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Abstract 

Rationale: Acute lung injury (ALI) is a fatal but undertreated condition with 

severe neutrophilic inflammation, while little is known about the functions of 

eosinophils in pathogenesis of ALI.  

Objectives: To investigate the roles and molecular mechanisms of eosinophils 

in ALI. 

Methods: Pulmonary eosinophils were identified by flow cytometry. Mice with 

abundant or deficient eosinophils were used. Cellularity of eosinophils and 

neutrophils in BALF, inflammatory assessment, and survival rate were 

detected. Human samples were also used for validating experimental results. 

Results: Blood eosinophils were increased in survived individuals of patients 

with acute respiratory distress syndrome independent of the corticosteroid 

usage. There existed homeostatic eosinophils in lung parenchyma in mice, 

and these homeostatic eosinophils in originating from the bone marrow were 

predominantly CD101-. More CD101- eosinophils could be recruited earlier 

than lipopolysaccharide (LPS)-initiated neutrophilic inflammation. Loss of 

eosinophils augmented LPS-induced pulmonary injury. Homeostatic CD101- 

eosinophils ameliorated, while allergic CD101+ eosinophils exacerbated, the 

neutrophilic inflammation induced by LPS. Likewise, CD101 expression in 

eosinophils from ARDS patients did not differ from the healthy subjects. 

Mechanistically, CD101- eosinophils exhibited higher levels of Alox15 and 

Protectin D1. Administration of Protectin D1 isomer attenuated the neutrophilic 

inflammation.  

Conclusions: Collectively, our findings identify an uncovered function of 

native CD101- eosinophils in suppressing neutrophilic lung inflammation and 

suggest a potential therapeutic target for ALI. 
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Introduction 

Acute lung injury (ALI)/ acute respiratory distress syndrome (ARDS) is a 

clinical disorder characterized by increased pulmonary vascular permeability, 

massive inflammation and subsequent pulmonary edema and refractory 

hypoxia[1, 2], leading to a high mortality and morbidity. During the process of 

ALI/ARDS, accumulated inflammatory cells and cytokines induce the 

disruption of capillary endothelial and alveolar epithelial barrier and promote 

subsequent pulmonary edema and hypoxia[3]. Despite a wide variety of risk 

factors of ARDS[4], inhibition of pulmonary inflammation represents a common 

therapeutic strategy for this critical syndrome. 

Eosinophils are known as the terminal effector cells during parasite infection 

or allergic inflammation, but growing evidence has demonstrated their 

regulatory effects in various immune responses[5]. It has been reported that 

eosinophils interact with DCs to synergistically promote the Th2 immune 

response in the allergic airway[6, 7]. Interestingly, a recent clinical investigation 

showed that the ALI survivors exhibited an increased number of eosinophils in 

the lung compared to the non-survivors[8], suggesting a protective role of 

eosinophils in ALI. Conversely, patients with eosinophil dominant diseases, 

such as asthma, appear to be at high risks for infection[9]. Hence, the eventual 

functions of eosinophils and their molecular mechanisms in the pathogenesis 

of ALI require further investigations. 

Tissue resident cells frequently demonstrate unique functions in maintaining 

the milieu of certain organ or system. Lung resident AMs are known to display 

distinctive origin, surface markers, and functions[10, 11]. While resident 

eosinophil subgroup was mostly identified in tissues like gastrointestinal tract, 

adipose tissue, uterus, spleen, thymus, or mammary glands[12], Mesnil et al. 

have recently demonstrated that there are also homeostatic eosinophils in the 

lung[13]. This study also implies that the SiglecF+CD125+ eosinophils display 

distinctive subgroups distinguished by CD101. Nonetheless, little is known 

about the origination and the functions of lung homeostatic eosinophils, 



especially in non-eosinophilic diseases. 

The present study aims to explore the origination and function of lung 

eosinophils in an endotoxin-induced ALI model using eosinophil-deficient PHIL 

mice. We also provide evidence that homeostatic CD101- and allergy-induced 

CD101+ eosinophils exert distinct functions in ALI through different molecular 

mechanisms. 

 

Methods 

Additional details on methods are available in online supplements. 

 

Statistics analysis. The statistical graphs of each experiment were illustrated 

by GraphPad 7.0 software, and data were shown as means ± SD. For statistics 

analysis, two-tailed Students t test and One-way ANOVA were used unless 

otherwise specified. For surviving curve analysis, Mantel Cox test was used. 

Categorical variables in patients’ information were analyzed by Pearson’s chi 

square tests. A significance was accepted at p value <0.05.  

 

Results 

Increased blood eosinophil cellularity in survived ARDS patients is 

independent of corticosteroid usage 

We first examined the clinical relevance of eosinophils in ALI. It is ethically not 

correct to undertake lung biopsy of the ALI/ARDS patients due to the potential 

risks. Thus, we performed a retrospective analysis referring to all the ARDS 

diagnosed inpatients of our hospital from 2012 to date. The brief demographic 

profiles were summarized in Table S1 and the inclusion criteria was presented 

in Fig. 1A. We did not observe any difference in the amount of blood 

eosinophils amongst healthy controls, survived ARDS patients, and 

non-survived ARDS patients at basal levels. Interestingly, the survived 

individuals displayed an elevated eosinophil cellularity following clinical 

treatment, whereas the non-survivors did not. (Fig. 1B). We further analyzed 



the doses of corticosteroid used in these patients and found that there were 

insignificant differences in the levels of corticosteroid usage, either 

intravenously (systemically) or inhaled, between survivors and non-survivors 

of ARDS patients (Fig. 1C and D).  These data suggest that increased levels 

of blood eosinophils are associated with an increased survival in ARDS 

patients, independent of the usage of corticosteroid. 

 

Homeostatic and early induced eosinophils during ALI are localized in 

lung parenchyma  

To assess the possible function of eosinophils in the pathogenesis of ALI, we 

examined the homeostasis and flux of lung eosinophils in Lipopolysaccharide 

(LPS)-induced ALI. In our study, eosinophils were identified as 

CD45+SiglecF+F4/80+CD11b+CD11c-, AMs were labeled as 

CD45+SiglecF+F4/80+CD11b-CD11c+ according to previous reports[10, 14], 

and neutrophils were defined as CD45+Gr-1hiCD11bhi (Fig. 2A). The gate 

strategy was simplified for the assays where neutrophils were not stained[15] 

(Fig. S1). In agreement with previous findings[13], there existed a notable 

amount of “resident” eosinophils at basal condition in the lung (Fig. 2B). 

Interestingly, the number of pulmonary eosinophils was comparable with AMs 

and was much higher than that in circulation (Fig. S2). More intriguingly, a 

rapid but transient increase of eosinophils was observed within 30 mins after 

LPS exposure, while neutrophils were elevated remarkably later after 2h (Fig. 

2B). Similarly, the total inflammatory cells and the number of neutrophils in 

bronchoalveolar lavage fluid (BALF) were also significantly increased after 2 h 

(Fig. 2C and Fig. S3). Also, the early induction of pulmonary eosinophils was 

validated by S. aureus injection i.t. in mice (Fig. S4).  

Surprisingly, eosinophils were not detectable in BALF (Fig. 2C). The Congo 

red staining (Fig.2D) and EPX immunohistochemistry staining (Fig.2E) 

suggested that lung “resident” eosinophils were located in lung parenchyma. 

