Increased responsiveness to IL-17A in pediatric asthmatics with high IgE, low traffic related air pollution exposure, and good asthma control. 
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To the Editor:

Although asthma is often associated with a Th2-dominated immune profile, the Th2 paradigm is unable to explain the full spectrum of asthma severity. “Th2 low” asthmatics, often characterized by elevated IL-17A production, frequently have severe asthma1. Using experimental models, we reported that severe asthma-like disease is associated with both co-expansion of Th2 and Th17 cells, and increased cellular responsiveness to IL-17A2. The goals of this study were to determine if nasal epithelial cell (NEC) responsiveness to IL-17A differs in children with mild, moderate and severe asthma, and to identify additional factors that associate with elevated IL-17A responsiveness in children with asthma.

[bookmark: _GoBack]This study was approved by Cincinnati Children’s Hospital Medical Center (CCHMC) Institutional Review Board (IRB #2008-0711). Verbal and written consent was obtained from parent(s)/authorized representatives. More details regarding information collected and NECs culture is described in Supplemental Methods. To determine if IL-17A responsiveness varies with asthma severity, children with mild (n=12), moderate (n=18) or severe asthma (n=17) were identified. No differences in age, sex, race, % predicted FEV1, peripheral eosinophils, smoking or elemental carbon attributable to traffic (ECAT) levels were observed between groups (Supplementary Table 1). Total IgE levels were significantly higher in moderate (Median: 318 IU/ml (IQR:90-767)) and severe (384 IU/ml (IQR:116-598)) asthmatics compared to those with mild disease (68 IU/ml; (IQR:29-148)) (p=0.017). Asthma control scores were significantly lower in individuals with severe asthma (Mean: 17.6 (SD:12.3–22.9)) versus moderate asthma (19.7 (SD:15.3-24.1)) or mild (22.6 (SD:20.4-24.8)) asthma. 

IL-17A-induced CXCL1 production (CXCL1 concentration in IL-17A-stimulated cultures minus CXCL1 concentration in medium-stimulated cultures) was measured (1.5->750-fold induction; Fig 1A). Asthma severity was not significantly associated with IL-17A-induced CXCL1 production (p=0.860; Table 1) in univariable regression models, nor was age, sex, race, % predicted FEV1, blood eosinophils, respiratory symptoms scores, secondhand smoke exposure, pregnancy ECAT (Table 1). However, IL-17A-induced CXCL1 production was significantly associated with total IgE levels (=0.0006; p=0.036, Fig 1B), asthma control score (=0.078, p=0.013, Fig 1C), and current ECAT levels (=-2.961; p=0.010, Fig 1D)(Table 1). Similar results were observed when multivariate (adjusted) regression analysis was performed (Supplementary Table 2).

In our adjusted regression model, only total IgE (=0.007; p=0.013), asthma control score (=0.071; p=0.019), and current ECAT (=-2.814, p=0.007) remained significantly associated with IL-17A-induced CXCL1 production. IgE, asthma control score and current ECAT explained the total variance in IL-17A-induced CXCL1 production by 10%, 8% and 11%, respectively. No co-linearity between these variables were observed (Pearson correlation coefficient ranges 0.05-0.14), suggesting that increased responsiveness to IL-17A is independently associated with each of these variables. 

To our knowledge, our study represents the first attempt to determine if variable IL-17A responsiveness contributes to asthma severity.  Although epithelial cells from children with severe treatment refractory asthma (STRA) have increased IL-17A-induced CXCL1 production compared to cells from non-asthmatic donors3, we did not observe increased production in children with severe asthma compared to mild or moderate asthma suggesting that increased IL-17A responsiveness may be a biomarker of asthma, rather than a specific biomarker of severe asthma. Furthermore, we demonstrate significant, independent associations between IL-17A responsiveness and ECAT exposure, total IgE levels and asthma control score. As high IL-17A responsiveness is associated with lower ECAT exposure (an exposure associated with severe asthma in our cohort4), and higher asthma control, our findings support a protective role for IL-17A in pediatric asthma. These observations are consistent with reports of increased frequency of IL-17 receptor-expressing bronchial epithelial cells in pediatric STRA patients with good asthma control3. Importantly, our observation of a similar association in NECs suggests that nasal sampling may provide a proxy for more invasive bronchial brushings, or biopsies5. However, the association between IL-17A responsiveness and total IgE levels is consistent with a pathological role for IL-17A in allergic asthma. This associations may be driven by a direct effect, as IL-17A enhances IgE production by human B cells6 or a result of IL-17A-mediated enhancement of IL-13-induced gene expression2, as IL-13 drives class switch to IgE in human B cells.

