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Abstract

Background: Interleukin (IL)-5 is essential for allergen induced eosinophilic airway inflammation, but not activation 
of T helper type 2 (Th2) cells in the lung. Although an excessive Th2 reaction is observed without IL-5 signaling, the 
mechanisms have remained unknown. 

Objective: To evaluate the negative-feedback mechanism in eosinophilic airway inflammation, we examined IL-33 trig-
gered eosinophilic airway inflammation in IL-5Rα-/- mice. 

Methods: Mice were administered intranasal IL-33 for 3 days. Airway hyperresponsiveness (AHR) was evaluated and 
bronchoalveolar lavage (BAL) was performed 24 h after the last IL-33 treatment. The number of inflammatory cells and 
cytokine levels in the BAL fluid (BALF) were analyzed, and histologic examination was performed. 

Results: Compared with IL-33 treated wild-type (WT) mice, intranasal administration of IL-33 in IL-5Rα-/- mice re-
duced eosinophilic airway inflammation, AHR, and basement membrane thickening, while we found excessive IL-33 
induced IL-5 and IL-13 production in the airway without IL-5 signaling. The numbers of eosinophils with a ring-
shaped nucleus (resident) and segmented nucleus (inflammatory) were increased in WT mice, but not in IL-5Rα-/- mice 
following intranasal administration of IL-33, and the numbers of SiglecF-positive eosinophils with (resident) or without 
(inflammatory) expression of CD62L were also significantly increased by IL-33 treatment in WT mice, but not in IL-
5Rα-/- mice. The number of ILC2 cells in the BALF was significantly higher in IL-33 treated IL-5Rα-/- mice than in IL-33 
treated WT mice. 

Conclusion: These findings suggest the possibility that IL-5 induced eosinophils contribute to the negative-feedback 
mechanisms in IL-33 induced ILC2 mediated airway inflammation.
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Introduction
Asthma is a common respiratory disease characterized 

by airway hyperresponsiveness (AHR) and eosinophilic air-
way inflammation. Eosinophils are thought to be one of the 
most important effector cells in the development of asthma.1,2 
Interleukin (IL)-5 plays an important role in the maturation, 
proliferation, and activation of eosinophils.3 We previously 
reported that IL-5 is involved in the pathogenesis of the al-
lergic-asthma mouse model using IL-5Rα-/- mice.4,5 Several bi-
ologics targeted for IL-5/IL-5R are now available for the treat-
ment of patients with severe eosinophilic asthma.6 

Our previous findings demonstrated that IL-5 signaling 
is essential for allergen-induced eosinophilic airway inflam-
mation, but not activation of T helper type 2 (Th2) cells in 
the lung. Interestingly, the allergen-induced Th2 reaction was 
found to be higher in IL-5Rα-/- mice compared with wild type 
(WT) mice in 2 different mouse models using different aller-
gens.4,5 These findings suggest the existence of negative-feed-
back mechanisms in Th2-related eosinophilic airway inflam-
mation.



Asian Pac J Allergy Immunol DOI 10.12932/AP-120821-1208

Airway hyperresponsiveness (AHR) 
To evaluate the AHR, mice were forced to inhale PBS or 

acetyl-β-methylcholine chloride (3, 6, 12.5, 25, 50, or 100 mg/
mL; Millipore Sigma, St. Louis, MO, USA) for 3 min. The 
sRaw was measured in awake mice using the 2-chambered, 
double-flow plethysmograph system (Pulmos; M.I.P.S, Osaka, 
Japan). The mice were allowed to rest for 1 min and then the 
sRaw was measured for 2 min. AHR is expressed as the con-
centration of acetyl-β-methylcholine chloride required to in-
crease sRaw 2-fold (PC200), similar to the PC20 measure used 
for patients with asthma. 

