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Abstract—— Inflammation is one of the important pathogenesis of bronchopulmonary dys- 
plasia (BPD). Type 3 innate lymphoid cells (ILC3) play a role in a variety of inflammatory 
lung diseases. In this study, we established the BPD model by injecting lipopolysaccharide 
into the amniotic cavity of pregnant mice. Here, we investigated the dynamic changes of 
ILC3 and  NKP46− ILC3 population in lung tissues of mice from BPD and the control 
groups. Results showed that the proportion of ILC3 and  NKP46−ILC3 in the BPD group 
was higher than those of the control group. In addition, the cytokines interleukin-17 (IL-
17) and interleukin-22 (IL-22) secreted by ILC3 in this model had also changed that their 
expression was significantly increased compared with that of the control group. Flow 
cytometry demonstrated that ILC3 were a rapid source of IL-17. In the anti-CD90 knock-
down experiment, we confirmed the alleviation of BPD inflammation in the absence of 
ILC3. In addition, we injected mice with anti-IL-17 neutralizing antibody, and the results 
showed that IL-17 could aggravate BPD inflammation. Taken together, ILC3 may play a 
pro-inflammatory role in BPD by secreting IL-17.
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INTRODUCTION

Bronchopulmonary dysplasia (BPD) is a chronic 
lung inflammatory disease that usually occurs in prema-
ture infants. It is characterized by abnormal alveolar and 
pulmonary vascular development [1, 2]. With obstetric 
and neonatal intensive care technology, improvement 

of auxiliary ventilation strategies, antenatal corticoster-
oids, and the use of pulmonary surfactant after birth, the 
survival rate of very low birth weight infants has been 
upregulated, but morbidity of bronchopulmonary dys-
plasia has been upregulated simultaneously [3]. Studies 
have shown that the probability of respiratory diseases in 
children with BPD is significantly increased [4], which 
brings a heavy economic burden to society and families. 
Therefore, it has become an urgent problem to explore the 
pathogenesis of BPD in depth to guide the early preven-
tion and subsequent treatment.

The etiology of BPD is considered to include lung 
immaturity, infection and inflammation, mechanical venti-
lation, oxygen poisoning, etc. In the development of BPD, 
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inflammation is an essential regulatory factor [2], while 
type 3 innate lymphoid cells (ILC3) have been found to 
play a proinflammatory role in inflammatory intestinal dis-
eases through secreting cytokines interleukin-17 (IL-17) 
and interleukin-22 (IL-22) [5]. Besides, the effect of ILC3 
on pneumonia has attracted much attention, but their role 
in BPD remains unclear.

Innate lymphoid cells (ILC) are a class of immune cells 
with adaptive immune function, which play an important role 
in tissue repair and homeostasis and mediate immune response 
in a variety of mucosal tissues [6–8]. They can be classified 
into three subsets: ILC1, ILC2, and ILC3. All three subsets of 
ILC are present in the airways of mice and humans. In human 
lung tissue, about 60% of ILC are ILC3 [9]. ILC3 express 
retinoic acid–related orphan receptor γt(RORγt) and secrete 
IL-17, IL-22, granulocyte–macrophage colony-stimulating 
factor (GM-CSF), and interferon-γ (IFN-γ) in reaction to the 
stimulation of interleukin-23 (IL-23) or interleukin-1β (IL-
1β) [10]. ILC3 play a key role in homeostasis, infection, and 
inflammation of mucosal barrier. Furthermore, according to 
the expression of the natural cytotoxicity-triggering receptor 
(NCR) Nkp46 in mice, ILC3 can be divided into  NCR−ILC3 
and  NCR+ILC3 [11, 12]. During the development of immu-
nity,  NCR− ILC3 are important for the formation of lymphoid 
organs, and they mainly cluster with stromal cells, dendritic 
cells (DCs), B cells in crypts, isolated lymphoid follicles, or 
mature isolated lymphoid follicles in adult mice [13]. Besides, 
 NCR−ILC3 can secrete IL-17, a cytokine that is crucial in 
fighting fungal infections. However, inappropriate activation 
of ILC3 has also been shown to induce tissue damage through 
excessive expression of IL-17, IL-22, and GM-CSF, result-
ing in accumulation of neutrophils and tissue destruction [14]. 
For example, in intestinal inflammation, ILC3 can recruit an 
abundance of monocytes by secreting GM-CSF to induce 
inflammation and aggravate intestinal inflammation by secret-
ing IL-17 and IFN-γ as well [15], but their role in respiratory 
diseases remains unclear.

