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Background: Neurturin (NRTN) is a neurotrophic factor that was originally identified in the development and maintenance of neural 
cells. Recent studies involving NRTN knockout mice have reported its anti-inflammatory effects in allergic airway conditions. 
However, the role of NRTN in human asthma has not yet been identified.
Objective: The purposes of the present study were to confirm the presence of NRTN in the airways and to investigate the clinical and 
pathogenetic roles of NRTN in asthma.
Methods: The NRTN levels in the induced sputum were measured by enzyme-linked immunosorbent assay (ELISA). Relationships 
between NRTN and clinical characteristics, asthma control status, and airway inflammation were assessed.
Results: Sixty-four asthmatic subjects were enrolled in the study. All asthmatic subjects had detectable sputum NRTN levels, with a mean 
(SD) level of 2.03 (1.29) ng/mL. The sputum NRTN levels had significant positive correlations with sputum eosinophil and exhaled nitric 
oxide levels and were significantly higher in the atopic subjects than in the non-atopic subjects. No significant difference in sputum NRTN 
levels were observed for asthma control status and asthma exacerbation. In sputum inflammatory analyses, sputum NRTN level was 
positively correlated with interleukin (IL)-5 and IL-13 levels, and negatively correlated with matrix metalloproteinase (MMP)-9 level.
Conclusion: It is plausible that sputum NRTN could serve as a new marker for Type 2 airway inflammation, implicating its role in the 
process of airway remodeling in asthma. Future studies should investigate the clinical relevance of sputum NRTN level in prospective 
analyses.
Keywords: neurturin, asthma, sputum, airway inflammation, type 2 inflammation

Introduction
Neurturin (NRTN) is a member of the glial cell line-derived neurotrophic factor (GDNF) family of ligands (GFLs). 
GDNF is a protein structurally related to transforming growth factor (TGF)-β and mediates signals through the glycosyl- 
phosphatidylinositol (GPI)-anchored coreceptors (GFRα1-4), which acts as a ligand binding component.1,2 The neuro-
trophic factors, comprising GDNF, NRTN, artemin and persephin, are well known for their implication in the growth and 
survival of the various nerve systems.3 Due to its ability to control functions in neutral cells, NRTN has been assessed in 
clinical trials as a treatment for neurodegenerative diseases such as Parkinson’s disease.4,5 Moreover, exogenous NRTN 
rescues neurons in models of Parkinson’s disease, as well as in Hirschsprung disease.6 It has also been reported that the 
GDNF, NRTN, and their predominant receptors (GFRα1 and GFRα2) mRNA are expressed during embryogenesis, most 
notably in epithelial–mesenchymal interactions. GDNF and NRTN play critical roles in the outgrowth of epithelial 
structures.7 In recent years, accumulating evidence suggests that the neuronal and immune systems exhibit bidirectional 
interactions that play critical roles in tissue homeostasis and inflammation (neuro-immune crosstalk).8 GFLs are 
expressed during inflammation outside the nerve system in peripheral tissues.7 In addition to their role as a nerve growth 
factor, GFLs have also been suggested to be involved in inflammation.

Both GDNF and NRTN have been detected in airway smooth muscle cells, while GFRα2, RET, and neural cell 
adhesion molecules were predominantly found in respiratory epithelial cells.9 NRTN exhibits anti-inflammatory 
properties by inhibiting the secretion of interleukin (IL)-6 and tumor necrosis factor (TNF)-α from 
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lipopolysaccharide (LPS)-stimulated human peripheral blood mononuclear cells.10 The anti-inflammatory effects in 
both the acute and chronic phases of allergic airway condition were reported in NRTN knockout (NRTN−/−) mouse 
models.11,12 However, there are few reports about the role of NRTN in human asthmatic subjects. In the present 
study, we investigated the clinical role of NRTN in asthma, as well as its relationship with inflammatory 
pathology, by measuring sputum NRTN levels in adult asthmatic subjects.

