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L E T T E R

A humanized mouse model to study asthmatic airway 
remodeling and Muc-5ac secretion via the human IL-33

To the Editor,
Numerous signaling pathways and treatment strategies have 
been discovered in the study of asthma, but effective animal mod-
els for the preclinical validation of efficacy and safety are lacking.1 
Reconstructing humanized mice with a human immune system is es-
sential to the simulation of human asthma, will help accelerate research 
on the pathogenesis of asthma, and is crucial for novel treatments.2 
NOG-EXL [the formal name, is NOD.Cg-PrkdcscidIL2rgtm1SugTg(SV40/
HTLV-IL3, CSF2)10-7Jic/JicCrl] mice are constructed by transferring 
human interleukin (IL)-3 and the granulocyte–macrophage colony-
stimulating factor on the basis of NOG (the formal name, is NOD.
Cg-PrkdcscidIL2rgtm1Sug/JicCrl). Human cord blood-derived hemat-
opoietic stem cells (huCD34 + HSC) transplanted into NOG-EXL 
mice, namely, huHSC-NOG-EXL mice, show an immune system that 
includes human myeloid cells–granulocytes, dendritic cells, mast cells, 
eosinophils, monocytes, macrophages, B cells, and T cells–differenti-
ated and mature.3,4 In general, the rationale of the huHSC-NOG-EXL 
mice model for studying asthma is unclear. Previous studies reported 
that IL-33 can function as an alarm signal in asthma.5,6 Therefore, this 
study constructed a humanized asthma mice using huHSC-NOG-EXL 
mice induced by the human IL-33 (hIL-33) to study asthmatic airway 
remodeling and mucous secretion.

Laboratory routinely engrafts 25,000 huCD34+ cells into irra-
diated NOG-EXL mice. Flow cytometry results show that the pro-
portion of human CD45 in huHSC-NOG-EXL mice was greater than 
50% (Figure 1A). The huHSC-NOG-EXL mice were intranasally ad-
ministrated with 2 μg/10 μL of hIL-33 or 10 μL of saline for 4 consec-
utive days (Figure 1B). Human mast and T cells infiltrated the lung 
airway in huHSC-NOG-EXL mice through the treatment with hIL-33 
compared with the saline group (Figure 1C–F). The human IL-5 and 
IL-13 of the bronchoalveolar lavage fluid also significantly increased 
in hIL-33-induced huHSC-NOG-EXL mice (Figure  1G,H). Then, 
we performed mRNA transcriptome analysis on hIL-33-induced 
huHSC-NOG-EXL mice. The criteria for screening the differentially 
expressed human genes are p < .05 and cut-off fold change >2. We 

found that 83 genes were significantly upregulated, and 43 genes 
were significantly downregulated (Figure  1I,J). The GO and KEGG 
enrichment pathways based on the background of the upregulated 
human genes showed that the upregulated human genes are closely 
associated with eosinophilic asthma (Figure 1K,L).

Next, the pathological correlation staining was assessed. HE 
staining showed inflammatory cell infiltration in hIL-33-induced 
huHSC-NOG-EXL mice (Figure 2A,E). Masson staining showed con-
siderable collagen deposition around the airway in hIL-33-induced 
huHSC-NOG-EXL mice (Figure  2B,F). PAS and Muc-5ac staining 
demonstrated that the mucous secretion remarkably increased on 
the airway epithelium of hIL-33-induced huHSC-NOG-EXL mice 
(Figure 2C,D,G,H). However, the Muc-5b secretion did not increase 
on the airway epithelium of hIL-33-induced huHSC-NOG-EXL mice 
(this data are not shown).

In conclusion, this humanized mouse model is valuable in clinical 
strategies for asthma study.
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F I G U R E  1  hIL-33-induced humanized asthmatic huHSC-NOG-EXL mouse model (n = 6). (A) Assessment of human CD45+ cells by flow 
cytometry for 7 weeks in the peripheral blood of human cord blood-derived hematopoietic stem cells (HSC)-reconstituted NOG-EXL mice. 
(B) Strategy for hIL-33-induced humanized asthmatic model. (C, D) The immunostaining analysis of the mast cell chymase (MCC) and CD3 
in mouse lungs was used in assessing human mast and CD3+ T cells. Magnification 40×, scale bar: 200 μm; magnification 200×, scale bar: 
50 μm. (E, F) Intensity analysis of (C) and (D). (G, H) The human IL-5 and IL-13 levels in the bronchoalveolar lavage fluid (BALF). Analysis of 
differentially expressed human gene in hIL-33 compared with the saline group. (I) The volcano plot exhibits the differentially expressed 
human genes between groups. (J) The heatmap shows the up-regulated 83 human genes between groups. (K) The chart illustrates the KEGG 
enrichment pathways based on upregulated human genes. (L) The chart illustrates the GO enrichment pathways based on upregulated 
human genes. Data are expressed as the means ± SD of six independent experiments. ****p < .0001.

F I G U R E  2  Pathological correlation staining in hIL-33-induced humanized asthmatic huHSC NOG-EXL mice (n = 6). (A) HE, (B) Masson, 
(C) PAS, and (D) Muc-5 ac in mouse lungs of huHSC-NOG-EXL. (E-H) Intensity analysis of (A–D). Magnification 40×, scale bar: 200 μm; 
magnification 100×, scale bar: 100 μm; magnification 200×, scale bar: 50 μm. Data are expressed as the means ± SD of six independent 
experiments. ****p < .0001.
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