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ABSTRACT

Background Respiratory syncytial virus (RSV) bronchiolitis
contributes to a large morbidity and mortality burden
globally. While emerging evidence suggests that airway
microRNA (miRNA) is involved in the pathobiology of RSV
infection, its role in the disease severity remains unclear.
Methods In this multicentre prospective study of infants
(aged<1 year) hospitalised for RSV bronchiolitis, we
sequenced the upper airway miRNA and messenger RNA
(mRNA) at hospitalisation. First, we identified differentially
expressed miRNAs (DEmiRNAs) associated with higher
bronchiolitis severity—defined by respiratory support (eg,
positive pressure ventilation, high-flow oxygen therapy)
use. We also examined the biological significance of
miRNAs through pathway analysis. Second, we identified
differentially expressed mRNAs (DEmRNASs) associated
with bronchiolitis severity. Last, we constructed miRNA—
mRNA coexpression networks and determined hub mRNAs
by weighted gene coexpression network analysis (WGCNA).
Results In 493 infants hospitalised with RSV bronchiolitis,
19 DEmiRNAs were associated with bronchiolitis severity
(eg, miR-27a-3p, miR-26b-5p; false discovery rate<0.10).
The pathway analysis using miRNA data identified 1291
bronchiolitis severity-related pathways—for example,
regulation of cell adhesion mediated by integrin. Second,
1298 DEmRNAs were associated with bronchiolitis severity.
Last, of these, 190 DEmRNAs were identified as targets

of DEmiRNAs and negatively correlated with DEmiRNAs.
By applying WGCNA to DEmRNASs, four disease modules
were significantly associated with bronchiolitis severity—
for example, microtubule anchoring, cell-substrate
junction. The hub genes for each of these modules were
also identified—for example, PCM1 for the microtubule
anchoring module, LIMST for the cell-substrate junction
module.

Conclusions In infants hospitalised for RSV bronchiolitis,
airway miRNA-mRNA coexpression network contributes to
the pathobiology of bronchiolitis severity.

BACKGROUND

Bronchiolitis is the most common viral
lower respiratory infection in infants.! Of
the respiratory viruses, respiratory syncytial

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Respiratory syncytial virus (RSV) bronchiolitis con-
tributes to a large morbidity and mortality burden
globally. Although airway microRNAs (miRNAs) are
implicated in the immune responses in RSV infection
based on case—control studies by applying microar-
ray or qPCR techniques, no study has investigated
airway miRNA signatures and miRNA-messenger
RNA (mRNA) interactions to delineate the epigen-
etic mechanisms in severity in infants with RSV
bronchiolitis.

WHAT THIS STUDY ADDS

= By applying a small RNA sequencing, the nasal air-
way miRNA signatures were associated with bron-
chiolitis severity and related to the distinct biological
pathways. Furthermore, the airway miRNA-mRNA
coexpression networks were associated with bron-
chiolitis severity.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Airway miRNA plays important roles in the pathobi-
ology or severity of RSV bronchiolitis.

virus (RSV) is the leading cause of bronchi-
olitis and contributes to a large morbidity and
mortality burden globally.?® Indeed, approx-
imately 5%-13% of infants hospitalised for
RSV bronchiolitis undergo mechanical venti-
lation.” While monoclonal antibody* and
maternal vaccine’ are effective in preventing
infants from medically attended RSV infec-
tion, the main therapies for infants with RSV
bronchiolitis remain limited to supportive
care.® Additionally, the pathobiology of bron-
chiolitis severity remains unclear. Our limited
understanding of the disease mechanisms has
hindered efforts to develop effective thera-
pies for this large patient population.
MicroRNAs (miRNAs) are small non-
coding RNAs that induce messenger RNA
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(mRNA) degradation and regulate protein translation
by directly binding to their targeted mRNAs. Emerging
evidence suggests that airway miRNAs are implicated in
the production of inflammatory mediators (eg, nuclear
factor-xB, interleukin (IL)-18, IL-6 and IL—8)7_9 and
immune cell responses (eg, T cell, macrophage)'’ " in
the airway infected by RSV. Yet, these earlier reports are
based on a case—control design by applying microarray
or qPCR techniques to characterise miRNAs.”? Despite
the clinical and research importance, no study has inves-
tigated airway miRNA signatures and miRNA-mRNA
interactions to delineate the epigenetic mechanisms in
severity in infants with RSV bronchiolitis.