To obtain a better visible evidence, CD45.1 wildtype mice were intravenously 



injected with CD45.2 eosinophils (from NJ.1638 mice) at 1x106, and right after 

the injection, the lung sections were collected for immunofluorescence staining 

of CD45.2. The results revealed that intravenous flushing eliminated majority 

of circulating cells (Fig. S5), and there was still CD45.2+ eosinophils in 

perivascular area or lung parenchyma (Fig. 2F). These results suggest that 

circulating eosinophils readily migrate to and reside in lung parenchyma during 

homeostasis, and could be further recruited during the initiation of ALI.  

 

Lung parenchymal eosinophils are originated from bone marrow and are 

recruited from peripheral blood 

Previous study have classified pulmonary eosinophils as “resident” or 

“inflammatory”[13]. To explore the origin of “resident” and LPS-induced 

parenchymal eosinophils, we established several chimera mice. Firstly, WT or 

PHIL mice received total bone marrow transplant from WT or PHIL mice by tail 

vein injection following irradiation (Fig. 3A). PHIL mice are eosinophil 

deficiency due to insertion of diphtheria toxin A (DTA) in eosinophil peroxidase 

(EPX) promoter (Fig. S6). At 1 month after bone marrow reconstitution, 

eosinophils were uniquely diminished in lung tissue of PHIL→WT mice but 

were repopulated in that of WT→PHIL mice (Fig. 3A). To further verify this 

phenotype, CD45.2 WT mice were used as recipients, whereas CD45.1 WT 

mice were used as donors (Fig. 3B). Within 1 month of bone marrow transfer, 

in those CD45.1→CD45.2 chimera mice, the pulmonary eosinophils were 

repopulated as CD45.1 in a time-dependent manner (Fig. 3B), while lung 

resident macrophages (AMs) remained predominantly as CD45.2 (Fig. S7).  

To further clarify whether eosinophils could be recruited during ALI, 5x105 

eosinophils were injected to PHIL mice through tail vein, and the mice were 

immediately challenged with LPS (Fig. 3D). Intriguingly, after LPS 

administration, eosinophils were notably accumulated in lung tissue, and there 

was a synchronous decrease of eosinophils in peripheral blood (Fig. 3D). We 

also validated the rapid recruitment of eosinophils in WT mice. CD45.1 mice 



were received CD45.2 eosinophils via tail vein and were subsequently 

challenged with LPS (Fig. 3E). Similarly, the amount of CD45.2 eosinophils 

was significantly increased in the lung after LPS instillation (Fig. 3E, FACS and 

scatter images). Interestingly, the induction of eotaxin was later (2 hours) than 

the increase of eosinophils (30 mins) after LPS challenge (Fig. S8), suggesting 

that LPS-induced early recruitment of eosinophils might be 

eotaxin-independent. 

Several additional experiments were conducted to test whether lung 

“resident” eosinophils could undergo local replication upon LPS treatment. In 

vivo, WT mice were received BrdU injection. Similarly, pulmonary eosinophils 

displayed BrdU negative, while circulating monocyte (CD45+CD115+) exhibited 

BrdU+ subsets (Fig. S9A). Again, very few sorted eosinophils displayed as an 

EdU positive cluster, whereas as a positive control, eosinophil cell line Eol-1 

was stained isochronously. (Fig. S9B). Finally, when colony forming assay was 

performed, we did not observe any colony in sorted eosinophil group. (Fig. 

S9C).  

Taken together, these data demonstrate that the “resident” parenchymal 

eosinophils originate from bone marrow, and recruitment of pulmonary 

eosinophils from peripheral blood occurs during homeostasis or rapidly upon 

pathogen exposure.  

 

Eosinophil deficiency exacerbates LPS-initiated pulmonary inflammation 

and ALI  

To investigate the role of eosinophils during the initiation of ALI, PHIL mice 

were challenged with LPS. As shown in Fig.4A, the neutrophilic inflammation 

in lung tissue of PHIL mice was evidenced earlier than that of WT mice. 

Additionally, the inflammatory cells and cytokines in BALF (Fig. 4B and C) 

were significantly increased in PHIL mice during the initiation of ALI.  

To assess the eventual levels of ALI, the inflammatory hallmarks were 

examined 24 hours after LPS administration. Consistently, inflammation in 



LPS-treated PHIL mice was augmented compared to WT mice, as evidenced 

by leukocyte infiltration (Fig. S10A), and inflammatory mediators in BALF (Fig. 

S10B). Similarly, PHIL mice also displayed an exacerbation of pulmonary 

inflammation when exposed to S. aureus (Fig. S11). Consistent with these 

findings, pulmonary edema (Fig.4D), endothelial leakage (Fig. 4E and F) and 

elastance (Fig. 4G) were also more severe in LPS-treated PHIL mice. 

Consequently, we observed a decrease in both body weight (Fig. S10C) and 

assessment score (Fig. S10D) of PHIL mice. Furthermore, PHIL mice still 

displayed elevated levels of pulmonary inflammation 72 hours after LPS 

instillation (Fig. 4H) and eventually experienced higher mortality as compared 

to LPS challenged WT mice (Fig. 4I). 

Thus, eosinophil deficiency leads to enhanced inflammation and consequent 

poorer living status. All the above described results indicate that the lung 

“resident” and the early induced eosinophils might be crucial characters in 

inhibiting the initiation of ALI. 

 

CD101 is a marker to distinguish different subtypes of eosinophils 

The above results suggest a protective role of eosinophils in ALI, which seems 

not allied with the clinical evidence that allergic patients are susceptible to 

infection[9, 16, 17]. Thus, we established an OVA/LPS model as schemed in 

Fig. 5A. Interestingly, we observed that earlier OVA challenge notably 

exacerbated the LPS-induced infiltration of leukocyte in BALF (Fig. 5B), 

regardless of the higher levels of eosinophils in the lung induced by OVA (Fig. 

S12).  

To explore the paradoxical effects of eosinophils in the process of ALI 

pathogenesis, we analyzed the heterogeneity of eosinophils and observed two 

subgroups, CD101- and CD101+ of eosinophils in lung tissues. Under normal 

conditions, CD101- eosinophils were the majority; however, in OVA-challenged 

lung tissue, the levels of CD101+ eosinophils were higher than that of CD101- 

(Fig. 5C).  



Similarly, the major subgroup of eosinophils in peripheral blood and bone 

marrow was again CD101- predominant at steady stage (Fig. 5D). OVA 

challenge significantly induced both CD101- and CD101+ eosinophils in bone 

marrow and blood, however, the majority was still CD101- (Fig. 5D). LPS 

treatment at early times failed to alter the CD101 levels of eosinophils in 

periphery (Fig. S13). Additionally, we also conducted the bone marrow derived 

eosinophil differentiation in vitro and observed that the differentiated 

eosinophils induced by interleukin-5 (IL-5) were predominantly CD101- (Fig. 

5E). Likewise, eosinophils from peripheral blood of IL-5-transgenic NJ.1638 

mice were also predominantly CD101-, and the factors involved in eosinophil 

differentiation, or house dust mite extraction (HDM), could not induce the 

CD101- eosinophils to be positive (Fig. S14). 

To further explore the relevance of our results in human, we also detected 

the expression of CD101 in eosinophils from both non-asthmatics and 

asthmatic patients. Not surprisingly, the asthmatic patients displayed higher 

eosinophil cellularity in peripheral blood (Fig. 5F). Likewise, the expression of 

CD101 was significantly elevated in eosinophils from asthmatic patients (Fig. 

5G). 