Methods
Study Subjects and Design
This study is a cross-sectional study of adult asthmatic subjects, who were recruited from the outpatient clinic at the 
Department of Pulmonary Medicine in Fukushima Medical University Hospital between March 2017 and September 2019. 
We enrolled asthmatic subjects who had received standard asthmatic treatment by their attending physicians. All subjects 
were diagnosed according to the American Thoracic Society (ATS) criteria13 and they were regularly followed up at our 
outpatient clinic. Asthma was defined on the basis of recurrent episodes of at least one symptom (cough, wheeze, or dyspnea) 
associated with reversible airflow limitation (12% and 200 mL variability in forced expiratory volume in one second [FEV1] 
either spontaneously or with an inhaled short-acting β2-agonist) and/or increased airway responsiveness. Control status and 
severity of asthma were assessed according to the guidelines of the Japanese Society of Allergology.14 Asthmatic subjects 
were classified into three groups based on severity: mild asthma (mild intermittent and mild persistent), moderate asthma 
(moderate persistent), or severe asthma (severe persistent). All subjects provided written informed consent for analysis of 
their clinical data and an induced sputum was approved by the Ethics Committee of Fukushima Medical University in 
June 2019 (No.2019-069). This study was conducted in accordance with the Declaration of Helsinki.

To measure sputum NRTN, induced sputum samples were obtained following a fractional exhaled nitric oxide 
(FeNO) measurement, pulmonary function test, and Asthma Control Test (ACT). These procedures and tests were all 
performed in a single day when each patient had not had an asthma exacerbation for at least four weeks. In addition, 
blood samples were obtained from subjects who consented to the measurement of their serum NRTN. Sputum and serum 
NRTN were measured by enzyme-linked immunosorbent assay (ELISA).

Sputum Induction and Processing
Sputum induction was performed with inhaled nebulized 5.0% NaCl solution.15 Sputum plugs were harvested and 
processed with 0.1% dithiothreitol (DTT) and phosphate-buffered saline (PBS). The sputum supernatant of 0.8– 
1.0 mL was aliquoted into the serum tube. The rest of the sputum supernatant was also stored at −80°C for 
cytokine measurements. Cytospins (Auto Smear CF-120: Sakura Finetek Japan Co. Ltd., Tokyo, Japan) were 
prepared for differential cell counts. Each subject was assigned to only one of four groups on the basis of sputum 
eosinophil and neutrophil percentages. Cutoffs of 2% and 50% were used to define eosinophilic and neutrophilic 
asthma, respectively.16 Four groups were eosinophilic asthma (eosinophils ≥ 2% and neutrophils < 50%), mixed- 
granulocytic asthma (eosinophils ≥ 2% and neutrophils ≥ 50%), neutrophilic asthma (eosinophils < 2% and 
neutrophils ≥ 50%), and pautigranulocytic asthma (eosinophils < 2% and neutrophils < 50%), respectively.

Measurement of Sputum and Serum NRTN Levels
ELISA was performed using a commercially available sandwich ELISA kit according to the manufacturer’s instructions 
(LifeSpan BioSciences, Seattle, WA, USA) for the detection of sputum NRTN (measuring range: 0.313–20 ng/mL, 
sensitivity 0.114 ng/mL). Liu et al suggested that serum NRTN level may be outside the measuring range for detection of 
the sputum NRTN ELISA kit.17 Hence, another ELISA kit (RayBiotech, Norcross, GA, USA) was used to measure 
serum NRTN (measuring range: 0.036 ng/mL–10 ng/mL, sensitivity 0.036 ng/mL).

Measurement of Inflammatory Cytokines and Matrix Metalloproteinase
We measured IL-4, IL-5, and IL-13 in the induced sputum supernatant as indicators of Type 2 inflammation, IL-6 level as 
an indicator of proinflammatory cytokine, and interferon (IFN)-γ level as an indicator of Type 1 inflammation. In 
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addition, matrix metalloproteinase (MMP)-2 and MMP-9 were also measured. Measurements were performed using 
commercially available sandwich ELISA kits (IL-4, IL-5 and IL-13: Invitrogen, Waltham, MA, USA; IL-6 and MMP-9: 
R&D Systems, Minneapolis, MN, USA; MMP-2; Proteintech, Rosemont, IL, USA; IFN-γ: Immuno-Biological 
Laboratories Co., Ltd., Gunma, Japan).

