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Abstract

Introduction: Respiratory syncytial virus (RSV) is a major cause of severe acute lower respiratory tract infections (ALRI), with incomplete
elucidation of its pathogenesis and intricate host-virus crosstalk constraining the development of effective therapies. The post-transcriptional
interplay among microRNAs (miRNAs), RNA-binding proteins (RBPs), and alternative splicing (AS) is a critical, yet underexplored host
response layer.

Methodology: We integrated and analyzed three public datasets (GSE231784, GSE231788, and GSE155151) of RSV-infected A549 cells,
screened differentially expressed miRNAs, identified conserved differentially expressed RBPs, used SUVA to detect AS events, and
constructed a miRNA-RBP-AS network to find core axis. This integrated bioinformatics approach enabled systematic dissection of multi-
layered post-transcriptional regulation during RSV infection.

Results: Our analysis revealed that RSV infection substantially alters host post-transcriptional regulation, with 86 conserved differentially
expressed RBPs and 94 conserved AS events identified. A potential miRNA-RBP-AS axis was uncovered via regulatory network construction.
Crucially, this axis suggests that the downregulation of let-7 family miRNAs (e.g., let-7f-2-3p, let-7a-3p) is strongly associated with the
upregulation of the RBP genes SAMD4A4 and ENOXI. The expression of these RBPs, in turn, correlates with the AS of host genes that are
implicated in viral replication and immunity, such as 7TNIPI and NR5A42.

Conclusions: These findings propose that RSV may exploit this post-transcriptional crosstalk to modulate host immunity and facilitate viral
replication. Through bioinformatics analysis, this study provides a novel, system-level map of RSV-host interactions and identifies the let-7-
SAMD4A/ENOXI-TNIP1/NR5A2 axis as a promising new target for future antiviral strategies, though this requires further experimental

validation.
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Introduction

Respiratory syncytial virus (RSV) remains a
leading global pathogen responsible for severe acute
lower respiratory tract infections (ALRI) [1], and its
pathogenesis involves dynamic interactions between
viral replication and host immune responses within
infected cells [2,3]. A thorough elucidation of the host's
response mechanisms to RSV infection is crucial for
interpreting its pathophysiology and identifying novel
targets for effective antiviral interventions.

RNA-binding proteins (RBPs) are core molecules
that regulate alternative splicing (AS). By binding to
specific sequences on precursor mRNA (pre-mRNA),
they determine the assembly of the spliceosome and the
selection of splice sites, thereby generating multiple
mRNA isoforms from a single gene and ultimately
expanding proteomic diversity [4]. Meanwhile, RBPs
are central to the host's post-transcriptional response to
RNA viruses [5]. Viruses often hijack RBPs to facilitate
their replication, while the host uses RBPs as antiviral

sensors and effectors [6]. Viral manipulation of RBP
activity induces widespread dysregulation of host cell
splicing [7,8], with profound implications for
pathogenesis—altered splicing of host transcripts
modulates antiviral immunity and cellular susceptibility
to infection [9]. For example, RSV infection regulates
the splicing of key immune factors like IKKy [10] and
relies on specific RBPs such as G3BP1 to promote viral
replication [11].

In addition to RBPs and AS, microRNAs (miRNAs)
form another key layer of post-transcriptional control in
host cells. miRNAs are small non-coding RNAs that
repress gene expression by targeting mRNAs [12].
Similar to RBPs, the cellular miRNA landscape is
significantly altered during RSV infection [13]. Some
of these RSV-induced miRNA changes help restrict
viral replication, while others are co-opted by RSV to
enhance its own propagation (e.g., the suppression of
miR-24) [14]. Despite growing evidence for the
individual roles of RBPs, AS, and miRNAs in the host
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response to RSV, the synergistic crosstalk and
coordinated regulation between these three post-
transcriptional pillars remain largely unstudied.

