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Identification of a plasma miRNA-signature as biomarker for allergic asthma: a translational approach 
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METHODS
Induction of allergic airway inflammation
Female 6 to 8 weeks old Balb/c mice were sensitised and challenged with ovalbumin (OVA) as previously described (1). In short, mice were sensitised with five intraperitoneal (i.p.) injections of 1 μg OVA (grade VI; Sigma Aldrich Chemie)/Alum (2.5 mg; Pierce Chemical Co, Rockfort, IL, USA) in phosphate buffered saline (PBS), or PBS alone for controls, on Days 0, 7, 14, 28, 42 and 56. Sensitisation to OVA was verified by high levels of OVA-specific plasma IgE and IgG1. On days 70 and 71 mice were challenged for 20 min with 1%-LPS-depleted OVA in PBS or with PBS alone delivered by Pari-Boy nebulizer (Pari GmbH, Starnberg, Germany). Moderate allergic airway inflammation was confirmed by goblet cell metaplasia in the lungs, elevated numbers of inflammatory cells and increased CCL17 titres in BALF (2).
For house dust mite (HDM) induced asthma, mice were challenged intranasally (i.n.), 3 times per week over 5 weeks with 20 µg whole body extract of Dermatophagoides pteronyssinus (Nr. 218234, GREER®, Lenoir, USA) in 30 µl sterile PBS, or PBS alone for controls as previously described (2). HDM-induced airway inflammation was confirmed by lung inflammatory cell infiltration, BAL cell counts, differential cell counts and airway hyperreactivity in response to metacholine.
Statistical analyses of murine experiments
For the miRNA plasma panels, expression levels and fold changes were determined by global mean normalization (GMN) as described by D’haene et al. (3) and Hellemans et al. (4). The arithmetic mean of replicate raw Ct values (mean Ct) was converted to relative quantities (RQ) using the formula RQ = 2-(mean Ct). Normalised relative quantities (NRQs) were then calculated by the quotient of RQ to the geometric mean of all valid RQ values from a given sample. The Kolmogorov-Smirnov test was used to determine whether data were normally distributed. Student’s t test was applied for Ct’ values, which were calculated by the formula Ct’ = log2(NRQ) (5). To account for multiple testing, the Benjamini-Hochberg critical value was calculated for each sample and compared to the p-value obtained by t-test. 
As GMN is not possible when looking at fewer miRs, normalization was achieved by calculating miR-ratios all analyses presented from Figure 2 onwards. miRNA ratios were calculated as pairwise differences between Ct values (ΔCt= Ct1-Ct2). Student’s t-test was used to identify miRNA ratios that were significantly regulated in both the OVA and the HDM model. 

Statistical analysis of the human studies
For normalisation, pairwise differences between Ct values were calculated to obtain miRNA ratios, using the same methodology as in the mice studies. In the training cohort the disease status (asthma vs control) was modelled with a regularised logistic regression using all miRNA ratios as covariates. Model selection was performed with a generalised linear model via penalised maximum likelihood with lasso regularisation (6). The optimal lambda value was calculated using leave-one-out cross validation. The model accuracy was tested on the test cohort and assessed via the area under the receiver operator characteristics curve (ROC AUC).
For the five ratios that were selected in the final model, correlation with clinical characteristics was analysed using the data from both cohorts combined (training + test cohort) to overcome limitations in numbers of patients per subgroup. Analyses of variables available in patients with asthma and controls, i.e. age, sex, smoking status, sensitisation and allergic rhinitis were performed using data from both groups; the other variables were tested among patients with asthma only. A complete list of categorical and interval scale variables tested is displayed in supplemental table S1. 
Categorical variables were tested for difference in the ratios using a one-way ANOVA. For interval scale variables, significance was determined using Pearson's product moment correlation coefficient. Only associations with a controlled false discovery rate of less than 10% are shown. All p-values were adjusted using the Benjamini Hochberg procedure. 
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Figure S1 Overview of workflow for miRNA profiling from plasma. Abbreviations: HDM = house dust mite, OVA = ovalbumin.
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Figure S2 Selection of a normalization strategy for miRNA analysis
The relative quantities (RQ) of all miRNAs are shown in the upper panel, the miRNA ratios in the lower panel. Each boxplot represents all miRNA expression data from one animal.

