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* ANOVA: analysis of variance

* BAL: bronchoalveolar lavage

* FeNO: fraction of exhaled nitric oxide

* FEV;: forced expiratory volume in one second
* FVC: forced vital capacity

e HC: healthy control

* ICS: inhaled corticosteroids

e IL: interleukin

* NSA: non-severe asthma

* PCR: polymerase chain reaction

* ppb: parts per billion

* RIN: RNA integrity number

* SA: severe asthma

* SARP: Severe Asthma Research Program
e SC: systemic corticosteroids

e T2:type?2
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Type 2 (T2) inflammation, which includes cytokiriaterleukin (IL)-4, -5 and -13, is a
major molecular mechanism in asthma pathogenegige\Wxtensively studied in adults,
pediatric-specific data on these pathways in ckildrith asthma are limitéd. The Severe
Asthma Research Program (SARP), a longitudinal k&tody with 7 US clinical sites, enrolled
children 6-17 years of age with asthma, who undetwetailed characterization and collection
of various biomarkers to understand the molecukechranisms of the different asthma
endotypes. We measured T2 gene expression withimrspof adolescents with asthma to
determine if a T2-high endotype was associated asthma severity, and to examine an evoked

response after administration of systemic cortmastls (SC).

Demographics, clinical characteristics, sputum dasand lung function measures were
obtained at baseline and 18+3 days following ingecbf 1mg/kg (max 40mg) intramuscular
triamcinolone. Sputum collection was limited to jgas> 12 years of age with an FE¥ 70%
predicted. Due to lack of healthy control (HC) dnén, subjects were compared to a cohort of 29
adult HC who were free from pulmonary and atopsedse and had normal spirometry and

airway responses to methacholine.

Sputum induction and processing were performedgusiaviously described methdds
RNA extracted from sputum with RNA Integrity Numi&iIN) > 5 and less than 80% squamous
cell contamination were considered adequate foe gapression profilinfy Real-time
quantitative PCR (rt-gPCR) was performed on puifRNA using Tagman-based assayaene
expression fofL4, IL5 andIL13 was normalized to the geometric mean of four hkesging
genes GAPDH, PPIA, YWHAZ, andPSMB?2) and log2-transformed. The T2 cytokine gene mean
expression is the geometric mean of the normakdswlute expression 4, IL5, andIL13,

log-transformed then centered and scal8thtistical Analyses were performed with SAS 9.4
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(Cary, NC) using t-tests, Chi-square, ANOVA, Peatsaorrelations and multivariate

regression when indicateld.values of less than 0.05 were considered sigmifica

Thirty-four (22 severe asthma [SA], 12 non-sevesthrma [NSA]) of 66 (52%) sputum
inductions were of adequate quality for gene exgoesanalysis. Children with NSA had higher
sputumlL4 gene expression than HC (15.4 + 1.9 vs 13.1 #8:6,03), while children with any
asthma had higher sputuirb gene expressiofi7.0 £ 4.4 vs 13.7 £ 6.4, p=0.02) and T2 gene
mean expression (0.06 £ 0.98 vs -0.54 + 1.2, p3alah HC. Gene expression for the other
cytokines otherwise did not differ between HC ahdidcen with any asthma, NSA or SA.
Expression ofL4, IL5, IL13, and the T2 gene mean did not differ between cmlavith SA and

NSA.

T2 gene mean expression positively correlated #@NO, blood and sputum eosinophil
percentage, total IgE, and the number of positarara-specific IgE tests (Figure 1a-e). In
addition, sputum T2 expression positively corredatgth maximum bronchodilator reversibility,
while there was a negative correlation with bagetind maximum FEMFVC% predicted
(Figure 1f-h). The positive association of T2 gerpression and bronchodilator response
persisted after correcting for baseline lung fumrtiiR'=0.04, p=0.02). T2 gene mean expression
was significantly higher for those with a 12% oeaper bronchodilator response following
albuterol administration (-0.5 £ 1 vs 0.49 + 0.20.002). We found no correlation between
sputum T2 gene mean expression and age, asthm@dukmseline FEMA predicted, or

asthma control.