This study was designed to systematically dissect
the crosstalk among these post-transcriptional
regulatory layers. We aimed to construct a
comprehensive miRNA-RBP-AS regulatory network
active during RSV infection by performing an
integrative bioinformatic analysis of public miRNA-seq
and RNA-seq datasets. This systems-level approach
enables the identification of key molecular nodes and
pathways rewired by the virus, providing a new
framework for understanding RSV pathogenesis and
uncovering potential vulnerabilities for future antiviral
therapies.

Methodology
Data acquisition and pre-processing

Three public datasets from the Gene Expression
Omnibus (GEO) were selected based on their
experimental consistency to construct a robust and
comprehensive map of post-transcriptional regulation.
All chosen datasets utilized the human alveolar
adenocarcinoma cell line (A549), a standard and widely
used model for in vitro RSV research. Specifically, the
analysis included: (1) a miRNA-seq dataset
(GSE231784) from A549 cells infected with RSV strain
A2 for 48 hours; (2) a corresponding RNA-seq dataset
(GSE231788) from the same experimental conditions
(A549 cells, RSV-A2, 48 hours infection); (3) and a
time-course RNA-seq dataset (GSE155151) of A549
cells infected with RSV for 24 and 48 hours. This
combination of datasets, with its consistent cell line
model and overlapping time points, enabled a cross-
validated analysis to identify conserved host responses.
The raw FASTQ sequencing data were downloaded
from the Sequence Read Archive (SRA) and then
processed with fastp (version 0.23.4) [15] to remove
adapter sequences, low-quality reads, and other
technical artifacts under default settings.

Read alignment and quantification

In the case of RNA-seq data, clean reads were
aligned to the human reference genome (GRCh38)
using the STAR aligner (v2.7.10b) with modified

parameters: “--outFiltertMismatchNoverReadLmax
0.04 --outFilterMismatchNmax 999 --alignlntronMax
500000 --alignMatesGapMax 1000000 --
alignSJDBoverhangMin 8 --
outFilterMatchNminOverLread 0.33 -
outFilterScoreMinOverLread 0.33 -

outSAMstrandField intronMotif --twopassMode Basic
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--outSAMmultNmax 2 --alignSJoverhangMin § --
outFilterType BySJout --outSJfilterReads Unique --
alignEndsType EndToEnd”. Gene expression was
quantified using only uniquely mapped reads. Raw
integer counts were calculated for each gene and used
as the direct input for downstream differential
expression analysis. These raw counts were normalized
to reads per kilobase of exon per million mapped
fragments (FPKM) to adjust for variations in gene
length and sequencing depth for data visualization and
correlation analysis. In the case of miRNA-seq data,
reads were aligned to the human miRNA database
(miRBase v22) using bowtie (v1.3.1) to obtain miRNA
expression counts. The raw count matrices were used
for differential expression analysis. Additionally,
transcripts per million (TPM) values were calculated
for data visualization and network correlation analysis
to normalize for sequencing depth and transcript length.

Differential expression analysis

Differential expression analysis of genes between
RSV-infected and mock-infected samples was
performed using the DESeq2 R package (v1.46.0) [16].
Genes with a Benjamini-Hochberg adjusted p value
(FDR) < 0.05 and a fold change (FC) > 1.5 (for
upregulation) or < 0.66 (for downregulation) were
considered significantly differentially expressed. This
combined threshold was selected to ensure statistical
rigor while capturing biologically substantial
expression changes. A comprehensive list of 2,141
human RBPs, compiled from previous landmark studies
[17-20], was used to filter and identify differentially
expressed RBPs from the gene list. In the case of
miRNAs, differential expression analysis was
conducted using the edgeR R package (v4.4.1), which
identified a total of 176 significantly altered miRNAs.
Significance was determined based on an FDR
threshold of <0.05 and a fold change of > 1.5 or < 0.66,
indicating upregulation or downregulation,
respectively.