Current studies have shown that ILC3 are involved in 
a variety of pulmonary diseases, such as bacterial pneumo-
nia, tuberculosis, asthma, chronic obstructive pulmonary 
disease, and influenza [16–19]. Recent studies have identi-
fied that a higher frequency of ILC3 was found in asthma 
patients compared to healthy controls, as well as elevated 
IL-17 and IL-22 production secreted by ILC3 [20]. Also, an 
increase of IL-17 + ILC3 was found in mice fed a high-fat 
diet after house dust mite attack [18]. Besides, in studies 
of cigarette smoke–induced chronic obstructive pulmo-
nary disease in mice, an increase in all ILC populations 
was found in bronchoalveolar lavage fluid, especially IL-17 

+ILC [21], suggesting that ILC3’s rapid secretion of IL-17 
and IL-22 is one of the important mechanisms of pulmonary 
inflammation. However, there are still few studies on the 
role of ILC3 in BPD IL-17 that can induce the production 
of inflammatory cytokines such as tumor necrosis factor 
(TNF), IL-1, and GM-CSF. Besides, it can also recruit neu-
trophils in inflammation [18]. Thus, we proposed a hypoth-
esis that  NCR−ILC3 may play an important role in BPD by 
secreting IL-17. Pulmonary inflammation plays a key role 
in the development of BPD, and chorioamnionitis induced 
by lipopolysaccharide (LPS) is one of the classical models 
of BPD in mouse [2]. To identify it,  the proportion of ILC3 
and the expression of their downstream cytokines in lung 
tissues  were detected in the LPS-induced BPD model.

MATERIALS AND METHODS

Animals and Tissue Preparation
C57BL/6 mice at ages of 8 to 12 weeks (weight 

19.1 ± 0.6 g) were purchased from the Animal Center 
of Jiangsu University (Zhenjiang, China). Twenty male 
and twenty female mice were selected at a ratio of 1:1 
into twenty cages. The next day, the vaginal secretions 
of female mice were smeared, and the mice with sperm-
bearing vaginal secretions detected by smear micros-
copy were recognized as pregnant. The BPD model was 
replicated by intra-amniotic injection of LPS (200 μg/
kg) [2]. Thus, the pregnant mice were randomly divided 
into the LPS and normal saline group on the 14th day of 
gestation. Intra-amniotic injection of LPS was admin-
istrated in the LPS group, and normal saline was given 
to the control group. Newborn mice from mothers in 
the LPS group were set as the BPD group, and those 
from mothers in the saline group were set as the con-
trol group. Five mice in each group were sacrificed on 
postnatal days 1, 3, 7, and 14, and lung tissues were col-
lected. Mice with similar body weight in the same group 
came from the same litter. All animal researches were 
approved by the Animal Center of Jiangsu University.

Histological Analysis

For lung morphometry, tissues were fixed with 4% 
paraformaldehyde and embedded in paraffin. After sec-
tioning into 3-µm thick, lung tissues were stained with 
hematoxylin and eosin and viewed under bright light 
microscopy using upright fluorescence microscope. 
Images were captured at × 200 magnification.
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Single Cell Suspension Preparation

Fresh lung tissues of newborn C57BL/6 mice on 
days 1, 3, 7, and 14 were taken and rinsed with normal 
saline to remove residual blood. Lung tissues were sec-
tioned into small pieces and ground on a 100-μm cell 
strainer, with 1 mL phosphate-buffered saline (PBS) 
added. Then, cells were inhaled into a 1.5-mL EP tube 
with a 1-mL pipette after filtering through a 70-μm cell 
strainer. Next, cells were centrifuged at 3500 rpm for 
5 min, after which the supernatant was discarded. One 
milliliter ACK Lysis Buffer was added for erythrolysis 
on ice for 5 min, and centrifuged at 3500 rpm for 5 min. 
Finally, the supernatant was disgarded and 100 μL PBS 
was added to complete the preparation.

