeostasis and bacteria elimination. This function is similar to rEOS, but rEOS is located in the lamina propria of tissue (22). Additionally, single-cell RNA sequencing (scRNA-seq) of eosinophils from nasal polyp of CRSwNP patients has identified four distinct expressions of subpopulations in chemokines (CCL3, CCL4, and CXCL8), proinflammatory cytokines (INHBA), and growth factors (ARL4C). Each of these clusters requires different stimuli, such as IL-1β or IL-33, to express their specific cytokines, but the exact stimuli for each subpopulation are unclear (6). Overall, these findings indicate the existence of eosinophils with specific functions in homeostasis and inflammation within sinonasal tissue. The understanding of the specific roles of these subpopulations remains limited (Figure 1).




4 The imbalance of eosinophil subpopulations in CRSwNP

The imbalance between two subtypes of eosinophils might contribute to the increased severity of the diseases (19). However, evidence on the proportion of iEOS and rEOS in the CRSwNP is lacking. Data from asthmatic patients help us understand the roles of both subpopulations in the CRSwNP, as both diseases share pathogenic similarities. The patients with CRSwNP have an increased likelihood of comorbidity with asthma, suggesting that an imbalance between iEOS and rEOS might be present, as observed in the nasal polyp tissue from asthma patients (23). The percentage of iEOS was higher in the peripheral blood of asthma patients compared to healthy controls (10). Moreover, the percentage of iEOS is higher in blood samples of severe refractory asthma (18). In contrast, another study has reported a lower iEOS percentage in severe asthma compared to asthma and healthy control (19). This inconsistency may be due to the lack of data on absolute eosinophil count in each subgroup. The findings suggest that while the relative percentage appears lower, the actual iEOS number in severe asthma might be elevated compared to other groups (10, 19). On the other hand, the iEOS may have already infiltrated into the tissue when responding to chemokines released from the inflammation site (10, 19). This hypothesis is supported by data showing that the percentage of iEOS is higher in the nasal polyp tissue than in peripheral blood samples of asthma (18). Moreover, the percentage of iEOS is significantly decreased in the blood sample of asthma patients after challenges with the allergen (19). This evidence has shown that the iEOS might migrate to the inflamed area by IL-5, eotaxin, and alarmins [IL-25, IL-33, and thymic stromal lymphopoietin (TSLP)], while a small proportion of rEOS infiltrated into the airway tissue triggered by alarmins (10, 19). However, data on the velocity of both eosinophil subtypes in the bloodstream is lacking. iEOS may migrate faster to the inflamed site once attracted by chemokines, leading to the high percentage of iEOS observed in the nasal polyp of severe cases (18).

Although both eosinophil subpopulations in the peripheral blood of asthmatic patients are increased in adhesion, airway smooth muscle (ASM) migration, and extracellular matrix (ECM) production, rEOS perform better in all aspects. Nevertheless, iEOS shows more functional performance in reactive oxygen species (ROS) production than rEOS in asthma. These findings support the view that the over-functioning iEOS leads to inflammation in the airway tissue, whereas the rEOS plays a role in homeostasis and tissue repair. The hyperactivate of rEOS may contribute to the tissue thickening and remodeling in airway diseases. However, the ratio between these subpopulations that leads to imbalance is currently unknown (19, 20). Further research is needed to understand these populations in CRSwNP regarding clinical manifestations, prognosis, and treatment outcomes.




5 Future directions in clinical practice

Eosinophils have shown great potential in the clinical management of eosinophilic diseases such as asthma and CRSwNP. The characteristics of the patients, including type 2 and non-type 2 CRSwNP are associated with blood and tissue eosinophilia. The peripheral blood eosinophils of more than 500 cells/µl in CRSwNP patients is a promising biomarker predicting the 2-year post-operative nasal polyp recurrence (5). Moreover, blood or tissue eosinophil count evolution can guide targeted treatment strategies in clinical practice, such as dupilumab, mepolizumab, and omalizumab that are used to reduce inflammation in patients with severe symptoms and exacerbations (24).