To address this knowledge gap, by applying a small
RNA sequencing (RNA-seq), we investigated the airway
miRNA signature and miRNA-mRNA network for disease
severity in infants hospitalised for RSV bronchiolitis. A
better understanding of the role of the airway miRNA
would provide insights into the pathobiology of disease
severity and facilitate the discovery of a novel therapeutic
target for RSV bronchiolitis.

METHODS

Study design, setting and participants

We analysed data from a multicentre prospective cohort
study of infants hospitalised for bronchiolitis—35th
Multicentre Airway Research Collaboration (MARC-35)
study.'> MARC-35 is coordinated by the Emergency Medi-
cine Network (EMNet, www.emnet-usa.org), an inter-
national research collaboration with 247 participating
hospitals. The details of the study design, setting, partici-
pants, data collection and testing may be found in online
supplemental methods.

Briefly, MARC-35 investigators at 17 sites across 14
US states enrolled 1016 infants (age<l year) who were
hospitalised with an attending physician diagnosis of
bronchiolitis during 3 bronchiolitis seasons (1 November
through 30 April) from 2011 to 2014 (online supple-
mental table S1). The diagnosis of bronchiolitis was made
according to the American Academy of Paediatrics bron-
chiolitis guidelines, defined as an acute respiratory illness
with some combination of rhinitis, cough, tachypnoea,
wheezing, crackles or retraction.'”” We excluded infants
with pre-existing heart and lung disease, immunodefi-
ciency, immunosuppression or gestational age<32 weeks.
All patients were treated at the discretion of the treating
physicians. Patients or the public were not involved in
the design, or conduct, or reporting, or dissemination
plans of our research. Of 821 infants hospitalised for RSV
bronchiolitis who were enrolled in MARC-35, the current
analysis investigated 493 infants with RSV infection who
underwent nasal airway small RNA-seq.

Data collection

Clinical data (patients’ demographic characteristics,
medical history, environmental and family, and details of
the acute illness) were collected via structured interview

and chart reviews using a standardised protocol.'* All
data were reviewed at the EMNet Coordinating Centre at
Massachusetts General Hospital (Boston, Massachusetts,
USA). In addition to the clinical data, investigators also
collected nasal and nasopharyngeal airway specimens
within 24 hours of hospitalisation using a standardised
protocol.'” These specimens underwent (1) viral testing
of respiratory viruses (eg, RSV and rhinovirus) using real-
time PCR assays, (2) miRNA profiling using small RNA-
seq and (3) mRNA profiling using RNA-seq.

Nasal miRNA profiling

The details of RNA extraction, small RNA-seq, quality
control and miRNA profiling are described in our
previous studies' % and online supplemental methods.
Briefly, after total RNA extraction, DNase treatment and
rRNA reduction, we used 493 specimens with sufficient
RNA quantity and quality to perform small RNA-seq with
a NovaSeq6000 (Illumina, San Diego, California, USA)
using an S2 50bp PE Flowcell (Illumina). We estimated
miRNA detection and abundance using sMETASeq.
Fastq files underwent quality control in Cutadapt and
collapsed into unique reads. We mapped trimmed reads
against human miRNA sequences from miRBase V.22.
Last, we normalised the read count using R DESeq2
package under default settings.

Nasopharyngeal mRNA profiling

The details of RNA extraction, RNA-seq, quality control
and mRNA profiling are described in our previous
studies'” and online supplemental methods. Briefly, after
total RNA extraction, DNase treatment and rRNA reduc-
tion, we performed RNA-seq with Illumina NovaSeq6000
using an S4 100PE Flowcell (Illumina). All RNA-seq
samples had high sequence coverage after quality control.
We estimated the transcript abundances with Salmon
using the human genome hg38 and the mapping-based
mode.

