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ABSTRACT32

Background: The anti-inflammatory effect of the α7nAChR agonist, PNU-282987,33

has previously been explored in the context of inflammatory disease. However, the34

impact of PNU-282987 on type 2 innate lymphoid cells (ILC2s)-mediated allergic35

airway inflammation has not been established. Aims: To determine the effects of36

PNU-282987 on the function of ILC2s in the context of IL-33 or Alternaria Alternata37

(AA)-induced airway inflammation. Methods: PNU-282987 was administered to38

mice that received recombinant IL-33 or AA intranasal challenge. Whole lung was39

collected from mice for histological analysis, and ILC2 populations were quantified in40

the lungs and BALF of these mice. Additionally, ILC2s were isolated from murine41

lung tissue and cultured in vitro in the presence of IL-33, IL-2 and IL-7 with or42

without PNU-282987, and the expression of the transcription factors GATA3, IKK,43

and NF-κB was determined in these cells. Results: PNU-282987 significantly44

reduced airway goblet cell hyperplasia, eosinophil infiltration, and ILC2s numbers in45

BALF in response to IL-33 or AA. In vitro IL-33 stimulation of isolated lung ILC2s46

showed a reduction of GATA3 and Ki67 in response to PNU-282987 treatments.47

When compared to the established α7nAChR agonist, GTS-21, there was a notable48

reduction in IKK and NF-κB phosphorylation in the PNU-282987 treated group when49

compared to the GTS-21 treated ILC2s. Conclusion: PNU-282987 inhibits50

ILC2s-associated airway inflammation by inhibiting ILC2s cell proliferation and the51

initiation of inflammatory cascades.52

53
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INTRODUCTION54

Asthma is an immune disorder of the lungs associated with airway inflammation,55

mucus secretion and airway hyperresponsiveness (AHR), driven in part by the56

T-helper 2 (Th2) cytokines interleukin (IL)-4, IL-5 and IL-13.1, 2 While CD4+ Th257

cells have thought to of played an exclusive role in the production of these cytokines,58

innate immune cells such as M2a macrophages and type 2 innate lymphoid cells59

(ILC2s) have emerged as notable sources of Th2-associated interleukins.3 The60

discovery of the ILC2s highlighted prior to the new decade highlighted a new class of61

cells that can induce inflammatory cascades in the early stages of asthma exacerbation62

in response to epithelial alarmin factors.4, 5 These alarmin factors, namely IL-25,63

IL-33, and Thymic Stromal Lymphopoietin (TSLP), are released upon epithelial64

exposure to allergens or infection.6-9 Upon exposure to ILC2s, these factors result in65

the activation of the ST2/IL-1RAcP receptor, upregulating IRAK and TRAF signaling66

cascades and subsequent activation of the transcription factors IKK, NF-κB, and67

MAPK.10 The integral role for ILC2s in asthma exacerbation exceeds that for Th268

cells, as in Rag2-/- mice will still pathological features of allergic airway disease are69

introduced despite the deficient acquired immunity.11 In Rag2-/-Il2rg-/- mice lacking70

T cells, B cells, and ILCs, the levels of eosinophilic inflammation and the secretion of71

mucus decreased significantly, highlighting the importance of the IL-33/ILC2s axis in72

the development of asthma.12 Furthermore, depletion of IL-33 will result in reduced73

eosinophilia and mucus secretion following aerosol allergen exposure, indicating the74

crucial role IL-33 has in the pathogenesis of asthma.1175
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Previously, Tracey et al. identified a cholinergic anti-inflammatory pathway (CAP)76

that is mediated by the vagus nerve, a primary neurological regulator of organ77

function and systemic responses.12, 13 In the context of immunology, CAP has been78

shown to influence inflammatory pathways through the release of the neurotransmitter79

acetylcholine, which can stimulate the α7 nicotinic acetylcholine receptor (α7nAChR)80

that is expressed on macrophages, T cells and B cells.14-16 Animal models of81

inflammatory disorders such as diabetes, sepsis, cystic fibrosis, ulcerative colitis and82

arthritis, that are run in α7nAChR-deficient mice present with a notable reduction in83