The emerging role of iEOS and rEOS in airway diseases may offer new CRSwNP management strategies by enhancing our understanding of pathogenesis. Data from these subpopulations may improve the assessment of current and future severity of specific patient populations. For instance, the relative and absolute counts of activated iEOS and rEOS in a population could be more accurate severity biomarkers than the absolute count of blood or tissue eosinophils, especially in those who have high numbers of activated iEOS and low numbers of activated rEOS (12). The current systems for assessing disease severity rely mainly on clinical outcomes and quality of life, which include only a few biomarkers. Eosinophil subpopulations may also improve the severity assessment system in other eosinophil-associated diseases, such as asthma, eosinophilic granulomatosis with polyangiitis (EGPA), and EoE (25–28) (Figure 1).

A clinical study of dupilumab-treated CRSwNP also shows that blood eosinophil count remains stable, whereas total IgE levels decrease during the treatment (24). This may indicate that dupilumab reduces iEOS while increasing rEOS. On the other hand, dupilumab might reduce the activation of iEOS and simultaneously enhance the activation of rEOS. However, the effect of biological treatment on the eosinophil subpopulations remains unknown (29).

These subpopulations may serve as potential therapeutic targets. The treatment strategies focusing on preventing iEOS from overactivation, which causes inflammation, and preventing rEOS from over-functioning, which causes airway thickening and nasal polyps from excessive tissue regeneration, is a promising issue. Alternatively, maintaining the stability of rEOS without overactivation may help regulate immune responses and sustain a healthy microenvironment in the sinonasal tissue (10). Therefore, targeting the eosinophil function is a key focus of emerging therapies. With the understanding of eosinophil behavior, targeted treatments can be developed. Therapeutic monoclonal antibodies directed to IL-5/IL-5Rα and IL-33 are expected to reduce the proliferation, differentiation, and maturation of eosinophils, leading to a decrease in the number of eosinophils released from the bone marrow (30, 31). Anti-IL-5 can also reduce the survival of eosinophils in blood and the migration of iEOS. Moreover, anti-IL-5, anti-TSLP, and anti-IL-33 also decrease the recruitment and activation of eosinophils (30, 32, 33). Clinical trials demonstrated that after treating CRSwNP patients with anti-IL-5/IL-5Rα, the eosinophil count in the blood decreased significantly, and clinical improvement was seen (30). The clinical trials with tezepelumab (monoclonal anti-TSLP) showed the potential for improving sinonasal symptoms of severe asthma comorbid with CRSwNP (32). However, some treatments, such as anti-IL-33, did not significantly reduce the Sino-Nasal Outcome Test-22 (SNOT-22) score, nasal polyp score (NPS), or eosinophil count, indicating insufficient therapeutic efficacy (33). In such cases, drug combinations could be an alternative option. For example, anti-eotaxin and anti-CCR3, which may reduce the migration signal of eosinophil, could be used in combination with anti-Siglec-8, which promotes eosinophil apoptosis (34–37). Currently, however, there are no data available on the effectiveness of these drugs or corticosteroids alone and the combined therapies on the iEOS and rEOS. Further studies on this topic could indeed provide critical insights for tailored therapeutic approaches in CRSwNP (29) (Figure 2).




Figure 2 | Novel treatment in CRSwNP specific to eosinophil function Current biological treatments approved for CRSwNP treatment. Some drugs may have a potential effect as therapeutics targeting eosinophil functions. Additionally, combining these drugs may enhance efficacy, particularly in patients who do not respond to current treatments. Figure created with www.BioRender.com .



Furthermore, integrating iEOS and rEOS into prognostic models could improve the prediction of the treatment response and recurrence events. Recently, the prognosis models demonstrated the personalized strategies of patient care. A study combining inflammatory cytokine profiles with clinical data successfully developed models to predict polyp recurrence, achieving an area under the curve of 0.89 (23). Although they do not include the eosinophil population data, the results highlighted potential biomarkers associated with eosinophils, such as ECP and IL-5, for predicting polyp recurrence. Integrating the subpopulations of eosinophils could enhance the accuracy of predictive models for nasal polyp recurrence. Additionally, these subpopulations may create the models that help us to classify CRSwNP patients based on their endotypes to identify treatable traits and develop potential treatment strategies, such as immunotherapy (23). This also benefits other eosinophil-related diseases in predicting long-term outcomes by using individual profiles. For instance, it can help to predict the fixed airway obstruction and exacerbation events in asthma patients, esophageal thickening or dysmotility of EoE, and the organ multifunction in EGPA, which are caused by eosinophil function. These diseases now have a targeted treatment specific to eosinophils. Integrating individual eosinophil-related data could help clinicians design treatment strategies to prevent adverse outcomes in the future (38–40) (Figure 1).

