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Acute H7N9 Infection Induces Coordinated Antiviral,
Inflammatory, and NETosis-Associated Transcriptional Programs
in Human Neutrophils

Vural Yilmaz'"

ABSTRACT

Background: Neutrophils are central mediators of innate immune responses during influenza
virus infection; however, the coordinated transcriptional programs associated with antiviral signal-
ing, inflammasome-associated pathways, and neutrophil effector responses during acute infection
remain incompletely characterized. Methods: In this study, we performed an in silico transcrip-
tomic re-analysis of publicly available RNA-sequencing data (GSE108807) to investigate innate im-
mune and inflammatory gene expression responses in human neutrophils during acute influenza
A (H7N9) infection relative to recovery-stage samples. Results: Differential expression analysis re-
vealed extensive transcriptional remodeling in infected neutrophils, with 3,134 genes exhibiting
significant differential expression (FDR < 0.05, |log,FC| > 1). Global transcriptional profiling demon-
strated prominent activation of antiviral and innate immune response programs, including signif-
icant upregulation of OAS1 and CXCL10, together with positive, non-significant expression trends
in several other interferon-stimulated genes (IFI6, IFIT1, IFIT3, ISG15, and MX1). Focused analysis of
inflammasome-associated signaling components revealed increased expression of CASP1, CASP4,
and PYCARD, whereas IL1B transcript levels were reduced and NLRP3 expression was not signifi-
cantly altered, suggesting selective modulation of inflammasome-associated transcriptional com-
ponents rather than uniform activation of canonical inflammasome genes. In parallel, differential
regulation of inflammatory mediators, including TNF, IL18, IL6R, and CXCL10, indicated broader
remodeling of inflammatory and antiviral signaling pathways during acute infection. Functional
pathway enrichment analysis identified significant enrichment of interferon signaling, innate im-
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mune activation, cytokine signaling, antiviral defense mechanisms, neutrophil degranulation, and
inflammasome-associated pathways. Furthermore, analysis of NETosis- and neutrophil effector—
associated genes demonstrated elevated expression of ELANE, MPO, CTSG, PADI4, LTF, and CAMP,
supporting the activation of neutrophil effector and NETosis-associated transcriptional programs
during acute H7N9 infection. Conclusions: Collectively, these findings demonstrate coordinated
antiviral, inflammatory, inflammasome-associated, and NETosis-related transcriptional remodeling
in human neutrophils during acute influenza A infection, providing further insight into neutrophil-
driven innate immune responses during severe viral disease.

Key words: Influenza A virus, Neutrophils, Transcriptomics, NETosis, Inflammasome-associated

signaling, Innate immunity

INTRODUCTION

Avian-origin influenza A(H7N9) virus emerged in
China in 2013 and was associated with severe
human disease, including high rates of pneumo-
nia, acute respiratory distress syndrome (ARDS),
and substantial mortality among hospitalized pa-
tients 2. Although the incidence of reported human
H7N9 cases has declined following major epidemic
waves, the virus remains a significant zoonotic
threat with pandemic potential3. Severe influenza
is increasingly recognized as a consequence not only
of viral replication but also of dysregulated host
immune responses, emphasizing the importance of
characterizing innate immune programs engaged

during acute infection and identifying pathways
that may contribute to immunopathology*.

Neutrophils are among the earliest leukocytes mo-
bilized in response to influenza virus infection and
play a dual role in host defense and tissue in-
jury. They contribute to antiviral immunity through
phagocytosis, production of reactive oxygen species
(ROS), degranulation, and formation of neutrophil
extracellular traps (NETs)%; however, excessive or
prolonged neutrophil activation has been linked to
lung damage and worsened clinical outcomes in se-
vere influenza®’. Emerging evidence suggests that
the timing and magnitude of neutrophil responses
are critical determinants of disease severity, with
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dysfunctional neutrophil activation amplifying in-
flammatory cascades during acute infection8. In
addition to classical effector functions, neutrophils
exhibit considerable transcriptional plasticity, shap-
ing cytokine networks and modulating interactions
with other immune cells, making them an informa-
tive population for transcriptomic interrogation of

9. Recent studies further

host inflammatory states
indicate that transcriptional programs associated
with NETosis, interferon signaling, and inflamma-
tory effector functions contribute substantially to
neutrophil-mediated immunopathology during se-
vere viral infection 10,