disease development due to downregulated activation of macrophages, T cells and B84

cells.17-21 Recently, it has been observed that ILC2s are another inflammatory cell85

that is influenced by acetylcholine, expressing α7nAChR at a higher expression when86

compared to macrophages and CD4+ve lymphocytes. 2287

Employing α7nAChR agonists, such as PNU-282987 and GTS-21, in mouse models88

of inflammation have identified α7nAChR as a crucial mediator of NF-κB89

transcription and subsequent TNF-α and IL-1β secretion.23, 24 Although studies into90

the use of α7nAChR agonists in treating asthma are limited, the compound GTS-2191

has recently been shown to reduce airway inflammation induced by ILC2s.2292

However, despite its classification as an α7nAChR agonist, the appropriateness of93

GTS-21 as an anti-inflammatory therapeutic is questionable given the high binding94

affinity it has for the α4β2nACh receptor. At approximately 100 times higher95

compared to α7AChR.25 The use of GTS-21 in a clinical setting is a less attractive96

venture due to the association between α4β2nAChR activation and anxiety.26 In97
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contrast, the compound PNU-282987 has a high affinity to α7nAChR with little or no98

effect on the α1, β1, γδ and α3β4nAChR variants, making it an ideal alternative to99

GST-21 due to its potency and selectivity.27 PNU-282987 has been demonstrated to100

reduce acute lung injury by altering macrophage proliferation in mice 28 and has an101

additional role in reducing cellular damage due to oxidative stress and can rescue cells102

from apoptosis in response to mitochondrial inactivation.29 It is currently unknown103

if PNU-282987 will reduce ILC2s induce inflammation, and if α7nAChR selectivity104

will affect the inflammatory signature of ILC2s-induced lung inflammation.105

In this paper, we explored the effects of PNU-282987 on ILC2s and to compare the106

difference between PNU-282987 and GTS-21 on ILC2s using both in vivo models and107

in vitro stimulation of isolated ILC2s from mouse lung. Here, we found that108

PNU-282987 significantly reduces ILC2s-mediated airway inflammation in mice109

following IL-33 or Alternaria Alternata (AA) treatment and that this compound110

inhibits the proliferation and function of ILC2s in vitro. Compared to GTS-21,111

PNU-282987 had a significantly higher inhibitory effect on IKK and NF-κB both in112

non-treated and IL-33-treated mice. Our results outline that selectivity for the113

α7nAChR exhibited by the PNU-282987 compound could be exploited for therapeutic114

benefit in ILC2s-driven disease such as asthma and application of PNU-282987115

analogs in humans should be further investigated as a novel treatment for116

ILC2s-induced asthma.117

118
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MATERIALS AND METHODS119

Mice. Six to eight week old C57BL/6J female mice were purchased from Beijing120

Vitonlihua Company [license No. SCXK (Beijing) 2012 / 0001] and were raised at the121

SPF animal housing facility, Zhengzhou University. The experiment was approved122

and permitted by the Animal Ethics Committee of Zhengzhou University (Approval123

Number: ZZURIB20180120).124

Murine model. Mice were intranasally (i.n) administered with recombinant mouse125

IL-33 (0.5µg/dose, R&D) in the presence or absence of PNU-282987 (20mg/kg,126

Abcam) or GTS-21 (20mg/kg, Abcam) over three consecutive days. For Alternaria127

experiments, mice were treated with AA (100µg/dose, Greer Labs) in the presence or128

absence of PNU-282987 or GTS-21 on four consecutive days. Mice were sacrificed129

by dislocation of the cervical spine on the second day after the last challenge.130

Collection of bronchoalveolar lavage fluid (BALF) cells. Mouse tracheas were131

cannulated, and the lungs were lavaged three times with 0.8 ml of ice-cold PBS for132

the collection of BALF cells. Supernatants were collected for ELISA. Red blood cells133

were lysed by using hypotonic red blood cell lysis buffer, and BALF was then134

centrifuged to collect cellular infiltrate. Total cell numbers were quantified via135

haemocytometry.136

Lung Histology. Lung tissue was stained with hematoxylin and eosin (for137

histopathology) or periodic acid-Schiff (for mucus-secreting cells). Sections were then138

stained with chromotrope-hematoxylin or periodic acid-Schiff (PAS). Scorings for139
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histopathology (inflammatory infiltrates) and PAS (mucus-producing cells) were140

performed according to a set of morphological criteria, as previously described.30141