The dichotomous role of IL-17A as a potentially pathogenic or protective cytokine in asthma is intriguing. Importantly, studies linking IL-17A with severe asthma were carried out in adults whereas studies suggesting a protective role for IL-17A, including ours, were performed in children3. Uniquely, our cohort is predominantly urban, African American with low socioeconomic status, and high relative levels of ECAT exposure. Regardless, the current study suggests that IL-17A plays a complex role in regulating the development of allergic asthma. Future studies are needed to examine the link between IL-17A production (and responsiveness) in asthmatics across the spectrum of age, racial distribution, and air pollution exposure levels.







	[bookmark: RANGE!D13:M79]Table 1: Unadjusted Associations with IL-17A Induced CXCL1 production in Primary Human Nasal Epithelial Cells‡

	
	N
	 coefficient
	SE
	p-value

	Age (years)
	47
	0.042
	0.041
	0.298

	Sex 
	47
	0.479
	0.310
	0.127

	Race¶
	47
	0.284
	0.306
	0.356

	Total IgE 
	46
	0.0006
	0.0003
	0.036

	% Predicted FEV1
	47
	0.013
	0.008
	0.114

	Blood Eosinophils (%)
	46
	-0.0006
	0.046
	0.989

	ACT Score
	47
	0.078
	0.030
	0.013

	Current ECAT§
	47
	-2.961
	1.107
	0.010

	Pregnancy ECAT‡‡
	36
	-0.084
	1.000
	0.933

	Early Maternal Smoking¶¶
	46
	-0.049
	0.341
	0.885

	Current SHS§§
	47
	-0.165
	0.301
	0.585

	Primary Smoker
	47
	0.332
	0.391
	0.398

	Symptom Severity‡‡‡
	47
	
	
	0.686

	Severe vs Mild
	
	-0.435
	0.499
	

	Moderate vs Mild
	
	-0.341
	0.504
	

	Asthma Severity¶¶¶
	47
	
	
	0.860

	Severe vs Mild
	
	-0.121
	0.382
	

	Moderate vs Mild
	
	0.066
	0.377
	

	‡ IL-17A-induced CXCL1 production was defined as concentration of CXCL1 in IL-17A-stimulated cultures minus concentration of CXCL1 in media control cultures. This was Log transformed to better approximate a normal distribution.  The association between IL-17A-induced CXCL1 production and indicated variables was tested using linear regression. Number of measurements available (N), regression coefficient (b coefficient), Standard Error (SE) and p value are indicated.
¶ Race was defined as black vs. non-black (self-reported). 
§ Current ECAT exposure was determined using the geocode of the children’s current address.
‡‡ Pregnancy elemental carbon attributable to traffic (ECAT) exposure was determined using the geocode of home address during pregnancy.
¶¶ Early maternal smoking was defined as maternal smoking during pregnancy, or during the first 5 years of life.
§§ Current SHS was defined as presence of mother, father or other individuals living in the same household described as anything other than a non-smoker. 
‡‡‡ Symptom score severity is based on the frequency of respiratory symptoms queried (cough, wheeze, shortness of breath and chest tightness) over the past 4 weeks: Mild (never), Moderate (1-2 days/week); Severe (>2 days/week)
¶¶¶ Asthma severity was determined by a physician using published criteria. % predicted of forced expiratory volume in 1 second (FEV1) was also independently evaluated. 
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Figure 1: IL-17A-induced epithelial cell CXCL1 production is associated with Total IgE levels, asthma control, and pollution exposure in a pediatric asthma population. Nasal epithelial cells from children with asthma were stimulated with IL-17A, and CXCL1 production was assessed by ELISA (A). Significant unadjusted associations between Log IL-17A-induced CXCL1 production and Total IgE (B), asthma control (ACT Score) (C) and estimated exposure to Environmental Carbon Attributable to Traffic (ECAT) levels (D) were observed. Solid line indicates fitted curve. Dotted lines indicate 95% confidence limits.
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Supplemental Methods:

Patient Recruitment: Following Cincinnati Children’s Hospital Medical Center IRB approval, youth (10–18 years old) enrolled in the Pediatric Environmental Exposure Study (PEES)1 with physician-diagnosed asthma, and currently taking asthma medications, were invited for a follow-up research visit. Participants and parents completed surveys to assess secondhand smoke (SHS) exposure, early life maternal smoking (<5 years), respiratory symptom score (RSS - frequency of wheeze, shortness of breath, cough, and chest tightness over the past 4 weeks)1, asthma control (childhood Asthma Control Test (ACT))2, and medication usage/treatment step. Air pollutant exposure was estimated based on mean concentration of elemental carbon attributable to traffic (ECAT) exposure at birth and current address1. Spirometry was performed, and asthma severity (mild, moderate, severe) determined using ATS guidelines3. Participants taking nasal steroids in the past 30 days were ineligible. Other medication usage was not restricted. 

Collection and treatment of NECs: (NECs) were collected from beneath the inferior turbinate using a cytology brush. NECs were passaged twice, treated with media or IL-17A (100 ng/ml) for 18-20 hours, and production of the IL-17A-induced chemokine, CXCL1 (GRO), was assessed in supernatants by ELISA. IL-17A-induced CXCL1 production (CXCL1 concentration in IL-17A-stimulated cultures minus CXCL1 concentration in medium-stimulated cultures) was natural log transformed, and used as the primary outcome variable in statistical analyses.











Supplementary Tables:
	[bookmark: RANGE!D8:I43]Supplementary Table 1: Demographics and Characteristics of Study Participants

	 
	Mild (N=12)
	Moderate (N=18)
	Severe (N=17)

	†Age (year)
	14.1 (3.5)
	12.8 (3.1)
	12.7 (4.3)

	‡Male
	9 (75%)
	13 (72%)
	10 (59%)

	‡Race
	
	
	

	Black
	6 (50%)
	12 (67%)
	12 (71%)

	White
	4 (33%)
	3 (17%)
	2 (12%)

	Mixed/Biracial
	2 (17%)
	3 (17%)
	3 (18%)

	†% predicted FEV1
	95.5 (14.4)
	92.4 (14.6)
	84.1 (23.1)

	§IgE (IU/ml)*
	68 (29-148)
	318 (90-767)
	384 (116-598)

	§Blood Eosinophils (%) 
	3.00 (3.00-6.00)
	6.00 (3.00-7.00)
	5.00 (4.00-8.00)

	‡Early SHS exposure
	2 (17%)
	7 (41%)
	3 (18%)

	‡Current SHS exposure
	6 (50%)
	12 (67%)
	10 (59%)

	‡Primary Smoker
	2 (17%)
	4 (22%)
	2 (12%)

	†Current ECAT levels
	0.38 (0.27 – 0.49)
	0.42 (0.28 – 0.56)
	0.39 (0.27 – 0.51)

	¶ †Pregnancy ECAT levels
	0.44 (0.27 – 0.61)
	0.48 (0.28 – 0.68)
	0.40 (0.23 – 0.57)

	†ACT Score*
	22.5 (21.5 – 24.5)
	21.0 (16.0 – 23.0)
	18.0 (116.0 – 20.0)

	Note: †shown as mean (SD) and compared using ANOVA; ‡shown as frequency (%) and compared using Fisher’s exact test; §shown as median (IQR) and compared using Kruskal-Wallis test. ¶for Pregnancy ECAT data was available for N = 36 participants (mild N = 10, moderate N = 13, severe N = 13). FEV1-forced expiratory volume in 1 minute. SHS-second hand smoke exposure. *p-value < 0.05.










	Supplemental Table 2: Adjusted Associations with IL-17A Induced CXCL1 production in Primary Human Nasal Epithelial Cells (N = 45)‡

	
	 coefficient
	SE
	p-value

	Age (years)
	0.023
	0.042
	0.592

	Sex 
	0.216
	0.308
	0.484

	Race
	0.186
	0.326
	0.570

	Total IgE 
	0.0007
	0.0003
	0.014

	% Predicted FEV1
	0.002
	0.008
	0.820

	Blood Eosinophils (%)
	-0.024
	0.049
	0.618

	ACT Score
	0.068
	0.034
	0.054

	Current ECAT
	-2.748
	1.128
	0.018

	Early Maternal Smoking
	-0.320
	0.370
	0.388

	Current SHS
	0.329
	0.337
	0.332

	Primary Smoker
	-0.194
	0.439
	0.659

	Asthma Severity
	
	
	0.725

	Severe vs Mild
	0.047
	0.394
	

	Moderate vs Mild
	0.244
	0.347
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