Taken together, these data suggest that CD101 is a marker to distinguish 

eosinophils between their naive and allergy-induced status, and that molecules 

other than IL-5 and GM-CSF might drive CD101- eosinophils to be positive in 

allergic microenvironment. 

 

CD101- eosinophils ameliorated, while CD101+ eosinophils exacerbated, 

the neutrophilic inflammation induced by LPS 

We next examined the possible different functions of the subtypes of 

eosinophils during the process of initiation of ALI. Interestingly, most of the 

increased eosinophils upon LPS challenge in the lungs were CD101- (Fig.6A), 

and similarly, the amount of CD101- eosinophils showed isochronous 

aggregation in S. aureus infection (Fig. S15), suggesting that the CD101- and 



CD101+ eosinophils may play distinct roles in ALI pathogenesis. To address 

this, CD101- or CD101+ eosinophils were isolated from OVA-induced allergic 

mice, and were adoptively transferred into PHIL mice, followed with LPS 

challenge. The efficacy of adoptive transfer is presented as Fig. S16. 

Intriguingly, CD101- eosinophils relieved while CD101+ eosinophils 

exacerbated LPS-induced early leukocyte aggregation (Fig. 6B) and cytokine 

production (Fig.6C). Similar effects were observed in these mice 24 h after 

LPS challenge. Following adoptive transfer, CD101- eosinophils decreased, 

yet CD101+ eosinophils augmented, the eventual inflammation, as evidenced 

by leukocyte amounts (Fig. 6D), expression of certain cytokines and 

chemokines (Fig. 6E), and pathological scores (Fig. 6F). Unlike the high 

expression of CD101 in eosinophils from asthmatic patients (as a positive 

control), the levels of CD101 in eosinophils from ARDS patients were much 

lower and comparable to the health subjects (Fig. 6G). To test whether these 

two subsets of eosinophils exhibited differential expression of the critical 

signaling in response to LPS challenge, we detected the levels of toll-like 

receptor 4 (TLR4)-related molecules and inflammatory cytokines in each 

subset of eosinophils, and found that there was no difference in these 

eosinophils between both control and LPS treated groups (Fig. S17). 

  Moreover, we examined the effects of eosinophils in both “prevention” and 

“resolution” models. The prevention model was schemed as (Fig. S18A). As 

predicted, transferred CD101- eosinophils prevented ALI inflammation, 

whereas CD101+ eosinophils exacerbated LPS-induced inflammation (Fig. 

S18B and C). The resolution model was schemed as (Fig. S16D). To our 

surprise, transferred CD101- eosinophils after LPS injection only showed 

transitory protection (Fig. S18E and F). 

Nonetheless, these data altogether demonstrate that CD101- eosinophils 

exhibit an anti-inflammatory effect and eventually attenuate, while CD101+ 

eosinophils further promote, the neutrophilic inflammation and ALI. 

 



Alox15 and Protectin D1 are associated with the anti-inflammatory effect 

of CD101- eosinophils in ALI 

Since CD101- and CD101+ eosinophils exerted distinct effects on inflammation, 

we next explored the possible dissimilarities of these subtypes of cells via RNA 

sequencing. By comparing the transcriptomes between CD101- and CD101+ 

eosinophils, we noticed that Alox15 was more abundant in the CD101- 

eosinophils (Fig. 7A) and this result was confirmed by quantitive PCR (Fig. 7B). 

Interestingly, the expression of Alox15 was tightly associated with emerged 

eosinophils in ALI. In lung homogenates, Alox15 was also increased in 30 mins 

after LPS instillation (Fig. 7C), and LPS failed to induce Alox15 expression in 

PHIL mice (Fig. 7D). By comparing the Alox15 expression in eosinophils from 

NJ. 1638 mice (CD101-) with that of lung homogenates, we illustrated that 

CD101- eosinophils expressed much higher levels of Alox15 than other 

pulmonary cells (Fig. 7E). 

Alox15 (also referred as 12/15-LO in mice or 15-LOX in human) is the key 

enzyme known to convert docosahexaenoic acid (DHA) into anti-inflammatory 

lipid mediators like Protectin D1 (10R, 17S- dihydroxy-docosa-4Z, 7Z, 11E, 

13E, 15Z, 19Z-hexaenoic acid)[18, 19], hence we reasoned that CD101- 

eosinophils might attenuate the initiation of inflammation of ALI by influencing 

the lipidomic profiles in lung. LC/MS-based lipid analysis was performed with 

CD101- and CD101+ eosinophils, as well as lung tissues from both PHIL and 

WT mice to detect Protectin D1 abundance (Fig. 7F-H). As predicted, Protectin 

D1 was more abundant in CD101- eosinophils compared to CD101+ 

eosinophils, and WT lung homogenates had more Protectin D1 than PHIL mice. 

The results above were congruent with Alox15 expression in mRNA level, 

suggesting that CD101- eosinophils might influence inflammation initiation 

through Alox15-mediated production of Protectin D1.   

Treatment of PD1-isomer (PDx) is known to mimic the effect of Protectin D1 

administration[20]. As expected, intraperitoneal injection of PDx ameliorated 

the onset of LPS-induced inflammation in PHIL mice (Fig. 7I). Furthermore, 



Alox15 inhibitor PD146176 administration exacerbated initiative neutrophil 

accumulation in WT-LPS mice (Fig. 7J).  

For further validation, we also detected the expression of ALOX15 and 

Protectin D1 in human eosinophils of both asthmatic and non-asthmatic 

individuals. Congruent with the results in mice, eosinophils of the non-allergic 

subjects displayed elevated expression of ALOX15 (Fig. 7K) and increased 

secretion of Protectin D1 (Fig.7L) compared to asthmatic eosinophils. 

These findings further substantiate that Alox15-mediated Protectin D1 from 

CD101- eosinophils is a predominant signature that attenuates neutrophil 

infiltration in the initiation of endotoxin-induced ALI. 

 

Discussion 

In our study, we demonstrate that the “resident” eosinophils in lung 

parenchyma, are predominantly CD101-, which are derived from bone marrow. 

LPS challenge causes a rapid accumulation of eosinophils into lungs from 

peripheral circulation. Loss of eosinophils augments the LPS-induced 

neutrophilic inflammation and the eventual levels of ALI. Homeostatic CD101-, 

but not allergic CD101+, eosinophils exert anti-inflammatory function in ALI, 

likely via the Alox15-mediated production of Protectin D1 (Fig. 8).  

Eosinophil accumulation in non-allergic diseases is easily overlooked, and in 

fact eosinophils have been involved in tumorigenesis[21], bowel inflammatory 

diseases[20, 22],and hematopoietic stem cell homeostasis[23]. In ALI patients, 

the survivors displayed an increased in the number of eosinophils in lung 

compared to the non-survivors[8]. We also observed increased levels of 

eosinophils in peripheral blood of survival ARDS patients, which suggest that 

eosinophils may exert a protective effect on ALI. Our current study provides 

more experimental evidence and mechanistic details involving how 

homeostatic and early-recruited CD101- eosinophils exhibit an 

anti-inflammatory character in endotoxin-induced ALI.  

