
TITLE: Mouse eosinophil-associated ribonuclease-2 exacerbates the allergic response  1 

 2 

To the Editor, 3 

 4 

Eosinophil granule cytotoxic proteins, including eosinophil-derived neurotoxin (EDN), play 5 

important roles in the pathogenesis of allergic inflammation.
1
 Serum EDN concentrations are 6 

considerably higher in patients with severe asthma, which suggest that EDN is also a potential 7 

biomarker for diagnosis. Mouse eosinophil-associated ribonuclease-2 (mEAR2), is considered as a 8 

murine ortholog of human EDN.
2-3

 mEAR2 and EDN share several common characters and 9 

biological activities,
2-4

 which make an animal model of mEAR2 might become a potential useful 10 

model to study the functional role of mEAR2 as well as EDN in allergic disease such as allergic 11 

asthma. 12 

To investigate the contribution of mEAR2 in allergic diseases, we generated mEAR2-13 

deficient mice (mEAR2
-/-)

 in a C57BL/6J background by removing coding exon 2 (gene also 14 

contains a non-coding exon 1) (Fig.S1A-C). In line with the expected genotype (Fig.S1D), mEAR2 15 

expression was abrogated in bone marrow, blood, and lung tissue (Fig.1A-B) as well as in bone 16 

marrow-derived eosinophils (BMDE) (Fig.1C) from mEAR2
-/-

 mice. No alteration in the expression 17 

of other mEAR family members was observed in mEAR2
-/-

 mice or mEAR2
+/-

 mice (Fig.S1E). 18 

Furthermore, BMDE from mEAR2
-/-

 mice differentiated in similar numbers and had identical 19 

histological morphology as those from mEAR2
+/+

 animals (Fig.1D-E). Importantly, mEAR2
-/-

20 

BMDE displayed similar chemotaxis towards eotaxin-1 (Fig.1F) and cytokine production (Fig.1G). 21 

This suggests that, at resting state, mEAR2 expression does not have a developmental or functional 22 

impact on eosinophils. 23 

To assess for a potential role of mEAR2 in allergic asthma, allergic airway inflammation 24 

(AAI) was induced by house dust mite (HDM) administration (Fig.S2A).
6
 Upon HDM sensitization 25 

and challenge, lung histological inflammation (Fig.2A), and inflammatory cell recruitment into 26 



bronchoalveolar lavage fluid (BALF) (Fig.2B) significantly decreased in mEAR2
-/- 

compared to 27 

mEAR2
+/+

 mice. A particularly prominent effect was observed on eosinophil recruitment suggesting 28 

a direct role of mEAR2 in eosinophil activation/migration/recruitment upon antigen challenge. 29 

Importantly, airway hyperresponsiveness (AHR) in sensitized and challenged animals was virtually 30 

abrogated in mEAR2
-/- 

mice with lung resistance and compliance (Fig.2C-D) comparable to 31 

unchallenged mice. Lung Type 2 cytokines (IL-4, -5, -13) were strongly decreased in mEAR2
-/-

 32 

mice (Fig.2E and S2B) while no effects were observed for Type 1 and Type 17 cytokines (Fig.S2B). 33 

These differences only appeared after the last HDM challenge (Fig.S2C-E). Moreover, IgE 34 

production was also strongly decreased in mEAR2
-/-

 mice (Fig.2F).  Expectedly, while mEAR2 35 

mRNA expression increased in the lungs of mEAR2
+/+

 mice upon HDM stimulation, it was not 36 

detected in the lungs from mEAR2
-/-

 mice (Fig.S2F). These results demonstrate that eosinophil-37 

derived mEAR2 play a major role in AAI by acting on cellular inflammation, type 2 cytokine 38 

response and IgE production upon challenge but not sensitization phase. 39 

In in vitro experiments, BDME and/or HDM-sensitized splenocytes from mEAR2
+/+

 or 40 

mEAR2
-/-

 mice were co-cultured with PBS/HDM. The protein level and mRNA expression of IL-4, 41 