Inflammasomes are central regulators of innate im-
mune signaling and inflammatory cytokine mat-
uration, particularly through the activation of
interleukin-18 (IL-1B) and interleukin-18 (IL-18).
Among these, the NLRP3 inflammasome has been
extensively implicated in responses to influenza

A virus infection %12,

Viral infection can trigger
NLRP3 activation through multiple mechanisms, in-
cluding cellular stress, ion flux disturbances, and vi-
ral protein-mediated signaling, leading to caspase-1
activation and downstream inflammatory cytokine
processing '>.  Notably, inflammasome activation
and IL-1P release are largely regulated at post-
transcriptional and post-translational levels and do
not necessarily require increased IL1B gene tran-
While

inflammasome activation can support antiviral de-

scription in all innate immune cell types.

fense, excessive IL-1B signaling has also been linked
to heightened inflammation and tissue pathology in
influenza, highlighting its context-dependent role in
disease progression .

High-throughput transcriptomic analyses have
provided valuable insights into host immune
during  H7N9

many studies rely on mixed peripheral blood

responses infection;  however,
cell populations, limiting cell-type-specific inter-
pretation'>.  Neutrophil-focused transcriptomic
datasets offer a complementary perspective by
capturing cell-intrinsic innate immune and in-
flammatory programs during acute infection. In
this study, we performed an in silico re-analysis
of publicly available neutrophil transcriptomic
data from patients with acute H7N9 influenza
infection (GSE108807) to characterize antiviral-,
inflammasome-associated-,

inflammatory-, and

NETosis-related transcriptional responses. By in-
tegrating differential expression analysis, targeted
gene profiling, and pathway-level interpretation,
this work aims to provide a broader systems-level
characterization of

neutrophil transcriptional

remodeling during acute H7N9 infection and to
clarify the role of innate immune and neutrophil
effector programs in severe influenza-associated

inflammation.

MATERIALS AND METHODS

Data Source and Study Design

This study was conducted as an in silico tran-
scriptomic analysis using publicly available RNA-
sequencing data retrieved from the National Cen-
ter for Biotechnology Information (NCBI) Gene Ex-
pression Omnibus (GEO). The dataset GSE108807
was selected, which contains transcriptomic pro-
files of human neutrophils obtained during acute
influenza A virus (H7N9) infection and correspond-
ing recovery-stage samples. All analyses were per-
formed on de-identified, publicly available data, and

no additional ethical approval was required.

Differential Expression Dataset and Pre-
processing

Processed differential expression results provided
by the original GSE108807 study were downloaded
from GEO in tabular format. The dataset includes
gene-level log, fold change (log,FC) values, log
counts per million (logCPM), F-statistics, raw p-
values, and false discovery rate (FDR)-adjusted p-
values derived from the original RNA-seq analysis.
Gene identifiers were provided in Ensembl format.
Version suffixes were removed from Ensembl gene
IDs to ensure consistent annotation during down-
stream analyses. No raw sequencing reads were re-
processed in the present study; all analyses were
performed using the processed differential expres-
sion outputs provided by the original GSE108807
study.

Gene Annotation and Symbol Standard-
ization

Ensembl gene identifiers were mapped to approved
human gene symbols using the HGNC (HUGO
Gene Nomenclature Committee) reference annota-
tion. Mapping was performed by matching Ensembl
gene IDs to HGNC-approved symbols. When no
corresponding gene symbol was available, the orig-
inal Ensembl identifier was retained to avoid loss of
information. All gene-level visualizations and sum-
maries were reported using HGNC gene symbols

wherever available.
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Identification of Significantly Differen-
tially Expressed Genes

Differentially expressed genes were identified based
on the processed output using the following criteria:
false discovery rate (FDR) < 0.05 and absolute log,
fold change (|logaFCJ) = 1.
applied consistently across all downstream analyses

These thresholds were

and visualizations. The complete differential expres-
sion results are provided in Supplementary Table S1.

Visualization of Global Transcriptional
Changes

A volcano plot was generated to visualize genome-
wide transcriptional changes associated with acute
H7N9 infection.
to logaFC and -log1o(FDR). Vertical and horizon-

Genes were plotted according

tal threshold lines were included to indicate fold-
change and statistical significance cutoffs. This vi-
sualization was used to provide a global overview of
the magnitude and direction of transcriptional alter-
ations in neutrophils from patients with acute H7N9
infection (Figure 1).