Mechanistically, the protective effect of CD101- eosinophils might be 



associated with the Alox15-mediated production of Protectin D1. Lipid 

synthetization is involved in granulocyte development[24], recruitment[25], and 

other inflammation. In inflamed tissues, synthesized Protectin D1 could block 

neutrophil recruitment [20], and simultaneously stimulates non-inflamed 

removal of neutrophils debris[26]. It has been shown that eosinophils express 

higher level of Alox15 compared to neutrophils[27], which suggest that 

eosinophils might be the main originating cells involved in the biosynthesis of 

Protectin D1. Furthermore, Protectin D1 is down-regulated in both asthmatic 

patients and mice [18, 27], which corroborates our findings in the asthmatic 

and non-asthmatic eosinophils in human, and also CD101+ eosinophils and 

CD101- eosinophils in mice. Exogenous administration of either Protectin D1 

or its isomer PDx attenuates recruitment of inflammatory cell [20, 26, 28] and 

decreases inflammatory cytokines expression[28], thereby limits inflammatory 

process, which is consistent with our current observations.  

Intriguingly, as the data shown in “prevention” and “resolution” models (Fig. 

S16), the efficacy of CD101- eosinophils in limiting LPS-induced pulmonary 

inflammation in prevention model was superior to that in resolution model. The 

detailed mechanisms for such a difference were not clear. We hypothesized 

that CD101- eosinophils might take effect only after they “are located in their 

position” in lung parenchyma during homeostasis; however large amounts of 

neutrophils destroyed the functional microenvironment of CD101- eosinophils 

after inflammation outburst. 

On the contrary, adoptive transfer of CD101+ eosinophils deteriorated 

LPS-induced ALI. CD101+ eosinophils are mainly enhanced in asthmatic 

inflammation, highly implying that asthmatic patients might not benefit from 

eosinophil infiltration in lung injury [9]. Based on the results from RNAseq, it is 

plausible to hypothesize that the pro-inflammatory function of CD101+ 

eosinophils is due to the overexpression of alarmins, like S100a8 and S100a9 

(Fig. 7A), since these alarmins have been shown to enhance the development 

and influx of monocyte and neutrophils [25, 29]. 



CD101+ eosinophils are noticed in asthmatic mice accompanied with a few 

CD101- eosinophils. However, in asthmatic patients, eosinophils display 

CD101hi eosinophils only. This discrepancy is likely due to either the diversity 

in duration of asthma or the difference between human eosinophils and murine 

eosinophils. Furthermore, CD101+ eosinophils accompanies frequently with 

CD62L shedding[13]. However, we observed that the expression of CD62L 

was very low in pulmonary eosinophils, irrespective of being either CD101- or 

CD101+, or homeostatic or allergy-induced (data not shown). Therefore, we 

used CD101, but not CD62L, as a marker to distinguish the different eosinophil 

subgroups in this study. 

In both asthma and endotoxin-induced ALI, the transformation of CD101- to 

CD101+ in eosinophils is of great significance. We observed that the 

expression of CD101 in eosinophils is independent of the process of eosinophil 

development-related cytokines or HDM exposure (Fig. S13). A recent study 

demonstrates a crucial role of IL-18 in the transformation of eosinophils[30], 

however, the molecular spectrum which promotes the transformation of 

eosinophils is still unclear. 

Tissue resident immune cells are known to have prominent effects in 

maintaining homeostasis of a certain milieu[31]. In our study, we demonstrated 

that the lung was an important organ for eosinophil residence, and also 

observed that parenchymal eosinophil population was 

bone-marrow-dependent. These data strongly suggest that lung eosinophils 

are rather “homeostatic” than “resident”. Although, we demonstrate a 

recruitment of eosinophils during ALI initiation, the mechanisms mediating the 

recruitment are not clear. At the early time points after LPS challenge, we 

failed to observe any induction of eotaxins before eosinophil aggregation. 

Previously, it has been reported that LPS induces eosinophil migration in 

pleurisy independent of eotaxin[32]. Likewise, the amount of pulmonary 

eosinophils at steady stage remained intact in CCR3-/- mice[32]. Considering 

the high expression of the integrin family, such as Igtax and Igtae, in 



eosinophils[33], it is plausible to hypothesize that eosinophils migrate to lung 

tissues during homeostasis or upon pathogen exposure via an eotaxin-CCR3 

independent axis, which needs to be clarified in future studies. 

It is of great interests to note that circulating eosinophils are increased in 

survived ARDS patients, suggesting that the levels of peripheral eosinophils 

could indeed serve as a new biomarker and a target of ALI therapy. 

Augmented eosinophils could display anti-pathogen activity in host defense by 

releasing their cationic proteins[34] and even extracellular traps[35]. Besides, 

eosinophils also accumulate and participate in prompting the process of tissue 

repair after damage[12]. Clinically, therapy with anti-IL-5 monoclonal antibody, 

such as mepolizumab, is wildly used for both asthmatic[36] and eosinophilic 

COPD patients[37], resulting in a reduced eosinophil levels in peripheral 

blood[36-38]. Although there is a lack of experimental evidence, it is likely that 

anti-IL-5 antibody would reduce both eosinophils subgroups. Theoretically, the 

reduction of CD101+ eosinophils will benefit both asthma and ALI patients; 

however, the reduction of homeostatic CD101- eosinophils might increase the 

risks and levels of ALI. Thus, our study suggests that the scheme of anti-IL-5 

therapy for eosinophilic airway inflammation should be neatly controlled to 

reduce the risks for infection.  

In summary, our findings uncover a function of homeostatic and rapidly 

recruited CD101- eosinophils in lung parenchyma for the suppression of 

endotoxin-induced ALI via the Alox15-Protectin D1 axis, and suggest a new 

biomarker and a potential therapeutic target for ALI. 
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Figure Legends 

Fig. 1 Retrospective analysis of eosinophil cellularity and prognosis in 

ARDS inpatients. A total of 118 ARDS inpatients were filtered, and the 

remained cases were divided into survivors and non-survivors groups for 

further analysis. (A) Including criteria of the analysis. (B) Blood eosinophil 

cellularity in healthy volunteers, survived and non-survived ARDS patients. HC, 

healthy control; ADM, 24h within hospitalization; DIS, no more than 24h before 

discharged or declaration of death. (C and D) Corticosteroid administration in 

ARDS patients. (C) Daily dose of intravenous use of corticosteroid. (D) Daily 

dose of inhaled corticosteroid. ns, no significance, **P<0.01, ***P<0.001. 

 



Fig. 2 Analysis of homeostatic and early induced eosinophils in lung 

parenchyma. (A) Gating strategy of alveolar macrophages (AMs, 

CD45+SigelcF+F4/80+CD11b-CD11c+), eosinophils (Eos, 

CD45+SigelcF+F4/80+CD11b+CD11c-), and neutrophils (Neut, 

CD45+Gr-1hiCD11bhi) in flow cytometry analysis (FACS). (B) Influx of 

eosinophils and neutrophils in mouse lungs upon LPS challenge. (C) Total 

cells, neutrophil, and eosinophil count in BALF after LPS instillation. (D) 

Representative images (left panel) and semi-quantification (right panel, scale 

bar = 50 μm) of Congo red staining of eosinophils (Arrow head) in mouse lungs 

at 0.5 h after LPS challenge. (E) Representative images (left panel, scale bar 

= 100 μm) and semi-quantification (right panel) of EPX immunohistochemistry 

staining (Arrow head) in mouse lungs at 0.5 h after LPS challenge. (F) 

Representative images of transferred eosinophil. Blue, DAPI; Red, TIE2 

(endothelial cells); Green, CD45.2 (transferred eosinophils); Upper panel, 

perivascular structure. Intravascular areas were outlined by white dotted lines. 

