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Background: Natural killer (NK) cells are key regulators of immune defense in sepsis-induced acute respiratory distress syndrome
(ARDS), yet the characteristics of NK cell clusters in ARDS remain poorly understood.

Methods: A prospective and observational study enrolled septic patients with ARDS or not was conducted to determine the
percentage of NK cells via flow cytometry. The transcriptomes of peripheral blood mononuclear cells (PBMCs) from healthy controls,
patients with sepsis only, and patients with sepsis-induced ARDS were profiled. Vitro experiments were performed to confirm the
mechanism mediating MX1"NK cell infiltration.

Results: A total of 115 septic patients were analyzed, among whom 63 patients developed ARDS and 52 patients did not. Decreased
NK percentages were found in sepsis with ARDS patients (%, 7.46+4.40 vs 11.65+6.88, P=0.0001) compared with sepsis-only
patients. A lower percentage of NK cells showed a significant increase in 28-day mortality. Single-cell sequencing analysis revealed
distinct characteristics of NK cells in sepsis-induced ARDS, notably the identification of a unique cluster defined as MX1"NK cells.
Flow cytometry analysis showed an elevated percentage of MX1'NK cells specifically in individuals with sepsis-induced ARDS,
compared with patients with sepsis only. Pseudo-time analysis showed that MX1"NK cells were characterized by upregulation of type
I interferon-induced genes and other pro-inflammatory genes. MX1"NK cells can respond to type I interferons and secrete type
I interferons themselves. Ligand—receptor interaction analysis also revealed extensive interaction between MX1'NK cells and T/B
cells, leading to an uncontrolled inflammatory response in ARDS.

Conclusion: MX1"NK cells can respond to type I interferons and secrete type I interferons themselves, promoting the development of
sepsis-induced ARDS. Interfering with the infiltration of MX1"NK cells could be a therapeutic approach for this disease. Due to the
limited sample size, a larger sample size was needed for further exploration.
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Background

Acute respiratory distress syndrome (ARDS) is a common and life-threatening clinical syndrome, which affects 3 million
people worldwide and accounts for up to 10% of intensive care unit (ICU) admissions.' It is characterized by acute
hypoxemia, diffused pulmonary, and reduced lung compliance. In a large prospective cohort study, sepsis originating
from the lungs emerged as the most common risk factor, accounting for 46% of patients at risk for ARDS.? Despite
recent progress in basic research and clinical trials of ARDS, its mortality remains high at 30%-40%.> The treatment of
ARDS remains a challenge in the ICU. The exploration of the immune pathological mechanisms underlying ARDS is

crucial for improving patient outcomes.
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Natural killer (NK) cells, a subset of cytotoxic lymphocytes, are pivotal in immune surveillance against infections and
cancer,” as well as modulating adaptive immune responses.” NK cells were reported to be the most important immune
cell subtype for the prediction of severe lung diffusion impairment, releasing a significant amount of pro-inflammatory
cytokines such as tumor necrosis factor (TNF)-a and interferon (IFN)-y during ARDS.® In mouse models of ARDS
induced by lipopolysaccharide, depletion of NK cells leads to decreased production of inflammatory cytokines and
improved lung function.” Elevated NK cell levels in bronchoalveolar lavage fluid were linked to COVID-19-induced
ARDS severity.* Dysregulated NK cells were associated with worse clinical outcomes in COVID-19 patients, with NF-
kB implicated in ARDS regulation.®'® Since NK cells play a crucial role in ARDS, our understanding of the roles of their
various subtypes in ARDS remains incomplete.

Single-cell RNA sequencing (scRNA-seq) is considered as the gold standard for transcriptomic profiling due to its ability to
sequence transcripts in individual cells, offering detailed insights into diseases like ARDS."! Yale Jiang et al utilized scRNA-seq
on peripheral blood mononuclear cells (PBMCs) from ARDS patients, revealing a decreased proportion of NK cells lacking the
IFNGRI receptor.'? Disease-specific subsets of immune cells may exhibit unique phenotypes and functions, potentially playing
key roles in disease pathogenesis. Detecting these characteristic cells can provide crucial evidence for early ARDS diagnosis and
enable timely intervention. However, the roles of NK cell clusters in ARDS remain unrecognized.

In this study, we first analyze the percentage of NK cells in septic patients to investigate their association with sepsis-
induced ARDS. We then utilize scRNA-seq data to uncover NK cell cluster heterogeneity in septic patients with and
without ARDS. We identify a distinct MX1"NK cell subtype and its relevance to ARDS, offering potential insights for
future therapeutic approaches for sepsis-induced ARDS.

Methods

Human Patients

Blood was collected from patients with sepsis within 24 hours of meeting the consensus clinical definition of sepsis.'?
The exclusion criteria included the following: patients younger than 18 years; pregnancy; patients with malignancy, or
chronic viral infection, such as hepatitis B, C, or HIV; autoimmune diseases, use of corticosteroid therapy; or consent
could not be obtained. All patients were evaluated after admission and administered therapy according to the 2016
international guidelines for the management of sepsis.'* Healthy volunteers were recruited.