Visualization of Dominant Transcriptional
Signatures

To highlight dominant transcriptional responses,
the top 40 differentially expressed genes were se-
lected based on FDR ranking. Selected genes were
visualized using ranked horizontal bar plots display-
ing logoFC values together with statistical signifi-
cance annotations (Figure 2). This approach was
used to provide a concise representation of the most
strongly altered transcripts associated with acute
H7N9 infection.

Targeted Analysis of Inflammasome-
Associated and Inflammatory Signaling

Genes

To assess inflammasome-associated transcriptional
alterations, targeted analyses were performed fo-
cusing on genes involved in inflammasome signaling
and inflammatory cytokine processing, including
IL1B, NLRP3, CASP1, CASP4, and PYCARD. Addi-
tional inflammatory and antiviral mediators, includ-
ing TNF, IL18, IL6R, and CXCL10, were included to
contextualize inflammasome-associated responses
within broader inflammatory signaling pathways
(Figure 3). Log,FC values for selected genes were vi-
sualized using bar plots, and statistical significance

was evaluated using FDR-adjusted values.

Analysis of NETosis- and Neutrophil

Effector-Associated Genes

To further characterize neutrophil-specific effec-
tor responses during acute H7N9 infection, a fo-
cused analysis of NETosis- and neutrophil effector—
associated genes was performed. The analyzed
gene panel included ELANE, MPO, PADI4, CTSG,
LTF, S100A8, S100A9, FCGR3B, CAMP, and CXCLS.
Gene expression changes were visualized using
bubble plots in which bubble size represented
-log10(FDR) values and color indicated the direc-
tion of transcriptional change (Figure 5). Targeted
gene panels were selected based on established bio-
logical relevance to inflammasome signaling, antivi-
ral responses, neutrophil activation, and NETosis-
associated pathways reported in prior literature.
The curated gene panels used throughout the study

are summarized in Supplementary Table S2.

Functional Pathway Enrichment Analysis

Functional interpretation of transcriptional alter-
ations was performed using pathway enrichment
analysis applied to significantly differentially ex-
pressed genes. Enrichment analyses incorporated
pathways and biological processes derived from Re-
actome, Gene Ontology (GO), and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) databases.
Pathways related to interferon signaling, innate im-
mune activation, cytokine signaling, antiviral de-
fense, neutrophil degranulation, inflammatory re-
sponses, chemokine signaling, and inflammasome-
associated processes were prioritized for down-
stream interpretation (Figure 4). Enrichment signif-
icance was evaluated using FDR-adjusted p-values,
and results were summarized using ranked bar plots.
Pathway enrichment analyses were intended to pro-
vide functional and biological context for the ob-
served transcriptional alterations and were inter-
preted as exploratory systems-level analyses rather
than direct evidence of pathway activation.

Software and Computational Environment

All data handling, statistical processing, and figure
generation were performed using Python (version =
3.9). Core analyses utilized the pandas and NumPy
libraries for data manipulation, while data visualiza-
tion was carried out using Matplotlib.

Reproducibility and Data Availability

All data used in this study are publicly available
from the NCBI Gene Expression Omnibus (GEO)

under accession number GSE108807. To ensure
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Figure 1: Global transcriptional changes in neutrophils from patients with acute H7N9 influenza infection.
Volcano plot illustrating differential gene expression profiles in neutrophils isolated from patients during acute
influenza A (H7N9) infection relative to recovery-stage samples. Each point represents an individual gene plotted
according to log; fold change (x-axis) and —log false discovery rate (FDR; y-axis). Vertical dashed lines indicate
the log; fold-change threshold (1), and the horizontal dashed line denotes the statistical significance cutoff (FDR
=0.05). Genes exceeding these thresholds were considered significantly differentially expressed. Significantly up-
regulated genes are shown in green, significantly downregulated genes are shown in orange, and non-significant
genes are shown in blue. A broad distribution of both upregulated and downregulated transcripts was observed,
indicating extensive transcriptional remodeling associated with acute H7N9 infection in human neutrophils.

transparency and reproducibility, all scripts used
for data processing, analysis, and figure generation,
together with the processed input data and final
figures, are provided in the Supplementary Repro-
ducibility Package accompanying this manuscript.
The analytical workflow relies on standard compu-
tational tools and can be reproduced using the same
dataset and parameters described in the Materials
and Methods section.