Outcome measures

The clinical outcome of interest was the acute severity of
bronchiolitis, defined by the use of respiratory support,
defined as the use of highflow oxygen therapy with
admission to the intensive care unit, continuous positive
airway pressure ventilation or mechanical ventilation
during the hospitalisation.'®

Statistical analyses

The analytic workflow is summarised in figure 1. First,
to investigate the association of nasal miRNA with the
risk of respiratory support use, we performed miRNA
differential expression analysis using the negative bino-
mial generalised linear model from R DESeq2 package.
In the differential expression analysis, we adjusted for
potential confounders (age, sex and prematurity) that
were selected based on clinical plausibility and a priori
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A Study design and setting

0
Design: A multicenter prospective cohort
Sample: 493 infants hospitalized for RSV bronchiolitis
B miRNA analysis C mRNA analysis
B1 Nasal airway C1 Nasopharyngeal
small RNA-sequencing (RNA-seq) RNA-sequencing (RNA-seq)
2,652 miRNAs 20,303 mRNAs
Comm” ST
B2 DEmiRNAs for severity B3 Pathway analysis C2 DEmRNAs for severity

cececce

5-.{ -

19 DEmiRNAs 1,298 DEmRNAs

D miRNA-mRNA network analysis

D1 ldentifying the DEmRNAs targeted
by DEmiRNA

D2 Constructing the miRNA-mRNA
network based on negatively
correlated pairs

D3 WGCNA for mMRNAs
to detect hub mRNAs

Figure 1  Analytic workflow. (A) The analytic cohort consisted of 493 infants hospitalised for RSV bronchiolitis in a
multicentre prospective cohort study—35th Multicentre Airway Research Collaboration. Fastq files underwent quality control
and collapsed into unique reads. The trimmed reads were mapped against human miRNA sequences from miRBase V.22.
(B) A total of 2652 mature human miRNAs were detected in the nasal airway. In the miRNA analysis, the association of 2652
miRNAs with the risk of respiratory support use was investigated. A total of 19 DEmiRNAs were identified. The pathway
analysis using the miRNA data was performed. (C) In the mRNA analysis, the association of 20 303 mRNAs with the risk of
respiratory support use was investigated. A total of 1298 DEmRNAs were identified. (D) In the integrated miRNA and mRNA
analysis, the miRNA-mRNA coexpression network was constructed, and the hub mRNAs for the corresponding modules
were determined by WGCNA. The DEmRNAs targeted by DEmiRNAs were identified using miRNet V.2.0. Next, the miRNA-
mRNA coexpression network was constructed based on the negatively correlated pairs. DEmiRNA, differentially expressed
miRNA; DEmRNAs, differentially expressed mRNA; miRNAs, microRNA; mRNA, messenger RNA; RSV, respiratory syncytial
virus; WGCNA, weighted gene coexpression network analysis.
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knowledge." * We defined differentially expressed
miRNA (DEmiRNA) as those miRNAs with a false
discovery rate (FDR) of <0.10. We also performed gene
set enrichment analysis (GSEA) using the miRNA data
between infants with respiratory support use and those
without. We referred to the miRPathDB V.2.0 and Gene
ontology (GO) biological process database by using R
rbioapi package.

Second, to investigate the association of nasopharyn-
geal mRNA with the risk of respiratory support use, we
performed mRNA differential expression analysis using
the negative binomial generalised linear model. We used
the same set of potential confounders for differentially
expressed mRNA (DEmRNA) as miRNA analysis.

