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The Involvement of Type 2 Innate Lymphoid Cells
in Airway Inflammation of Asthma

Ruiming Shi, Xuhua Bian, Shuang Feng, Xiaoxia Yang, Tao Zhao, and Min Guo

The airway inflammatory response is closely associated with asthma. The purpose of this article was to study
the roles of innate lymphoid cells (ILCs) in the process of airway inflammatory response in asthma. We
established the asthmatic mice model with intraperitoneal injected ovalbumin medium, then with the flow cy-
tometry analysis, we detected the ILCs and their surface proteins in the mice blood samples, besides, we
analyzed the amounts of inflammatory cytokines and secreted proteins in the mice bronchoalveolar lavage fluid
and blood serum. Moreover, Western blot analyzed the proteins in the mice bronchial epithelial tissues. The
ILC2 amounts were obviously increased in young asthmatic mice model. And, the proteins CD25 and CCR10
were highly expressed in the sorted ILC2s. Besides, the cytokines interleukin (IL)-5, IL-13, IL-33, CCL22, and
CCL27 were abundant in the bronchoalveolar lavage fluid of asthmatic mice model. And, the secretion of IL-5,
IL-13, IL-33, TSLP, and CCL22 in blood serum was much more in asthmatic mice model than in the normal
control mice, whereas the secretion of PGD2 was suppressed in asthmatic mice bronchoalveolar lavage fluid
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and blood serum. Additionally, the guanine nucleotide-binding proteins Ga12 and Gol3 were upregulated in
asthmatic mice bronchial tissues, and the protein SERCA2 was downregulated; moreover, the proteins NFAT,
IRF4, and its downstream signal STAT6 were all upregulated in the asthmatic mice bronchial tissues. ILC2s
were involved in the response of airway inflammation through secretion of proinflammatory cytokines and
chemokines to dysregulate the Ca** homeostasis in airway in the process of asthma.
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Introduction

ASTHMA IS A kind of disease with airway hyperrespon-
siveness (AHR) and airway inflammatory response
(Haselkorn and others 2009; Pulendran and Artis 2012).
Studies had showed that T lymphocytes and innate lym-
phocytes contributed greatly to the exacerbation of
asthma (Peebles and Aronica 2019). For example, Thl
cells (Hayashi and others 2007) were proved to secret
interleukin (IL)-13 and interferon-y (IFN-vy), Th2 cells
(Halim and others 2012) were identified to produce IL-4,
IL-5, and IL-13, and Th17 (Halwani and others 2017)
cells were involved in releasing IL-17A and IL-17F.
Moreover, the innate type 2 immune cells were also
found in the blood of asthmatic patients (Bartemes and
others 2014).

Innate lymphoid cells (ILCs) had been gradually rec-
ognized since 2008 and 2009 (Vivier and others 2016);
they played important roles in regulating immune ho-
meostasis, inflammatory response, and microenvironment
homeostasis (Artis and Spits 2015). The ILC1 populations
were a lineage of classical NK cells secreting IFN-y to
anti-inflammation and antibacterial (Seillet and Belz
2016), whereas the functions of ILC3 population were
similar to Th17 and Th22 cells, which were mainly located in
intestinal mucosa (Aparicio-Domingo and others 2015).
Moreover, the ILC2 subtypes played pivotal roles in parasitic
infection, allergy, and asthma (Yang and others 2016); the
study by Sui and others (2018) declared that ILC2 was ini-
tiated with the alarmins IL-25, IL-33 (Anderson and others
2016; Dahlgren and others 2019); moreover, the activated
ILC2s were identified to initiate the Th2 cell to co-regulate
the airway inflammation (Cosmi and others 2017; Kubo 2017;
Lombardi and others 2016).

The pathogenesis of asthma was closely associated with
airway smooth muscle (ASM) constriction, airway epithelial
cell proliferation, gland hypertrophy, and secretion of
proinflammatory cytokines and chemokines (Sharma and
others 2014; Peebles and Aronica 2019). Commonly, in the
process of asthma, the influxed Ca®* binded with the cal-
modulin to activate MLCK14 and phosphatase calcineurin,
which thus activated the transcriptional factor, nuclear fac-
tor of activated T cell (NFAT), to mediate its downstream
signals to implicate in inflammation (Sharma and others
2014). Besides, the sarcoendoplasmic Ca2* ATPases
(SERCAS) in mitochondria (Berridge and Morré 2008) were
involved in the activities of intracellular influxed Ca®*.
And, the study by Sathish and others (2009) clearly identi-
fied that the proinflammatory cytokines affected the sarco-
plasmic reticulum Ca®* reuptake in human ASM. Therefore,
in this study, we attempted to investigate the roles of ILCs
in asthma.