Collection of blood, bronchoalveolar lavage fluid (BALF), 
and lung tissue 

The mice were killed by carbon dioxide inhalation. The 
blood and bronchoalveolar lavage fluid (BALF) were collect-
ed, and the lungs were removed for pathologic evaluation by 
hematoxylin and eosin (HE), direct fast scarlet (DFS), and 
Periodic acid-Schiff (PAS) staining. The mucus score and 
basement membrane thickness were estimated in PAS-stained 
lung. A total of 10 airways of 3 mice from each group were 
categorized according to the abundance of PAS goblet cells, 
and assigned numerical scores (0: < 5% goblet cells; 1: 5–25%; 
2: 25–50%; 3: 50–75%; 4: > 75%). The mean basement mem-
brane thickness was measured in 10 airways of 3 mice from 
each group. Bronchoalveolar lavage (BAL) was performed 24 
h after the last IL-33 (or PBS) administration, and BALF was 
obtained by washing the lungs with 4 × 1 ml of PBS and cen-
trifuged. The supernatant of the first wash was stored at -80°C 
until use. Cell pellets of all washes were collected and resus-
pended in 1 ml PBS. The number of BALF cells was counted 
using a cell counter. Cytospin slides were stained with Diff-
Quik (Sysmex, Kobe, Japan). Differential cell counts were per-
formed on at least 400 cells. 

Enzyme-linked immunosorbent assay (ELISA) 
Amounts of IL-5, IL-7, IL-13 (R&D Systems), and eosin-

ophil-derived neurotoxin (EDN; Aviva System Biology, San 
Diego, CA, USA) in the BALF were measured using an en-
zyme-linked immunosorbent assay (ELISA). The detection 
limits were 7.0 pg/mL for IL-5, 6.3 pg/mL for IL-7, 1.5 pg/mL 
for IL-13, and 39.4 pg/mL for EDN. Concentrations below the 
detection limits were assumed to be zero for statistical analy-
sis. 

Cytokine and chemokine measurements. 
Cell-free BALF was analyzed for cytokine production. 

Concentrations of IL-2, IL-4, IL-9, IL-10, IL-17, eotaxin, gran-
ulocye colony stimulation factor (G-CSF), interferon (IFN)-γ, 
and monocyte chemoattractant protein (MCP)-1 were deter-
mined in a Bio-plex pro mouse cytokine standard 23-plex 
set (Bio-Rad, Richmond, CA). Concentrations of transform-
ing growth factor (TGF)-β1 were determined in a Bio-plex 
pro TGF-β1 standard 3-plex set (Bio-Rad). Assays were per-
formed according to the respective manufacturer’s instruc-
tions. The detection limits were 3.72 pg/mL for IL-2, 6.98 
pg/mL for IL-4, 6.89 pg/mL for IL-9, 2.95 pg/mL for IL-10,

Two subsets of eosinophils were recently reported in the 
mouse lung. One subset found in normal mouse lung com-
prises resident eosinophils (rEos), SiglecFintCD62L+CD101low 
cells with a ring-shaped nucleus. Another subset comprises 
inflammatory eosinophils (iEos), SiglecFhighCD62L-CD101high 
cells with a segmented nucleus. Gene expression analyses re-
vealed a more regulatory profile for rEos than for iEos.7 

IL-33 is a ligand for ST2, a member of the IL-1 receptor 
family.8 IL-33 is an important cytokine involved in type 2 
(T2) immunity and allergic respiratory disease. Abundantly 
expressed in lung epithelial cells, IL-33 plays a critical role in 
both innate and acquired immune responses in the airway.9 
Group 2 innate lymphoid cells (ILC2s) are a subset of leuko-
cytes that exhibit a lymphoid morphology but lack lympho-
cyte lineage markers. ILC2s proliferate in the lung and pro-
duce a large quantity of type 2 cytokines, such as IL-5 and 
IL-13, in response to IL-33.10,11 Previous experimental models 
demonstrated the importance of the IL-33/ILC2 axis in in-
nate-type allergic airway inflammation. In vivo treatment with 
IL-33 induces IL-5 and IL-13 production in the lung, and 
eosinophilic airway inflammation without allergen exposure. 
Intranasal administration of IL-33 induces asthma-like symp-
toms, such as AHR and airway inflammation, even in the ab-
sence of T and B cells.12,13

In the present study, we characterized an IL-33-triggered 
non-allergic asthma-like mouse model, and evaluated the role 
of IL-5-induced eosinophils in the development of this model 
using IL-5Rα-/- mice. Further, we analyzed the T2 responses in 
this non-allergic asthmatic model without IL-5 signaling. 

