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Capsule Summary:

Our study demonstrated that it's feasible to obtain quality microRNAs from
nasal epithelium in ED setting. We found that miR-582-5p is overexpressed

in severe asthmatics suggesting future potential of this microRNA as a
clinical biomarker.



The Potential of microRNAs as Non-invasive Biomarkers in Acute
Pediatric Asthma

To the Editor:

Asthma affects nearly 6 million children in the United States. Approximately
50% of children with asthma experience an exacerbation annually, 16.7%
require an emergency department (ED) visit and nearly 4.7% are hospitalized
yearly, making asthma the third leading cause of pediatric inpatient
admissions.!

Asthma is a multifactorial disease often triggered by environmental factors in
genetically predisposed individuals. Since the ED is frequently the first, if not
the only, access to health care for many children with acute asthma, it provides
a unique, yet largely unexplored, clinical setting to investigate novel molecular
biomarkers for asthma severity and treatment response. MicroRNAs are a class
of short, highly stable endogenous non-coding RNAs involved in regulating
multiple cellular processes, either by preventing translation and/or inducing
transcript degradation.? Past research has primarily focused on identifying
changes in microRNA expression associated with airway inflammation in acute
asthma,® however, there is a paucity of pediatric data as these studies were
primarily in adults, set in subacute care settings and utilized invasive methods
of sample collection either via bronchoscopy or blood samples.

We sought to evaluate microRNA expression patterns in a pediatric ED
population with varying asthma severity by using tissue obtained via nasal
swabs. Nasal and bronchial cells have identical morphology and similar
responses to cytokines in vivo and in vitro;* therefore, nasal epithelia could
potentially constitute an accessible surrogate for studying lower airway
inflammation. The main objectives of our study were to demonstrate the
feasibility of obtaining adequate amounts of high quality microRNAs via nasal
swabs and to compare microRNA expression patterns in pediatric patients with
varying severity of asthma.

We conducted a prospective, observational study on children < 18 years of

age presenting to an inner city, freestanding pediatric ED. This study was
approved by the Institutional Review Board and patients were enrolled after
obtaining informed consent. We enrolled patients in one of the following four
cohorts: severe asthma exacerbation (SA); moderate asthma exacerbation
(MA); history of asthma with no exacerbation (NE) and patients with no history
of asthma or atopy (NC) (Table I). We defined acute asthma as

wheezing or respiratory distress in a patient with prior diagnosis of asthma or



reactive airway disease. Asthma severity was determined using the Pediatric
Asthma Severity Score (PASS), a standardized asthma assessment tool. We
excluded patients with history of heart disease, lung disease other than asthma,
and those who refused informed consent.

We enrolled a total of 50 participants and collected nasal swabs from each
patient. RNA was successfully extracted and tested for quality from 48
specimens (Supplementary Methods in Online Repository). MicroRNA
expression microarrays were performed for ~10 patient samples having the best
RNA quality in each group (N=39 total, Supplementary Methods and Table E1
in Online Repository). Initial statistical analysis revealed expression values of
some microRNAs were dependent on RNA quality. Therefore, for subsequent
statistical analysis we excluded 11 samples with an RNA quality score below 7
(Supplementary Methods). The remaining 28 microarrays included 8 samples
from each of the control (NC) and severe (SA) cohorts, and 6 samples from
both the moderate (MA) and no exacerbation (NE) cohorts.

Using stringent statistical analysis where the probability of a false positive
was restricted to 1%, comparison of severe and control groups revealed that
microRNA miR-582-5p is significantly induced in the severe cohort (~24-fold,
Figure 1). The expression level of miR- 582-5p in the moderate and no
exacerbation groups is intermediate to the control and severe groups (Figure
E1 in Online Repository). Interestingly, miR-582-5p has been found to be up-
regulated in sputum of subjects exposed to ozone, altering their respiratory
immune response.® We investigated if the increase of miR-582-5p expression
might be due to alterations in cell populations. Using a set of microRNAs
characteristic for lymphocytes, RBCs, immune cells, and epithelial cells, we
compared expression between the severe and control groups. No significant
differences were observed (Figure E2 and Supplementary Methods in Online
Repository).