Materials and Methods
Asthma mice model establishment

Twenty-four Balb/c mice (female and male), 4 weeks old,
20-23 g, were brought from Animal Laboratory Center of
Medical College of Xi’an Jiaotong University; they were
cultivated at 20°C-25°C, 40%-70% relative humidity en-
vironment with a 12 h light/dark cycle for 1 week adaption
in animal experimental research center of Medical College
of Xi’an Jiaotong University, besides, the mice had free
access to regular chow diet. Then, they were equally divided
into 2 groups: 1 group of mice separately received 0.2 mL
ovalbumin (OVA) medium (Sigma) with intraperitoneal in-
jection at the first day and the 14th day, whereas the con-
trol mice were given equal vehicle administration. At the 21
day, the model mice were put in atomizing chamber and
they received 5% OVA aerosol inhalation for 7 days, 30 min
once. After 7 days dealt with, we evaluated the mice re-
spiratory status, activity, abdominal cramps status, and air-
way hyperreactivity (AHR) to confirm the model construct
well (Kim and others 2019). Besides, the control mice were
given phosphate-buffered saline (PBS) inhalation for 7 days,
30 min once. Thereafter, the mice were anesthetized with
2% isoflurane and sacrificed. Then, the blood was collected
from the mice eyeball and aorta abdominalis, besides, the
mice bronchoalveolar lavage fluid in the lung was collected
and the mice bronchial tissues were obtained and snap-
frozen in liquid nitrogen.

Flow cytometry

The blood samples were centrifugated at 3,500 rpm for
15 min to obtain the blood serum, and then, the lymphocytes
were obtained with Ficoll density gradient centrifugation
(Haoyang TBD Bio, China) from the blood serum and they
were resuspended in PBS. Afterward, the lymphocytes were
fixed, permeabilized, and dividedly labeled with allophy-
cocyanin conjugation anti-mouse ILC lineage-antibody (no.
558074; BD Pharmingen™), the phycoerythrin-cyanine 7
(PE-Cy7)-conjugated anti-mouse CD45 antibody (no.
560696; BD Pharmingen), the PE-conjugated anti-mouse
CD127 antibody (no. 552543; BD Pharmingen), the PerCP-
Cy™5.5-conjugated anti-mouse CD117 antibody (no. 560557;
BD Pharmingen), the Alexa Fluor® 647-conjugated anti-
mouse CRTH2 antibody (no. 51-2941-82; Invitrogen), and the
PE-conjugated anti-mouse CD161 antibody (no. 566323; BD
Pharmingen) to sort out the cells, ILC1, ILC2, and ILC3 with
Calibur FACS (BD) instrument. Besides, the expression of
CD25 and C-C chemokine receptor type 10 (CCR10) in the
selected ILC2s was also assessed with flow cytometry. And,
the anti-mouse CCR10 antibody was detected with a sec-
ondary goat anti-mouse antibody labeled with fluorescein
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isothiocyanate (FITC; R&D Systems), and the FITC-labeled
anti-mouse CD25 antibody (no. 101907; BioLegend) was also
analyzed in the blood samples.

Enzyme-linked immunosorbent assay

The blood samples were centrifugated at 3,500 rpm for
10 min to obtain the blood serum, and then, the blood serum
and the collected bronchoalveolar lavage fluid were divid-
edly analyzed with enzyme-linked immunosorbent assay
(ELISA) kits following the manufacturer’s instruction to
quantify the concentration of IL-5 (no. 70-EK205-96; Multi
Science, China), IL-13 (no. 70-EK213/2-96; Multi Science),
1L-33 (no. 70-EK233/2-96; Multi Science), TSLP (no. 70-
EK?265/2-24; Multi Science), PGD2 (no. BH8635; BOYAO,
China), CCL22 (no. 70-EK2216/2-24; Multi Science), and
CCL27 (no. MU30929; Bioswamp, China) in triplicates.

Western blot

The total proteins were extracted from the mice isolated
bronchial tissues with radioimmunoprecipitation assay buf-
fer containing protease inhibitors phenylmethanesulfonyl
fluoride, and then, the proteins were denatured and the
concentration was analyzed. Later, 20 ug of proteins was
added in each hole lane to separate them with sodium do-
decyl sulfate—polyacrylamide gels; afterward, the gels were
transferred to polyvinylidene fluoride membranes, and then,
the transferred membranes were blocked with 5% fat-free
milk for 1 h. Then, the membranes were dividedly incubated
with primary antibodies, anti-NFAT (no. ab2722; Abcam,
UK), anti-SERCA2 (no. ab2817; Abcam), anti-guanine
nucleotide-binding protein subunit alpha-12 (Gal2, no.
ab35016; Abcam), anti-Ga13 (no. ab128900; Abcam), anti-
interferon regulatory factor 4 (IRF4, no. 15106; CST), and
anti-signal transducer and activator of transcription 6
(STAT6, no. 9362; CST) for 1 night, and then, the anti-
mouse IgG antibody immunoblotted the membranes for 1h,
besides, the glyceraldehyde 3-phosphate dehydrogenase was
used as a control. Finally, the protein bands were visualized
in bandscan with chemiluminescence detection reagents
added and analyzed the proteins’ gray intensity with the
ImageJ Software.