Blood Tests
Blood tests included peripheral blood eosinophil count, serum non-specific IgE and antigen-specific IgE. 
A radioallergosorbent test for antigen-specific IgE was performed for weeds, mites, house dust, cats, dogs, cedar, 
cypress, orchard grass, moths, Aspergillus, Candida, and Alternaria. Non-specific IgE was measured by fluorescence 
enzyme immunoassay (UniCAP; Pharmacia & Upjohn, Uppsala, Sweden). Atopy was defined as either a non-specific 
IgE level of ≥250 IU/mL or any positive antigen-specific IgE (≥0.70 UA/mL).

Asthma Control Assessment
Pulmonary function testing was performed using rolling seal spirometers (Chestac-11 Cyber S-type; Chest M.I., Inc., 
Tokyo, Japan) to measure forced vital capacity (FVC) and FEV1. The tests were performed by experienced respiratory 
technicians according to ATS guidelines.18 FVC and FEV1 were expressed as percent predicted values. FeNO measure-
ments were taken according to the ATS and European Respiratory Society recommendations19 using 
a chemiluminescence analyzer NA623N® (Kimoto Electronic Co., Ltd., Osaka, Japan). Measurements were performed, 
as described previously,20 with the patient in a sitting position and without wearing a nose clip. From total lung capacity 
without holding their breath, the patient exhaled at a constant flow of 50 mL/s. FeNO was measured three times, with 
differences in measured values within 10%. The mean value of which two measurements were used as data for statistical 
analysis. FeNO values were expressed as parts per billion (ppb). The Asthma Control Test (ACT) was used for subjective 
assessment of asthma control.21 An ACT score of ≥20 points indicates well-controlled asthma.

Statistical Analyses
As a preliminary study of the present study, the relationship between sputum NRTN and serum NRTN levels was 
assessed. In a previous study about serum biomarker analyses in patients with ovarian insufficiency, serum NRTN levels 
were measured using a high-sensitivity ELISA kit.17 First, sputum NRTN levels and asthma-related parameters 
(characteristics, atopic status, and asthma severity) were assessed. The relationships between sputum NRTN levels and 
asthma control parameters (FeNO, pulmonary function, and ACT score) or sputum inflammatory cell counts were also 
assessed. For the secondary assessment, the relationships between sputum NRTN and airway inflammation were 
assessed. We measured inflammatory cytokine and metalloproteinase concentrations in the collected induced sputum 
supernatant and examined their relationships with NRTN in sputum.

All values are expressed as mean ± standard deviation (SD) of the mean unless otherwise specified. Comparisons of 
sputum NRTN levels between asthmatic subjects with various conditions were performed by Mann–Whitney U-tests. The 
associations between the sputum NRTN level and characteristics of asthmatic subjects, asthma-related parameters, 
sputum inflammatory cell counts, and inflammatory molecules (cytokines and MMPs) were assessed using Spearman’s 
rank correlation analysis. Comparisons of sputum NRTN levels between various asthma severities and different asthma 
inflammatory phenotypes based on sputum inflammatory cell counts were performed using analysis of variance followed 
by Tukey’s post hoc test. P values of less than 0.05 were considered statistically significant. Statistical analysis was 
performed with SPSS Statistics Base for Windows (version 28.0.0.0; IBM, Armonk, NY, USA).

Results
In the study period, a total of 65 adult asthmatic subjects were included in the study. One subject was excluded from 
the study due to lack of clinical data. The characteristics of the remaining 64 subjects (32 males and 32 females) are 
shown in Table 1. The treatment contents and control parameters of the subjects at sputum collection are shown in 
Table 2.
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Relationship Between Sputum NRTN and Serum NRTN Levels
The mean (SD) sputum NRTN level was 2.03 (1.29) ng/mL. As the serum NRTN levels were below the measurement 
sensitivity in four samples, the mean (SD) NRTN level in 11 asthmatic subjects was 0.12 (0.10) ng/mL. The amount of 
Serum NRTN was detected at approximately one-tenth that in the sputum. There was no significant correlation between 
the sputum NRTN and serum NRTN levels (r = 0.136, p = 0.628) (Figure 1).