RESULTS

Global Transcriptional Changes in Neu-
trophils from Patients with Acute H7N9 In-
fection

To characterize transcriptional alterations associ-
ated with acute influenza A (H7N9) infection, dif-
ferential gene expression analysis was performed
using publicly available neutrophil RNA-sequencing
data from dataset GSE108807. The analysis com-
pared neutrophils obtained during the acute phase

of H7N9 infection with corresponding recovery-
stage samples. A total of 18,315 genes were included
in the analysis. Of these, 3,134 genes met the cri-
teria for significant differential expression (FDR <
0.05 and |logzFC| = 1), including 1,534 upregulated
genes and 1,600 downregulated genes, indicating ex-
tensive transcriptional remodeling associated with
acute H7N9 infection.
expression results are provided in Supplementary
Table S1.

The global distribution of differentially expressed

The complete differential

genes is illustrated in the volcano plot in Fig-
ure 1, which demonstrates broad transcriptional al-
terations involving both upregulated and downreg-
ulated genes. These findings indicate widespread
modulation of neutrophil gene expression programs
during acute H7N9 infection and are consistent with
the activation of innate immune-, interferon-, and

antiviral-associated transcriptional responses.
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Figure 2: Differential expression patterns of curated antiviral-, inflammasome-associated-, cytokine-, and
NETosis-related genes in neutrophils from patients with acute H7N9 influenza infection. Horizontal bar
plot illustrating log, fold-change values of selected biologically relevant genes identified from the differential
expression analysis comparing neutrophils isolated during the acute phase of influenza A (H7N9) infection with
corresponding recovery-stage samples. Green bars represent upregulated genes, orange bars represent down-
regulated genes, and gray bars indicate genes that did not meet the statistical significance threshold (false dis-
covery rate [FDR] = 0.05). Vertical dashed lines indicate the fold-change cutoff values (log, fold change = £1).
The curated gene panel includes interferon-stimulated and antiviral response genes (IFI6, IFIT1, IFIT3, ISG15, MX1,
OAS1, CXCL10), inflammasome-associated and inflammatory signaling genes (CASP1, PYCARD, IL1B, NLRP3, TNF),
and neutrophil effector and NETosis-associated genes (ELANE, CTSG, MPO, PADI4, LTF, ST00A8, S100A9). Promi-
nent statistically significant upregulation of ELANE, CTSG, MPO, PADI4, CXCL10, CASP1, and OAS1 was observed,
whereas IFI6, IFIT1, IFIT3, MX1, and ISG15 exhibited positive but non-significant expression trends. IL1B and TNF
expression levels were reduced during acute infection. Collectively, these findings demonstrate coordinated tran-
scriptional remodeling involving antiviral defense pathways, inflammasome-associated signaling components,
and neutrophil effector programs during acute H7N9 influenza infection.

Identification of

Antiviral-, inflammasome-associated transcriptional com-
Inflammasome-Associated-, and NETosis- ponents during acute H7N9 infection rather
Related Transcriptional Signatures than uniform upregulation of all canonical

inflammasome-related genes.

In addition, OAS1and CXCL10 demonstrated signif-
icant upregulation, whereas IF16, IFIT1, IFIT3, MX1,
and ISG15 exhibited positive, non-significant ex-

To further characterize relevant

transcriptional alterations associated with acute

biologically

H7N9 infection, a curated panel of antiviral-
inflammasome-associated-, cytokine-, and NETosis-

related genes was examined (Figure 2). This targeted pression trends, consistent with the activation of an-

analysis revealed prominent upregulation of sev-
eral neutrophil effector and antiviral response
genes, including ELANE, CTSG, MPO, PADI4,
CXCL10, OAS1, and CASP1, indicating coordinated
activation of antiviral defense programs and
neutrophil-associated effector pathways during
acute infection.

Among inflammasome-associated genes, CASP1
and PYCARD displayed

whereas IL1B expression was reduced and NLRP3

increased expression,

expression remained comparatively modest.