Several techniques improved the capture of eosinophil function details. For example, flow cytometry is used to evaluate the maturation and differentiation of eosinophils by quantifying the proportion of iEOS and rEOS (19). The microfluid-based migration assay and the transwell assay can evaluate the migration of eosinophil subpopulations (41). The adhesion assay is used to detect the percentage of adhesion eosinophil subpopulations by simulating the inflamed environment (19). iEOS and rEOS activation and degranulation can be assessed through multiple methods, including surface protein via the flow cytometry, secreted granule content using the ELSIA test, and degranulation patterns observed under electron microscopy (19, 21). Additionally, the survival of iEOS and rEOS in blood and tissue can be evaluated by assessing eosinophil viability after culture in an inflammatory environment. This can be done through various methods, such as annexin V detection via a flow cytometry-based assay or colorimetric assays (e.g., MTT assay) (19). These can also be used to detect the individual functions in iEOS and rEOS to create personalized management (Figure 1).

Collectively, the concepts of iEOS and rEOS have not yet been completely elucidated and well- standardized. In addition to these two populations, there are still other subpopulations and functions in CRSwNP awaiting description, as suggested by the scRNA-seq (6).




6 Conclusion

iEOS and rEOS play a key role in inflammation and homeostasis in the airway tissue. To date, the pathogenesis mechanism and roles of eosinophil subpopulations in CRSwNP are not well established. Here, we reviewed and summarized the current data on eosinophils associated with airway diseases, underlining the need for further experimental investigation of their contribution to the pathogenesis of CRSwNP, in order to harness new potential therapeutic targets and biomarkers for clinical implementation.





Author contributions

KS: Writing – original draft, Writing – review & editing. PL: Writing – review & editing. TK: Writing – review & editing. AG: Writing – review & editing. VD: Writing – review & editing. JV: Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was financially supported by the “PHC SIAM” program (Project number: 49515ZF), implemented by the French Ministry for Europe and Foreign Affairs, the French Ministry of Higher Education and Research and the Thai Ministry of Higher Education, Science, Research and Innovation. Additionally, this work was partially supported by the “Scholarships for Ph.D. Students” (Project number: PHD/0002/2565) from Mahidol University, Thailand. The article processing charge was funded by the Research Administration Unit, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Thailand.




Acknowledgments

We greatly thank all staff of the Clinical Immunology Department, Ramathibodi Hospital, Mahidol University, Thailand, Inserm UMR-S 1250 unit, the University Hospital of Reims (CHU de Reims), and the University of Reims Champagne-Ardenne, France, for providing the laboratory data and knowledge.





Conflict of interest

VD reports consultancy fees, funding grants, and travel reimbursement in the past 5 years from Astra Zeneca, outside the submitted work. JV reports speaker and consultancy fees in the past 5 years from Astra Zeneca, HpVac, L’Oréal, Novartis, Thermo Fisher Scientific, Zambon, and travel expenses reimbursement from Stallergènes-Greer for an international meeting, outside the submitted work.

The remaining 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.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Abbreviations

A-EOS, Active Eosinophil; CCL, Chemokine (C-C motif) Ligand; CRS, Chronic Rhinosinusitis; CRSsNP, Chronic Rhinosinusitis without Nasal Polyps; CRSwNP, Chronic Rhinosinusitis with Nasal polyps; ECP, Eosinophil Cationic Protein; EGPA, eosinophilic granulomatosis with polyangiitis; EoE, Eosinophilic Esophagitis; iEOS, Inflammatory Eosinophil; IgE, Immunoglobulin E; IL, Interleukin; PMD, Piecemeal Degranulation; rEOS, Resident Eosinophil; scRNA-seq, Single-Cell RNA Sequencing; Siglec, Sialic Acid-Binding Immunoglobulin-Like; TSLP, Thymic Stromal Lymphopoietin.