-5, and -13 was significantly increased in mEAR2
+/+

/HDM compared with mEAR2
+/+

/PBS and 42 

mEAR2
-/-

/HDM group (Fig.2G and Fig.S2G). Moreover, no increasing of type 2 cytokines was 43 

observed in the individual eosinophils and splenocytes culture (Fig.S2G), suggesting that mEAR2 44 

contributes to enhances type 2 immune response in cooperation with eosinophils and other 45 

proinflammatory cells.  46 

In conclusion, we first used a mEAR2-deficient mouse model to demonstrate that mEAR2 is 47 

dispensable for eosinophil differentiation and function at resting state but essential for the 48 

development of AAI including AHR and lung eosinophilia. mEAR2 increased the production of 49 

Type2 cytokines with an ensuing increase in IgE production. mEAR2 exerts its effects, thereby 50 

enhancing the allergic response. 51 



Clinical implications: mEAR2, representing human EDN, might not only represent a clinical 52 

biomarker for allergic asthma management and follow up but also a new therapeutic target.  53 



REFERENCES: 54 

1. Jesenak M, Diamant Z, Simon D, et al. Eosinophils—from cradle to grave. Allergy. 55 

2023;78:3077-3102. doi:10.1111/all.15884 56 

2. McDevitt AL, Deming MS, Rosenberg HF, Dyer KD. Gene structure and enzymatic activity 57 

of mouse eosinophil-associated ribonuclease 2. Gene 2001;267(1):23-30. doi: 10.1016/s0378-58 

1119(01)00392-4. 59 

3.  Rosenberg HF. Eosinophil-derived neurotoxin (EDN/RNase 2) and the mouse eosinophil-60 

associated RNases (mEars): expanding roles in promoting Host Defense. Int J Mol Sci 61 

2015;16(7):15442-55. doi: 10.3390/ijms160715442. 62 

4. Yang D, Rosenberg HF, Chen Q, Dyer KD, Kurosaka K, Oppenheim JJ. Eosinophil-derived 63 

neurotoxin (EDN), an antimicrobial protein with chemotactic activities for dendritic cells. Blood. 64 

2003;102(9):3396-403. doi: 10.1182/blood-2003-01-0151 65 

5. Yang D, Chen Q, Su SB, Zhang P, Kurosaka K, Caspi RR, et al. Eosinophil-derived 66 

neurotoxin acts as an alarmin to activate the TLR2-MyD88 signal pathway in dendritic cells and 67 

enhances Th2 immune responses. J Exp Med 2008;205(1):79-90. doi: 10.1084/jem.20062027. 68 

6. Kanda A, Kondo K, Hosaka N, Kobayashi Y, Bui DV, Yun Y, et al. Eosinophilic upper 69 

airway inflammation in a murine model using an adoptive transfer system induces hyposmia and 70 

epithelial layer injury with convex lesions. Med Sci (Basel) 2019;7(2):22. doi: 71 

10.3390/medsci7020022. 72 

 73 

AUTHORS: Linh Manh Nguyen
1
, Akira Kanda

*$1,2,3
, Yuji Kamioka

4
, Keizo Tokuhiro

5
, Yoshiki 74 

Kobayashi
1,3

, Yasutaka Yun
1
, Dan Van Bui

1,6,7
, Hanh Hong Chu

1,8
, Nhi Kieu Thi Le

1
, Kensuke 75 

Suzuki
1
, Akitoshi Mitani

1
, Akihiro Shimamura

1
, Kenta Fukui

1
, David Dombrowicz

9
, and Hiroshi 76 

Iwai
1 

77 

 78 

AFFILIATIONS: 79 

https://doi.org/10.1016/s0378-1119(01)00392-4
https://doi.org/10.1016/s0378-1119(01)00392-4
https://doi.org/10.1084/jem.20062027
https://doi.org/10.3390/medsci7020022


1. Department of Otolaryngology, Head and Neck Surgery, Kansai Medical University, Osaka, 80 

Japan 81 

2. Laboratory Medicine Center, Kansai Medical University Hospital, Osaka, Japan 82 

3. Allergy Center, Kansai Medical University Hospital, Osaka, Japan 83 

4. Department of Molecular Genetics, Institute of Biomedical Science, Kansai Medical University, 84 

Osaka, Japan 85 

5. Department of Genome Editing, Institute of Biomedical Science, Kansai Medical University, 86 

Osaka, Japan 87 

6. Allergy Immunology and Dermatology department, E Hospital, Hanoi, Vietnam 88 

7. Allergy Immunology Clinical department, Hanoi Medical University, Hanoi, Vietnam 89 

8. Allergy Immunology and Rheumatology department, National Children Hospital, Hanoi, 90 

Vietnam 91 

9. University of Lille, Inserm, CHU Lille, Institut Pasteur de Lille, U1011-EGID, Lille, France 92 

* Equally contributed first author 93 

$
 Corresponding author 94 

Department of Otolaryngology, Head and Neck Surgery, Kansai Medical University 95 