Relationships Between Sputum NRTN Level and Asthma Related Parameters
The sputum analyses data in 64 asthmatic subjects are shown in Table 3. There were no significant correlations between sputum 
NRTN level and the characteristics of the asthmatic subjects in Table 1 except atopic status. The mean sputum NRTN level was 
significantly higher in the atopic subjects than in the non-atopic subjects (mean ± SD; 2.19 ± 1.34 ng/mL vs 1.53 ± 1.0 ng/mL; p = 
0.046), although no significant difference was observed regarding asthma severity (Figure 2A and B). The sputum NRTN level 
appeared lower in the controlled subjects with an ACT score ≥20 points compared to the uncontrolled subjects, although the trend 

Table 1 Characteristics of Asthmatic Subjects

Characteristics Findings

Number of subjects 64
Age, mean (SD), years 64 (12)

Gender, male/ female 32 / 32

BMI, mean (SD) 24.7 (5.1)
Smoking status, never / former / current 32 / 29 / 3

Duration of asthma treatment, mean (SD), years 12.9 (12.9)

Atopic subjects 47 (73)
Allergic rhinitis 35 (55)

Chronic sinusitis 19 (30)
Severity of asthma, mild intermittent and mild persistent / moderate persistent / severe persistent 13 / 26 / 25

Blood eosinophil in white blood cell count, mean (SD), % 6.3 (5.6)

Serum total IgE, mean (SD), IU/mL 457 (532)
Dose of ICS (equivalent to fluticasone propionate), mean (SD), µg/day 639 (384)

Use of LABA 52 (81)

Use of LTRA 40 (63)
Use of theophylline 25 (39)

Use of LAMA 18 (28)

Use of biological agents 9 (14)
Regular use of oral corticosteroids 10 (16)

Note: Data are presented as number (percentage) of participants unless otherwise indicated. 
Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by square of height in meters); ICS, inhaled 
corticosteroids; LABA, long-acting β2-agonist; LTRA, leukotriene receptor antagonist; LAMA, long-acting muscarinic antagonist.

Table 2 Summary of Asthma Control-Related Parameters

Asthma Related Parameter Finding

% Predicted FEV1, % 81.5 (22.2)

FEV1 / FVC, % 68.6 (13.8)

FeNO, ppb 78 (62)
ACT global score, points 18.9 (5.0)

Controlled subjects in ACT score (≥ 20 points), N (%) 32 (50)

Subjects with occasional use of systemic corticosteroids in the previous year, N (%) 24 (38)
Subjects with unscheduled visit to outpatient clinic or emergency department for asthma deteriorations in the previous year, 

N (%)

17 (27)

Note: Data are presented as mean (SD) unless otherwise indicated. 
Abbreviations: FEV1, forced expiratory volume in one second; FVC, forced vital capacity; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; ACT, asthma control test.
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was not statistically significant (mean ± SD; 1.81 ± 1.15 vs 2.25 ± 1.40; p = 0.096) (Figure 2C). In addition, there were no 
significant differences in sputum NRTN levels between the asthmatic subjects with or without a fixed airway obstruction and 
those with or without asthma exacerbations in the previous year (Figure 2D–F). There was a significant positive correlation 
between sputum NRTN and FeNO levels (r = 0.364, p = 0.003), and no significant correlations were observed between sputum 
NRTN level and asthma symptoms (ACT score) or pulmonary function (% predicted FEV1) (Figure 3A–C). The Global Initiative 
for Asthma (GINA) uses a lower cut-off of 20 ppb in the classification of asthma with Type 2 inflammation.22 No significant 
difference was observed in sputum NRTN levels between the asthmatic subjects with FeNO <20 ppb and those with FeNO ≥20 
ppb (Figure 3D). We constructed receiver operating characteristics (ROC) curves using sputum NRTN and FeNO levels as 
predictors of sputum eosinophilia (eosinophils ≥ 2%) (Figure 4). The area under the curves for sputum NRTN and FeNO were 
0.578 and 0.945, respectively.