Flow cytometry and FACS sorting of ILC2s. Lung tissue was digested with142

Liberase TM and DNase (Roche) for single-cell suspensions and treated with Fc block143

(CD16/CD32, BD Biosciences). Cells were stained in the dark with antibodies144

targeting KLRG1, Sca-1 and lineage markers. Lung ILC2s were defined as lineage145

negative (CD3e, CD45R, Ly6G, Ly6C, CD11b, CD11c, Ly-76, NK1.1, TCR-β, and146

TCR-γδ), KLRG1 positive, and Sca-1 positive. Lineage markers negative cells were147

enriched by both density gradient centrifugation and magnetic beads isolation and148

purified by flow cytometry for the collection of ILC2s. Intracellular staining of IL-5149

or IL-13 was performed with BD Fixation and Permeabilization Solution (BD150

Biosciences) according to the manufacturer’s instructions. The detected of IKK-P, and151

NF-κB p65 were carried out in accordance with the manufacturer's instructions. The152

single-cell suspension made from each group of lung tissue is used to detect CD3+153

CD4+ cells and CD3-CD19+ cells. FACSCanto Ⅱ Flow (BD Biosciences) and MoFlo154

XDP cell sorter (Beckman Coulter) were employed for flow cytometry and cell155

sorting. Data were analyzed with software FlowJo version 10.0. All antibodies used in156

these experiments are shown below:157

Antibody Color Company
Hamster anti-mouse KLRG1 PE BD Biosciences
Hamster anti-mouse KLRG1 PerCP-CyTM5.5 BD Biosciences
Rat anti-mouse Sca-1 (Ly-6A/E) FITC BD Biosciences
Rat anti-mouse Siglec-F PE BD Biosciences
Rat anti-mouse/anti-human IL-5 PE BD Biosciences
Rat anti-mouse/anti-human IL-13 PE Invitrogen
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In vitro stimulation of ILC2s. Purified ILC2s were stimulated with IL-33 (50158

ng/mL), IL-2 (20 ng/mL) and IL-7 (20 ng/mL) in the presence or absence of159

PNU-282987 (20 μM) or GTS-21 (20μM) for 24 or 72 hours.160

Proliferation Assay Method. The purified ILC2s cells were counted by placental161

blue staining and evenly grouped. ILC2s were plated at 1.5×104 cells per well and162

were stimulated with recombinant (r)-IL-33, IL-2, or IL-7 (BD Biosciences) in the163

presence or absence of PNU-282987 or GTS-21. After 72 hours of culture, the164

number of cells in each group was counted again, and the expression of Ki67 (BD165

Biosciences) in each group was detected by flow cytometry.166

Quantitative PCR. Total RNA was extracted from whole lung tissue, and the levels167

of IL-5, IL-13, GATA3, and IL-33 transcripts were quantitated by quantitative168

real-time RT-PCR (QuantStudioTM 5 systems, Applied Biosystems, Carlsbad, CA) in169

accordance with the manufacturer’s protocol. The primers were as follows:170

Primer Sequence
IL-5 31 F-5´-TGAGACGATGAGGCTTCCTG-3´

R-5´-CCACACTTCTCTTTTTGGCGG-3´
IL-13 31 F-5´-CCCTCAGCCATGAAATAACT-3´

R-5´-GCGTAACAGGCCATTCTTCC-3´
GATA3 32 F-5´-CGAGATGGTACCGGGCACTA-3´

R-5-GACAGTTCGCGCAGGATGT-3´
IL-33 33 F-5´-ACTATGAGTCTCCCTGTCCTG-3´

Rabbit anti-mouse Phospho-IKKα/β PE Cell Signaling Technology
Rabbit anti-mouse Phospho-NF-κB p65 Alexa Fluor®488 Cell Signaling Technology
Mouse anti-Ki-67 Alexa Fluor®647 BD Biosciences
Lineage Negative Cocktail APC BD Biosciences
Hamster anti-mouse CD3 PE BD Biosciences
Anti-mouse CD4 FITC Biolegend
Rat anti-mouse CD19 APC BD Biosciences
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R-5´-ACGTCACCCCTTTGAAGC-3´