Alternative splicing analysis

AS events were identified and quantified from the
RNA-seq alignment files (BAM files) using the SUVA
pipeline [21]. This method defines four types of AS
events: alternative 3' splice site (alt3p)—two splice
junctions (SJs) share a common 5' splice site with
alternative 3' splice sites; alternative 5' splice site
(altSp)—two SJs share a common 3' splice site with
alternative 5' splice sites; overlapped (olp)—SJs have
no shared splice sites but partially overlapping splicing
regions; contained (contain}—one complete SJ is
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entirely nested within the genomic range of another
longer SJ.

The splicing ratio difference between sample
groups and the proportion of reads supporting a specific
splicing event relative to all reads covering that event
region (pSAR) were calculated for each event. To
identify robust splicing changes, regulated alternative
splicing (RAS) events were defined as those exhibiting
a dominant isoform switch (|splicing ratio difference| >
0.15), filtered by a pSAR threshold of > 50%.

Prediction of miRNA targets

miRNA target prediction was performed using the
multiMiR R package (v3.21), integrating results from a
total of 9 databases, including both predicted and
experimentally validated sources (miRecords [22],
miRTarBase [23] and TarBase [24]) and validation
(miRDB [25], DIANA-microT [26], miRanda [27],
PicTar [28], TargetScan [29], PITA [30], EIMMo [31],
and MicroCosm Targets [32]). miRNA-target gene
interactions supported by at least 3 of these databases
were considered high-confidence and retained for
downstream analyses.

Construction of the miRNA-RBP-AS regulatory
network

A co-expression analysis was performed to link the
expression of differentially expressed RBPs with the
splicing ratios of RAS events. The Spearman
correlation coefficient (r) was calculated for each RBP-
RAS pair across all samples. We performed a
sensitivity analysis by evaluating correlation thresholds
from 0.6 to 0.98 to balance network coverage with
interaction reliability. Only pairs with a Spearman's |r|
> 0.9 and a p value < 0.01 were retained to construct a
high-confidence regulatory network. Finally, the
predicted miRNA-RBP interactions were integrated
with the RBP-RAS network to form the final miRNA-
RBP-AS regulatory map.

Functional enrichment analysis

To identify functional categories of genes, we
employed the clusterProfiler package (v4.6.2) [33],
which enabled us to determine Gene Ontology (GO)
terms and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways, using all annotated human genes as
the background set. Significantly enriched terms were
identified based on a p adjust value < 0.05.

Other analysis
Principal component analysis (PCA) was conducted
using the factoextra R package [34] to visualize sample
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clustering. Heatmaps were generated using the
pheatmap R package [35] with Euclidean distance for
clustering.

Results
RSV infection profoundly remodels the host miRNA
landscape

We profiled miRNA expression in A549 cells at 48
hours post-RSV infection (hpi) (GSE231784) to
delineate RSV's impact on host post-transcriptional
regulation. PCA revealed a clear and distinct separation
between the RSV-infected and mock-infected control
groups, indicating a profound and consistent alteration
of the host miRNA landscape following infection
(Figure 1A). Differential expression analysis identified
176 significantly altered miRNAs (101 upregulated, 75
downregulated;  Figure @ 1B), with  notable
downregulation of conserved let-7 family members
(Figure 1C). In order to explore functional
consequences, we predicted target genes of
dysregulated miRNAs using an integrative approach
requiring validation from > 3 databases, identifying
9,479 high-confidence targets (Figure 1D). Functional
enrichment analysis revealed GO enrichment in small
GTPase-mediated signal transduction and Wnt
signaling, while KEGG analysis supported enrichment
in mitogen-activated protein kinase (MAPK), Wnt, and
TGF-B pathways (Figure 1E). Collectively, RSV
infection induces significant remodeling of the host
miRNA profile, predicted to impact key signaling
pathways—particularly Wnt signaling, critical for
cellular homeostasis and immune responses.