Flow Cytometry

For surface staining, the following mouse mono- 
clonal antibodies were used: FITC-lineage, PE-CD127, 
PC-5.5-Nkp46, PC5.5-IL-17, and PC-5.5-Nkp46. For 
intracellular staining, cells were stimulated for 5 h at 
37 °C with phorbol-12-myristate-13-acetate (PMA) 
(50 ng/ml), ionomycin (1 μg/ml), and Brefeldin A 
(2 μg/ml). The intracellular fixation and permeation 
buffer were used for fixation and cell rupture, fol-
lowed by intracellular staining using the following 
antibody: APC-RORγt. ILC were analyzed using spe-
cific markers of ILC populations. ILC3 are defined 
as Lin-CD127 + RORγt + cell population [11]. At 
least 1 ×  105 cells were collected by CytoFlex flow 
cytometer.

Cytokine Measurements

Enzyme-linked immunosorbent assay (ELISA) kits 
were used to detect the protein levels of IL-17, IL-22, and 
GM-CSF in lung tissue homogenate. Lung tissues of mice 
were extracted and rinsed with normal saline to remove 
the residual blood on postnatal days 1, 3, 7, and 14. Tis-
sue homogenate was prepared by ultrasound. BCA Protein 
Assay Kit was used to examine the total protein concen-
tration of each tube. Protein content of IL-17, IL-22, and 
GM-CSF in lung tissues was detected according to the 
instructions.

Expansion of ILC3 by Injection of Recombinant 
IL‑23

Studies have shown that IL-23 can stimulate the 
expansion of ILC3 [22]. Thus, recombinant IL-23 (10 ng) 
was injected intraperitoneally into newborn mice on post-
natal days 7, 9, 11, and 13 to expand ILC3. BPD mice that 
received normal saline injection were set as the control.

Blockade of CD90 In Vivo

In order to knock down the ILC3 in lungs of BPD 
mice, anti-CD90 antibody (50 μg) was injected intraperito-
neally on postnatal days 7, 9, 11, and 13 into newborn mice 
[23]. BPD mice that received normal saline injection were 
set as the control. Then, mice were sacrificed on postnatal 
day 14. ILC3 ratio was detected by flow cytometry and lung 
tissues were collected for HE staining.

Blockade of IL‑17 In Vivo

For blockade of IL-17 in BPD mice, anti-IL-17A 
neutralizing antibody (85 μg) was injected intraperitoneally 
into newborn mice on postnatal days 7, 9, 11, and 13 [24]. 
BPD mice that received normal saline injection were set as 
the control. Then, mice were sacrificed on postnatal day 14, 
and lung tissues were collected for HE staining.

Statistics

The data were analyzed by Graphpad Prism 8.0.1 
statistical software, expressed as mean ± SEM. One-way 
ANOVA was used among multiple groups. Multiple com-
parison between the groups was performed using LSD 
method. P values < 0.05 were considered significant. Sig-
nificant difference in the data is indicated by asterisk. P 
values < 0.05 are indicated by a single asterisk.

RESULTS

Pathological Changes in Lung Tissue
To investigate whether the BPD model was suc-

cessful, we observed the morphology changes of lung tis-
sues from BPD and control groups under a microscope. 
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In the control group which had received normal saline, 
the alveolar structure became complete as well as the 
alveolar wall became thinner gradually. Simultaneously, 
in the BPD group which had received LPS, the alveolar 
number was decreased significantly, the alveolar struc-
ture was simplified, and inflammatory cells were appar-
ent compared with the control group. Histology images 
of lung tissues from mice in the BPD and control groups 
are shown in Fig. 1.