Methods
Animal models

C57BL/6 mice (female, 8-12 weeks old) obtained from 
Charles River Laboratory (Yokohama, Japan) were used in 
this study. IL-5Rα-/- mice on a C57BL/6 background5 were 
bred in the experimental animal center of Kawasaki Medi-
cal School. To produce a mouse model of non-allergic asth-
ma, mice were treated by intranasal administration of IL-33 
(40 µl of 0.5 µg, R&D Systems, Minneapolis, MN, USA) for 
3 days (WT-IL-33). For the control group, phosphate-buff-
ered saline (PBS) was administered (WT-PBS). These groups 
were compared with regard to the following characteristics 
of bronchial asthma to confirm acquisition of the pathology: 
(1) eosinophilic inflammation of the airway, and (2) enhance-
ment of airway sensitivity. In addition, 8- to 12-week old fe-
male IL-5Rα-/- mice were similarly treated (IL-5Rα-/- -IL-33, 
IL-5Rα-/- -PBS) and compared to investigate the involvement 
of IL-5 in the pathogenesis. Animals were anesthetized by in-
halation of sevoflurane. After confirming adequate anesthesia, 
40 µL of 0.5 µg IL-33 was administered at the same volume 
and schedule as the control group. All animal protocols and 
experiments in the present study were approved by the insti-
tutional animal care and use committee of Kawasaki Medical 
School (Protocol Numbers: 19-009).
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2.65 pg/mL for IL-17, 147.4 pg/mL for eotaxin, 5.1 pg/mL for 
G-CSF, 1.84 pg/mL for IFN-γ, 22.4 pg/mL for MCP-1, and 3.9 
pg/mL for TGF-β1. Concentrations below the detection limits 
were assumed to be zero for statistical analysis. 

Flow cytometry analyses of ILC2s and eosinophils
Cells were stained with the following antibodies for 

ILC2s: PE-anti-mouse CD4, APC-anti-mouse CD25 were 
purchased from eBioscience (San Diego, CA, USA). PE/Cy7-
anti-mouse ST2 monoclonal antibodies, biotin-anti-mouse 
CD3, biotin-anti-mouse CD19, biotin-anti-mouse B220, bio-
tin-anti-mouse CD11b, biotin-anti-mouse CD11c, biotin-an-
ti-mouse Gr-1, biotin-anti-mouse NK1.1, streptavidin-FITC 
were purchased from BioLegend (San Diego, CA, USA). Cells 
were stained with the following antibodies for eosinophils: 
PE-anti-mouse CD125, PE/Cy7-anti-mouse CD62L, FITC-
anti-mouse F4/80, PerCP/Cy5.5-anti-mouse CCR3 were pur-
chased from BioLegend (San Diego, CA, USA). APC/Cy7-
anti-mouse SiglecF, Alexa Fluor 647-anti-mouse CD101 were 
purchased from BD Biosciences (San Jose, CA, USA). 

Staining reactions were performed at 4°C after incubation 
with 2.4G2 Fc receptor blocking antibody against CD16/32 
(eBioscience, San Diego, CA, USA) to reduce non-specific 
binding. Cell phenotyping was performed on a FACSCanto 
II (BD Biosciences). FSC-W and FSC-A discrimination 
was used to exclude doublet cells, and Fixable Viability Dye 
eFluor™ 506 (FVD506) (eBiosciences) was used to discrim-
inate between dead and living cells. Results were analyzed 
with FlowJo software (Tree Star). Isotype antibody controls 
were used to develop the gating and data analysis strate-
gies. For ILC2 staining, we carefully gated only small and 
non-granular cells by forward and side scatters, respectively, 
and excluded the large and highly granular BALF cells from 
analysis. Lineage-positive cells were excluded using specif-
ic antibodies such as: anti-mouse CD3, anti-mouse CD19, 
anti-mouse B220, anti-mouse CD11b, anti-mouse CD11c, 
anti-mouse Gr-1, and anti-mouse NK1.1. Lineage-negative 
cells were analyzed for CD25 and ST2 expression by flow cy-
tometry. For eosinophil staining, we carefully gated medium 