Third, we identified the DEmRNAs targeted by
DEmiRNAs using miRNet V.2.0. We then performed the
correlation analysis between DEmiRNAs and DEmRNAs
targeted by DEmiRNAs given that the main biological
function of miRNAs is to degrade the target mRNAs. We
constructed miRNA-mRNA networks based on nega-
tively correlated (Spearman correlation coefficient<
-0.10) miRNA-mRNA pairs. Next, we applied weighted
gene coexpression network analysis (WGCNA) by using
R wgena package to DEmRNAs that are targeted by
DEmiRNAs and negatively correlated with DEmiRNAs.
To identify biologically meaningful pathways within each
of the identified WGCNA modules, we performed func-
tional pathway analysis (overrepresentation analysis)
based on the GO biological process database using R
clusterProfiler package. Finally, we identified hub mRNAs
with module membership of >0.75 for the corresponding
modules. In the sensitivity analysis, we repeated miRNA
differential expression analysis in infants with solo-RSV
infection. We conducted the statistical analysis by using R
V.4.1.0 (R Foundation, Vienna, Austria). All p values were
two tailed, with p<0.05 considered statistically significant.
We accounted for multiple testing using the Benjamini-
Hochberg FDR method that allows for the interpreta-
tion of statistical significance in the context of multiple
hypothesis testing.

RESULTS

Patient characteristics

Of the 821 infants hospitalised for RSV bronchiolitis in
the MARC-35 cohort, the current investigation analysed
493 infants who underwent nasal airway small RNA-seq.
The analytic and non-analytic cohorts had no significant
differences in patient characteristics (p=0.05; online
supplemental table S2). Of infants in the analytic cohort,
the median age was 3 months (IQR 2-5 months), 41%
were girls, 48% were non-Hispanic white, 22% were non-
Hispanic black and 26% were Hispanic. Overall, 72% had
solo-RSV infection and 14% had RSV/RV coinfection;
12% underwent respiratory support during the hospital-
isation (table 1).

Table 1 Patient characteristics of infants hospitalised for
RSV bronchiolitis
Overall

Patient characteristics (n=493)
Demographics

Age (month), median (IQR) 3 (2-5)

Male sex 289 (59)
Race/ethnicity

Non-Hispanic white 236 (48)

Non-Hispanic black 108 (22)

Hispanic 129 (26)

Other or unknown 20 (4)

C-section delivery 173 (34)

Prematurity (32-36.9 weeks) 87 (18)

History of eczema 73 (15)

Corticosteroid use during lifetime 71 (14)

Mostly breastfed during 0-2.9 months 220 (48)

Cigarette smoke exposure at home 73 (15)

Maternal smoking during pregnancy 74 (15)
Clinical presentation

Weight (kg), median (IQR) 6.0 (4.7-7.6)

Respiratory rate (per min), median (IQR) 48 (40-60)
Oxygen saturation at presentation

<90% 42 (9)

90%-93% 78 (16)

>94% 361 (75)
Respiratory virus

RSV solo infection 353 (72)

Rhinovirus coinfection 69 (14)

Other coinfection pathogens* 82 (17)
Laboratory data

Any IgE sensitisationt 96 (22)
Clinical outcomes

Respiratory support usef 57 (12)

Length of hospital stay (days), median (IQR) 2 (1-3)

Data are n (%) of infants unless otherwise indicated. Percentages
may not equal 100 because of rounding and missingness.
*Adenovirus, bocavirus, Bordetella pertussis, enterovirus,

human coronavirus NL63, OC43, 229E or HKU1, human
metapneumovirus, influenza A or B virus, Mycoplasma
pneumoniae and parainfluenza virus 1-3.

TDefined by having one or more positive values for food or
aeroallergen-specific IgE at index hospitalisation.

FDefined as the use of high-flow oxygen therapy and admission
to the intensive care unit, continuous positive airway pressure
ventilation and/or mechanical ventilation during the hospitalisation.
IgE, immunoglobulin E; RSV, respiratory syncytial virus.