References

1. Fokkens, WJ, Lund, VJ, Hopkins, C, Hellings, PW, Kern, R, Reitsma, S, et al. European position paper on rhinosinusitis and nasal polyps 2020. Rhinology. (2020) 58:1–464. doi: 10.4193/Rhin20.600

2. Benson, VS, Germain, G, Chan, RH, Sousa, AR, Yang, S, Silver, J, et al. Elucidating the real-world burden of chronic rhinosinusitis with nasal polyps in patients in the USA. OTO Open. (2022) 6:2473974X221128930. doi: 10.1177/2473974X221128930

3. Bachert, C, Bhattacharyya, N, Desrosiers, M, and Khan, AH. Burden of disease in chronic rhinosinusitis with nasal polyps. J Asthma Allergy. (2021) 14:127–34. doi: 10.2147/JAA.S290424

4. Han, JK, Silver, J, Dhangar, I, Veeranki, P, and Deb, A. Quantifying corticosteroid burden in chronic rhinosinusitis with nasal polyps: A retrospective US database study. Ann Allergy Asthma Immunol. (2024). doi: 10.1016/j.anai.2024.10.015

5. Levi, L, Havazelet, S, Reuven, Y, Elmograbi, A, Badir, S, Shraga, Y, et al. Patterns of recurrence in patients with CRSwNP who underwent complete FESS. Eur Arch Otorhinolaryngol. (2024) 281:5847–56. doi: 10.1007/s00405-024-08832-5

6. Iwasaki, N, Poposki, JA, Oka, A, Kidoguchi, M, Klingler, AI, Suh, LA, et al. Single cell RNA sequencing of human eosinophils from nasal polyps reveals eosinophil heterogeneity in chronic rhinosinusitis tissue. J Allergy Clin Immunol. (2024) 154:952–64. doi: 10.1016/j.jaci.2024.05.014

7. Andreev, D, Liu, M, Kachler, K, Llerins Perez, M, Kirchner, P, Kolle, J, et al. Regulatory eosinophils induce the resolution of experimental arthritis and appear in remission state of human rheumatoid arthritis. Ann Rheum Dis. (2021) 80:451–68. doi: 10.1136/annrheumdis-2020-218902

8. Mesnil, C, Raulier, S, Paulissen, G, Xiao, X, Birrell, MA, Pirottin, D, et al. Lung-resident eosinophils represent a distinct regulatory eosinophil subset. J Clin Invest. (2016) 126:3279–95. doi: 10.1172/JCI85664

9. Hosseini, A, Germic, N, Markov, N, Stojkov, D, Oberson, K, Yousefi, S, et al. The regulatory role of eosinophils in adipose tissue depends on autophagy. Front Immunol. (2023) 14:1331151. doi: 10.3389/fimmu.2023.1331151

10. Cabrera Lopez, C, Sanchez Santos, A, Lemes Castellano, A, Cazorla Rivero, S, Brena Atienza, J, Gonzalez Davila, E, et al. Eosinophil subtypes in adults with asthma and adults with chronic obstructive pulmonary disease. Am J Respir Crit Care Med. (2023) 208:155–62. doi: 10.1164/rccm.202301-0149OC

11. Blight, BJ, Gill, AS, Sumsion, JS, Pollard, CE, Ashby, S, Oakley, GM, et al. Cell adhesion molecules are upregulated and may drive inflammation in chronic rhinosinusitis with nasal polyposis. J Asthma Allergy. (2021) 14:585–93. doi: 10.2147/JAA.S307197

12. Yun, Y, Kanda, A, Kobayashi, Y, Van Bui, D, Suzuki, K, Sawada, S, et al. Increased CD69 expression on activated eosinophils in eosinophilic chronic rhinosinusitis correlates with clinical findings. Allergol Int. (2020) 69:232–8. doi: 10.1016/j.alit.2019.11.002