Results
Evaluation of IL-33-triggered airway inflammation in IL-
5Rα-/- mice

To evaluate the IL-33-triggered airway inflammation, we 
measured the AHR to methacholine, and inflammatory cell 
numbers and cytokine concentrations in the BALF at 24 h 
after the final IL-33 challenge. Intranasal treatment of IL-33 
induces AHR in both WT and IL-5Rα-/- mice. Interestingly, 
IL-33 induced AHR was significantly lower in IL-5Rα-/- mice 
than in WT mice (Mch PC200 34.1 ± 1.67 vs. 18.3 ± 1.80 mg/
mL, p value < 0.01, Figure 1a). After IL-33 exposure, the 
numbers of inflammatory cells other than eosinophils in the 
BALF were increased in both WT mice and in IL-5Rα-/- mice. 
The number of eosinophils in the BALF was increased in WT 
mice, but not in IL-5Rα-/- mice (p < 0.01, Figure 1b). The 
numbers of neutrophils and macrophages were significant-
ly higher in IL-33-treated IL-5Rα-/- mice than in IL-33-treat-
ed WT mice (p < 0.01, Figure 1b). Cytokine and chemokine 
levels were evaluated in the BALF. IL-5 and IL-13 levels were 
increased by IL-33 exposure in both WT and IL-5Rα-/- mice. 
Surprisingly those levels were higher in IL-5Rα-/- mice com-
pared with WT mice (IL-5: 954.1 ± 79.4 vs. 479.8 ± 47.2 pg/
mL, IL-13: 4434 ± 326.4 vs. 1900 ± 190.1 pg/mL p < 0.01, 
Figure 1c). Furthermore, levels of eotaxin, IL-17, G-CSF, and 
MCP-1 in the BALF were also higher in IL-5Rα-/- mice com-
pared with WT mice (p < 0.01, Figure 1c). 

and granular cells by forward and side scatters, respectively. 
SiglecF- positive granulocytes were identified eosinophils and 
analyzed for CD62L and CD101 expression. 

Statistical analysis 
All data are expressed as the mean ± standard error 

(SEM). Statistical analysis was performed using GraphPad 
Prism version 8.4 for Windows (GraphPad Software, San Di-
ego, CA, USA). Statistical analyses were performed by 2-way 
ANOVA and the Mann-Whitney U test for comparison values 
between 2 groups. Differences with probability values of less 
than 0.05 were considered significant. 

Figure 1. Effects of IL-5 on IL-33-triggered eosinophilic airway inflammation in mice.
Airway hyperresponsiveness (AHR) was measured and expressed as PC200 sRaw (mg/mL) as described in the Methods (a). In-
flammatory cells in the BALF were counted. The details are described in the Methods (b). BALF IL-5 and IL-13 levels were mea-
sured by ELISA. Eotaxin, IL-17, G-CSF, and MCP-1 levels in the BALF were determined using Bio-Plex. *Comparison between 
the IL-33 and PBS groups (p < 0.05). #Comparison between the WT and IL-5Rα-/- groups (p < 0.05). Values are presented as the 
mean ± SEM from 6 mice per group . The significance of the differences was analyzed using 2-way ANOVA.
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Figure 1. (Continued)
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Histologic examination of IL33-triggered airway inflamma-
tion in mice 

Similarly to the BALF findings, bronchial and lung peri-
vascular inflammatory cell infiltration were induced by IL-33 
in both WT and in IL-5Rα-/- mice (Figure 2a), and eosinophil 
infiltration was observed in WT mice, but not in IL-5Rα-/- 
mice (Figure 2b). Further, to examine the involvement of 
IL-5-activated eosinophils in mucus secretion and basement 

membrane thickening in the airways, we evaluated PAS-
stained lung sections. IL-33-induced mucus-secreting goblet 
cells were increased in both WT and IL-5Rα-/- mice. Airway 
basement membrane thickness was induced by intranasal 
treatment of IL-33 in both WT and IL-5Rα-/- mice. Basement 
membrane thickness, but not level of goblet cell hyperplasia 
was lower in IL-5Rα-/- mice compared with WT mice (p < 
0.01, Figure 2c, 2d). 
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Figure 2. Histologic examination of IL-33-triggered eosinophilic airway inflammation in mice. Histologic examination of for-
malin-fixed lung sections stained with hematoxylin and eosin (original magnification: ×10) (a), Direct fast scarlet (DFS)-stained 
lung sections (original magnification: ×40). Arrows indicate DFS-positive eosinophils in WT IL-33 mice (b). Periodic acid-Schiff 
(PAS)-stained lung sections (original magnification: ×40) (c). Mucus score and basement membrane thickening were determined 
as described in the Methods (d). A total of 10 airways of 3 mice from each group were analyzed. *Comparison between the IL-33 
and PBS groups (p < 0.05). #Comparison between the WT and IL-5Rα-/- groups (p < 0.05). The measurement results are presented 
as the mean ± SEM in 3 mice. The significance of differences was analyzed using 2-way ANOVA. 
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Figure 2. (Continued)
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Evaluation of BALF eosinophils and ILC2s in IL-33-triggered 
airway inflammation 