Down panel, parenchyma and alveoli. Alveolar structure was outlined by white 

dotted lines. Transferred eosinophils were marked by white arrowheads. Scale 

bar=5μM. Sample size is marked as individual plots in column images in a 

single experiment. In semi-quantification of D and E, each point was the 

average score of 10-20 random fields of each mouse. Results are 

representative of 3 independent experiments. *P < 0.05, **P<0.01, ***P<0.001, 

n.d., not detected. 

 

Fig. 3 Pulmonary eosinophils are derived from bone marrow and are 

recruited from peripheral blood upon LPS challenge. (A) Levels of 

pulmonary eosinophils in the bone marrow transferred mice. Bone marrow 

from WT or PHIL mice was transferred into WT or PHIL mice, as shown in the 

left panel.  (B) Representative levels of CD45 subtypes of pulmonary 

eosinophils (FACS plot) and statistical results (column graph) in the bone 

marrow transferred mice. Bone marrow from CD45.1 mice was transferred into 



CD45.2 recipients, as shown in the left panel. (C) Representative FACS 

images and quantified results of eosinophils in blood and lungs of PHIL mice 

receiving eosinophils at 0.5 h post LPS challenge. 5x105 eosinophils were 

transferred into PHIL mice by tail vein injection, and the mice were immediately 

challenged with LPS (left panel). (D) Representative FACS images and 

quantified results of pulmonary CD45.2 eosinophils in CD45.1 WT mice 

adoptively receiving CD45.2 eosinophils at 0.5 h post LPS challenge. 5x105 

eosinophils (CD45.2) from NJ.1638 mice were injected into CD45.1 WT mice 

through tail vein, and the mice were immediately challenged with LPS (left 

panel). Sample size is reflected as individual dots in column graphs. Data are 

representative of 3 independent experiments. *P < 0.05, **P<0.01, ***P<0.001. 

 

Fig. 4 Loss of eosinophils augments the LPS-induced pulmonary 

inflammation and injury. (A) Pulmonary eosinophils and neutrophils 

detection in LPS-treated WT and PHIL mice by FACS within 2h post LPS 

injection by FACS. (B and C) Total leukocytes and neutrophils (B), CXCL1, 

and CXCL2 secretion (C) in BALF of WT and PHIL mice induced by LPS at 

early time points. (D-G) Levels of pulmonary edema (D), endothelial leakage 

(E and F), and lung elastance (G) were analyzed 24 h after LPS injection. (H) 

Pulmonary inflammation 72 h post LPS instillation (scale bar = 200 μm). (I) 

Eventual mortality of WT and PHIL mice after LPS challenge. Sample size is 

displayed as individual plots in column graphs. In G, N=5. In I, N=20. Data are 

representative of 3 independent experiments. *P < 0.05, **P<0.01, ***P<0.001. 

 

Fig. 5 CD101 is a marker to distinguish subgroups of eosinophils in both 

steady phase and allergic milieu. (A) Scheme of OVA/LPS overlap model. 

For studying the initiation of ALI, mice were sacrificed 0.5h after LPS 

administration. (B) Amounts of total cells and neutrophils in BALF induced by 

OVA challenge combined with LPS injection. (C-D) Eosinophil subgroups in 

lung tissue (C), peripheral blood (D) and bone marrow (D) in OVA-challenged 



mice. Representative plots are shown in C and D, where eosinophils were 

gated on CD45+SiglecF+CD11c- singlets. (E) Cellularity of bone 

marrow-derived eosinophils (E left panel) and their CD101 expression (E right 

panel). (F) Amount of eosinophils in peripheral blood. (G) The expression of 

CD101 in eosinophils from non-asthma and asthma individuals. In B, sample 

size is marked as individual plots in column graphs. In C and D, every group 

consists of 5 individuals. Data are representative of 3 independent 

experiments except for F and G. *P < 0.05, **P<0.01, ***P<0.001. 

 

Fig. 6 CD101- eosinophils ameliorated, while CD101+ eosinophils 

exacerbated, the neutrophilic inflammation induced by LPS. (A) CD101 

expression of the aggregated eosinophils in mouse lungs after LPS 

administration. Left panels, representative images; right panel, quantification 

results. (B and C) Levels of leukocytes and neutrophils (B), and inflammatory 

cytokines (C) in BALF of PHIL mice receiving CD101- or CD101+ eosinophils at 

0.5 h after LPS challenge. (D-F) Levels of leukocytes and neutrophils in BALF 

(D), BALF inflammatory cytokines (E), and representative images of H&E 

staining (F left panel, scale bar = 200 μm) and semi-quantified results (F right 

panel) of PHIL mice receiving CD101- or CD101+ eosinophils at 24 h after LPS 

challenge. (G) CD101 expression of blood eosinophils in human subjects. HC, 

healthy controls; ARDS, patients with acute respiratory distress syndrome; PC, 

positive control (asthma patients). Sample size is marked as individual plots in 

column graphs. Results are representative of 3 independent experiments 

except G. *P < 0.05, **P<0.01, ***P<0.001. 

 

Fig. 7 Alox15-mediated Protectin D1 is responsible to the 

anti-inflammatory effect of CD101- eosinophils in ALI. (A) Representative 

heatmap of RNAseq analysis of differential expression in both CD101- and 

CD101+ eosinophils (N=3). (B-E) Quantitative PCR analysis of Alox15. (B) 

Expression of Alox15 in CD101- and CD101+ eosinophils. (C) Expression of 



Alox15 in lungs during the initiation of LPS-induced ALI. (D) Comparison of 

Alox15 expression between WT and PHIL mice in the initiation of ALI. (E) 

Relative abundance of Alox15 in eosinophils compared to lung tissue. (F-H) 

LC/MS analysis of Protectin D1. (F) Identification of Protectin D1. (G) Protectin 

D1 in CD101- and CD101+ eosinophils. (H) Protectin D1 in WT and PHIL mice 

after 0.5h LPS challenge. Protectin D1-isomer (PDx, 0.05mg/kg) was injected 

to PHIL mice for continuous 3 days before LPS treatment. (I) Amounts of 

leukocytes and neutrophils in BALF of PHIL mice administrated with Protectin 

D1-isomer at 0.5h after LPS treatment. Alox15 inhibitor PD146176 was 

injected intraperitoneally into WT mice at the dose of 10mg/kg 24h before LPS 

administration. (J) Amounts of total leukocytes and neutrophils in BALF 0.5h 

post LPS challenge. (K and L) ALOX15 (K) and Protectin D1 (L) detection in 

human eosinophils from both non-asthma patients and asthma patients. 

Sample size is marked as individual plots in column graphs. Data are triplicate 

by individual experiments except for K and L. *P < 0.05, **P<0.01, ***P<0.001.  

 

Fig. 8. Differential functions of CD101- and CD101+ eosinophils in ALI 

pathogenesis. Homeostatic eosinophils, mainly CD101-, are localized in lung 

parenchyma. Upon stimulation like LPS or S. aureus, more CD101- 

eosinophils are rapidly recruited into the lung, while the factors mediating this 

early eosinophil recruitment are not clear. These accumulated CD101- 

eosinophils attenuate lung inflammation and injury via Alox15-mediated 

Protectin D1 secretion. On the other side, in allergic microenvironment, 

CD101- eosinophils are turned to be positive upon stimulation of certain 

unknown factors, and the CD101+ eosinophils promote ALI pathogenesis likely 

through S100a8 or S100a9.  
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Methods 

Mice. NJ.1638 mice and PHIL mice were generously provided by Prof. James 

Lee at Mayo Clinic, AZ. WT CD45.2 C57BL/6 mice were purchased from 

Shanghai SLAC laboratory animal Co., Ltd, while WT CD45.1 C57BL/6 mice 

were generously gifted from Prof. Lie Wang at Institute of Immunology, 

Zhejiang University School of Medicine. All the strains above were housed and 

bred in Laboratory Animal Center of Zhejiang University, Hangzhou, China. All 

experimental protocols were approved by the Ethical Committee for Animal 

Studies at Zhejiang University.  