13. Akdis, CA, Arkwright, PD, Bruggen, MC, Busse, W, Gadina, M, Guttman-Yassky, E, et al. Type 2 immunity in the skin and lungs. Allergy. (2020) 75:1582–605. doi: 10.1111/all.14318

14. Kanda, A, Yun, Y, Bui, DV, Nguyen, LM, Kobayashi, Y, Suzuki, K, et al. The multiple functions and subpopulations of eosinophils in tissues under steady-state and pathological conditions. Allergol Int. (2021) 70:9–18. doi: 10.1016/j.alit.2020.11.001

15. Gurtner, A, Crepaz, D, and Arnold, IC. Emerging functions of tissue-resident eosinophils. J Exp Med. (2023) 220. doi: 10.1084/jem.20221435

16. Park, YM, and Bochner, BS. Eosinophil survival and apoptosis in health and disease. Allergy Asthma Immunol Res. (2010) 2:87–101. doi: 10.4168/aair.2010.2.2.87

17. Giotakis, AI, Dudas, J, Glueckert, R, Buechel, E, and Riechelmann, H. Identification of neutrophils and eosinophils in upper airway mucosa with immunofluorescence multiplex image cytometry. Histochem Cell Biol. (2024) 162:203–14. doi: 10.1007/s00418-024-02284-y

18. Matucci, A, Nencini, F, Maggiore, G, Chiccoli, F, Accinno, M, Vivarelli, E, et al. High proportion of inflammatory CD62L(low) eosinophils in blood and nasal polyps of severe asthma patients. Clin Exp Allergy. (2023) 53:78–87. doi: 10.1111/cea.14153

19. Januskevicius, A, Jurkeviciute, E, Janulaityte, I, Kalinauskaite-Zukauske, V, Miliauskas, S, and Malakauskas, K. Blood eosinophils subtypes and their survivability in asthma patients. Cells. (2020) 9:1248. doi: 10.3390/cells9051248

20. Rimkunas, A, Januskevicius, A, Vasyle, E, Palacionyte, J, Janulaityte, I, Miliauskas, S, et al. Blood inflammatory-like and lung resident-like eosinophils affect migration of airway smooth muscle cells and their ECM-related proliferation in asthma. Int J Mol Sci. (2023) 24:3469. doi: 10.3390/ijms24043469

21. Neves, VH, Palazzi, C, Bonjour, K, Ueki, S, Weller, PF, and Melo, RCN. In vivo ETosis of human eosinophils: the ultrastructural signature captured by TEM in eosinophilic diseases. Front Immunol. (2022) 13:938691. doi: 10.3389/fimmu.2022.938691

22. Gurtner, A, Borrelli, C, Gonzalez-Perez, I, Bach, K, Acar, IE, Nunez, NG, et al. Active eosinophils regulate host defence and immune responses in colitis. Nature. (2023) 615:151–7. doi: 10.1038/s41586-022-05628-7

23. Bai, J, Huang, JH, Price, CPE, Schauer, JM, Suh, LA, Harmon, R, et al. Prognostic factors for polyp recurrence in chronic rhinosinusitis with nasal polyps. J Allergy Clin Immunol. (2022) 150:352–61.e7. doi: 10.1016/j.jaci.2022.02.029

24. Huber, P, Forster-Ruhrmann, U, Olze, H, Becker, S, Barhold, F, Cuevas, M, et al. Real-world data show sustained therapeutic effects of dupilumab in chronic rhinosinusitis with nasal polyps (CRSwNP) over 3 years. Allergy. (2024) 79:3108–17. doi: 10.1111/all.16263

25. van Dijk, BCP, Svedsater, H, Heddini, A, Nelsen, L, Balradj, JS, and Alleman, C. Relationship between the Asthma Control Test (ACT) and other outcomes: a targeted literature review. BMC Pulm Med. (2020) 20:79. doi: 10.1186/s12890-020-1090-5

26. Dellon, ES, Khoury, P, Muir, AB, Liacouras, CA, Safroneeva, E, Atkins, D, et al. A clinical severity index for eosinophilic esophagitis: development, consensus, and future directions. Gastroenterology. (2022) 163:59–76. doi: 10.1053/j.gastro.2022.03.025