To investigate the factors involved in IL-33-induced AHR, 
we evaluated eosinophils by karyomorphism and cell surface 
markers and the concentration of eosinophil-derived neuro-
toxin in the BALF. The numbers of both the ring-shaped nu-
cleus resident and segmented nucleus inflammatory eosino-
phils were increased in WT, but not in IL-5Rα-/- mice (Figure 
3a). The numbers of both the SiglecF-positive CD62L-negative 
inflammatory eosinophils and SiglecF-positive CD62L-pos-
itive resident eosinophils were also significantly increased by 
IL-33 treatment in WT mice, but not in IL-5Rα-/- mice (Fig-
ure 3b). Further, the concentration of eosinophil-derived neu-
rotoxin (EDN) in the BALF was higher in IL-33 treated-WT 
mice than in IL-33-treated IL-5Rα-/- mice (p < 0.01, Figure 
3c).

Finally, to examine the contribution of ILC2s to the IL-33-
induced eosinophilic airway inflammation, we analyzed ILC2s 
in the BALF by flow cytometry. Interestingly, the numbers of 
lineage-negative CD25-positive ILC2s in the BALF was sig-
nificantly higher in IL-33-treated IL-5Rα-/- mice than in IL-33-
treated WT mice (Figure 3d). We evaluated the contribution 
of the cytokines to the growth, activation, and suppression of 
ILC2s.14 BALF levels of stimulatory cytokines of ILC2s, such 
as IL-2, IL-4, and IL-7, were under the detection limit (data 
not shown). Following IL-33 treatment, the levels of suppres-
sive cytokines of ILC2s, such as IL-10, IFN-γ, and TGF-β1 in 
the BALF were significantly higher in IL-5Rα-/- mice com-
pared with WT mice (Figure 3e). 
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Figure 3. Evaluation of the BALF eosinophils and ILC2s in IL-33-triggered airway inflammation. 
We evaluated eosinophils by karyomorphism; resident eosinophils (rEos) had a ring-shaped nucleus and inflammatory eosino-
phils (iEos) had a segmented nucleus (a). SiglecF+ cells were gated and analyzed as eosinophils as described in the Methods. We 
defined SiglecF+CD62L+ as rEos, and SiglecF+CD62L- as iEos (b). *Comparison between the IL-33 and PBS groups (p < 0.05). 
#Comparison between the WT and IL-5Rα-/- groups (p < 0.05). Values are presented as the mean ± SEM in 10 mice. The signif-
icance of differences was analyzed using 2-way ANOVA. EDN in the BALF was measured by ELISA (c). #Comparison between 
the WT and IL-5Rα-/- groups (p < 0.05). Values are presented as the mean ± SEM in 20 mice. The significance of differences was 
analyzed using the Mann-Whitney U test. ILC2s in the BALF from WT and IL-5Rα-/- mice were evaluated by flowcytometry (d). 
Lineage-negative and CD25-positive cells were defined as ILC2s as described in the Methods. #Comparison between the WT and 
IL-5Rα-/- groups (p < 0.05). Values are presented as the mean ± SEM in 12 mice. The significance of differences was analyzed 
using the Mann-Whitney U test. IL-10, IFN-γ, and TGF-β1 levels were determined using Bio-Plex (e). *Comparison between 
the IL-33 and PBS groups (p < 0.05). #Comparison between the WT and IL-5Rα-/- groups (p < 0.05). Values are presented as the 
mean ± SEM in 6 mice. The significance of differences was analyzed using 2-way ANOVA. 
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Discussion
IL-33 was identified as a functional ligand for the IL-1R 