Nasal miRNA signature is related to RSV bronchiolitis severity
The miRNA profiling identified a total of 2652 mature
miRNAs. In the differential expression analysis, 19
DEmiRNAs—for example, miR-27a-3p (log, FC=-0.54),
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Figure 2 Association of nasal airway miRNAs with disease severity in infants hospitalised for RSV bronchiolitis. (A) The
volcano plot shows the association of nasal airway miRNAs with the risk of respiratory support use in infants hospitalised for
RSV bronchiolitis. The between-group differences in the expression level were tested by DESeqg2 with the negative binomial
generalised linear model adjusted for potential confounders, including age, sex and prematurity. The threshold of FDR is
<0.10. There were 19 DEmiRNAs. MiR-144-5p had a < -5 log2 fold change and miR-4533 had a >11 log2 fold change; these
DEmIiRNAs are not shown in the plot. (B) The line plot shows the mean Z score of the 19 DEmiRNAs in infants with respiratory
support use and those without. DEmiRNA, differentially expressed miRNA; FDR, false discovery rate; RSV, respiratory
syncytial virus.

miR-26b-5p (log, FC=—0.73)—were significantly associ- (online supplemental figure S2). In addition, the tran-
ated with the risk of respiratory support use (FDR<0.10). scriptomic analytic and non-transcriptomic analytic
Of these miRNAs, 4 DEmiRNAs were upregulated, and  cohorts did not differ in patient characteristics (p=0.05;
15 DEmiRNAs were downregulated in the respiratory  online supplemental table S4)

support use group (figure 2A,B). In the GSEA by using
the GO biological process gene set, 1291 pathways were
differentially expressed between infants with respiratory
support use and those without (FDR<0.10). In the top 15
upregulated pathways, for example, cell adhesion medi-
ated by integrin, RNA metabolic process and cellular
metabolic process pathways (FDR<0.01) were included
(figure 3). By contrast, in the top 15 downregulated path-
ways, apoptotic process-related pathways—for example,
apoptotic signalling pathway, negative regulation of cell
death (FDR<0.01)—were included; figure 3). In the
sensitivity analysis for infants with solo-RSV infection
(n=353), 21 DEmiRNAs were significantly associated with
the risk of respiratory support use (online supplemental
figure S1). Of these, 11 DEmiRNAs were consistent with
the DEmiRNAs of the main analysis for infants with RSV
infection—for example, miR-223-3 p.

miRNA-mRNA networks for RSV bronchiolitis severity

Of1298 DEmRNAs, 190 were targeted by the 19 DEmiRNAs
and negatively correlated with the DEmiRNAs. These
negatively correlated DEmiRNA-DEmMRNA pairs are
summarised in figure 4A. Of these DEmiRNA-DEmRNA
pairs, for example, miR-27a-3p was negatively correlated
with 125 DEmRNAs, and miR-26b-5p was negatively
correlated with 56 DEmRNAs. The WGCNA for mRNAs
identified six distinct modules. Each of the identified
modules was characterised by a distinct host biological
pathway (online supplemental table S3 and figure S3).
Of these modules, the eigenvalues of 4 modules—for
example, cell-substrate junction module, microtubule
anchoring module, RNA processing module—were
significantly different between infants with respiratory
support use and those without (FDR<0.10; figure 4B).
The distinct host biological pathways of these significant
Nasopharyngeal mRNA signature is related to RSV modules—for example, cell-substrate junction, microtu-
bronchiolitis severity bule anchoring, RNA processing—were consistent with
The mRNA profiling identified a total of 20 303 mRNAs. the results of the GSEA of miRNA data—for example, cell
In the differential expression analysis, 1298 DEmRNAs  adhesion mediated by integrin, apoptotic signalling, RNA
were significantly associated with the risk of respira-  metabolic process. WGCNA also identified hub mRNAs
tory support use (FDR<0.10). Of these DEmRNAs, 966 ~ for each module (figure 4A). Of these hub mRNAs, some
DEmRNAs were upregulated, and 332 DEmRNAs were ~ hub mRNAs were included in the gene set of the signifi-
downregulated in the respiratory support use group  cantly expressed pathways that characterise each module

Kyo M, et al. BMJ Open Respir Res 2024;11:€002288. doi:10.1136/bmjresp-2023-002288 5


https://dx.doi.org/10.1136/bmjresp-2023-002288
https://dx.doi.org/10.1136/bmjresp-2023-002288
https://dx.doi.org/10.1136/bmjresp-2023-002288
https://dx.doi.org/10.1136/bmjresp-2023-002288
https://dx.doi.org/10.1136/bmjresp-2023-002288