These findings suggest selective modulation of

tiviral innate immune responses. The pronounced
upregulation of ELANE, MPO, CTSG, and PADI4
further indicates transcriptional enrichment of neu-
trophil effector and NETosis-associated programs
during acute infection. Collectively, these results
demonstrate coordinated transcriptional remodel-
ing involving antiviral signaling, inflammasome-
associated pathways, and neutrophil effector re-
sponses in neutrophils from patients with acute
H7N9 influenza infection. The curated gene panels
used for focused transcriptional analyses are sum-
marized in Supplementary Table S2.
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Figure 3: Regulation of IL-1B and inflammasome-associated gene expression in human neutrophils from
patients with acute H7N9 infection. Bar plot illustrating log, fold-change values of selected inflammasome-
associated and inflammatory signaling genes (CASP1, PYCARD, CASP4, NLRP3, IL1B, TNF, IL18, IL6R, and CXCL10)
in human neutrophils during acute H7N9 infection relative to recovery-stage samples. Green bars indicate sig-
nificantly upregulated genes, orange bars indicate significantly downregulated genes, and gray bars represent
genes that did not meet the statistical significance threshold (FDR > 0.05). Horizontal dashed lines indicate the
fold-change cutoff values (log; fold change = £1). Non-significant genes are labeled as “ns.” While IL1B transcript
levels were reduced and NLRP3 expression was not significantly altered, CASP1, CASP4, and PYCARD displayed
increased expression, consistent with selective modulation of inflammasome-associated transcriptional compo-
nents rather than uniform induction of canonical inflammasome-associated genes. In addition, increased expres-
sion of IL18, IL6R, and CXCL10 indicates broader remodeling of inflammatory and antiviral signaling pathways
during acute H7N9 infection.
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Figure 4: Enrichment of innate immune, antiviral, and inflammasome-associated pathways in human neu-
trophils from patients with acute H7N9 infection. Functional pathway enrichment analysis of significantly dif-
ferentially expressed genes identified in human neutrophils during acute H7N9 infection. Bars represent enriched
biological pathways and signaling programs obtained from Reactome, Gene Ontology (GO), and KEGG pathway
databases, ranked according to —logy false discovery rate (FDR). The enriched pathways include interferon sig-
naling, innate immune system activation, response to virus, defense response to virus, neutrophil degranulation,
cytokine signaling, antiviral mechanisms mediated by interferon-stimulated genes, chemokine signaling, inflam-
matory response pathways, and regulation of inflammasome-associated signaling. The vertical dashed line in-
dicates the statistical significance threshold (FDR = 0.05). Collectively, these findings provide functional context
for the observed transcriptional alterations and demonstrate coordinated activation of antiviral, inflammatory,
interferon-associated, and neutrophil effector transcriptional programs during acute H7N9 influenza infection.

Regulation of IL-1f and Inflammasome-
Associated Transcriptional Programs in
Neutrophils

Given the established role of inflammasome sig-
naling in antiviral immunity, the expression of
selected inflammasome-associated and inflamma-
tory signaling genes was next examined (Figure 3).
Transcripts encoding CASP1, CASP4, and PYCARD,
which are involved in inflammasome-associated sig-
naling and inflammatory caspase activation, dis-
played increased expression in neutrophils during
acute H7N9 infection. In contrast, IL1B transcript
levels were reduced, whereas NLRP3 expression
was not significantly altered, indicating that acute
infection is associated with selective modulation

of inflammasome-associated transcriptional com-
ponents rather than uniform transcriptional induc-
tion of canonical inflammasome-associated genes.

In addition, differential regulation of inflammatory
and antiviral mediators, including TNF, IL18, IL6R,
and CXCL10, was observed, highlighting broader re-
modeling of inflammatory and antiviral signaling
pathways during acute infection. Notably, CXCL10
exhibited the strongest upregulation among the
analyzed genes, consistent with the activation of
interferon-associated antiviral responses. Collec-
tively, these findings support the presence of coordi-
nated inflammasome-associated and inflammatory
transcriptional remodeling in human neutrophils
during acute H7N9 infection, driven primarily by al-

8787



Biomedical Research and Therapy 2026, 13(7):8781-8793

Interferon Signaling (Reactome)

Innate Immune System (Reactome)

Response to Virus (GO:0009615)

Defense Response to Virus (GO:0051607)

Neutrophil Degranulation (Reactome)

Cytokine Signaling in Immune System (Reactome)

Enriched pathway

Antiviral Mechanisms by IFN-Stimulated Genes (Reactome)

Chemokine Signaling Pathway (KEGG)

Inflammatory Response (GO:0006954)

Pathway enrichment analysis of
differentially expressed genes
Threshold: FDR < 0.05

Regulation of Inflammasome Complex (GO:0061706)

T T T

0 2 4 6 8
-log19(FDR)