RSV infection triggers a dynamic reprogramming of
host RNA-binding proteins

We analyzed two RNA-seq datasets to investigate
whether RSV infection alters the expression of RNA
fate master regulators (RBPs). In the case of dataset
GSE231788, we compared RSV-infected A549 cells
with mock-infected controls at 24 hours, and identified
3,761 upregulated and 1,300 downregulated
differentially expressed genes (DEGs) (Supplementary
Figure 1A—B). In the case of GSE155151, comparisons
with uninfected controls detected 1,855 DEGs at 24 hpi,
4,185 DEGs at 48 hpi, and 1,252 DEGs between 48 hpi
and 24 hpi; we further selected DEGs common to the
three comparisons (24 hpi vs. control, 48 hpi vs.
control, 48 hpi vs. 24 hpi) with consistent expression
trends across 2 or 3 groups as time-responsive host
genes, identifying 4,485 such specific DEGs
(Supplementary Figure 1B—C). The intersection of
DEGs from GSE231788 and GSE155151 yielded 1,823
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conserved DEGs (Supplementary Figure 1C). The Gene while the down-regulated DEGs were mainly enriched

Ontology-Biological Process (GO-BP) enrichment in pathways such as nucleosome assembly and protein-
analysis showed that the up-regulated DEGs were DNA complex assembly (Supplementary Figure 1D).

mainly enriched in pathways such as response to virus, After integrating the two datasets, we identified 86
bacterial-derived molecules, and lipopolysaccharide; conserved, differentially expressed RBPs, comprising

Figure 1. Differential expression analysis of microRNAs (miRNAs) and target gene prediction.

A miRNAPCA B mockvs rsv C DE miRNA
30 T hsa-riR-146a-5p |
Groups ! Signif a Group
[]vock 01 S 100 B Uninicted
oc hsa-miR-203a-3,
20 1 a Down (75) = o RSV
RSV 1 NotSig (640) hsa-miR-10399-3p miRNA Fam
— 1D 1 2 hsa-miR-3614-5p* let-7
X ! % 40 hsa-miR-10399-5 th
& | = P other
- o hsa-miR-3614-3p
o 1 o .
= OF-@g\~"~~"~"~-~--- T T TV = « 1.5
N o hsa-miR-1296-5p hsa-miR-147b-5p 1
£ ! T . hsa 'miR-449a _hsa-miR-7705
l:—10 ! 20{ hsa-miR-149-5p 0.5
I - Asa-miR-654-3p 0
1 hsa-miR-744-3p #hsa-miR-12185 -0.5
20 1 hsa-miR-1249-8p-hsa-miR-582-3p -1
I hsa-miR-194-3g Sa-r 39-5p -15
1 0 2 o o il ©
[
_ _ -4 0 4 8
& 1 ) . 10 = log2 Fold Change
Dim1 (42.2%)
D
2e+05
2
7] | | hsa-let-7f-1-3p
é -
g 1e+05 hsa-let-7a-3p
<
hsa-let-7b-3p
0e+00 L N
1 miRecords
" PicTar o
= TargetScan
w MicroCosm °
- iRD| [
wm  miRTarBase .
— 'ngnda . . I
=2, - el |1 i) gl
— = L] hsa-let-7e-5
E—  TorBase e ! hsa |et-7f—2-gp
3e+05 2e+05 1e+05 0e+00
Set Size
E Enrichment GO BP Enrichment KEGG
axonogenesis (] Axon guidance )
small GTPase-mediated : :
signal transduct}on o MAPK signaling pathway ®
morphogenesis of ;
| %n g;%ithelium [ ] (:Oléglo Proteoglycans in cancer L) cimi?)‘o
regulation of neuron :
projegtion development [ ] : g(s)g Polycomb repressive complex . ® 150
Wnt signaling pathway (] Wnt signaling pathway ) o 2_00
regulation of nervous p-adjust S p-adjust
s)?stem development [ J :gggg_gg TGF-beta signaling pathway ° : ; g_}g
e gl . ®1.17e-24  Hippo signaling pathway ° ®3e-12
) ® 1.76e-24 Signalin pathways ® 4e-12
forebrain development @ 2.34e-24 regulating pluripotency ?f ° ® 5e-12
regulation of synapse E séem eals
organization * ndocytosis ®
synapse assembly{ e Cellular senescence{ @
25.0 275 30.0 325 12,5 15.0 17.5 20.0
ascore gscore