Twenty-four subjects (17 SA, 7 NSA) had paired gpusamples of adequate quality
obtained both before and after triamcinolone inggctThere were no differences in T2 cytokine

gene expression between subjects with SA and N8#wimg SC administration nor was there a
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significant change in expression following SC adstmation. Higher baseline maximum FEP¥¢
predicted (B=0.03, p=0.01), maximum FEXFVC % predicted (R=0.04, p=0.05), and BMI
(R?=0.02, p=0.02)vere weakly associated with an increase in T2 essiwe after SC, after

controlling for baseline T2 expression.

We anticipated that children with SA might haveh@gexpression of T2 cytokine genes
in their sputum than children with NSA. Bossleyaktpreviously failed to show a difference in
T2 cytokine detection in BAL fluid in children witBA compared to controls, though detection
rate was overall lofv Interestingly, children with any detectable T2akynes in the BAL had
lower lung function and more bronchodilator respesrsess than those without detectable T2
cytokines. Similarly, we found a significant assti@n of sputum T2 cytokine gene expression
with airflow limitation and bronchodilator respon$®wever, we found no association with
baseline FEYor markers of asthma control. We have recentlyshibat the maximal
bronchodilator response in children may serve agdinator of a more severe asthma phenotype
and those who might respond to corticosteroid mneat. Adults with high sputum T2 gene
expression despite treatment with inhaled corterasts (ICS) were more likely to have SA with

lower lung function and increased numbers of asteragerbatioris

The inability to distinguish SA and NSA in adolestsby T2 gene expression may be
due to the generally higher T2 inflammatory protifechildren with asthma. Additionally, the
influence of age-related changes to the immuneBystay also explain these differerfces
Within SARP, children with asthma had higher peeiath blood eosinophils, FeNO, and total
serum IgE, and a greater number of positive semeaific IgE tests than adults with asttima
Other research has indicated that these non-invasarkers of T2 inflammation identify

children with SA®. FeNO was a reasonable predictor of corticostemsistant T2-high asthma
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in adults, with both blood and sputum eosinophdgfigrming as the best predictdfsWhile
blood and sputum eosinophils correlated well wgthtam T2 gene expression, we found

similarly strong correlations with FeNO, IgE antegdy tests in our study

We should recognize several limitations, including relatively small sample size, lack
of a pediatric healthy control group for comparisand limitation of sputum induction to those
12 and older with preserved lung function, as théy not be reflective of all children with SA.
Additionally, subjects were allowed to continue |@ich may have influenced the expression
of these cytokines and response to SC. It is alssiple that the timing of repeated measures

was not appropriate for measurement of a corticosteesponse for airway inflammation.

In summary, while we did not find a difference putum T2 gene expression between
severe and non-severe adolescents with asthmaumd flifferences between adolescent
asthmatics and adult healthy controls as well asltaions of T2 gene expression and
biomarkers of T2 inflammation. These are imporfardings as there are limited data regarding
the molecular phenotypes of the pediatric asthnpauladion, particularly in those with severe
asthma. It is especially important in pediatric&dentify surrogate and less-invasive biomarkers
of T2-high asthma in order to appropriately tattoerapy and identify those patients that would
best benefit from addition of a biologic agent &ngg T2 inflammation. Further studies in a
larger cohort that includes younger children ama$éhwith more limited lung function are

warranted.
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Figure Legend

Figure 1. Pearson’s correlation of sputum T2 geeanrexpression with a) FeNO, b) peripheral
blood eosinophil %, c) sputum eosinophil % (logngf@rmed), d) total IgE (log transformed), e)
number of positive serum-specific IgE tests , §abte change in FEMfter maximal
bronchodilation, g) baseline FENfVC % predicted and h) maximum FEWVC % predicted

after bronchodilation.
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