ELISA. IL-5 and IL-13 from BALF and in vitro culture supernatants were detected171

according to the manufacturer’s instructions (MultiSciences Biotech, Ltd). Data172

collection and analysis were performed on a microplate reader (MD CMax Plus).173

Statistical analysis. SPSS21.0 software was used for statistical analysis. One-way174

ANOVA was used to compare multiple samples. Sample size calculation reference to175

"sample size estimation method for comparison of Multi-independent Group176

Metrological data" provided by Eugenia Garden Medical website in China. The result177

is expressed as the mean ± standard error of the mean (SEM). When P < 0.05, the178

difference between samples is considered statistically significant.179

180
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RESULTS181

Both PNU-282987 and GTS-21 inhibit IL-33-induced airway inflammation.182

Here, we explored the effects of PNU-282987 and GTS-21 has in an in vivo model of183

IL-33-driven inflammation in the lung. PAS and HE staining of lung tissue revealed a184

significant increase of goblet cells in the airway epithelium of the IL-33-exposed185

group when compared to the PBS group (Fig. 1A). In response to PNU-282987 and186

GTS-21 treatment, there was a significant reduction in goblet cell hyperplasia and187

mucus production in airways and reduced the histopathological scores following188

IL-33 exposure (Fig. 1A). We examined the infiltration of eosinophils and ILC2s in189

BALF, and demonstrated that both compounds drastically decreased the migration of190

both cells (Fig. 1B). Despite this, populations of CD4+ T cells and CD19+ B cells in191

the three groups were unchanged between the IL-33 treated groups (Fig. 1C).192

PNU-282987 and GTS-21 attenuates the production of IL-5 and IL-13 secreted193

by ILC2s in vivo.194

Next, we determined whether PNU-282987 and GTS-21 inhibit the secretion of IL-5195

and IL-13 by ILC2s. RNA extracted from mouse lung tissue was used to determine196

the transcription levels of IL-5 and IL-13, and the protein levels of both interleukins197

were also determined. While the expression of IL-5 and IL-13 mRNA and protein in198

the IL-33 treatment group were significantly higher than in the control PBS group,199

PNU-282987 significantly decreased the levels of IL-5 and IL-13 transcripts in lung200

and protein in BALF following IL-33 administration (Fig. 2A & B). Although this201
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response was comparable to GTS-21 administration, levels of IL-13 mRNA in202

IL-33/GTS-21 group were lower than that in IL-33/PNU-282987 group. Despite this,203

there was no difference in the BALF protein level of IL-13 between the two groups204

(Fig. 2B). Furthermore, there was no significant difference between PNU-282987 and205

GTS-21 in inhibition of IL-5+ILC2s and IL-13+ILC2s induced by IL-33 (Fig. 2C). No206

IL-5 or IL-13-secreting ILC2s was identified in PBS, PNU-282987, or GTS-21207

treatment groups (Data not shown).208

PNU-282987 and GTS-21 abolish AA-mediated airway inflammation.209

We then investigated the anti-inflammatory effects of PNU-282987 on210

ILC2s-regulated airway inflammation, in comparison to that of GTS-21, in AA211

challenged animals. Our experiments confirmed that the level of IL-33 mRNA in the212

AA treatment group was significantly higher than that in the PBS group, which is213

reduced to baseline levels after PNU-282987 and GTS-21 administration (Fig 3A).214

Furthermore, treatments with PNU-282987 or GTS-21 attenuated the AA-induced215

airway inflammation when we examined the histopathological changes of lung tissue216

similar to what was observed post-IL-33 treatment (Fig. 3B). Levels of eosinophil in217