The Proportion of  Nkp46−ILC3 in Lung Tissues 
Was Increased in BPD Mice

To explore the changes of ILC3, we detected the 
percentage of ILC3 in lung tissues from BPD mice by 
flow cytometry. In the control group, the proportion of 
ILC3 in lung tissues was increased gradually at 1, 3, 7, 
and 14 days after birth, reaching a peak on day 7, and 
then decreased gradually. The trend of ILC3 in BPD 
group was consistent with the control group. However, 

compared with the control group, the proportion of ILC3 
in lung tissues of mice in BPD group was significantly 
increased (Fig. 2A, B). These results indicated that ILC3 
may play a certain role in BPD. Based on the expres-
sion of Nkp46, ILC3 can be divided into two populations, 
namely  NCR−ILC3 and  NCR+ILC3. To examine which 
population predominantly works in BPD, single cell sus-
pensions of lung tissues were stained with Nkp46 by flow 
cytometry. Compared with the control group, the expres-
sion of  Nkp46+ILC3 in lung tissues of BPD group was 

Fig. 1  Experimental design for building animal model of BPD. a Pregnant mice (n = 5) were injected intraamnioticly with lipopolysaccharide on 
day 14 of pregnancy, and newborn mice were sacrificed on postnatal days 1, 3, 7, and 14. b Lung tissues were taken from mice of BPD and control 
group, stained with hematoxylin–eosin, and were observed by microscope. Original magnification × 200.

Fig. 2  The proportion of ILC3 was increased lung tissues of BPD 
mice. a Mice of the BPD and control group were sacrificed on postna-
tal days 1, 3, 7, and 14. Percentage of ILC3 in lung tissues of mice in 
the BPD and control group was detected by flow cytometry. b Propor-
tion of ILC3 in the BPD and control group (n = 5 for each group) at 
different time point. *P < 0.05 comparison among the BPD and con-
trol group. c Nkp46-ILC3 were presented as flow cytometry plots. d 
Quantification of Nkp46-ILC3 in the BPD and control group (n = 5 for 
each group) at different time point. *P < 0.05 comparison among the 
BPD and control group.

◂
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significantly decreased (Fig. 2C, D). Taken together, these 
results provide evidence that the ILC3 subset at work in 
BPD may be the population of  Nkp46−ILC3.

The Increasing Expression of Cytokines Are 
Derived from ILC3

We collected lungs of mice on postnatal days 1, 
3, 7, and 14 from control and BPD groups and meas-
ured protein level of IL-17, IL-22, and GM-CSF. After 
birth, the expression level of IL-17 in lung tissues of 
mice in control and BPD groups first rose and then fell. 
The expression of IL-17 showed an increasing trend at 
1, 3, and 7 days after birth, reached the highest level on 
day 7, and showed apparent declination on day 14. Com-
pared with the control group, the expression of IL-17 in 
the BPD group was increased significantly at the same 
time point, and the difference was statistically significant 
(P < 0.05) (Fig. 3A). The expression of IL-22 in control 
and BPD groups was increased gradually from day 1 to 
day 14. Compared with the control group, expression of 
IL-22 in the BPD group was increased at the same time 
point, with statistically significant difference (P < 0.05) 
(Fig. 3B). Compared with the control group, the trend 
of GM-CSF expression in the BPD group was not obvi-
ous from postnatal day 1 to day 14 (Fig. 3C). To study 
the origin of IL-17, we use flow cytometry to detect IL-
17+ILC3. About 40% of lymphocytes in lung tissues of 
BPD mice expressed IL-17, and the proportion of ILC3 
in the IL-17 + lymphocytes was 9%. Compared with the 
control group, the proportion of IL-17 +ILC3 in the BPD 
group was increased at the same time point (P < 0.05) 
(Fig. 3D).