A. Principal component analysis (PCA) of miRNA expression levels; B. Volcano plot displaying differentially expressed miRNAs (identified using DESeq2;
FoldChange > 1.5 or FoldChange < 0.66, FDR < 0.05); C. Heatmap showing the Z-score normalized expression levels of differentially expressed miRNAs;
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of the predicted target genes of differentially expressed miRNAs.
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59 that were significantly upregulated and 27 that were
downregulated following RSV infection (Figure 2A—
B). GO enrichment analysis showed that upregulated
RBPs were significantly enriched in antiviral pathways,
including "defense response to virus," '"negative
regulation of viral replication," and "regulation of viral
life cycle"; while downregulated RBPs were enriched
in core cellular processes such as "mitochondrial
translation" and "spliceosomal snRNP assembly"—
suggesting a virus-induced suppression of core RNA
and protein synthesis machinery (Figure 2C). Notably,
the wupregulated RBP group included antiviral
interferon-stimulated genes (ISGs: IF116, IFIT1, IFITS,
1SG20), and time-course analysis (from GSE155151)
confirmed their progressive expression increase from
24 to 48 hpi, reflecting a dynamic, strengthened host
antiviral response and reprogramming of post-

J Infect Dev Ctries 2026; 20(7):962-973.

transcriptional machinery (Figure 2D).

RSV infection systematically rewires the host
alternative splicing program

Given the RSV-induced reprogramming of host
RBPs—key regulators of AS—we investigated whether
infection alters the host splicing landscape. PCA of AS
events showed distinct clustering of RSV-infected vs.
mock-infected cells, confirming profound changes in
the cellular splicing program (Figure 3A).
Characterization of AS events in GSE231788 (via
SUVA pipeline) identified thousands of events, with
alternative 5' splice site (altSp) and intron containment
(contain) as the most abundant types (Figure 3B);
canonical classification revealed cassette exons and
exon skipping as the most frequent changes (Figure

3C). This dataset alone contained 821 dominant

Figure 2. Differential expression and functional analysis of RNA-binding proteins (RBPs).
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Figure 3. Alternative splicing (AS) analysis in the GSE231788 dataset.
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differential AS events, reflecting RSV’s widespread
impact on host splicing (Figure 3D). In order to identify
conserved, reproducible splicing dysregulation, we
integrated the findings with GSE155151 (time-course
dataset) and uncovered 94 high-confidence RAS events
conserved across both systems (Figure 3E,
Supplementary Figure 2A—C), indicating targeted
rather than random rewiring of the host splicing
machinery by RSV. GO analysis of the 94 regulated
alternative splicing genes (RASGs) showed significant
enrichment in "regulation of RNA splicing,"

J Infect Dev Ctries 2026; 20(7):962-973.

"regulation of mRNA processing," and—critically—
"positive regulation of viral genome replication,"”
suggesting RSV manipulates host gene splicing to
support its life cycle (Figure 3F). The relevant genes
included TNIPI, NR5A2, ADAR, and SRPK2, with
splicing event distributions across sample groups
detailed in figures (Figure 3G, Supplementary Figure
2D, Supplementary Figure 3A-B). A case study of
TNIP1 (a key viral replication-associated gene)
revealed an infection-dependent splicing shift: RSV-
infected cells showed a dramatic increase in selection

Figure 4. Co-expression regulatory network analysis of miRNAs, RBPs, and AS events.
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let-7f-1-3p, let-7a-3p, and let-7b-3p that target the RBPs SAMD4A and ENOXI1.
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of the distal, shorter exon compared to mock controls
(Figure 3G), illustrating how RSV hijacks the host
splicing program to create a replication-favorable
cellular environment.