Figure 5: Differential expression of NETosis- and neutrophil effector-associated genes in human neu-
trophils during acute H7N9 infection. Bubble plot illustrating transcriptional alterations of selected NETosis-
and neutrophil effector-associated genes in neutrophils isolated from patients with acute influenza A (H7N9)
infection relative to recovery-stage samples. The x-axis represents log, fold-change values, while bubble size
corresponds to statistical significance expressed as —logs¢ false discovery rate (FDR). Red bubbles indicate up-
regulated genes and blue bubbles indicate downregulated genes. Vertical dashed lines denote the fold-change
cutoff values (log; fold change = +1). The analyzed gene panel includes neutrophil granule and degranulation-
associated genes (ELANE, MPO, CTSG, LTF), NETosis-associated genes (PADI4), calcium-binding inflammatory me-
diators (S100A8, S100A9), neutrophil surface receptor and antimicrobial effector genes (FCGR3B, CAMP), and the
neutrophil-associated chemokine CXCL8. Prominent upregulation of ELANE, MPO, CTSG, LTF, CAMP, and PADI4
was observed, consistent with activation of neutrophil effector and NETosis-associated transcriptional programs
during acute H7N9 infection. In contrast, CXCL8 expression was reduced relative to recovery-stage samples.
Collectively, these findings support substantial transcriptional remodeling of neutrophil effector functions and
NETosis-associated pathways during acute influenza A infection.

tered expression of signaling and processing compo-  sponse pathways, and regulation of inflammasome-

nents rather than increased /L 1B transcription. associated signaling.

and antiviral-
associated pathways is with the
significant upregulation of OAS1 and CXCL10,

together with positive, non-significant expression

The enrichment of interferon-

Functional
lights Antiviral,
Innate Immune, and Neutrophil Effector

Enrichment Analysis High-
Interferon-Associated,

consistent

Pathways

trends observed for several additional interferon-
stimulated genes, including IFl6, IFIT1, IFIT3, ISG15,

and MXT1. In parallel, enrichment of neutrophil de-

To place the observed transcriptional alterations
into a broader functional context, pathway enrich-
ment analysis was performed using significantly dif-

lati d infl t ignali th
ferentially expressed genes (Figure 4). This analy- granuiation and intlammatory signa‘ing pathways

sis revealed enrichment of pathways associated with
interferon signaling, innate immune system activa-
tion, response to virus, defense response to virus,
cytokine signaling, chemokine signaling, antivi-
ral mechanisms mediated by interferon-stimulated
genes, neutrophil degranulation, inflammatory re-

supports the activation of neutrophil effector pro-
grams during acute infection. Although regulation
of inflammasome-associated signaling pathways
was observed, the enrichment profile suggests
inflammasome-related

selective modulation of

transcriptional components rather than uniform
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activation of canonical inflammasome-associated
genes.

Collectively, these findings demonstrate coor-
dinated activation of antiviral, inflammatory,

interferon-associated, and neutrophil effector
transcriptional programs in human neutrophils
during acute H7N9 influenza infection and provide
functional context for the gene-level transcriptional

alterations identified in this study.

NETosis-
Associated

Effector-
Programs

and Neutrophil
Transcriptional

Are Prominently Altered

To further investigate neutrophil-specific effector
responses during acute H7N9 infection, the expres-
sion patterns of selected NETosis- and neutrophil
effector-associated genes were examined (Figure 5).
Several genes associated with neutrophil granule ac-
tivity, antimicrobial responses, and NETosis demon-
strated marked transcriptional upregulation during
acute infection.

Among the most strongly upregulated genes were
ELANE, MPO, CTSG, and LTF, all of which encode
key neutrophil granule proteins involved in antimi-
crobial defense and neutrophil effector function. In
addition, PADI4, a central mediator of chromatin
decondensation during NETosis, displayed elevated
expression, supporting the activation of NETosis-
associated transcriptional programs during acute in-
fection. Increased expression of CAMP further in-
dicated enhanced antimicrobial effector activity in
neutrophils from patients with acute H7N9 infec-
tion.

The calcium-binding inflammatory mediators
S100A8 and S100A9 also exhibited increased expres-
sion, consistent with the activation of inflammatory
neutrophil-associated signaling pathways. In
contrast, CXCL8 expression was reduced relative
to recovery-stage samples, indicating selective
regulation of neutrophil-associated chemokine
responses during acute infection.