Statistical analysis

The data were analyzed in SPSS 19.0 software with one-
way analysis of variance (ANOVA), and the significant
differences among groups were P <0.05, besides, the graphs
represented the mean * standard deviation.

Results

Type 2 ILCs contributed greatly to the response
of asthmatic airway inflammation

In the asthmatic mice model, we found that the amounts
of CD45"CD127*-labeled cells were much more in the
blood than in the normal control mice (Fig. 1A-D), besides,
the percentage of sorted ILCls (CD117 CRTH2™ cells),
ILC2s (CD161*CRTH2" cells), and ILC3s (CD117*CRTH2~
cells) was also higher than the normal control mice (Fig. 1E-G),
whereas the percentage of ILC2s increased significantly
compared with ILCls and ILC3s (P<0.05; Fig. 1F). In ad-
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dition, the expression of proteins CD25 and CCRI10 in the
sorted ILC2s was highly expressed compared with the nor-
mal control mice (Fig. 2A—C), and the difference of CCR10
was significant (P <0.05; Fig. 2C). In addition, the cytokines
IL-5, 1L-13, IL-33, TSLP, CCL22, and CCL27 were in-
creased in bronchoalveolar lavage fluid and blood serum of
asthmatic mice model, whereas the secretion of PGD2 was
suppressed in bronchoalveolar lavage fluid and blood se-
rum of asthmatic mice model (Fig. 3A, B). And, the dif-
ferences of IL-5, IL-13, IL-33, CCL22, and CCL27 in the
bronchoalveolar lavage fluid were of significance (P <0.05;
Fig. 3A), whereas the secretion of IL-5, IL-13, IL-33, TSLP,
and CCL22 in blood serum was with significant difference
compared with the normal control mice (P <0.05; Fig. 3B).
Therefore, the type 2 ILCs were the main participant in the
response of asthmatic airway inflammation.

Changed the expression of proteins
associated with airway Ca®* homeostasis
and inflammatory response

To determine the mechanism of asthma in mice model,
we detected the expression of proteins Go12, Gal3, NFAT,
SERCA2, IRF4, and STAT6 in mice bronchial tissues. Re-
sults showed that the guanine nucleotide-binding proteins
Go12 and Gal3 of bronchial epithelial cellular membrane
protein were upregulated in asthmatic mice bronchial tis-
sues, besides, the expression of protein SERCA2 was sup-
pressed to induce the inflammation and initiated unfolded
protein response of endoplasmic reticulum, which thus dis-
rupted the Ca”" homeostasis in ASM. Moreover, the tran-
scription factor NFAT and the transcriptional activator IRF4
along with its downstream signal STAT6 were all upregu-
lated in the asthmatic mice bronchial tissues, besides, the
proteins NFAT, IRF4, and STAT6 were immune response
elements in the airway inflammation; the differences are
displayed in Fig. 4.

Discussion

Asthma is a disease that seriously challenged public
health, especially in young children and the old (Honkamaki
and others 2019). In this study, results showed that ILC2s
were the major immune regulator in the pathogenesis of
asthma. And, the proteins CCR10 and CD25 were highly
expressed in the ILC2 cells. The protein CCRI10 is a re-
ceptor of CCL27, which was a great potential biomarker of
ILC2s and contributed to asthma severity (Beuraud and
others 2019), whereas the protein CD25 was also a mem-
brane protein of lineage-marker negative ILC2s in asthmatic
mice lung (Klein Wolterink and others 2012). Besides, the
study by Roan and others (2012) declared that the functions
of ILC2s were similar with TH2 cells. Hence, there is pos-
sibility that ILC2s involved in the inflammation of IL-4, IL-5,
and IL-13 cytokines secreted by Th2 cells (Woodruff and
others 2009). Meanwhile, in our study of the blood and
bronchoalveolar lavage fluid samples, we found that the cy-
tokines IL-5, IL-13, and IL-33 and the chemokines CCL22
and CCL27 were all significantly increased, whereas the
secretion of proteins TSLP and PGD2 varied in small levels.
Studies showed that there were cross talks among the se-
creted cytokines, chemokines, and proteins, for example, the
secreted TSLP by epithelial cells could mediate the Th2
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FIG. 1. ILCls, ILC2s, and ILC3s were isolated with flow cytometry (A—C). The sorted out total ILCs (% of
CD45%CDI127" cells), *P<0.05, the significant difference of total ILCs in group 2 blood samples of asthma mice model
compared with the normal control mice (D). The sorted out ILC1s (% of CD117 CRTH2" cells) (E). The sorted out ILC2s
(% of CD161*CRTH2" cells), “P <0.05, the significant difference of total ILC2s in group 2 blood samples of asthma mice
model compared with the normal control mice (F). The sorted out ILC3s (% of CD117°*CRTH2" cells) (G). ILC, innate
lymphoid cell.
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FIG. 2. The expression of CD25 and CCRI10 in the selected ILC2s was assessed with flow cytometry (A), the
fluorescence-labeled positive in the sorted ILC2s represented the expression of CD25 and CCR10 (B, C), the expression of
CCR10 (the mean fluorescence intensity) in the asthma mice model was significantly higher than the normal control mice,