Relationships Between Sputum NRTN Level and Airway Inflammation Parameters
Figure 5 shows the relationships between sputum inflammatory cell counts and sputum NRTN level. There was 
a significant positive correlation between sputum NRTN level and proportion of sputum eosinophils (r = 0.348, p = 

Figure 1 Relationship between sputum NRTN levels and serum NRTN levels in asthmatic subjects (n = 15). Open circles indicate levels below the lower limit of the 
measurement range.

Table 3 Summary of Sputum Analyses Data

Number of 
Participants

Finding

NRTN level in sputum supernatant, ng/mL 64 2.03 (1.29)

Total inflammatory cell count, x106 /mL 64 2.81 (5.25)

Differentiation of sputum inflammatory cell 64
Macrophages, % 21.4 (13.0)

Neutrophils, % 49.5 (25.8)

Lymphocytes, % 1.5 (1.2)
Eosinophils, % 27.7 (28.4)

Cytokine and extra cellular matrix levels in sputum supernatant

IL-4, ng/mL 44 9.5 (8.0)
IL-5, ng/mL 44 32.3 (7.4)

IL-13, ng/mL 51 12.1 (1.7)

IL-6, ng/mL 36 17.8 (19.6)
IFN-γ, ng/mL 38 19.9 (7.5)

MMP-2, pg/mL 33 398 (298)

MMP-9, pg/mL 37 327 (705)

Note: Data are presented as mean (standard deviation) of subjects. 
Abbreviations: NRTN, neurturin; IL-, interleukin-; IFN-γ, interferon-gamma; MMP-, matrix metalloproteinase-.
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0.005), whereas there was a significant negative correlation between sputum NRTN level and sputum neutrophils (r = 
−0.458, p < 0.001). Sputum NRTN level was not significantly correlated with sputum macrophages (r = 0.022, p = 
0.864) and sputum lymphocytes (r = 0.114, p = 0.371). In the classification of airway inflammation by sputum 
inflammatory cell fraction, 27 cases were eosinophilic, 28 cases were mixed granulocytic, seven cases were neutro-
philic, and two cases were paucigranulocytic. In the eosinophilic group, the sputum NRTN levels were significantly 
higher than those in the mixed granulocytic (mean ± SD; 2.56 ± 1.57 ng/mL vs 1.58 ± 0.78 ng/mL; p = 0.022) 
(Figure 6).

To investigate the relationship between sputum NRTN level and the pathology of airway inflammation, we performed 
a molecular search using the collected sputum supernatant. The cytokine and MMPs levels in the sputum supernatant are 
shown in Table 3. Due to the insufficient amounts of collected sputum supernatant, it was difficult to examine all 
inflammatory molecules of all the subjects. IL-4 and IL-5 were measured in 44 cases, IL-13 in 51 cases, IL-6 in 36 cases, 
respectively, IFN-γ in 38 cases, MMP-2 in 33 cases, and MMP-9 in 37 cases. Figure 7 shows the relationships between 
sputum NRTN level and inflammatory molecules. In terms of Type 2 cytokines, sputum NRTN level was significantly 
positively correlated with IL-5 level (r = 0.315, p = 0.037) and IL-13 level (r = 0.374, p = 0.007) in sputum, whereas no 
significant correlation was observed between sputum NRTN level and IL-4 level (r = 0.107, p = 0.488). In Type 1 and 
proinflammatory cytokines, no significant correlations were observed between the sputum NRTN level and cytokines 
(IFN-γ and IL-6) levels in sputum (r = −0.132, p = 0.431 and r = −0.207, p = 0.226, respectively). In the analyses of 
MMP levels in the sputum supernatant, sputum NRTN level was significantly negatively correlated with MMP-9 level 

p = 0.046 *

p = 0.706

p = 0.096

p = 0.443 p = 0.718

(A) (C)(B)