An integrative network reveals a potential miRNA-
RBP-splicing regulatory axis

Our preceding analyses showed RSV infection
concurrently alters host miRNA, RBP, and AS
landscapes. We constructed a multi-layered regulatory
network to integrate these findings. Co-expression
analysis of 87 conserved differentially expressed RBPs
and 94 RAS events identified 4 core RBP genes
(SAMD4A4, ENOXI, ZFP36, YBX2) strongly correlated
with 26 RAS events (Figure 4A). These core RBPs
exhibited distinct expression trends: SAMD4A4, ENOX]I,
and ZFP36 were progressively upregulated during
infection, while YBX2 was downregulated (Figure 4C),
and their targeted 26 RAS genes were enriched in
endocytosis and EGFR signaling pathways (Figure 4B).
Integrating miRNA data to identify upstream regulators
uncovered a regulatory cascade involving the let-7
miRNA family and RBPs SAMD4A/ENOXI (Figure
4A). RSV infection downregulated let-7 family
members (e.g., let-7a-3p, let-7b-3p, let-7f-1-3p, let-7f-
2-3p; Figure 4D), de-repressing their predicted targets
SAMD4A and ENOXI (concomitantly upregulated).
This upregulation correlated with splicing changes in
viral replication-related host genes (e.g., TNIPI,
NR5A2).

Taken together, our integrative analysis identifies a
putative post-transcriptional regulatory axis (Figure 5)
underlying RSV infection: downregulation of let-7
family miRNAs (e.g., let-7f-2-3p, let-7a-3p) correlates
with the upregulation of RBPs SAMD4A4 and ENOX1,
and these RBPs in turn show strong associations with
AS of key host genes (e.g., TNIP1, NR5A2) involved in
viral replication and immunity. This cascade may
collectively shape a cellular environment conducive to
the life cycle of RSV.

Discussion

This study integrated multi-omics data of RSV-
infected A549 cells from the GEO database and
employed bioinformatics methods to construct a
miRNA-RBP-AS regulatory network, which for the
first time  identified the  potential let-7-
SAMD4A/ENOXI1-TNIP1/NR5A?2 axis.

Analysis of miRNA-seq data reveals that RSV
infection dramatically remodels the host miRNA
expression profile, a finding consistent with previous
literature showing that RSV manipulates cellular
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miRNAs to facilitate immune evasion and replication
[36]. This includes the modulation of specific miRNAs
like the let-7 family, which directly impacts viral
replication, and can generate a unique miRNA
"fingerprint" that may reflect disease severity [37]. A
key insight from our study comes from the functional
analysis of these dysregulated miRNAs, whose
predicted target genes were significantly enriched in the
What signaling pathway. The Wnt signaling pathway is
fundamentally important for lung epithelial stem cell
function and differentiation. Notably, parallels can be
drawn to influenza virus, which downregulates the Wn¢
pathway, thereby impairing host lung repair [38].
Furthermore, influenza virus can manipulate the Wnt/f-
catenin signaling cascade to directly influence its own
mRNA levels and viral production [39]. Our findings,
therefore, strongly suggest that a similar mechanism
may exist during RSV infection, positioning the Wnt
pathway as a critical nexus where miRNA-mediated
dysregulation could simultaneously impact host
immune responses and viral replication efficiency.
Building on the miRNA-driven changes, analysis of
RNA-seq datasets further reinforces the central role of
host RBPs—master regulators of RNA fate—in RSV
pathogenesis, revealing a dynamic and robust
reprogramming of these factors following infection.
The cohort of upregulated RBPs was overwhelmingly
enriched in antiviral functions, including direct
responses to viral infection and negative regulation of
the viral life cycle. This potent antiviral signature was