Open access

I

Up-regulated

transmembrane receptor protein serinethreonine kinase signaling pathway

GO term

GO term

negative regulation of intrinsic apoptotic signaling pathway

®
regulation of RNA metabolic process -]
regulation of gene expression epigenetic ®
protein metabolic process ®
positive regulation of gene expression @
miRNA ratio
organelle organization @ ® 004
g 9 @ o008
negative regulation of cell adhesion mediated by integrin e : 012
0.16
cellular response to organic substance )
FDR
; 0.007
cellular response to growth factor stimulus ® I
cellular nitrogen compound metabolic process ®
0.008
nucleobase-containing compound metabolic process @&
negative regulation of gene expression @
negative regulation of cellular metabolic process @
cellular metabolic process &
cellular macromolecule biosynthetic process @
21 22
-log1o FDR
Down-regulated
regulation of cellular component organization ]
protein localization to organelle [ J
protein localization to nucleus [}
positive regulation of metabolic process 2]
neuron death ]
mMIRNA ratio
intrinsic apoptotic signaling pathway o : gg‘;
response to corticosteroid : 0.12
0.16
regulation of neuron death
FDR
) S . " 0.007
protein localization to endoplasmic reticulum I
positive regulation of cellular metabolic process >
0.008
negative regulation of cell death
mRNA metabolic process
homeostatic process
apoptotic signaling pathway
21 2.2

-|0g10 FDR

Figure 3 Gene set enrichment analysis of nasal airway miRNA data with regard to the use of respiratory support in infants
hospitalised for RSV bronchiolitis. The miRNA pathway analysis in infants hospitalised forRSV bronchiolitis. We used the

log2 fold change in miRNAs between patients with respiratory support use and those without for the GSEA based on the GO
biological process database. We showed the top 15 upregulated and downregulated pathways with the most significant FDR,
with upregulated pathways on the top and downregulated pathways on the bottom. The colour of each dot represents the
FDR. The size of each dot represents the proportion of hit miRNA in the corresponding pathway. FDR, false discovery rate;
GO, gene ontology; GSEA, gene set enrichment analysis; miRNAs, microRNA; RSV, respiratory syncytial virus.
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Figure 4 Coexpressed miRNA-mRNA modules and networks with their relationship with the use of respiratory support

in infants hospitalised for RSV bronchiolitis. (A) The miRNA-mRNA coexpression networks underlying severity in infants
hospitalised for RSV bronchiolitis: The blue diamonds represent differentially expressed miRNAs that were significantly
associated with the risk of respiratory support use. The green circles represent hub mRNAs in the cell-substrate junction
module. The red circles represent hub mRNAs in the RNA processing module. The orange circles represent hub mRNAs in the
microtubule anchoring module. The cyan circles represent hub mRNAs in the epidermis development module. The figure does
not show the miRNAs that did not connect to the hub mRNAs and mRNAs that connected to those miRNAs. (B) Heatmap

of the median eigenvalues for the corresponding modules in each outcome group: The differentially expressed mRNAs that
were targeted and negatively correlated pairs by the differentially expressed miRNAs were used for WGCNA. The six modules
and their eigenvalues (the first principal component based on the principal component analysis) for the corresponding
modules were identified by WGCNA. We showed the four modules whose eigenvalues were significantly different between
the respiratory support use and the non-respiratory support use groups. A two-tailed t-test for eigenvalues of each module
between the respiratory support use and the non-respiratory support use groups was performed. The areas of circles and
colours represent the median value of the corresponding eigenvalue. *FDR<0.10. FDR is estimated by a two-tailed t-test
between the respiratory support use and the non-respiratory support use groups. FDR, false discovery rate; miRNAs,
microRNA; mRNA, messenger RNA; RSV, respiratory syncytial virus; WGCNA, weighted gene coexpression network analysis.