ALI was induced by injection of 20 mg/kg LPS (from E. Coli O55:B5, Sigma) 

or 1x107 CFU S. aureus intratracheally (i.t.). For observing the initiation of 

inflammation, mice were sacrificed 30 mins after LPS instillation. For detecting 

eventual ALI, mice were euthanized 24 hours and above after LPS injection. 

For surviving curve, ALI mice were observed until day 7, and the decline of 

body weight more than 20% compared to their initial weight, was regarded as 

biologically dead[1]. For lung function assessment[2, 3], ALI mice were 

ventilated by Buxco Finepointe system, and dynamic lung compliance 

(reciprocal of elastance) was recorded until 10 min.  

The establishment of ovalbumin (OVA, Sigma)-induced allergic airway 

inflammation model was fully described elsewhere[4, 5].  

For bone marrow transfer, recipient mice were first received X-ray radiation 

at the dose of 8 Gy for the clearance of hematopoietic stem cells, and 1x107 

whole bone marrow derived cells from donor mice were injected through tail 

veins. Chimera mice were further analyzed at indicated time points after bone 

marrow transplant. 

All the mice involved in LPS or OVA models were allocated randomly. 

 

Human subjects. Patients with ARDS were identified according to the 

guidelines for the diagnosis and treatment of acute lung injury/acute 

respiratory distress syndrome (diagnosed by Congress of Chinese Society of 



Critical Care Medicine, which shows no differences in the diagnosis of ARDS 

comparing with ATS/ESICM/SCCM guideline). All ARDS inpatients were 

enrolled in The Second Affiliated Hospital of Zhejiang University, School of 

Medicine from 2012 to 2018. The observation was based on the circulated 

eosinophil counts when hospitalized (within 24 hours after hospitalization) and 

when discharged (within 24 hours before discharge or death). Sex- and 

age-matched healthy subjects were enrolled as baseline controls. No 

differences were determined in age and sex between survivor group and 

non-survivor group (Table S1). This study was approved by the ethics 

committees of The Second Affiliated Hospital of Zhejiang University, School of 

Medicine.  

 

Mouse behavioral score. Mice were scrutinized and assessed every day after 

LPS endotracheal injection. Scores were assigned on the basis of physical 

appearance and activity[6]. The behavioral score was calculated by four 

categories: a) Coat, 1 (smooth), 2 (slight perturbing), 3 (apparent perturbing); b) 

Activity, 1 (vivacious), 2 (idle), 3 (sedentary), 4 (fixed); c) Respiration, 1 

(natural), 2 (toilsome), 3 (labored and irregular); d) Posture, 1 (unfolded), 2 

(huddled). The scores of four aspects add up to the total score from 4 to 12.  

 

Reagent. Liposaccharides from E. coli (O55:B5), Grade V ovalbumin and 

Evans blue dye were purchased from Sigma-Aldrich. EPX antibody was a 

generous gift from Prof. J.J Lee. Mouse CXCL-1 and CXCL-2 Elisa Kit were 

purchased from R&D and were performed according to manufacturer ’s 

protocols. Protectin D1-isomer (PDx) and PD146176 was purchased from 

Cayman Chemical.  

 

Eosinophil isolation from NJ.1638 mice. Eosinophils were isolated from 

peripheral blood of NJ.1638 mice[7]. Briefly, peripheral blood from NJ.1638 

mice was layered onto percoll (GE healthcare) gradient. The eosinophils 



containing contaminant cells were further purified with CD4-CD8-B220-Ter119- 

magnetic beads (Miltenyi Biotec) isolation afterwards. The purity of eosinophils 

was about 95%.  

 

Human eosinophils detection and purification. For detection of CD101 

expression in human eosinophils, peripheral blood samples were obtained 

from ARDS, asthmatic, or non-asthmatics enrolled in Second affiliated hospital 

of Zhejiang University, School of medicine (Hangzhou, China) or Ningbo First 

Hospital (Ningbo, China). All human samples were Chinese Han population 

without systemically or inhaled steroid therapy. The asthmatic patients were 

diagnosed by bronchial provocation test. All the procedures are authorized by 

the Ethics committee of Second affiliated hospital of Zhejiang University, 

School of Medicine (approval no. 2016008 to Wen Li) and Ethics committee of 

Ningbo First Hospital (approval no. 2016-R017 to Chao Cao). All the 

participants had been notified the consensus to their involvement in the study, 

and all the samples are treated after anonymization. Brief information of each 

patient was summarized as Table S2 and Table S3. 

Human eosinophils from healthy subjects and asthmatic patients were 

purified from peripheral blood. Briefly, erythrocytes was lysed by red blood 

lysis solution (BD Pharmingen). Next, the harvested cells were resuspended 

and layered onto 60% percoll gradient of equal volume, and centrifuged at 800 

g for 30 min in a density gradient pattern to obtain leukocyte compartment. 

Leukocytes were incubated with APC-conjugated Siglec-8 antibody and then 

with Anti-APC MicroBeads (Miltenyi Biotic) for another 30 min. Eosinophils 

were then purified by Siglec-8 positive selection using magnetic beads 

isolation. 

 

Liquid culture and colony forming assay of bone-marrow-derived-eosinophils. 

The protocols were detailed described elsewhere[4, 8]. For liquid culture, 

non-adherent mononuclear cells at the concentration of 1x106/ml were seeded 



in IMDM complete medium including 20% fetal bovine serum (Gibco), with 100 

IU/ml penicillin mixed with 10 mg/ml streptomycin, 2mM L-glutamine 

(Sigma-Aldrich), 1mM sodium pyruvate (Sigma-Aldrich), 1x non-essential 

amino acids (Sigma-Aldrich), 0.006‰ 2-ME (Sigma-Aldrich), Flt-3L (100 ng/ml, 

Peprotech), and SCF (100 ng/ml, Peprotech) were added into culture medium 

for the first 4 days. The culture medium was replaced with recombinant 

interleukin 5 (IL-5, 10 ng/ml, R&D) in day 4 and day 8 thereafter. For colony 

forming assay, 2x105 bone-marrow-derived-non-adherent mononuclear cells 

or sorted eosinophils were seeded in IMDM completed medium containing 0.9% 

methylcellulose (Stem Cell) in the presence of IL-5 (10 ng/ml), and the 

colonies were identified on day 7. 

 

Lung single cell suspension harvest and Flow Cytometry. Mice were 

euthanized by pentobarbital anesthetization, and lungs were perfused by 10 ml 

PBS through right ventricle injection to minimize the interference with trapped 

leukocytes in circulation. Ambilateral lungs were harvested and cut into pieces, 

and were digested by 1 mg/ml collagenase I (Sigma) for 90 mins. Finally, 

digested tissues were filtered to obtain single cell suspension.  

For flow cytometric analysis (FACS), Cytoflex (Beckman Coulter) was used 

to identify cell surface markers. Cell sorting were performed by Moflo Astrios 

EQ (Beckman Coulter). All the results were analyzed by Flowjo X software 

(Treestar). Fluorescence conjugated antibodies were listed as Table S4. The 

corresponding isotype control antibodies were purchased from Biolegend and 

used in the staining of flow cytometry analysis.  