Figure 5. Schematic representation of the proposed regulatory
network during RSV infection.
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exemplified by the strong, time-dependent induction of
several ISGs that function as RBPs. The established
functions of these specific ISGs in other viral contexts
highlight their potential potency against RSV [40].
IF116, for instance, can directly sense viral RNA to
amplify the RIG-I pathway during influenza infection
[41], while [FITI acts as a direct inhibitor by
recognizing the 5'-triphosphate ends of viral RNA [42].
Others, like IFIT5 and ISG20, contribute by either
enhancing interferon signaling or directly degrading
viral RNA of pathogens like hepatitis B virus (HBV)
[43-45]. However, despite their established roles as
broad-spectrum antiviral factors, their precise
mechanisms and contributions during RSV infection
remain to be elucidated—our study fills this knowledge
gap by delineating their potential involvement in the
regulation of host AS.

We constructed a miRNA-RBP-AS regulatory axis
to integrate these observations into a cohesive
framework, and propose it as a mechanistic hypothesis
for the key AS changes observed during RSV infection.
This axis centers on two core RBP genes—SAMD4A
and ENOXI—whose expression levels show strong
correlation with the AS of host factors like 7NIP/ and
NR5A2. This association is particularly compelling
given TNIPI’s clinical relevance: its genetic
polymorphisms are linked to the severity of RSV-
induced bronchiolitis in infants [46]. While TNIP1 is
known to inhibit other viruses (e.g., human
immunodeficiency virus, HIV) [47], the impact of its
specific splice isoforms has been unknown; our study
fills this gap by identifying a novel, longer TNIPI
isoform that was preferentially produced upon RSV
infection, providing a tangible molecular event for
future investigation. NR542 encodes a nuclear receptor
transcription factor that binds to the DNA sequence 5°-
TCAAGGCCA-3’ to regulate gene expression. Studies
have shown that NRS5SA2 can inhibit pancreatic
inflammatory responses by binding to the promoter
regions of inflammatory genes [48]. Given this anti-
inflammatory role, we hypothesize NR542 may also be
involved in tuning host immune responses during RSV
infection, with its AS changes potentially modifying
this regulatory function.

Further analysis strengthens the validity of this
miRNA-RBP-AS axis by linking the upregulation of
SAMD4A and ENOXI to the downregulation of their
predicted upstream regulators: members of the let-7
miRNA family. This inverse relationship supports a
classic de-repression mechanism. Studies have shown
let-7 family members inhibit viral replication through
dual mechanisms—directly targeting viral genomes
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(e.g., hepatitis C virus (HCV) NS5B) and activating
host innate immunity via the JAK/STAT and RIG-I
pathways [49,50]. The biological context for these
RBPs is also intriguing. SAMD4A, for instance, is a
known antiviral factor that can inhibit HBV replication
by directly binding its RNA [51], suggesting RSV may
induce a broad antiviral player that is then co-opted to
modulate splicing. The role of the other core RBP,
ENOXI, in viral pathogenesis is novel and warrants
further exploration. Together, these findings construct a
compelling narrative (Figure 5): RSV-induced
suppression of let-7 family miRNAs may de-repress
SAMD4A and ENOXI, which in turn modulate the
splicing of key host factors like TNIPI and the
inflammation-related gene NR5A42 [48], thereby fine-
tuning the cellular environment to balance viral
replication and host immunity.

While this study provides a comprehensive
computational framework, several limitations should be
acknowledged to contextualize the findings. First, the
proposed regulatory network is based on bioinformatic
analysis of correlations and predictions. Direct
experimental validation—such as luciferase assays to
confirm miRNA-target interactions and functional
studies to assess the impact of specific RBPs and splice
isoforms—is essential to definitively establish the
causal relationships and molecular mechanisms.
Second, our findings are derived exclusively from the
A549 cell line, and the rationale for this selection
requires clarification. A549 cells are derived from
human type II alveolar epithelial cells, sharing
consistency in origin with one of the primary target cells
of RSV infection—this ensures the cellular model
aligns with the physiological target of RSV in the lower
respiratory tract. Moreover, A549 cells have been
widely used in RSV infection mechanism research, with
their transcriptomic profiles and viral infection models
fully characterized in existing literature [52,53]. This
extensive prior validation not only guarantees the
reliability of our experimental background but also
enables direct comparability between our findings and
previous RSV-related studies, laying a solid foundation
for the initial discovery of post-transcriptional
regulatory networks. However, as a transformed
adenocarcinoma cell line, A549 cells lack the
phenotypic diversity of primary respiratory epithelial
cells and cannot recapitulate in vivo cellular crosstalk,
which may bias the identified miRNA-RBP-AS
interactions. Additionally, the absence of clinical
sample validation limits the translational relevance of
our findings. These limitations, however, also define
clear and compelling directions for follow-up studies
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aimed at validating and expanding upon the
foundational network established here.