(E) (F)(D)

p = 0.252

p = 0.813 p = 0.450

Figure 2 Comparisons of sputum NRTN levels between asthmatic subjects by atopic status (A), by different asthma severities (B), by asthma control status (C), with or 
without a fixed airflow obstruction (D), with or without asthma exacerbations with unscheduled visits the outpatient clinic in the previous year (E), and with or without 
asthma exacerbations with occasional uses of systemic corticosteroids in the previous year (F). The box signifies the 25th and 75th percentiles, and the median is 
represented by a short line within the box. The open circle indicates sputum NRTN level in asthmatic subjects. *p < 0.05. 
Abbreviations: Mild, mild intermittent or mild persistent asthma; Moderate, moderate persistent asthma; Severe, severe persistent asthma; ACT, asthma control test; AO, 
fixed airway obstruction; w/o, without; AEUV, asthma exacerbation with unscheduled visits the outpatient clinic; AECS, asthma exacerbation with occasional uses of systemic 
corticosteroids.
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Figure 3 Relationships between sputum NRTN level and FeNO level (A), ACT score (B), and % predicted FEV1 (C). A comparison of sputum NRTN levels between 
asthmatic subjects with FeNO < 20 ppb and those with FeNO ≥ 20 ppb (D). The result of linear regression analysis of the data that reveal a significant correlation is 
represented by the solid line. The box signifies the 25th and 75th percentiles, and the median is represented by a short line within the box. The open circle indicates sputum 
NRTN level in asthmatic subjects. 
Abbreviations: FeNO, fractional exhaled nitric oxide; ACT, Asthma Control Test; FEV1, forced expiratory volume in one second.

Figure 4 Receiver operating characteristic (ROC) analysis of sputum NRTN level and FeNO as predictors of sputum eosinophilia (eosinophils ≥ 2%). The area under the 
curves of sputum NRTN and FeNO were 0.578 and 0.945, respectively.
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Figure 5 Correlations between sputum NRTN level and sputum eosinophils (A), sputum neutrophils (B), sputum macrophages (C), and sputum lymphocytes (D) in 
asthmatic subjects.
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(r = −0.478, p = 0.009), whereas no significant correlation was observed between sputum NRTN level and sputum MMP- 
2 level (r = 0.019, p = 0.918).

Discussion
In the present study, we measured NRTN levels in sputum from adult asthmatic subjects, and investigated the relation-
ships between clinical features, asthma control, inflammatory cells, cytokines, and MMPs in sputum. Sputum NRTN was 
measured by ELISA in all cases. Furthermore, no correlation was observed between sputum and serum NRTN levels 
which were collected on the same day. In the characteristics of the study subjects, sputum NRTN levels were significantly 
higher in the atopic asthmatic subjects than in the non-atopic asthmatic subjects. On the other hand, sputum NRTN level 
did not have a clear relationship with current asthma symptoms, asthma severity, fixed airway obstructions and asthma 
exacerbations, which were assessed retrospectively. The sputum NRTN level was positively correlated with FeNO, 
sputum eosinophils, IL-5, and IL-13 in induced sputum supernatant and negatively correlated with neutrophils and MMP- 
9. These results suggest that sputum NRTN level is associated with Type 2 airway inflammation in adult asthmatic 
subjects.

Although there have been reports on the detection of NRTN in several peripheral tissues in vivo,10,23 there are few 
reports on quantitative evaluation. NRTN has been detected in human serum and in premature ovarian failure and is 
downregulated in the serum of patients with premature ovarian insufficiency compared to healthy fertile and menopausal 
groups.17 In the present study, NRTN in sputum was detected and quantified by the ELISA method in all adult asthmatic 
subjects. Furthermore, the level in sputum was about 10 times higher than that in the serum. Although 

Figure 7 Correlations between sputum NRTN level and IL-4 (A), IL-5 (B), IL-13 (C), IFN-γ (D), IL-6 (E), MMP-2 (F), and MMP-9 (G) levels in sputum supernatant. The 
results of linear regression analysis of the data that reveal significant correlations are represented by the solid line. Dashed lines indicate the limit of each measurement, and 
open circles indicate levels outside the measurement range.
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immunohistological analyses of lung tissue were not performed in the present study, NRTN detected in induced sputum 
appears to have been derived from airway epithelial cells, based on past reports.23,24 Our results support the presence of 
NRTN in the airway, and suggest that it may be present at higher levels than previously measured in serum.