Our study demonstrated that it is feasible to obtain adequate quantities of
high quality microRNAs using a non- invasive approach and conduct complex
genomic studies on pediatric asthma in the ED. While the use of blood and/or
bronchial epithelial cells has been a preferred method of obtaining “ideal” tissue
sample for biomarker studies in the past, this approach is not always practical,
especially in the pediatric population. Here, we show that nasal epithelium can
be used as a bronchial epithelium surrogate obtained via a substantially less
invasive method compared to endobronchial lavage.

There are several study limitations. First is the small cohort size. While prior
research revealed that significant differences in gene expression are detectable

in small sample sizes (N < 30)°, our findings warrant further validation.
However, our statistical analysis showed that significant changes in microRNA



expression could be detected with a low false positive rate in nasal epithelia,
even in a limited cohort. We found that high- quality RNAs are important to
obtain robust results. Further improvements in the collection protocol may
provide improved consistency in RNA quality. Second, the majority of enrolled
patients were African-American, reflecting the demographics of our ED
population. A multicenter study with a diverse population would be an optimal
setting to validate our results.

In conclusion, it is feasible to obtain high quality microRNAs from nasal
epithelium in pediatric patients presenting to the ED. In this proof-of-principle
study, we demonstrated that miR-582-5p is robustly overexpressed in nasal
epithelia of children with severe, acute asthma. Subsequent studies and
validation are warranted to further investigate the relationship between miR-
582-5p and asthma severity, and explore the potential of this microRNA as a
clinical biomarker and to help guide targeted therapies.

We thank the patients and their families for their kind cooperation. We also
thank Elizabeth Duffy for her research and editorial support.
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Figure Captions

Figure I. MicroRNA miR-582-5p is overexpressed in nasal epithelia of
pediatric patients with severe asthma. Data points representing normalized
expression of individual subjects are shown (N=8 for each group). Diamonds
indicate confidence intervals, with mean values and overlap marks shown as
horizontal bars. Statistical significance is indicated by vertical separation of the
overlap marks for the two groups.



Table I. Patient Demographics

General Total No History of Moderate Severe
(N=39) History  Asthma with Asthma Asthma
of no Exacerbation Exacerbation
Asthma Exacerbation (MA) (SA)
(NC) (NA) (N=10) (N=9)
(N=10) (N=10)
Sex
Male 23 7 5 8 3
Female 16 3 5 2 6
Age
<1 year 1 1 0 0 0
1-10 years 22 4 5 5 8
>10 years 16 5 5 5 1
Ethnicity
White 4 3 0 1 0
African- 35 7 10 9 9
American
Hispanic 0 0 0 0 0
Family History
Asthma 29 3 8 9 9
Eczema 23 3 6 7 7
Patient 19 0 6 6 7
History of

Eczema
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Supplemental Figure Legends

Supplementary Figure E1. MicroRNA miR-582-5p is in nasal epithelia is associated with asthma
severity in pediatric patients. Data points representing normalized expression of individual subjects are
shown (N=8 for each of No Hx and Severe, N=6 for Hx and Moderate). Diamonds indicate confidence
intervals, with mean values and overlap marks shown as horizontal bars. Statistical significance between
two groups is indicated by vertical separation of overlap marks.