#*P<0.05.

responses (Xue and others 2014), whereas the PGD2 could
bind with CRTH2 to induce ILC2-producing chemotaxis
after stimulated with IL-25 and IL-33 (Rochman and others
2018). Additionally, the activated epithelial cells could re-
lease alarmins IL-25, IL-33, or TSLP to induce ILC2-
secreting cytokines IL-4, IL-5, IL-9, and IL-13, which thus
caused ASM cell contraction (Anderson and others 2016;
Dahlgren and others 2019). Hence, the cytokines IL-5, IL-
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13, 1IL-33, the chemokines CCL22 and CCL27, and the se-
creted proteins TSLP and PGD2 contributed greatly to the
exacerbation of asthma.

To detect the functional change of airway epithelial cells
and ASM cells in asthma, we analyzed the proteins in asth-
matic mice bronchial tissues. The Western blot results showed
that the guanine nucleotide-binding proteins Gor12 and Gol3
were upregulated in the mice bronchial tissue samples,
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FIG. 3. ELISA analyzed the cytokines and chemokines IL-5, IL-13, IL-33, TSLP, PGD2, CCL22, and CCL27 in the
bronchoalveolar lavage fluid (A) and in the blood serum (B), the levels of IL-5, IL-13, IL-33, TSLP, CCL22, and CCL27
were increased in asthma mice, **P<0.05, the significant difference of the cytokines and chemokines in the bronch-
oalveolar lavage fluid and in the blood serum of asthma mice compared with the normal control mice. ELISA, enzyme-

linked immunosorbent assay; IL, interleukin.
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FIG. 4. Western blot analyzed the expression of proteins Ga12, Gal3, NFAT, SERCA2, IRF4, and STAT6 in the mice
bronchia tissues (A), the proteins Gal12, Gal3, NFAT IRF4, and STAT6 were upregulated in asthma mice bronchia tissues,
whereas the protein SERCA2 was downregulated, #P <0.05, the significant difference of proteins expression in asthma mice

model compared with the normal control mice (B).

whereas the SERCAs protein was downregulated. The
proteins Go12 and Gal3 were responsible for the Ca”**
fluxion in the cytosol through the G-protein coupled re-
ceptor, whereas the protein SERCAs in mitochondria
controlled the influx of Ca”*. These findings were con-
sistent with the study by Sathish and others (2009). In
addition, the transcription factor NFAT, IRF4, and its
downstream signal STAT6 were all upregulated in the
asthmatic mice, all of which were inflammatory response
elements. Hence, there is potential that the airway in-
flammation disrupted the airway Ca”' homeostasis ac-
tivities (Halayko and others 2003; Mahn and others 2009).
However, we had not clearly revealed the direct com-
munications between them. However, Rochman and oth-
ers (2018) pointed out that TSLP activated the
transcription factor STATS through the kinase JAK2 and
repressed the transcription factor BCL6 to mediate Th2
cell response in asthma. Moreover, a study by Nolin and
others (2019) systematically depicted that not only the
inflammatory cytokines, chemokines, and lipid mediators
affected the ILC2 activity in asthma but the other factors,
including the hormones, growth factors, complement
peptides, neuropeptides, and neurotransmitters, also
shaped the functions of ILC2 in asthma. Hence, further
studies are necessary to illuminate the cross talks of
asthmatic airway inflammation and the Ca®* homeostasis
activities in asthmatic airway. Taken together, ILC2s
were mainly involved in the pathogenesis of asthma.

Conclusion

The type 2 ILCs were the major inflammatory regulator in
the response of airway inflammation and the disruption of
Ca** homeostasis in ASM cell in the process of asthma.
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