27. Alexander, RG, Ravi, K, Collins, MH, Lavey, CJ, Snyder, DL, Lennon, RJ, et al. Eosinophilic esophagitis histologic scoring system: correlation with histologic, endoscopic, and symptomatic disease and clinical use. Dig Dis Sci. (2023) 68:3573–83. doi: 10.1007/s10620-023-08029-6

28. Emmi, G, Bettiol, A, Gelain, E, Bajema, IM, Berti, A, Burns, S, et al. Evidence-Based Guideline for the diagnosis and management of eosinophilic granulomatosis with polyangiitis. Nat Rev Rheumatol. (2023) 19:378–93. doi: 10.1038/s41584-023-00958-w

29. Carriera, L, Fantò, M, Martini, A, D’Abramo, A, Puzio, G, Scaramozzino, MU, et al. Combination of biological therapy in severe asthma: where we are? J Pers Med. (2023) 13:1594. doi: 10.3390/jpm13111594

30. Fokkens, WJ, Mullol, J, Kennedy, D, Philpott, C, Seccia, V, Kern, RC, et al. Mepolizumab for chronic rhinosinusitis with nasal polyps (SYNAPSE): In-depth sinus surgery analysis. Allergy. (2023) 78:812–21. doi: 10.1111/all.15434

31. Bachert, C, Han, JK, Desrosiers, MY, Gevaert, P, Heffler, E, Hopkins, C, et al. Efficacy and safety of benralizumab in chronic rhinosinusitis with nasal polyps: A randomized, placebo-controlled trial. J Allergy Clin Immunol. (2022) 149:1309–17 e12. doi: 10.1016/j.jaci.2021.08.030

32. Laidlaw, TM, Menzies-Gow, A, Caveney, S, Han, JK, Martin, N, Israel, E, et al. Tezepelumab efficacy in patients with severe, uncontrolled asthma with comorbid nasal polyps in NAVIGATOR. J Asthma Allergy. (2023) 16:915–32. doi: 10.2147/JAA.S413064

33.A phase 2, double-blind, placebo-controlled, parallel group, multiple dose study to investigate etokimab (ANB020) in adult subjects with chronic rhinosinusitis with nasal polyposis (2018). Available online at: https://clinicaltrials.gov/study/NCT03614923 (Accessed March 20, 2025).

34. Gauvreau, GM, FitzGerald, JM, Boulet, LP, Watson, RM, Hui, L, Villineuve, H, et al. The effects of a CCR3 inhibitor, AXP1275, on allergen-induced airway responses in adults with mild-to-moderate atopic asthma. Clin Exp Allergy. (2018) 48:445–51. doi: 10.1111/cea.2018.48.issue-4

35. Bao, Y, Wu, Z, Zhu, X, Wu, J, Jiang, Y, Zhang, Y, et al. The study of the role of purified anti-mouse CD193 (CCR3) antibody in allergic rhinitis mouse animal models. Sci Rep. (2024) 14:1059. doi: 10.1038/s41598-024-51679-3

36. Stewart, MW, Garg, S, Newman, EM, Jeffords, E, Konopinska, J, Jackson, S, et al. Safety and therapeutic effects of orally administered akst4290 in newly diagnosed neovascular age-related macular degeneration. Retina. (2022) 42:1038–46. doi: 10.1097/IAE.0000000000003446

37. Filippone, RT, Dargahi, N, Eri, R, Uranga, JA, Bornstein, JC, Apostolopoulos, V, et al. Potent CCR3 receptor antagonist, SB328437, suppresses colonic eosinophil chemotaxis and inflammation in the winnie murine model of spontaneous chronic colitis. Int J Mol Sci. (2022) 23:7780. doi: 10.3390/ijms23147780

38. Smith, BM, Zhao, N, Olivenstein, R, Lemiere, C, Hamid, Q, and Martin, JG. Asthma and fixed airflow obstruction: Long-term trajectories suggest distinct endotypes. Clin Exp Allergy. (2021) 51:39–48. doi: 10.1111/cea.13714