Supplementary Figure E2. Cell types in collected epithelia are consistent in control and severe groups.
Expression of microRNAs characteristic for specific cells types was compared between No Hx controls
and severe subjects. Significant differences were not observed, suggesting consistency in cell type
populations in patient specimens.
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Suppl enent ary Met hods

Col | ection and processing of nasal epithelia

Patients were enrolled and samples were collected i
Emergency Department of Children’s Hospital of Mich
between June 2012 and June 2013. Nasal epithelia we
collected using the Rhino-Pro Curette. Samples were

at-80 ° C until they were analyzed for microRNA expression
Total RNA from nasal epithelia was isolated using t

in-One Purification Kit” per vendor’s protocol (Nor

Biotek Corp). The quantity, purity and quality of the RNA
were verified and an RNA integrity number (RIN) was

to each specimen. RINs range from 1 to 10, with 10

best quality. Samples with a RIN
from subsequent statistical analysis as this reflec
degradation.

m cr oRNA expressi on arrays

Expression of microRNAs was measured in each sample
microRNA expression arrays (Agilent G4872A-031181).
sample, 100ng of total RNA and Agilent microRNA spi
controls were processed and fluorescently labeled p
vendor’s protocol. Hybridization was performed per
vendor protocol and the slides were scanned with an
dual laser scanner. Tiff images were analyzed using
Agilent’s feature extraction software (11.0.1.1) to
fluorescent intensities for each spot on the arrays
Numerous quality control parameters were inspected.
were imported into GeneSpring (Agilent) for analysi
probe intensity values were quantile normalized wit
microarray.

Statistical analysis of mcroRNA expression data

Low intensity expression values are the least relia
therefore we first filtered out microRNA probes in

20 percentile of expression of the overall microarr
provided 1078 microRNAs and controls (of 1368) for
subsequent analysis.

A moderated t-test (GeneSpring) was applied to the
normalized expression data for the 1368 microRNAs a
to test for statistical significance between groups

type | (false positive) error rate was controlled u
Westfall-Young family-wise multiple test correction
corrected P-value of 0.01 was considered significan
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more false positives among the microRNAs identified
significant.

Cal cul ati on of fold change

Fold-change (FC) is often used in analysis of gene
expression data to provide a measure of the change
expression level of a gene when comparing two condi
The FC for a given gene is derived from the ratio (
expression level for the gene in the two conditions

B), where  R=A/B. Then FC = Rwhen R0, and FC =-1/(

when R<O0. A log transformation of the expression ratio (e
log ,R) is also a convenient representation since positiv
values represent an increase in expression and nega
values reflect a decrease. 2

Cell type analysis

Potential differences in cell type populations were
investigated by examining the expression values of
that are characteristic markers of specific cell ty
Expression in severe and control groups were compar
the following:
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Supplemental Table 2

microRNA | Cell type
miR-200b-3p epithelial

let-7f-5p platelets

miR-451a red blood cells
miR-148a-3p granulocytes
miR-150-5p lymphocytes
miR-212-3p dendritic and macrophages
miR-99b-5p dendritic and macrophages
miR-125a-3p mucosal mast cells




SampleID Group  RIN

1011
1020
1042
1007
1016
1021
1030
1010
1001
1015
1036
1031
1002
1027
1034
1005
1013
1008
1014
1040
1023
1004
1037
1041
1006
1022
1048
1017
1018
1026
1003
1044
1043
1033
1012
1029
1039
1038
1045

Severe 9.7
NoHx 9.1
Severe 9.1
NoHx 8.9
Moderate 8.7
Moderate 8.7
NoHx 8.7
Severe 8.7
Hx 8.6
Hx 85
Moderate 8.5
Severe 85
Severe 8

Hx 79
Moderate 7.9
NoHx 7.9
NoHx 7.9
Severe 7.9
Moderate 7.8
NoHx 7.8
Severe 7.8
Hx 7.7
Hx 7.7
Hx 7.7
NoHx 7.7
NoHx 7.7
Severe 7.7
Moderate 7

Severe 6.9
Hx 6.8
NoHx 6.8
Hx 6.7
Hx 6.5
Moderate 6.3
Moderate 6.2
Moderate 6.2
NoHx 6.2
Hx 5.9
Moderate 5.9