family member ST2.8 ST2 is abundantly expressed on the sur-
faces of Th2 and ILC2. IL-33 is critical for the T2 response 
and can also promote the pathogenesis of asthma by induc-
ing Th2 cells and ILC2.13 In the present study, we evaluated 
IL-33-triggered eosinophilic airway inflammation without an 
allergen in IL-5Rα-/- mice. Intranasal administration of IL-33 
induced T2-mediated eosinophilic airway inflammation, air-
way remodeling, and AHR, without increasing serum levels of 
IgE (data not shown) in WT mice. In IL-5Rα-/- mice, numbers 
of inflammatory cells other than eosinophils were increased 
in the BALF. Increased levels of IL-17 and G-CFS or MCP-1 
may be involved in the accumulation of neutrophils or mac-
rophages in the airway, respectively. It is possible that eosino-
philic airway inflammation shifts toward neutrophilic airway 
inflammation by a complete block of IL-5 signaling in this 
non-allergic eosinophilic asthmatic model. AHR was found 
in IL-5Rα-/- mice, but levels were significantly lower than in 
WT mice. Histologic findings revealed that IL-33 treatment 
for only 3 days could induce both goblet cell hyperplasia 

and basement membrane thickening in WT mice and IL-
5Rα-/- mice, and that basement membrane thickness, but not 
goblet cell hyperplasia levels, was lower in IL-5Rα-/- mice 
compared with WT mice. These results reveal that blocking 
IL-5 is not enough to improve asthmatic inflammation in-
duced by IL-33.

To evaluate the effect of IL-5-induced eosinophils on the 
development of AHR and airway remodeling, we measured 
the concentrations of EDN in the BALF. Levels of EDN in the 
BALF were lower in IL-33-treated IL-5Rα-/- mice compared 
with IL-33-treated WT mice. Eosinophil-derived toxic pro-
teins such as EDN may partially induce AHR and basement 
membrane thickening, as previously reported.15 Goblet cell 
hyperplasia should be induced by IL-13 in both IL-33 treated 
IL-5Rα-/- mice and WT mice.

ILC2s produce high levels of IL-5 and IL-13 in response to 
IL-33. We found significantly higher BALF levels of IL-5 and 
IL-13 in IL-33-treated IL-5Rα-/- mice compared with IL-33-
treated WT mice. Further, the number of ILC2s in the BALF 
was also significantly higher in IL-33-treated IL-5Rα-/- mice
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compared with IL-33-treated WT mice. Interestingly, a lack 
of IL-5 signaling resulted in ILC2 growth and/or activation. 
These findings suggest that some particular negative-feed-
back mechanisms suppress ILC2s-mediated excessive airway 
inflammation in IL-33-treated mice. We evaluated cytokines 
that contribute to the growth, activation (IL-2, IL-4, and IL-
7), and suppression (IL-10, IFN-γ, and TGF-β1) of ILC2s, but 
those results could not explain the increased number of ILC2s 
in the BALF of IL-5Rα-/- mice. 

Recently, Mesnil et al demonstrated subpopulations of 
eosinophils, resident eosinophils (rEos) and inflammatory 
(iEos), with lung-rEos representing a distinct regulatory eo-
sinophil subset. Mice lacking lung rEos showed increased 
Th2 cytokine production to inhaled allergens.7 Furthermore, 
recent studies of mice with genetic or anti-IL-5-mediated de-
pletion of eosinophils showed that eosinophils are required to 
suppress both Th1 and Th2 responses in gastrointestinal in-
flammation.16,17 The findings of the present study are similar 
to those reported previously,7 in that we also found 2 types of 
eosinophils that can be distinguished by the shape of the nu-
cleus and cell surface molecules. Furthermore, in IL-33-treat-
ed WT mice, the numbers of not only iEos but also rEos were 
increased in the BALF, while the numbers of both iEos and 
rEos were lower in the BALF of IL-33 treated IL-5Rα-/- mice. 
The rEos might suppress the excessive production of IL-5 and 
IL-13 by ILC2s. Further studies are required to clarify the role 
of rEos in IL-33-triggered airway inflammation. 
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Conclusion
In the present study, in IL-5Rα-/- mice, we found reduced 

eosinophilic airway inflammation, AHR, and basement mem-
brane thickening following intranasal administration of IL-33, 
while excessive IL-33 induced T2 responses in the airway. The 
rEos induced by IL-5 might contribute to the negative feed-
back mechanisms in IL-33-triggered airway inflammation. 
Further studies are required to clarify the possible regulatory 
function of IL-5-induced rEos in detail.
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