ILC3 Aggravate Inflammation in BPD

ILC3 from lungs of BPD mice express CD90 and 
RORγt, which are characteristics of ILC3. Studies have 
identified that IL-23 stimulates amplification of ILC3 [22]. 
To assess the specific role of ILC3 in BPD, we injected 
recombinant IL-23 into patient mice to stimulate ILC3 
and then collected lung tissues to observe morphologi-
cal changes after HE staining. Compared with the control 
group, lung tissues in the IL-23 treatment group showed 
more severe alveolar destruction and aggravated inflam-
mation with the increase of ILC3 (Fig. 4A, B, C). These 
results suggested that ILC3 may play a pro-inflammatory 
role in BPD. To further investigate the role of ILC3 in 
BPD, mice were intraperitoneally injected with anti-CD90 

antibody. We assessed whether ILC3 were knocked down 
using flow cytometry. The ILC3 ratio in lung tissues was 
detected, and the results showed that the ILC3 ratio in 
lung tissues of BPD mice treated with anti-CD90 anti-
body was significantly decreased compared with those 
treated with normal saline. (Fig. 4D, E). To evaluate the 
pathological changes of lung tissues after knockdown of 
ILC3, we selected the lung tissues of mice in the anti-
CD90 antibody treatment group on day 14 for HE staining. 
Microscopic observation showed that compared with mice 
in the BPD group, mice in the anti-CD90 antibody treat-
ment group had better pulmonary pathology, significantly 
reduced inflammation, and improved alveolar destruction 
(Fig. 4F). Therefore, the increase of ILC3 may aggravate 
the condition of BPD. These results suggested that ILC3 
may play a destructive role in BPD.

ILC3‑Mediated Aggravation in BPD Is IL‑17A 
Dependent

Studies have shown that ILC3 are a rapid source of 
IL-17 and play an important role in various inflammatory 
lung diseases. Thus, we hypothesized that the destructive 
effect mediated by ILC3 might depend on the production 
of IL-17. Mice were injected intraperitoneally with anti-
IL-17A neutralizing antibody after birth, and lung tissues 
were taken for HE staining on postnatal day 14. Micro-
scopic observation showed that compared with mice in 
the BPD group, mice in the anti-IL-17A neutralizing 
antibody treatment group had significantly reduced pul-
monary inflammation and improved alveolar destruction 
(Fig. 5), indicating that mice lacking IL-17 had improved 
pulmonary pathology. Collectively, these results indicated 
that IL-17 derived from ILC3 may exacerbate pulmonary 
inflammation in BPD.

DISCUSSION

ILC are a recently discovered lymphocyte popu-
lation that mainly mediate mucosal immunity. Among 
them, ILC3 are involved in the regulation of various 
inflammatory lung diseases [14–17]. Inflammation is one 
of the most important pathogenic factors of BPD, so we 
aimed to investigate whether ILC3 and their downstream 
cytokines play a role in BPD.

In our study, LPS was injected into the amniotic 
cavity of C57BL/6 female mice on the 14th day of gesta-
tion to induce the occurrence of BPD in newborn mice. 
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HE staining of lung tissues from newborn mice showed 
that the number of alveoli was decreased, the volume was 
increased, the alveolar structure was simplified, and the 
inflammation was aggravated; these pathological changes 

indicated that the BPD model was successful. In this 
model, we intended to explore the dynamic changes of 
ILC3. We found that the proportion of ILC3 in lung tis-
sues of mice from the BPD group had changed. That is, the 

Fig. 3  Expression of ILC3-derived IL-17 was increased in BPD mice. a Protein level of IL-17 in lungs of mice from the BPD and control group. 
b Protein level of IL-22 in lungs of mice from the BPD and control group. c Protein level of GM-CSF in lungs of mice from the BPD and con-
trol group. d Flow cytometry analysis of ILC3 cells among IL-17 + lymphocytes in the BPD and control group. Results are reported as group 
means ± SEM, with n = 5 for each group. *P < 0.05 comparison among the BPD and control group.

503



 Cai, Lu, Su, Mi, Xu and Xue504



Dynamic Changes of  NCR− Type 3 Innate Lymphoid Cells and Their Role in Mice with…