Collectively, these findings demonstrate substan-
tial transcriptional remodeling of neutrophil effec-
tor and NETosis-associated pathways during acute
H7N9 influenza infection and support the pres-
ence of coordinated innate immune and neutrophil-
specific inflammatory responses in patients with
acute H7N9 infection.

DISCUSSION

In this in silico re-analysis of human neutrophil tran-
scriptomes during acute influenza A(H7N9) infec-

tion (GSE108807), we observed extensive infection-
associated transcriptional remodeling, with thou-
sands of genes meeting stringent differential expres-
sion criteria. Global differential expression profiling,
targeted gene analyses, and pathway-level enrich-
ment collectively demonstrated coordinated activa-
tion of antiviral, interferon-associated, inflamma-
tory, inflammasome-associated, and neutrophil ef-
fector transcriptional programs during acute infec-
tion. These findings reinforce the concept that circu-
lating neutrophils are not only rapid innate immune
effector cells but also transcriptionally dynamic par-
ticipants in systemic antiviral inflammation.

A central observation of this study was the
inflammasome-associated transcriptional pattern
characterized by increased expression of CASP1,
CASP4, and PYCARD, alongside broader inflam-
matory remodeling, whereas /L1B transcript levels
were reduced and NLRP3 expression was not signif-
icantly altered. This pattern is biologically plausible
and highlights an important nuance in inflamma-
some biology: inflammasome activation and IL-1p
release are frequently governed predominantly by
post-transcriptional and post-translational mech-
anisms, including inflammasome assembly, cas-
pase activation, and cytokine processing, rather
than requiring uniform transcriptional induction of
IL1B across all cell states and inflammatory con-

texts 16718,

Accordingly, increased expression of
adaptor and processing components may reflect en-
hanced inflammasome-associated signaling capac-
ity during acute infection even in the absence of ele-
vated /L1B transcription. In neutrophils specifically,
prior studies have demonstrated functional inflam-
masome activity and IL-1f processing despite vari-
able transcriptional responses, supporting the con-
cept that transcriptomic and functional inflamma-
some readouts may diverge depending on priming
signals, timing, and activation state °.

One of the dominant features of the transcriptional
landscape observed in this study was the strong en-
richment of interferon-associated and antiviral sig-
naling pathways. Among the interferon-stimulated
genes examined, OAS1 demonstrated significant up-
regulation, whereas IFl6, IFIT1, IFIT3, ISG15, and
MX1 exhibited positive, non-significant expression
trends, consistent with the activation of antiviral in-
nate immune programs during acute H7N9 infec-
tion. In parallel, the marked induction of CXCL10
aligns with prior reports identifying this chemokine
as a prominent mediator of interferon-driven in-
flammatory amplification during severe respiratory
viral infection2%2'. CXCL10 plays an important role
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in leukocyte recruitment and inflammatory signal-
ing and has repeatedly been associated with severe
influenza-associated immunopathology. Together
with enrichment of cytokine signaling, chemokine
signaling, and innate immune response pathways,
these findings support the presence of a highly ac-
tivated antiviral inflammatory state in circulating
neutrophils during acute infection.

The present study also identified substantial tran-
scriptional alterations in NETosis- and neutrophil
effector-associated genes. Increased expression of
ELANE, MPO, CTSG, PADI4, LTF, CAMP, S100AS8,
and S100A9 supports the activation of neutrophil
granule programs, antimicrobial effector responses,
and NETosis-associated transcriptional signatures
during acute H7N9 infection. These findings are
particularly relevant given increasing recognition
that dysregulated NET formation can contribute not
only to antimicrobial defense but also to tissue in-
jury, thromboinflammation, and amplification of
inflammatory pathology during severe viral infec-
tion>10:2223 Although the present study did not di-
rectly measure NET formation or extracellular trap
release, the observed transcriptional signatures are
consistent with the activation of neutrophil effector
programs associated with NETosis-related inflam-
matory states?*. Together with enrichment of neu-
trophil degranulation and inflammatory signaling
pathways, these findings support a broader model
in which neutrophils contribute to severe influenza
pathogenesis through coordinated antiviral, inflam-
matory, and effector transcriptional remodeling.