Several studies have investigated the role of NRTN in allergic airway inflammation. Previous reports on airway 
inflammation induced by ovalbumin (OVA) and house dust in NRTN−/− mice models revealed that the absence of NRTN 
is correlated with an increased number of eosinophils and Type 2 immune responses in lung tissue and lung draining 
lymph node cells.11,12 In the chronic inflammatory phase, NRTN−/− mice displayed increased markers of airway 
remodeling like collagen deposition, higher levels of neutrophils, MMP-9, TNF-α, and IL-6. Moreover, administration 
of exogenous NRTN before challenge with OVA reduce remodeling. According to the NRTN−/− mice studies, NRTN 
might be produced by airway epithelial cells as a response to stimulation from the allergen. It may be able to modulate 
epithelial and immune cells like dendritic cells (DCs) through the regulation of acute airway inflammation. In the chronic 
inflammatory phase, NRTN might protect the airway remodeling by regulating the expression of TNF-α. In the present 
study, sputum NRTN level was significantly positively correlated with FeNO level and sputum eosinophils, and this 
relationship was also supported by analyses of Type 2 cytokines (IL-5 and IL-13) level. Moreover, sputum NRTN levels 
in asthmatic subjects with atopy were significantly higher than those without atopy. Similar to sputum NRTN, sputum 
eosinophils and FeNO levels were significantly higher in the atopic asthma subjects than in the non-atopic asthma 
subjects. On the other hand, no significant differences were found in the peripheral blood eosinophils between the two 
groups. The difference in sputum NRTN levels by atopic status may be influenced by Type 2 airway inflammation in 
asthma. These results are paradoxically relevant compared to previous studies with NRTN−/− mice,12 suggesting the 
possibility that NRTN is elevated as negative feedback against strong Type 2 immune responses in asthmatic airways. 
However, it was not clear whether the airway NRTN alleviates strong Type 2 inflammation and clinically suppresses the 
disease. In this retrospective study, there was no clear difference in asthma exacerbation or airway obstruction between 
high and low sputum NRTN levels. Moreover, we analyzed whether sputum NRTN is a marker that reflects eosinophilic 
airway inflammation using ROC curves. However, it was not concluded that sputum NRTN is a sensitive marker of 
eosinophilic airway inflammation like FeNO. Comparison of the time course of NRTN levels over a few years may 
reveal the role of NRTN in the airway and further study is needed.

The sputum NRTN levels were significantly lower in the mixed granulocytic group than in the eosinophilic group. It 
was reported that subjects with sputum eosinophils of >2% in combination with sputum neutrophils of >50% showed 
greater loss of pulmonary function, whereas those with highly variable sputum eosinophils had greater healthcare 
use.16,25 The results of the present study suggest that low NRTN concentrations may also be a risk of airway remodeling 
in mixed granulocytic asthma. Moreover, sputum NRTN level was significantly negatively correlated with the MMP-9 
level of the sputum supernatant. MMP-9 is the predominant MMP found in blood, bronchoalveolar lavage fluid, sputum, 
and transbronchial biopsy specimens of individuals with asthma, and the increase of MMP-9 activity in the tissues is 
related to the increase of collagen deposition in the airway walls.26 In the present study, a fixed airway obstruction (FEV1 

/ FVC < 70%) and % predicted FEV1 were used as indices of airway remodeling during the stable period of asthma. We 
found no significant difference between the two indices due to sputum NRTN level and we found no association between 
the sputum NRTN level and IL-6, which is a proinflammatory cytokine related to airway remodeling in asthma. Future 
prospective studies are needed to clarify whether airway NRTN suppresses airway remodeling in asthmatic conditions. It 
is necessary to consider how much NRTN level in the airway should be increased to suppress the airway remodeling. In 
NRTN−/− mice study, to suppress the immune response from bone marrow-derived DCs and spleen CD4+ T cells of OVA- 
induced asthma model mice, simultaneous additions of NRTN > 10 ng/mL were required.12