For BrdU or EdU staining, the processes were according to manufactures’ 

protocols (BD Pharmingen). In vivo, BrdU solution at the dose of 10 mg/ml in 

sterile 1X PBS was injected to WT mice intraperitoneally, and each mouse was 

received 200 μl (2mg) BrdU. Meanwhile, BrdU was diluted into 0.8 mg/ml in 

drinking water to keep the intake of BrdU. Mice were sacrificed and analyzed 

24h after intraperitoneal injection. In vitro, a final concentration of 10 μM EdU 



was treated for 2h. The process of staining and detecting was performed in 

terms of the manual of corresponding kit. 

 

Lung histology and immunofluorescence assay.  

. Paraformaldehyde-fixed and paraffin-embedded lung tissues were cut 

perpendicular to small airways to embody their structures and peripheries of 

both large and small airways at the same time according to previous reports[9, 

10]. For eosinophils detection, Congo red staining[11] and EPX 

immunohistochemistry staining were performed to distinguish eosinophils in 

lung parenchyma. For inflammation and injury assessment, H&E staining was 

performed. Stained slices were visualized by Olympus BX51 microscope 

equipped with 4/0.3 NA objective and DP70 digital camera. The inflammatory 

score was calculated as following features[6]: lung interstitial edema, 

haemorrhage, and neutrophil infiltration. Each feature could be assessed a 

score of 0 (no injury), 1 (limited injury), 2 (visible injury) and 3 (severe injury). 

The scores of three aspects add up to the total score from 0 to 9.  

 For immunofluorescence assay, lung tissue sections were stained with 

anti-TIE2 (as endothelial cells, Servicebio) and anti-CD45.2 (as transferred 

eosinophils, Invitrogen) according to manufacturer’s instruction. Fluorescence 

images were captured by Olympus IX83-FV3000-OSR confocal microscope.  

 

RNA isolation and quantitative PCR. Eosinophils or lung tissues were lysed by 

RNAiso reagent (Takara, Japan) as stated by manufacturer’s protocol. Primers 

involved in real-time PCR were manufactured by Shanghai Bioengineering 

(Shanghai, China). Reverse transcription and real-time PCR were performed 

using PrimeScript TM RT-PCR kit (Takara) and SYBR Primix TaqTM (Takara), 

respectively. Primers used were listed below:  

Alox15: forward, 5’-GGCTCCAACAACGAGGTCTAC-3’; reverse, 5’- 

AGGTATTCTGACACATCCACCTT-3’;  

Actb: forward, 5’-AGAGGGAAATCGTGCGRGAC-3’; reverse, 



5’-CAATAGTGACCTGGCCGT-3’.  

ALOX15: forward, 5’- GGGCAAGGAGACAGAACTCAA-3’; reverse, 5’- 

CAGCGGTAACAAGGGAACCT-3’; 

ACTB: forward, 5’- CATGTACGTTGCTATCCAGGC-3’; reverse, 5’- 

CTCCTTAATGTCACGCACGAT-3’. 

The relative abundance was analyzed in delta-delta CT method and 

normalized to Actb or ACTB. 

 

RNAseq. Eosinophils both CD101- and CD101+ were isolated from 

OVA-induced asthmatic NJ.1638 mice by flow cytometric sorting system. The 

samples were disposed and analyzed by BGI (Shenzhen). RNAseq data had 

been uploaded in NCBI under BioProject ID: PRJNA479696 

(http://www.ncbi.nlm.nih.gov/bioproject/479696) 

 

LC/MS Analysis of Protectin D1. The protocol of lipid extraction and LC/MS 

analysis were abundantly described elsewhere[12, 13]. Briefly, lung tissues or 

eosinophils were lysed by the solution including PBS, methanol and 

chloroform (1:1:2). The mixture was fully vortexed then centrifuged at 2200 g 

for 6 mins. The organic phase was collected and dried under nitrogen flushing, 

followed by 50 μl methanol re-suspension[13].  

For in vitro experiments, 1x106 eosinophils were stimulated by 2 μM Ca2+ 

ionophore A23187 (Sigma) and 10 μM DHA (Sigma) for 30 minutes at 37℃. 

The incubation was suspended with 2 volumes of ice-cold methanol and lipid 

was extracted as previous described[14]. 

  The LC/MS analysis was by an Agilent 6400 Series Triple Quadrupole 

LC/MS System. Protectin D1 was identified as m/z = 359 and acquisition time 

approach to 11.5 min by published criteria[12] and monitored by ESI ionization 

mode. As lacking of commercial standard of Protectin D1, production of 

Protectin D1 was represented as relative expression rather than quantification. 

The assay was performed by Analysis Center of Agrobiology and 



Environmental Sciences, Zhejiang University.  

 

Figure Legends 

Fig. S1 Simplified gating strategy of pulmonary eosinophils. Gating 

strategy of eosinophils (Eos, CD45+SiglecF+CD11c-) and alveolar 

macrophages (CD45+SiglecF+CD11c+). 

 

Fig. S2 Amount of pulmonary eosinophils in homeostasis. The 

comparison between the number of pulmonary eosinophils with that of AMs (A) 

and that of circulated eosinophils (B). ***P<0.001.  

 

Fig. S3 Morphology of BALF leukocytes after LPS injection. 

Representative images of Wrights-Giemsa staining of BALF leukocytes upon 

LPS administration by cytospin. Legend of morphology was represented by 

BALF leukocyte cytospin of OVA-induced model. Alveolar macrophages, black 

arrowheads. Eosinophils, orange arrowheads. Neutrophils, Blue arrowheads. 

Scale bar = 50μm. 

 

Fig. S4 Early induction of pulmonary eosinophils by S. aureus. (A, B) 

Influx of eosinophils (A) and neutrophils (B) by flow cytometry analysis within 2 

h post 1x107 CFU S. aureus intratracheal injection. *P < 0.05. 

 

Fig. S5 Distribution of transferred eosinophils without ventricle flushing. 

Representative immunofluorescence images of transferred CD45.2 

eosinophils in lung without flush. Blue, DAPI; Red, TIE2 (endothelial cells); 

Green, CD45.2 (transferred eosinophils). Intravascular areas were outlined by 

white dotted lines. Extravascular transferred eosinophils and intravascular 

eosinophils were marked by white arrowheads. Scale bar=5μM. 

 

Fig. S6 Depletion of pulmonary eosinophils in PHIL mice. Pulmonary 



eosinophils detection in lung suspension of WT and PHIL mice. 

 

Fig. S7 Repopulation of AMs in chimera mice. The establishing scheme of 

chimera mice was as Fig.3B. CD45 subtypes of AMs and eosinophils. 

 

Fig. S8 Expression of eotaxin in lungs post LPS administration. (A) 

mRNA level in lung homogenate within 2h after LPS instillation. (B and C) 

Eotaxin ELISA in BALF (B) and lung homogenate (C) after LPS challenge.  

 

Fig. S9 Proliferative ability of local eosinophils. (A) BrdU expression in 

pulmonary eosinophils (left panel) and circulating monocytes (right panel). (B) 

EdU expression in sorted eosinophils and Eol-1 cells. (C) Colony forming units 

in pulmonary eosinophils (left panel) and bone-marrow-derived non-adherent 

mononuclear cells (right panel).  