To address these outlined limitations, we propose
targeted follow-up experiments to validate and extend
the miRNA-RBP-AS regulatory axis. First, luciferase
reporter assays will be performed in A549 cells to
confirm the predicted direct interactions between let-7
family miRNAs and the 3’-UTRs of SAMD4A4 and
ENOXI. Second, functional validation of RBPs will be
conducted in A549 cells via siRNA-mediated
knockdown or plasmid-based overexpression of
SAMD44 and ENOXI, followed by RNA-seq to
systematically quantify AS changes, and isoform-
specific qPCR to verify the altered splicing patterns of
TNIPI and NR5A2. Additionally, gPCR and Western
blot will be used to assess downstream inflammatory
and antiviral gene expression. Third, primary cell
validation will use human bronchial epithelial cells
(HBECs) and primary macrophages to recapitulate the
in vivo respiratory microenvironment, with RSV
infection to confirm whether the regulatory axis is
conserved beyond adenocarcinoma cell lines. Finally,
clinical sample correlation will involve analyzing the
expression levels of key miRNAs, RBPs, and splice
isoforms in nasal swabs or bronchoalveolar lavage fluid
from RSV-infected infants, correlating these molecular
signatures with clinical disease severity scores to
evaluate their potential as diagnostic or prognostic
biomarkers.

Conclusions

This work provides a comprehensive, systems-level
view of the post-transcriptional regulatory landscape
during RSV infection, derived primarily from
bioinformatic analyses. We have predicted a potential
regulatory cascade where RSV may hijack the host's
miRNA, RBP, and AS machinery to its own benefit—
with the identified let-7-SAMD4A/ENOX1-
TNIP1/NR5A2 axis emerging as a prime candidate for
future mechanistic investigation. While these findings
lay a foundational framework for understanding post-
transcriptional regulation in RSV infection, they remain
speculative and require rigorous in vitro and in vivo
validation to confirm causal relationships, functional
relevance, and potential translational value as a nexus
of novel targets for RSV antiviral therapeutic
intervention.
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Annex — Supplementary Items

Supplementary Figure 1. Differential gene expression analysis in the GSE231788 and GSE155151 datasets.
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A. Volcano plot depicting differentially expressed genes (DEGs) in the GSE231788 dataset (DESeq2; FoldChange > 1.5 or FoldChange < 0.66, FDR < 0.05);
B. Bar plot summarizing the number of DEGs identified across different group comparisons; C. Venn diagram illustrating the overlap of conserved DEGs
between the GSE231788 and GSE155151 datasets; D. GO enrichment analysis of the conserved DEGs.
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Supplementary Figure 2. AS analysis in the GSE155151 dataset.
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A. PCA based on the proportions of AS events in the GSE155151 dataset; B. Bar plot presenting the number of AS event types identified by SUVA in the
GSE155151 dataset; C. Bar plot illustrating the number of SUVA-detected splicing events annotated to canonical AS event types; D. Visualization of read
alignments and quantification of AS events clualt5p23611 in NRSA2.
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Supplementary Figure 3. AS analysis in the GSE155151 dataset.
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A-B. Visualization of read alignments and quantification of AS events clualt5p26361 in SRPK2, and clualt5p17165 in ADAR.
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