(online supplemental table S3). For example, PCM]I
in the microtubule anchoring module was included
in the microtubule anchoring pathway; LIMSI in the
cell-substrate junction module was included in the cell-
substrate adhesion and cell-substrate junction assembly
pathways; EFBNA1BP2 in the RNA processing module was
included in the rRNA processing and non-coding RNA
processing pathways. Finally, by mapping the hub mRNAs
on the miRNA-mRNA pairs, the miRNA-hub mRNA pairs
were identified—for example, miR-27a-3p/PCM]I in the
microtubule anchoring module, let-7g-5p/LIMSI in the
cell-substrate junction module, miR-26b-5p/FEBNA1BP2
in the RNA processing module (figure 4A).

DISCUSSION

Based on analysis of nasal miRNA data from a multicentre
prospective study of infants hospitalised for RSV bronchi-
olitis, we identified 19 DEmiRNAs (eg, miR-27a-3p, miR-
26b-5p) associated with the risk of respiratory support
use. We also demonstrated the networks of DEmiRNAs

with DEmRNAs (eg, miR-27a-3p/PCMI in the microtu-
bule anchoring module, let-7g-5p/LIMSI in the cell-
substrate junction module, miR-26b-5p/EBNAIBP2 in
the RNA processing module), and its interaction between
DEmiRNAs and DEmRNAs contributed to the severity of
RSV bronchiolitis. To the best of our knowledge, this is
the first investigation that has examined the relationship
of the airway miRNA signatures and the miRNA-mRNA
networks with disease severity in infants hospitalised for
RSV bronchiolitis.

Results in the context

In agreement with the current study, recent research
has suggested that miRNAs have an important role in
the pathobiology of RSV bronchiolitis. A previous single-
centre case—control study (n=42) using microarray for
nasal specimens has suggested that 12 miRNAs (eg,
miR-125b) are differentially expressed in infants with
respiratory tract infection by RSV.” Similarly, a previous
single-centre case—control study (n=104) using RT-PCR
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for nasopharyngeal and peripheral blood samples has
reported that miR-140-5 p levels are significantly lower in
patients with RSV bronchiolitis.” Additionally, a previous
single-centre case—control study (n=20) using RT-PCR for
peripheral blood samples has reported that miR-26b levels
are significantly higher and negatively correlated with
toll-like receptor 4 expression in infants hospitalised for
RSV bronchiolitis.*! The involvement of miRNAs extends
to the pathogenesis of RSV pneumonia. A previous single-
centre study (n=46)>* using RT-PCR for peripheral blood
samples with a focus on RSV pneumonia has suggested
that 11 miRNAs (eg, miR-125b-5p) are differentially
expressed between severe and mild groups, as classified
by the British Thoracic Society Guidelines.” However, no
overlap with the miRNAs identified in the current study
was observed, which may be attributed to differences in
the samples. The current study—based on the small RNA-
seq applied to a large multicentre cohort—builds on
these prior reports and extends them by demonstrating
the relationship of the airway miRNA-mRNA networks
with disease severity among infants hospitalised for RSV
bronchiolitis.

Potential mechanisms

The mechanisms underlying the associations of miRNA
signatures and miRNA-mRNA network (eg, miR-27a-
3p/PCMI in the microtubule anchoring module, let-7g-
5p/LIMSI in the cell-substrate junction module, miR-
26b-5p/EBNA1BP2 in the RNA processing module) with
disease severity remain to be elucidated. First, the micro-
tubule is an essential basement to maintain the structure
of airway ciliated cells, one of the main components of
the airway epithelial cells.** ® Experimental studies have
shown that the airway ciliated cells are the primary target
of RSV infection and decrease following RSV infection
in vitro.® #” In airway ciliated cells, PCM1 is involved in
the stability of microtubules and is also required for cilio-
genesis.” * The high expression of PCMI in the current
findings may reflect the damage to airway ciliated cells by
RSV infection. Recent research has also suggested that
miR-27a-3p plays an important role in airway epithelial
injury. For example, an experimental study has reported
that miR-27a-3p mitigates the apoptosis of alveolar epithe-
lial cells by suppressing reactive oxygen species activation
in vitro.* These prior studies support our findings that
provide new insight into the potential role of miR-27a-3p
in airway microtubule anchoring through PCM1I expres-
sion in RSV infection.