BALF and ILC2s in lung tissues in the AA/PNU-282987 and AA/GTS-21 groups218

were significantly lower than those of AA only group (Fig. 3C), and there was no219

difference in the levels of CD4+ T cells and CD19+ B cells in lung between AA,220

AA/PNU-282987 and AA/GTS-21 groups (Fig. 3D).221
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PNU-282987 and GTS-21 inhibit the production of IL-5 and IL-13 in the lung of222

AA-challenged mice.223

Similar to what occurred in the IL-33 model, PNU-282987 inhibited the production of224

IL-5 and IL-13 by ILC2s isolated from mice that were exposed to AA, both at225

transcription and protein levels (Fig. 4A & B). Furthermore, intracellular staining226

revealed that the levels of IL-5 and IL-13 producing ILC2s in the AA/PNU-282987227

and AA/GTS-21 groups were profoundly reduced compared to the AA alone group228

(Fig. 4C), however there is no difference between PNU-282987 and GTS-21 in the229

inhibition of the IL-5 and IL-13 producing function of ILC2s.230

PNU-282987 and GTS-21 inhibited the proliferation and functional activation of231

ILC2s in vitro.232

Finally, we examined what transcription factors were altered in ILC2s by233

PNU-282987 when cultured under proliferation conditions and compared the activity234

of ILC2s-differentiating transcription factor expression to that of GTS-21 treated235

cultures. Fig. 5A & B showed that PNU-282987 and GTS-21 had the same effect on236

inhibiting the secretion of IL-5 and IL-13 by ILC2s. Levels of ILC2s from mouse237

lung tissue that were cultured with IL-2 + IL-7 and/or IL-33 experienced a238

significantly decreased proliferation of ILC2s if PNU-282987 or GTS-21 was239

administered to the culture (Fig. 5C). In accordance with the above results, Ki67, a240

nuclear non-histone that represents cell proliferation, was significantly decreased in241

the PNU-282987 and GTS-21 groups following IL-33 exposure (Fig. 5D) as was the242
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Th2-associated transcription factor GATA3 (Fig. 5E).18 Both IKK and NF-κB (p65)243

have a crucial role in the proliferation and activation of ILC2s.34 Our results show244

that both PNU-282987 and GTS-21 could inhibit the phosphorylation of IKK and245

NF-κB p65. However, the inhibitory effect of PNU-282987 on the phosphorylation of246

IKK and NF-κB p65 was significantly higher than that of GTS-21 24 hours after247

treatments (Fig. 5F & G). Seventy-two hours post-stimulation, the phosphorylation of248

these two transcriptional regulators were not detectable (data not shown).249

250
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DISCUSSION251

Fungi are a common household allergens associated with asthma, where fungal252

proteases have been shown to be potent initiator of allergic inflammatory cascades.35253

Such cascades induce the release of alarmin factors (e.g., IL-33), which drive the254

activation of ILC2s and increase secretions of Th2 cytokines. The recent discovery of255

vagus nerve neuro-regulation of ILC2s through CAP and the α7nAChR has256

highlighted a novel pathway that could be exploited to attenuate asthma, which has257

previously been demonstrated with the α7nAChR agonist GTS-21.22 Here, we258

demonstrated that the agonist PNU-282987 not only exhibits the same inhibitory259

effects of GTS-21, but also acts as a potent suppressor of IKK and NF-κB activity in260

ILC2s cells.261

Using both recombinant IL-33 and AA in mouse models to induce airway262

inflammation, we have demonstrated that PNU-282987 reduces eosinophil and ILC2s263

numbers in BALF and in lung tissue and decreases goblet cell hyperplasia in the264

airway. In both IL-33 and AA exposed mice, PNU-282987 and GTS-21 not only265

reduced the proliferation of ILC2s, but also inhibited the ability of ILC2s to secrete266

IL-5 and IL-13 in vivo, suggesting that both PNU-282987 and GTS-21 reduce Th2267

cytokines by acting on ILC2s. Notably, these two cytokines are involved in eosinophil268

recruitment, AHR, and mucus production.36 We also observed a marked reduction in269