ILC3 ratio in lung tissues of newborn mice from the BPD 
group rose first on days 1, 3, and 7 and then decreased sig-
nificantly on day 14. The trend of ILC3 ratio in the control 
group was consistent with the BPD group. Compared with 
the control group, the proportion of ILC3 in lung tissues of 
mice from the BPD group was increased at the same time 
point. Since ILC3 are involved in a variety of inflamma-
tory lung diseases, and in combination with the changes of 
ILC3 in this model, we speculated that ILC3 might play a 
crucial role in BPD. This is consistent with the study that 
increase of ILC3 was found in sputum of noneosinophilic 
asthmatic patients in comparison with normal control [25]. 
In addition, since ILC3 can be divided into  NCR−ILC3 
and  NCR+ILC3 according to the expression of Nkp46, in 
this study, we determined which population plays the pre-
dominant role in BPD by flow cytometry. Results showed 
that compared with the control group, the  NKp46−ILC3 
in the BPD group were significantly increased, namely 
 NCR−ILC3. Previous studies have suggested that a five-
fold increase of pro-inflammatory type 3  NKp46− ILC3 

was found in murine NEC model which may be correlated 
with the development of mouse necrotizing enterocolitis 
(NEC) [26]. Thus, it can be seen that  NCR−ILC3 group 
plays a major role in BPD.

IL-23 is known to stimulate the proliferation of 
ILC3 [27]. To investigate the effect of ILC3 in BPD, the 
stimulation of ILC3 was performed by intraperitoneal 
injection of recombinant IL-23 into BPD mice. The pro-
portion of ILC3 in lung tissues of mice from the IL-23 
treatment group was detected by flow cytometry. Com-
pared with the BPD group, the ILC3 ratio in lung tissues 
of mice from the IL-23 treatment group was significantly 
increased, and lung morphology was observed then. 
Several investigators found that the expression of ILC3 
transcripts and frequency of IL-22 producing ILC3 was 
increased in response to IL-23 [28]. Compared with the 
BPD group, the number of alveoli of mice from the IL-23 
treatment group was further decreased, the volume was 
further increased, and the inflammation was aggravated. 
These data suggested that with the increase of ILC3, the 
pulmonary inflammation of BPD is aggravated, indirectly 
indicating that ILC3 may play a crucial role in BPD. To 
further confirm the proinflammatory effect of ILC3, 
we knocked down ILC3 by intraperitoneal injection of 
anti-CD90 antibody into BPD mice [23]. Morphologi-
cal observation of lung tissues in the anti-CD90 antibody 
treatment group showed that the severity of BPD was 
alleviated in the absence of ILC3. Previous studies have 
also demonstrated that ILC3 play an essential role in lung 
inflammation. For example, in obesity-induced asthma, 
ILC3 can release IL-17 in reaction to macrophage-
derived IL-1β. ILC3 can also recruit neutrophils to lungs 

Fig. 4  ILC3 aggravated inflammation in BPD. a Flow cytometry plots 
showing ILC3 in lung tissues of IL-23-treated mice and BPD mice. b 
Quantification of ILC3 in lung tissues of IL-23-treated mice and BPD 
mice (n = 5 for each group). **P < 0.01 comparison among the IL-23 
treatment and BPD group. c Pathological observation of lung tissues 
from IL-23-treated mice and BPD mice. Original magnification × 200. 
d Flow cytometry analysis of ILC3 in anti-CD90 antibody-treated 
mice and BPD mice. e Quantification of ILC3 in lung tissues of anti-
CD90 antibody-treated mice and BPD mice (n = 5 for each group). 
*P < 0.05 comparison among the anti-CD90 antibody treatment and 
BPD group. f Morphological changes of lung tissues from anti-CD90 
antibody-treated mice and BPD mice. Original magnification × 200.

◂

Fig. 5  ILC3-mediated inflammation was dependent of IL-17. Pathological observation of lung tissues from anti-IL-17 antibody-treated mice and 
BPD mice. Original magnification × 200.
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through IL-17, which leads to neutrophil asthma [22]. 
Taken together, these results demonstrated that ILC3 can 
aggravate BPD.