Second, the cell-substrate junction regulates the
integrity of the airway epithelial barrier.”’ Experimental
studies have reported that RSV infection influences tight
junction integrity in airway epithelial cells in vivo and in
vitro.™ #' LIMSI encodes LIM protein, which modulates
the integrin signalling.” Given the function of LIMSI
for cell junction integrity, the highly expressed LIMSI in
current findings suggest disruption of the airway epithe-
lial barrier in RSV infection. Additionally, a mice model

study has shown that the let-7 miRNA family modulates
airway inflammation by regulating IL-13 expression that
interacts with integrin adhesion complexes in vivo.” *
These prior reports support our findings that let-7g-5p is
implicated in the airway cell junction through the inter-
action with LIMS]I.

Third, RNA processing (eg, alternative splicing, alter-
native polyadenylation) is implicated in the innate
immune response in RSV infection.”® For example, a
previous experimental study has shown that alternative
splicing mRNA isoforms are involved in the cell cycle
checkpoint and interferon signalling pathway in airway
epithelial cells infected by RSV in vitro.” EBNAIBP2
and miR-26b-5p are potential molecules related to RNA
processing. For example, an experimental study has
shown that EBNA1BP2 directly binds to ¢-Myc* that acti-
vates RNA processing, such as splicing, polyadenylation
and mRNA capping in vitro.>” 38 Additionally, an exper-
imental study has reported that miR-26b-5p inhibits
wingless protein ba expression through the wingless
protein pathway that activates RNA processing (eg,
intron splicing, RNA metabolism) in vitro.”* These data
support our findings that the interaction between miR-
26b-5p with EBNA1BP2 was related to RNA processing,
and its interaction contributed to the pathobiology of
disease severity. Notwithstanding the complexity of these
potential mechanisms, our miRNA data should advance
research into the pathobiology of epigenetic regulation
of RSV bronchiolitis in conjunction with the role of DNA
methylation in bronchiolitis severity.41

Limitations

This study has several potential limitations. First, the
current study does not have a non-bronchiolitis cohort.
Furthermore, to the best of our knowledge, airway
miRNA data from uninfected infants to compare with are
not available. Yet, the study objective was not to evaluate
the role of the airway miRNAs in developing RSV bron-
chiolitis (yes vs no) but to investigate its relationship with
the disease severity among infants with RSV bronchiolitis.
Second, bronchiolitis involves inflammation of both the
upper and lower respiratory tracts. Although the current
study is based on the miRNA data from nasal specimens,
previous research has demonstrated that the data from
the upper airway specimens offer a reliable representa-
tion of inflammatory profiles in the lower airways.*
Third, the nasal samples were collected at a single time
point. Nonetheless, the findings of this study in the early
course of bronchiolitis are clinically and biologically rele-
vant. Fourth, the current study did not have mechanistic
experiments to validate the identified miRNA functions.
Finally, although the current cohort consisted of racially/
ethnically and geographically diverse infants, the infer-
ences may not be generalised beyond infants hospitalised
for RSV bronchiolitis. Regardless, our data are directly
relevant to tens of thousands of infants hospitalised for
RSV bronchiolitis each year.”
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CONCLUSION

Analysis of the nasal airway miRNA data from a multi-
centre prospective study of infants hospitalised for RSV
bronchiolitis revealed DEmiRNAs associated with bron-
chiolitis severity. The nasal airway miRNA signatures were
also related to the distinct biological pathways (eg, cell
adhesion mediated by integrin, RNA metabolic process).
Furthermore, the airway miRNA-mRNA coexpres-
sion networks, including distinct disease modules and
their hub genes, were also associated with bronchiolitis
severity. Our data suggest that miRNA plays important
roles in the pathobiology of severe RSV bronchiolitis. Our
observations advance research into the pathobiological
mechanisms of bronchiolitis and facilitate the develop-
ment of therapies for this clinical population with a large
morbidity burden.
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