GFRα2 is a predominant receptor of NRTN, and it has been identified as a marker for the human intermediate 
monocyte subset.27 In respiratory viral infection, toll-like receptor (TLR) activation of airway epithelial cells enhances 
the production of NRTN, which binds to constitutively expressed GFRα2 on the surface of lung macrophages. Viral TLR 
activation induces RET translocation to the cytoplasm and binding to GFRα2. These pathways stimulate the production 
of MMP-2, which dampens the pro-inflammatory cytokine response.24 It was also reported that MMP-2 has beneficial 
effects in a mouse model of asthma, where this MMP facilitates the resolution of allergic inflammation by allowing cells 
to egress to the lung.28 We investigated whether the increased production of MMP-2 induced by NRTN in the airway was 
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evident in the pathogenesis of asthma, but no clear relationship was observed. Although the airway macrophages, which 
are the main source of MMP-2 production, may be related to airway MMP-2 level, no clear correlation was observed 
between the sputum NRTN and sputum macrophage.

There were no significant differences between the sputum NRTN levels and asthma severities, asthma control 
parameters or airflow obstruction in the present study. Future studies may be conducted to increase airway NRTN levels 
for their inhibitory effects on Type 2 inflammation and airway remodeling. However, in a previous study on human 
airway smooth muscle (ASM) cells, brief exposure to NRTN resulted in intracellular Ca2+ level responses and 
enhancement of bronchoconstrictor responses.29 In contrast to previous data in NRTN−/− mice, the result of above- 
mentioned study indicated that NRTN appeared to be detrimental rather than protective at the level of ASM. Further 
studies are needed to clarify the possibility of the biphasic effect of NRTN in the airway.

The present study has some methodological limitations. First, clinical information at the time of sputum collection 
and one year before collection was used to assess the clinical impact of sputum NRTN level on asthmatic subjects. 
However, prospective analyses may be needed to investigate the usefulness of sputum NRTN-level measurements as 
a predictor of asthma exacerbation and airway remodeling. In order to prospectively assess the clinical role of airway 
NRTN with various degrees of severity and treatment content, a trial needs to be designed with a larger sample size than 
that of the present study. Second, the mean age of the asthmatic subjects in the present study was relatively high 
compared to those in past studies of asthma.30 Therefore, it may be necessary to consider the effects of aging on the 
pathology of sputum inflammatory cells in the present study. It is known that the mixed granulocytic pattern, in which 
neutrophils and eosinophils are increased in sputum, increases with aging.31 Although it is unknown how asthma is 
divided into each inflammatory type, the significant difference in the sputum NRTN level between the eosinophilic 
pattern and the mixed granulocytic pattern may be related to the difference in clinical characteristics and prognosis of 
these inflammatory patterns. Third, inflammatory cytokines and metalloproteinase levels in the induced sputum super-
natant could not be measured for all the cases due to insufficient amounts of sputum supernatant. However, even in cases 
where a sufficient amount of sputum supernatant was secured, the relationship between sputum NRTN levels and 
inflammatory cell counts in induced sputum showed similar results compared to all cases (data not shown).

In conclusion, NRTN was detected in the induced sputum of all adult asthmatic subjects, and the sputum NRTN level 
was significantly positively correlated with eosinophils and Type 2 cytokines level, and significantly negatively 
correlated with the MMP-9 level. On the other hand, the present study did not conclusively establish the clinical utility 
of measuring sputum NRTN levels in human airway. It is plausible that sputum NRTN could serve as a new marker for 
Type 2 airway inflammation, implicating its role in the process of airway remodeling in asthma. The influence of NRTN 
on the pathogenesis of asthma remains to be explored.
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percent; ELISA; enzyme-linked immunosorbent assay; IL, interleukin; MMP, matrix metalloproteinase.
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