39. Suzuki, Y, Ochiai, Y, Kikuchi, D, Koseki, M, Ohashi, K, and Hoteya, S. Long-term outcome of asymptomatic esophageal eosinophilia. Gut Liver. (2024) 18:632–41. doi: 10.5009/gnl230398

40. Rodriguez-Van Strahlen, C, Arancibia, C, Calvo-Henriquez, C, Mullol, J, and Alobid, I. Systematic Review of Long Term Sinonasal Outcomes in CRSwNP after Endoscopic Sinus Surgery: A call for Unified and Standardized Criteria and Terms. Curr Allergy Asthma Rep. (2024) 24:443–56. doi: 10.1007/s11882-024-01154-w

41. Yu, J, Yan, B, Shen, S, Wang, Y, Li, Y, Cao, F, et al. IgE directly affects eosinophil migration in chronic rhinosinusitis with nasal polyps through CCR3 and predicts the efficacy of omalizumab. J Allergy Clin Immunol. (2024) 153:447–60.e9. doi: 10.1016/j.jaci.2023.09.041




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 © 2025 Simmalee, Lumjiaktase, Kawamatawong, Guemari, Dormoy and Vitte. 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.2025.1568541_cover.jpg
’ frontiers | Frontiers in Immunology

Inflammatory and homeostatic roles of
eosinophil subpopulations in chronic
rhinosinusitis with nasal polyp pathogenesis





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





OEBPS/Images/fimmu-16-1568541-g002.jpg
IL-5/IL-5Ra

TSLP/TSLPR

IL-33/ST2

Eotaxin/CCR3

Siglec-8

L-Selectin

Integrin

IL-3R

Targeted Treatment

e Mepolizumab
e Reslizumab
e Benralizumab

o Tezepelumab

Etokimab
Tozorakimab
ltekepemab
Astegolimab

Bertilimumab
AXP1275
AKST4290
SB328437

e Lirentelimab

e Reduce the eosinophil
proliferation, maturation,
and activation

e Decrease eosinophil
lifetime

e Reduce migration of iEOS
to inflammation site

e Reduce recruitment and
activation of iEOS and
rEOS

e Reduce the eosinophil

proliferation, maturation,
and activation

e Reduce migration of iEOS

and rEOS to inflamed site

¢ Induce eosinophil to
apoptosis

CRSwNP

Improvement
Evidence






OEBPS/Images/fimmu-16-1568541-g001.jpg
ST2 .
Maturation e Sr o Bone Marrow

and Proliferation

IL-3, IL-5,

GM-CSF,
IL-33

Siglec—é 6 o
Mature Eosinophil EoP

Entry to
; Inﬂammatory Site

é

1R Integrin

GM-CSFR

GM-CSFR

Inflammed Area

TSLP IL-25, IL-33

L-Selectin
L-Selectin

e Cytolysis Degranulation Piecemeal Degranulation

¢ Involved in Tissue Damage Phagocytosis

e Pro-inflammatory Cytokines Th2 Regulation
Secretion Tissue Remodeling

Eosinophil Related Disease

Severity Assesment Long-Term Outcomes

* Disease Recurrence after Surgery

SNOT-22, MLK, and MLM Nasal Polyp Size

¢ Fixed Airflow Obstruction

ACT, ACQ e Exacerbation

e Esophageal Wall Thickening

I-SEE, EOEHSS  Esophageal Dysmotility

FFS e Multiorgan Dysfunction

Eosinophil Functions Measurement

Maturation and

Proliferation Migration Adhesion Activation/Degranulation Surviability

e Flow Cytometry ¢ Microfluidic-Based e Adhesion assay e Granule Content ¢ Viability assay
Migration Assays Detection (MBP, ECP, e Flow Cytometry
o Transwell Assay EDN, EPX)
e Electron Microscopy
o Flow Cyometry





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Inflammatory and homeostatic roles of eosinophil subpopulations in chronic rhinosinusitis with nasal polyp pathogenesis

      

        		

          1 Introduction

        



        		

          2 Basic features of eosinophil homeostasis

        



        		

          3 Subpopulations of eosinophils

        



        		

          4 The imbalance of eosinophil subpopulations in CRSwNP

        



        		

          5 Future directions in clinical practice

        



        		

          6 Conclusion

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





