Intensive Care Med (2020) 46:813-815
https://doi.org/10.1007/s00134-020-05953-3

LETTER

Alternative RNA splicing and alternative

®

Check for
updates

transcription start/end in acute respiratory

distress syndrome

Alger M. Fredericks', Li Juan Wang?, William G. Fairbrother®, Alfred Ayala' and Sean F. Monaghan'"

© 2020 Springer-Verlag GmbH Germany, part of Springer Nature

Dear Editor,

Critically ill patients develop acute respiratory distress
syndrome (ARDS) [1] and despite the study of genomics
of ARDS, there is little progress [2]. The drop in the cost
of sequencing has refocused genetic studies from DNA to
RNA sequencing and methods to analyze these data have
improved [3]. The objective of this investigation is to uti-
lize RNA sequencing data and analysis to identify novel
gene targets in ARDS.

Methods are described in the eSupplement. The human
cohort generated from the GTEx consortium consisted of
25 deceased patients with ARDS identified by the pres-
ence of diffuse alveolar damage (DAD, this limitation is
described in the supplement), and 74 deceased patients
evaluated to not have DAD. The mouse ARDS cohort
included C57BL/6 mice ages 10—-12 in a model previously
described and compared to controls [4, 5].

Alternatively spliced RNA arise from co/post-tran-
scriptional events facilitated by the spliceosome, introns
are removed to form the mature RNA from which pro-
tein isoforms are translated. Alternatively transcribed
genes are the product of changes in promoter usage, pol-
yadenylation signals, and RNA polymerase II interactions
with DNA which can lead to changes in isoform usage
similar to alternative splicing events. These are identified
from the analysis of RNA sequencing data (see supple-
ment). Significant differentially alternatively transcribed
genes and alternative spliced genes were identified (see
supplement) and were overlapped with genes previously
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reported as ARDS related (Fig. 1a). Of 89 reported ARDS
related genes [2], 38 were confirmed in at least one dif-
ferential category confirming that our use of humans
and mice with DAD/ARDS is appropriate and robust
(p=1.25e—14). Eleven previously reported genes were
present in all categories (Fig. 1a). These 11 genes were
evaluated for the change in alternative splicing and alter-
native transcription (Fig. 1b). GO term enrichment analy-
sis was performed on the 11 overlapping genes, revealing
20 significant biological processes including ontology
related to aging, and response to abiotic/environmental
stimuli (Fig. 1c). There are 1639 genes that show overlap
in alternative splicing and alternative transcription that
were not previously in the literature (Fig. 1a). These genes
were assessed for directionality alternative splicing and
alternative transcription and GO terms (eTables 1, 2 in
the supplement) should provide the foundation for future
work in ARDS.

Studying the underlying changes in RNA processing
(alternative splicing and alternative transcription start/
end) not only expands basic knowledge of pathogenic-
ity, but also provides additional targets for therapeutics.
The most enriched GO term from the alternative splicing
set (eFigure 1B), carboxy-terminal domain protein kinase
complex (GO:0032806) refers to phosphorylation of the
CTD of RNA polymerase II, which is vital in the regu-
lation of transcription and RNA processing. In addition
RNA polymerase complex binding (GO:0000993), and
transport of the SLBP Independent/Dependent mature
mRNA (R-HSA-159227; R-HSA-159230) are among the
most enriched (eFigure 1B). This suggests alternative pre-
mRNA splicing plays the dominate role in isoform usage
in genes where expressions levels do not change, whereas
alternative transcription may regulate isoform usage in
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Go term enrichment analysis for alternatively processed genes previously reported in ARDS studies
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Fig. 1 Overlap of differentially processed genes in ARDS correlates with the literature suggesting ARDS models are robust. a Consolidated list of
genes reported to be associated with ARDS over the past 50 years [2] were overlapped with the significant genes from the differential expression
and alternative processing analyses. Of the 89 genes reported the 11 genes were found to overlap in all three categories. b Directionality of the
change in expression of the 11 genes was then assessed. Arrows indicate whether each gene is enriched (up) or depleted (down) in each sample
(HL human lung, ML mouse lung, HB human blood, MB mouse blood) for each category (alternative splicing, alternative transcription). Two arrows
indicate multiple isoforms were found to be significant in different directions. € GO terms analysis was performed on the overlapping genes result-

genes that are more dynamically expressed during criti-
cal illness. Although it is possible the enrichment reflects
down regulation through inhibitory genes, these data
support the hypothesis that alternative splicing and alter-
native transcription may have separate roles in DAD/
ARDS by regulating different genes to perform distinc-
tive functions.

In this analysis of RNA sequencing data from deceased
patients with ARDS identified by the presence of DAD
and a clinically relevant mouse model of ARDS, novel
genes were identified. Future research is needed using on
the mechanism of alternative RNA splicing and alterna-
tive transcription start/end seen in ARDS.
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