Studies have shown that ILC3 play a role in pul-
monary diseases through the IL-17/IL-22 axis by rapidly 
secreting IL-17 and IL-22, which are involved in pulmo-
nary inflammation and infectious diseases [5]. Moreover, 
IL-17 can act on a variety of cells, including epithelial 
cells, endothelial cells, and mesenchymal cells [29–31], 
so we wondered whether ILC3-derived IL-17 could affect 
BPD. In our study, we found that the expression of IL-17 
in lung tissues of mice from BPD and control groups was 
increased gradually after birth, peaking on day 7, and then 
decreased. Compared with the control group, the expres-
sion of IL-17 in the BPD group was increased at the same 
time point, and the trend was consistent with changes 
of ILC3. These data suggested that IL-17 may correlate 
with the development of BPD. Hanashiro J et al. found 
that IL-17 expression is increased in salmonella-induced 
asthma model and plays a key role in asthma by mediat-
ing neutrophilic inflammation [32]. Besides, there were 
significant differences in the proportion of IL-17 +ILC3 
of lung tissues from the BPD and control group. Among 
lymphocytes expressing IL-17, the proportion of ILC3 was 
9%. Compared with the control group, the proportion of 
IL-17 +ILC3 was higher in the BPD group at the same time 
point. These results suggested that IL-17 secreted by ILC3 
may play a role in BPD. Although small in number, ILC3 
are a rapid source of IL-17 in inflammatory responses, and 
thus have the ability to drive inflammation. Furthermore, 
IL-17 can enhance the uptake and killing of bacteria by 
monocytes and plays an important role in a variety of bac-
terial pneumonia, including those caused by klebsiella and 
pseudomonas aeruginosa [33, 34]. IL-17, a key cytokine 
for accumulation and activation of neutrophils, can recruit 
neutrophils by inducing chemokines Cxcl1 and Cxxl9 [35]. 
It can regulate the migration of lung neutrophils, promote 
the generation of oxygen free radicals and extracellular 
traps in mouse neutrophils, and ultimately aggravate lung 
injury [36, 37]. Besides, IL-17 can also induce the pro-
duction of various inflammatory cytokines, such as tumor 
necrosis factor (TNF), IL-6, and GM-CSF [38], suggesting 
that IL-17 plays an important role in inflammation. To fur-
ther verify the role of IL-17 in BPD, intraperitoneal injec-
tion of anti-IL-17 neutralizing antibody was performed 
on BPD mice [24], and lung tissues were taken for HE 
staining to observe the pathological changes. It was found 
that the number of alveoli was increased, the volume was 

decreased, and the inflammation was alleviated, suggest-
ing that the severity of BPD was relieved when lacking in 
IL-17. Taken together, these data demonstrated that ILC3 
may recruit neutrophils by secreting IL-17, thereby aggra-
vate the inflammation of BPD. In combination with the 
result that  NKp46−ILC3 rather  NKp46+ILC3 in the BPD 
group were significantly increased compared with the con-
trol group, we suggested that  NKp46−ILC3 can aggravate 
the inflammation of BPD by secreting IL-17.

IL-22, which can be produced by ILC3, is involved 
in a variety of mucosa-related infectious and inflamma-
tory lung diseases [39]. In our study, we found that the 
expression of IL-22 in lung tissues of mice from BPD 
and control groups was increased gradually from 1 to 
7 days after birth. Compared with the control group, the 
expression of IL-22 in the BPD group was increased at 
the same time point, indicating that it may play a role 
in BPD. IL-22 appears to have an obvious function of 
tissue protection. By controlling the proliferation and 
differentiation of epithelial cells, it mediates the healing 
and regeneration of epithelial cells after injury, suggest-
ing that it may play a restorative role in the later stage 
of injury. IL-22 can also improve the prognosis of mice 
by upregulating interferon-λ and inhibiting neutrophil 
recruitment to reduce lung epithelial injury in mouse 
model of pseudomonas aeruginosa pneumonia [40]. In 
summary, IL-22 may play a protective role in BPD.

This study showed that the expression of  NCR−ILC3 
and IL-17 exhibits changes in the development of BPD. 
Taken together,  NCR−ILC3 may play a proinflammatory 
role by secreting IL-17. However, there may be some limi-
tations in this experiment. The function of other subsets 
of ILC3 in pulmonary dynamic balance and lung diseases 
still needs further study. Moreover, whether other impor-
tant immune cells in pulmonary immune environment 
could crosstalk with ILC3 can be the next research point.
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