Figure S3
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Figure S3: Validated miR-ratios from independent samples of animal models (data underlying Table 2B). Ratios were significantly regulated (p<0.05 by t-test) between asthmatic and control in both models (HDM vs control and OVA/ OVA vs PBS/ OVA), p-values are depicted in B. Each dot represents the ratio of one animal. Assayed sample numbers were n(HDM)=12, n(PBS)=12, n(OVA/ OVA)=7, n(OVA/PBS)=6, n(PBS/ OVA =6) for all miR-ratios. Please note that the number of dots is lower for certain ratios as some miRs were expressed below the detection limit (Cp>35).
Figure S4
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Figure S4: Heatmaps of miRNA ratios in A training cohort B test cohort


SUPPLEMENTARY TABLES

Supplementary Table S1 Variables used for correlations with clinical data
	Categorical variables
	Interval scale variables

	Sex
Smoking status (current/ former / never)
Sensitisation (polyvalent, pollen, HDM, animal, moulds)
asthma control (controlled/ partially controlled/ uncontrolled)
asthma severity (mild/ moderate/ severe)
current asthma medications (inhaled corticosteroids (ICS)
ICS dosage (low/ medium/ high)
inhaled β2-agonist
 inhaled anticholinergic
 oral corticosteroid
 antileukotriene
 anti-IgE
allergic rhinitis
	age
blood leukocyte count
blood eosinophil count
 FeNO (ppm)
 asthma control score
 forced expiratory volume in 1 second (FEV1)
 % predicted  FEV1
forced vital capacity (FVC)






Supplementary Table S2 Correlation of miRNA ratios in plasma with categorical clinical data.
	Clinical data
	
	miRNA ratios in plasma (adjusted p-values)

	
	 
	miR-21-5p/ miR-15a-5p
	miR-27a-3p/ miR-15a-5p
	miR-29c-3p/ miR-15a-5p  
	miR-223-3p/ miR-425-5p
	miR-15a/ miR-342-3p

	
	
	
	
	
	

	Sex
	0.23
	0.55
	0.23
	0.05
	0.23

	Smoking status
	0.20
	0.48
	0.61
	0.61
	0.67

	Sensitisation
	Pollen 
	0.40
	0.40
	0.44
	0.18
	0.44

	
	HDM 
	0.35
	0.35
	0.35
	0.81
	0.50

	
	Animal dander
	0.39
	0.39
	0.39
	0.35
	0.39

	
	Moulds
	0.93
	0.93
	0.93
	0.93
	0.93

	
	Polyvalent
	0.52
	0.52
	0.36
	0.14
	0.39

	 Asthma control status
	0.25
	0.25
	0.25
	0.25
	0.25

	 Asthma severity
	0.13
	0.10
	0.10
	0.58
	0.20

	Current medication
	ICS
	0.93
	0.93
	0.39
	0.93
	0.72

	
	ICS dose
	0.76
	0.88
	0.76
	0.76
	0.76

	
	Inhaled beta2-agonist
	0.90
	0.90
	0.90
	0.90
	0.90

	
	Inhaled anticholinergic
	0.24
	0.38
	0.13
	0.99
	0.33

	
	Oral steroids
	0.01
	0.01
	0.01
	1.00
	0.01

	
	Omalizumab
	0.96
	0.83
	0.96
	0.62
	0.96

	
	Antileukotriene
	0.97
	0.10
	0.91
	0.05
	0.97

	Allergic rhinitis
	0.59
	0.59
	0.59
	0.59
	0.59


ICS inhaled corticosteroid.


Supplementary Table S3 Correlation of miRNA ratios in plasma with numerical clinical data.
	Clinical data
	miRNA ratios in plasma (adjusted p-values)

	
	miR-21-5p/ miR-15a-5p  
	miR-27a-3p/ miR-15a-5p  
	miR-29c-3p/ miR-15a-5p  
	miR-223-3p/ miR-425-5p
	miR-15a/ miR-342-3p

	
	
	
	
	
	

	Age
	0.83
	0.59
	0.59
	0.83
	0.83

	Asthma Control Test
	0.55
	0.55
	0.55
	0.55
	0.55

	FeNO
	0.48
	0.94
	0.94
	0.94
	0.94

	Laboratory Parameters
	IgE
	0.27
	0.50
	0.27
	0.50
	0.27

	
	Total Leukocytes 
	0.79
	0.79
	0.79
	0.79
	0.79

	
	Eosinophils (%)
	0.35
	0.35
	0.58
	0.58
	0.58

	
	Total Eosinophils 
	0.53
	0.53
	0.64
	0.53
	0.53

	Lung Function
	FVC
	0.71
	0.78
	0.71
	0.71
	0.78

	
	FVC % pred
	0.27
	0.27
	0.27
	0.42
	0.03

	
	FEV1
	0.95
	0.95
	0.95
	0.95
	0.95

	
	FEV1 % pred
	0.93
	0.43
	0.76
	0.76
	0.16

	
	FEV1/FVC
	0.55
	0.87
	0.87
	0.87
	0.87


FeNO Fractional exhaled nitric oxide; FVC Forced vital capacity; FEV1 Forced expiratory volume in 1 second.
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