 

Fig. S10 Pulmonary inflammation and individual status 24h after LPS 

injection. ALI mice were established and analyzed 24h after LPS 

administration. (A and B) Pulmonary inflammatory level. Total leukocyte and 

neutrophil amount (A) and inflammatory cytokines (B). (C and D) individual 

status. Body weight decline (C) and behavior assessment score (D). *P < 0.05, 

**P<0.01. ***P<0.001. 

 

Fig. S11 Exacerbation of pulmonary inflammation in PHIL mice after S. 

aureus infection. BALF total cell count and neutrophils cellularity of PHIL 

mice after S. aureus exposure. *P < 0.05, **P<0.01. 

 

 

Fig. S12 Eosinophil infiltration in OVA-induced allergic airway 

inflammation. Allergic airway inflammation in OVA-induced mouse model. (A) 

Eosinophil count in BALF. (B) Representative images of EPX-IHC in mouse 



lungs in OVA models. 

 

Fig. S13 CD101 expression in circulating eosinophils in LPS model. 

CD101 expression in blood eosinophils after 0.5h treatment of LPS in mice. ns, 

no significance. 

 

Fig. S14 CD101 expression in eosinophils after different treatment. 

CD101 expression in eosinophils after 24h treatment of interleukin-3 (IL-3, 

10ng/ml), interleukin-5 (IL-5, 10ng/ml), granulocyte-macrophage colony 

stimulating factor (GM-CSF, 10ng/ml) and HDM (10μg/ml). Null, control groups. 

Positive, sorted CD101+ eosinophils. ns, no significance, ***P<0.001. 

 

Fig. S15 Subtypes of early-induced eosinophils in S. aureus model. 

CD101 expression of the aggregated eosinophils in mice lungs after 1x107 

S.aureus administration. Representative image, upper panels; quantification, 

nether panel. *P < 0.05. 

 

Fig. S16 Efficacy of eosinophil adoptive transfer. NJ.1638 derived 

eosinophils (5x105 in 50μl) were transferred into WT or PHIL mice. WT or PHIL 

mice who received saline only (Eos-Null) were set as control. Pulmonary 

eosinophils assessment by flow cytometry. 

 

Fig. S17 Inflammatory response of eosinophil subsets post LPS 

treatment. Two subgroups of pulmonary eosinophils were purified by FACS 

sorting system. Expression of TLR4 and Myd88 signaling, and expression of 

inflammatory cytokines.  

 

Fig. S18 Prevention and resolution models in eosinophil deficiency mice.  

Prevention model (A-C) was schemed in A. B, BALF total cells, C, neutrophils. 

Resolution model (D-F) was schemed in D. E, BALF total cells, F, neutrophils. 



 

Table S1. Brief characteristics of ARDS inpatients. (In Fig. 1) 

 

Healthy 

Controls 
Survivors Non-survivors 

P-Value 

(Survivors vs. 

Non-survivors

) 

Number 20 58 54 - 

Age, yrs  54.2±11.1 52.9±16.4 55.7±15.8 0.37 

Sex (M/F) 15/5 46/12 41/13 - 

Blood 

eosinophils 

(x109/L) 

24h within 

hospitalizatio

n 

0.020±0.03

7 
0.046±0.018 0.046±0.014 0.97 

Data are presented as means ± SD. Categorical variables in patients’ information 

were analyzed by Pearson’s chi square tests where P＜0.05 is considered significant.

  

 

Table S2. Brief information of asthmatic patients and non-asthmatic 

control. (In Fig. 5 and Fig. 7) 

 Non-asthma Asthma 

Sex (M/F) 3/3 3/3 

Age, yrs  44.67±11.02 46.33±14.17 

Eosinophil (x109/ml) 1.80±0.32  14.45±4.28 

Diagnosis 

constitution (Count) 

Healthy (1) Asthma exacerbation (4) 

Upper airway cough syndrome (1) Asthma with ABPA (1) 

Chronic cough (1) Cough variant asthma (1) 

Pneumonia after treatment (3)  

Data are presented as means ± SD. Categorical variables in patients’ information 

were analyzed by Pearson’s chi square tests where P＜0.05 is considered significant.

  

 

Table S3. Brief information of ARDS patients. (In Fig. 6) 

No. Sex Age Primary diagnosis 

1 M 55 Myocardial infarction 

2 M 53 Subarachnoid hemorrhage 



3 M 67 Severe pneumonia 

4 M 77 Peritonitis 

5 F 69 Meningioma 

 

Table S4. Fluorescent antibodies used in the experiments. 

Target Fluorescent Manufacturer Clone Cata. No. 

Mouse CD45 FITC Biolegend 30-F11 103107 

Mouse CD45 BV510 Biolegend 30-F11 103138 

Mouse SiglecF PE BD Pharmingen E50-2440 552126 

Mouse F4/80 Pe-Cy7 eBioscience BM8 25-4801-82 

Mouse CD11b FITC Biolegend M1/70 101205 

Mouse CD11b BV421 Biolegend M1/70 101251 

Mouse CD11c FITC eBioscience N418 11-0114-82 

Mouse CD11c APC eBioscience N418 17-0114-82 

Mouse CD45.1 Pacific Blue Biolegend A20 110721 

Mouse CD45.2 FITC Biolegend 104 109805 

Mouse CD101 Pe-Cy7 eBioscience Moushi101 25-1011-82 

Mouse Gr-1 BV421 Biolegend RB6-8C5 108445 

Mouse CD115 PE eBioscience 
12-3A3-1B

10 
12-1159-41 

Mouse Ki-67 
PerCP-Cy5.

5 
Biolegend 16A8 652423 

Mouse CD4 Biotin Biolegend GK1.5 100403 

Mouse CD8a Biotin Biolegend 53-6.7 100703 

Mouse B220 Biotin Biolegend RA3-6B2 103203 

Mouse Ter119 Biotin Biolegend Ter-119 116203 

Human Siglec-8 APC Biolegend 7C9 347105 

Human CCR3 BV510 Biolegend 5E8 310721 

Human CD101 PE Biolegend BB27 331011 

Human CD45 Pe-Cy7 Biolegend 2D1 368532 

BrdU APC BD Pharmingen Kit Catalog #552598 

EdU FITC BD Pharmingen Kit Catalog #565455 
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Fig.S1  Simplified gating strategy of pulmonary eosinophils.
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Fig.S2  Amount of pulmonary eosinophils in homeostasis.
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Fig.S3  Morphology of BALF leukocytes after LPS injection.
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Fig.S4  Early recruitment of pulmonary eosinophils by S. aureus.
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Fig.S5  Distribution of transferred eosinophils.
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Fig.S7  Repopulation of AMs in chimera mice.
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Fig.S8  Expression of eotaxin in lungs post LPS administration.
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Fig.S9  Proliferative ability of local eosinophils.
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Fig.S10  Pulmonary inflammation and individual status 24h after LPS 
injection.
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Fig.S6  Depletion of pulmonary eosinophils in PHIL mice.
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Fig.S12  Eosinophil infiltration in OVA-induced allergic airway inflammation.
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Fig.S14 Eosinophil CD101 expression after eosinophil development related 
cytokines and allergic pathogen exposure.
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Fig.S15 Subtypes of early-induced eosinophils in S. aureus model..
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Fig.S11  Exacerbation of pulmonary inflammation in PHIL mice after S. 
aureus infection.
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Fig.S13 Eosinophil CD101 expression after eosinophil development related 
cytokines and allergic pathogen exposure.
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Fig.S17 Inflammatory response of eosinophil subsets post LPS treatment.
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Fig.S18  Prevention and resolution models in eosinophil deficiency mice. 

Fig.S16 Efficacy of eosinophil adoptive transfer.
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