IL-33 expression in response to PNU-282987. It has been reported that airway270

epithelial cells express α7nAChR and are affected by exogenous stimuli such as271
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nicotine.37, 38 Combined with our results, we suspect that PNU-282987 not only272

directly acts on ILC2s, but also indirectly inhibits the proliferation and functional273

activation of ILC2s by binding to α7nAChR expressed in airway epithelial cells to274

inhibit the release of IL-33 from airway epithelial cells.275

Acetylcholine is a major parasympathetic neurotransmitter that has previously been276

shown to effectively inhibit the release of the inflammatory cytokines, such as TNFα,277

from peripheral macrophages stimulated by LPS in vitro.13 Stimulation of efferent278

vagus nerve can inhibit systemic inflammation, as demonstrated in a study that the279

level of TNFα in serum and liver decreased significantly in Lewis rats with280

endotoxemia after cervical vagotomy by electric stimulation.13 Furthermore, the281

release of norepinephrine by vagus nerve stimulates memory T cells to secrete282

acetylcholine for the negative regulation of inflammation on α7nAChR positive283

cells.39, 40 Our finding that ILC2s-driven airway inflammation is negatively284

regulated by α7nAChR is supported by the observation that ILC2s activity is reduced285

by memory T-cell release of acetylcholine.41 ILC2s express β2-adrenergic receptors286

(that respond to norepinephrine), which, when activated, will agonistically suppress287

ILC2s proliferation and secretion of Th2 cytokines.42 While this study only focused288

on exploiting α7nAChR-agonism to regulate ILC2s inflammation, the effects of289

norepinephrine on the inflammatory cascades explored above should be further290

investigated to determine if any overlap exists between the two neuro-inhibitory291

pathways.292
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The expression of the cell proliferation marker, Ki67, and the transcription factors,293

GATA3, which are essential for cell proliferation and the production of IL-5 and294

IL-13, was down-regulated in IL-33/PNU-282987 group when compared to IL-33295

group. This was not surprising, as α7nAChR-mediated pathways have been associated296

with JAK2-STAT3 and MyD88-IKK-NF-κB inflammatory pathways.43, 44 STAT3297

activated by α7nAChR is a negative regulator of inflammatory response, and in298

α7nAChR/IKK/NF-κB signaling axis, α7nAChR further inhibits the nuclear299

translocation of NF- κB by inhibiting the phosphorylation of upstream signal IKK.45300

As Dowling et al. observed, nicotine alone can hinder the NF- κB signal pathway by301

binding to α7nAChR, supporting the notion that the anti-inflammatory mechanism of302

α7nAChR may be related by IKK and NF- κB transcriptional regulators.46, 47303

α7nAChR interaction with I-κB kinase (IKK) and NF-κB as I-κB kinase (IKK)304

induces NF- κB nuclear activation in isolated ILC2s,and that PNU-282987 inhibited305

the expression of IKK and p65 at a significantly higher degree when compared with306

GTS-21. For the different inhibitory effects of PNU-282987 and GTS-21 on IKK and307

NF-κB, it is likely that binding ability of GTS-21 to other nicotine receptors results in308

reduced specificity and receptor activation for GTS-21, a feature not observed with309

PNU-282987.48 While the effectiveness of PNU-282987 and GTS-21 in inhibiting310

the function of ILC2s was comparable to each other, the former one had a stronger311

inhibitory effect on IKK and NF-κB, which play a vital role in the growth and312

development of ILC2s.34 Through these experiments, we have demonstrated that313
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PNU-282987 inhibits airway inflammation associated with asthma by attenuating the314

proliferation and function of ILC2s.315

In accordance with our data, the viability of ILC2s in culture and in vivo was316

successfully inhibited by PNU-282987 through GATA3, Ki67, and IKK/NF-κB.317

Although this mechanism needs to be explored further, it is clear that our results show318

that PNU-282987 is useful in the treatment of ILC2s-mediated airway inflammation319

induced by IL-33 and AA and employing analogs of PNU-282987 in asthmatic320

patients could alleviate airway inflammation caused by ILC2s. The importance of321