2-5-1, Shinmachi, Hirakata City, Osaka, 573-1010, Japan 96 

Tel: +81-72-804-2463, Fax: +81-72-804-2464, E-mail: akanda@hirakata.kmu.ac.jp 97 

 98 

ACKNOWLEDGMENTS:  99 

We thank the staff of the Department of Otolaryngology and Head & Neck Surgery, Kansai 100 

Medical University, for their advice and assistance. 101 

 102 

AUTHOR CONTRIBUTIONS:  103 

Linh Manh Nguyen and Akira Kanda were involved in all stages of this investigation. Dan Van Bui, 104 

Hanh Hong Chu, Nhi Kieu Thi Le performed experiments. Yuji Kamioka, Keizo Tokuhiro, Yoshiki 105 

mailto:akanda@hirakata.kmu.ac.jp


Kobayashi, Yasutaka Yun, Kensuke Suzuki, Akitoshi Mitani, Akihiro Shimamura, Kenta Fukui, 106 

David Dombrowicz, and Hiroshi Iwai were involved in technical comments and drafting the 107 

manuscript. All authors approved the final manuscript and publication. 
 

108 

 109 

CONFLICTS OF INTEREST:  110 

All the authors have no conflicts of interest to declare.  111 

 112 

FUNDING:  113 

This work was supported by funding from the Academic Society for Research in Otolaryngology, 114 

Kansai Medical University (KMU); a research grant from the KMU research consortium; Ministry 115 

of Education, Culture, Sports, Science, and Technology (MEXT)–Supported Program for the 116 

Strategic Research Foundation at Private Universities (S1201038); and Grants-in-Aid for Scientific 117 

Research (C) from MEXT (15K10793). The branding program is a world-leading research 118 

university on intractable immune and allergic diseases. DD is supported by grants from the Agence 119 

Nationale de la Recherche (ANR) and the European Union: EGID ANR-10-LABX-46 and ANR-120 

20-CE15-0026), Fondation pour la Recherche Médicale (FRM), Nouveaux Défis en Allergologie. 121 

All these funding institutions were not involved in study design; in the collection, analysis, and 122 

interpretation of data; in the writing of the report; and in the decision to submit the article for 123 

publication.  124 

 125 

SUPPORTING INFORMATION 126 

Supporting Information section at the end of this article. 127 

 128 

FIGURE LEGENDS 129 

Figure 1. Unchanged characteristics of eosinophils from mEAR2-deficient mice at resting 130 

state 131 



(A) RT-PCR of mEAR2 in the bone marrow, blood, and lung tissues. (B) mEAR2 deficiency in the 132 

lung tissue. (C) mEAR2 deficiency in bone marrow-derived eosinophils. (D, E) Total cell number 133 

and percentage of bone marrow-derived eosinophils and H&E staining, respectively. (F) 134 

Chemotaxis assay toward eotaxin-1; chemotaxis index was calculated as migration events/baseline 135 

events. (G) qPCR analysis. Data are expressed as means ± SEM (n = 3 – 4 for each group). No 136 

significant difference compared with mEAR2
+/+ 

mice (all p value > 0.05). ND: not detected. 137 

Figure 2. Eosinophil-derived mEAR2 plays a major role in Allergic Airway Inflammation 138 

(A) Histology of lung sections. Red arrows indicate eosinophilic infiltration. (B) Bronchoalveolar 139 

lavage fluid (BALF) cellularity. (C, D) Lung compliance and resistance. (E) Protein levels of type 2 140 

cytokine in the BALF. (F) Total serum IgE. (G) Type 2 cytokine production in co-culture 141 

experiments; Arbitrary units: percentage increase from mEAR2
+/+

/PBS group. Data are expressed as 142 

means ± SEM (n = 3 - 4). * and ** Significant difference from mEAR2+
/+

/HDM group, (p < 0.05) 143 

and (p < 0.001), respectively. 144 