An important implication of this work is that
inflammasome-associated inflammatory states in
transcriptomic datasets may be more appropriately
interpreted through coordinated pathway-level and
signaling-component alterations rather than IL1B
transcript abundance alone. A common oversimpli-
fication in transcriptomic interpretation is to equate
inflammasome engagement exclusively with ele-
vated /LTB mRNA expression. However, contem-
porary models of inflammasome regulation em-
phasize that viral pathogens can modulate inflam-
masome activity at multiple regulatory levels, in-
cluding inflammasome assembly, caspase activa-
tion, cytokine maturation, and post-translational

16-18 = Accordingly, transcriptomic

signaling events
analyses may capture biologically informative in-
flammatory “state” signatures even when canonical
inflammasome-associated transcripts are not uni-

formly induced.

From a broader immunological perspective, the
combined enrichment of interferon signaling, cy-
tokine signaling, inflammasome-associated path-
and NETosis-
associated transcriptional programs highlights the

ways, neutrophil degranulation,
highly integrated nature of neutrophil responses
during acute H7N9 infection. While these responses
likely contribute to antiviral host defense, excessive
or sustained neutrophil activation may also amplify
inflammatory injury and immunopathology during
severe influenza. These findings therefore support
growing evidence that neutrophils function not only
as terminal effector cells but also as dynamic reg-
ulators of systemic inflammatory responses during

severe viral disease.

LIMITATIONS

Several limitations should be acknowledged when
interpreting the findings of the present study. First,
this work relied on processed differential expres-
sion outputs provided for GSE108807 rather than
reprocessing raw sequencing data. Although this
approach supports transparency and reproducibil-
ity, it limits the ability to perform alternative nor-
malization strategies, evaluate batch effects, or in-
vestigate sample-level heterogeneity in greater de-
tail. Second, the analyses performed in this study
were based exclusively on transcriptomic data and
therefore do not directly assess protein abundance,
inflammasome assembly, caspase activity, cytokine
secretion, or functional NET formation. In partic-
ular, inflammasome activation is regulated exten-
sively at post-transcriptional and post-translational
levels and is most accurately validated using orthog-
onal experimental approaches such as ASC speck
formation assays, caspase activation measurements,
gasdermin cleavage analysis, and mature IL-1f or IL-
18 quantification 718,

In addition, the NETosis-associated findings pre-
sented here are based on transcriptional signa-
tures rather than direct visualization or quan-
While

the observed transcriptional alterations are consis-

tification of extracellular trap formation.

tent with the activation of neutrophil effector and
NETosis-associated programs, direct functional val-
idation would be required to confirm active NET for-
mation during acute H7N9 infection. Furthermore,
important clinical variables, including disease sever-
ity, timing from symptom onset, co-infections, and
treatment status, were not modeled in the present
analysis and may influence neutrophil transcrip-
tional states during infection.
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Finally, pathway enrichment analyses performed
in this study were intended to provide exploratory
systems-level biological context rather than direct
mechanistic evidence of pathway activation. Ac-
cordingly, the findings presented here should be in-
terpreted within the context of transcriptomic asso-
ciation analyses and hypothesis generation rather
than definitive causal inference.

CONCLUSION

In conclusion, this in silico transcriptomic analysis
of human neutrophils during acute influenza
A(H7N9)

infection-associated

infection  demonstrates  extensive

transcriptional ~ remodel-
ing characterized by coordinated activation of
interferon-associated,  inflammatory,
and NETosis-related

transcriptional programs. Increased expression of

antiviral,

inflammasome-associated,

inflammasome-associated signaling components,
together with enrichment of interferon signaling,
cytokine signaling, neutrophil degranulation, and
neutrophil effector pathways, supports a model
in which neutrophils adopt a highly activated
inflammatory state during acute infection.
Importantly, the observed transcriptional profile
suggests that inflammasome-associated inflamma-
tory remodeling in neutrophils may occur with-
out uniform transcriptional induction of IL1B it-
self, highlighting the importance of considering
post-transcriptional and processing-level regula-
tion when interpreting inflammasome activity from
transcriptomic datasets. In parallel, the identifica-
tion of NETosis- and neutrophil effector-associated
transcriptional signatures further emphasizes the
multifaceted contribution of neutrophils to an-
tiviral host defense and influenza-associated im-
munopathology.

By integrating global differential expression analy-
sis, targeted inflammatory gene profiling, pathway
enrichment analysis, and focused neutrophil effec-
tor characterization, this study provides a repro-
ducible systems-level overview of neutrophil tran-
scriptional responses during acute H7N9 infection
and highlights the utility of public transcriptomic
datasets for advancing mechanistic understanding

of severe viral inflammation.
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