cholinergic anti-inflammatory pathway and of α7nAChR as a pharmacological target322

for the treatment of inflammatory diseases needs further investigation. More323

importantly, the notable inhibitory effect PNU-282987 has on IKK and NF-κB should324

warrant further attention both in the context of PNU-282987 function and ILC2s325

proliferation.326

327
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FIGURE LEGENDS485

Figure 1: Compared with GTS-21, PNU-282987 has the same inhibitory effect on486

ILC2s-mediated airway inflammation. C57BL/6J mice intranasally challenged with487

recombinant mouse IL-33 or PBS and also received PNU-282987/GTS-21 or PBS on488

days 1-3. Assessment of lung tissue and analysis of bronchoalveolar lavage fluid489

(BALF) (A) Periodic acid-Schiff reagent lung section (×200, Scale bars at 100μm).490

Scorings for histopathology and PAS were assessed. (B) Total number of eosinophils491

and ILC2s in BALF determined by flow cytometry. (C) Total number of CD4+ T cells492

and CD19+ B cells determined by flow cytometry in whole lung. Data are493

representative of at least four independent experiments and presented as means ±494

s.e.m (n=4; **P﹤0.01; ***P﹤0.001).495

Figure 2: PNU-282987 and GTS-21 attenuate the production of type 2 cytokines496

secreted by ILC2s in vivo. (A, B) mRNA levels of IL-5 and IL-13 of mouse lung497

tissue and the protein levels of IL-5 and IL-13 in BALF were measured by qPCR and498

ELISA respectively. (C) Percentage of IL-5+ILC2s and IL-13+ILC2s in whole lung499

determined by flow cytometry. Data are representative of at least four independent500

experiments and presented as means ± s.e.m (n=6; **P﹤0.01; ***P﹤0.001).501

Figure 3: PNU-282987 and GTS-21 inhibit Alternaria-mediated airway502

inflammation. C57/BL6J mice intranasally received an extract of Alternaria (AA),503

AA with or without PNU-282987/GTS-21 on days 1-4. (A) Gene expression of IL-33504

in lung tissue. (B) PAS staining (×200, Scale bars at 100μm). Scoring for505

histopathology and PAS was assessed by light microscopy. (C) Total number of EOS506
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and ILC2s in BALF. (D) Total number of CD4+ T cells and CD19+ B cells determined507

by flow cytometry in whole lung. Data are representative of at least four independent508

experiments and presented as means ± s.e.m (n=4; *P﹤0.05; **P﹤0.01; ***P﹤509

0.001).510

Figure 4: PNU-282987 and GTS-21 inhibit the function of ILC2s in511

Alternaria-mediated Airway inflammation. (A, B) The mRNA levels of IL-5 and512

IL-13 of lung tissue and the protein levels of IL-5 and IL-13 in BALF were measured513

by qPCR and ELISA. (C) Percentage of IL-5+ILC2s and IL-13+ILC2s was determined514

by flow cytometry. Data are representative of at least four independent experiments515

and presented as means ± s.e.m (n=6; *P﹤0.05; **P﹤0.01; ***P﹤0.001).516

Figure 5: PNU-282987 and GTS-21 inhibit the proliferation and functional517

activation of ILC2s in vitro. The levels of IL-5 (A) and IL-13 (B) from cultured518

ILC2s were measured by ELISA and qPCR. Lin- cells from C57/BL6J female mice519

were first separated by magnetic beads, and ILC2s were isolated by FACS. (C) Cell520

count of ILC2s and (D) Percentage of Ki67+cells in isolated lung ILC2s, stimulated521

with IL-33 in the absence and presence of PNU-282987/GTS-21 for 72 hours. (E)522

Mean fluorescence intensity and the mRNA levels of GATA3 in isolated lung ILC2s523

were analyzed by flow cytometry and qPCR. MFI of phosphorylated IKKα/β (F) and524

NF-κB p65 (G) with or without PNU-282987/GTS-21 for 24 hours. Data are525

representative of at least four independent experiments and presented as means ±526

s.e.m (n=5; *P﹤0.05; **P﹤0.01; ***P﹤0.001).527