Cell

Interleukin-2 (IL-2) activated NK cells were obtained as follows: freshly isolated splenocytes from C57B6/L mice were
incubated with MACS DX5-coupled beads (Miltenyi) and then the positive selection was used.'> Collected DX5 cells
were cultured for 12 hours in RPMI 10% FBS with B-mercaptoethanol, sodium pyruvate (I mM), Hepes (10 mM),
nonessential MEM amino acids, and 1000UI/mL of IL-2 (Peprotech, USA). And 20 ng/mL IFN-a and the same volume
of PBS were added to the media at the beginning.

Flow Cytometry
Whole blood samples were collected from patients after sepsis was diagnosed. Cells were stained with anti-CD45-
Brilliant Violet 570™ (BioLegend), anti-CD3-FITC (BioLegend), and anti-CD56-PE (BioLegend). For MX1 and
intracellular cytokine staining, 250uL blood from each sample was resuspended and incubated in RPMI 1640 culture
medium containing 3% FBS (Mediatech). The cells were then stimulated with a cell activation cocktail (with Brefeldin
A) (eBioscience) for 5 h at 37°C. Cells were stained with Zombie Aqua™ fixable viability kit (BioLegend), anti-CD45-
Alexa Fluor®700 (BioLegend), anti-CD3-Percp-cy5.5 (BioLegend), and anti-CD56-FITC (BioLegend). After surface
staining, fixation, and permeabilization, we used anti-MX1-AF647 (Abcam), and anti-IFN-a (Invitrogen). Brilliant Violet
421-conjugated donkey anti-rabbit IgG was used as the secondary antibody (BioLegend).

For mice NK cells, cells were stained with Zombie Aqua™™ fixable viability kit (BioLegend), anti-NK 1.1-FITC (BioLegend)
and anti-MX1 (Proteintech). Alexa Fluor 647-conjugated donkey anti-rabbit IgG was used as the secondary antibody
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(BioLegend). Data were collected on the LSRFortessa™™ flow cytometer (BD Biosciences) and NovocyteD3000 flow cytometer.
Data were further analyzed using FlowJo software.

Single-cell RNA-Seq Analysis

The scRNA-seq data for patients with sepsis were downloaded from the Gene Expression Omnibus (GEO) database with
the accession number: GSE151263. The scRNA-seq data for 3 healthy controls (HC) were downloaded from the GEO
database with the accession number: GSE157007.

Quality controls, normalization, dimensionality reduction, and clustering of scRNA-seq data were performed using the Seurat
package (version 4.3.0).'® Uniform manifold approximation and projection (UMAP) was used to visualize the result of clustering.
We performed cell communication analysis using CellChat (v1.6.1)."” To re-cluster the NK cells, the “FindClusters” function
(resolution = 0.3) was applied again and obtain 5 clusters. R package CytoTRACE v0.3.3 was used to calculate the CytoTRACE
scores for NK cells. CytoTRACE scores range from 0 to 1, while higher scores indicate less differentiation.'® To elucidate the
developmental origins of NK clusters, we employed the Monocle algorithm (version 2.24.0)."° NicheNet (version 1.1.1)*° was
employed for the prediction of ligands influencing transcriptomic changes in target cells. Gene-enrichment analysis of the
identified genes obtained via the “FindMarkers” function was carried out using the Cluster Profiler package in R (version 4.6.0),
for all differentially expressed genes with an average log,FC value above 1, and an adjusted p-value below 0.01. The gene
ontology (GO) analysis is then used to evaluate the biological functions associated with the identified genes.?' In our analysis, we
used PROGENY to predict the activity of 14 signaling pathways.** To analyze transcription factor activity at the single-cell level,
we employed the SCENIC algorithm.?

Statistics

All data were analyzed using GraphPad Prism 9.0 (GraphPad Software, San Diego, CA, USA). Continuous variables
between the two groups were compared using Student’s #-test or the Mann—Whitney U-test. Binary variables are
presented as frequencies and were compared using the chi-square test or Fisher’s exact test. The cutoff value was
optimized using Youden’s J statistic. The Log-rank test was used to analyze survival data. P was set at 0.05.

Result
The Percentage of NK Cells Decreased in Patients with Sepsis

To characterize the cell types and gene expression profiles of PBMCs in sepsis, the PBMCs were isolated from 7 septic
patients and 3 controls. Among them, 4 patients had only sepsis, and 3 patients had sepsis with ARDS. Based on
expression profiles, PBMCs were clustered for 7 cellular compositions, as shown by UMAP (Figure 1A). The identified
immune cells included monocyte cells (CSFIR), T cells (CD3E), B cells (CD19), plasma cells (MZBI), NK cells
(KLRD1), neutrophils (CSF3R), and platelet (/TGA2B) (Figure 1B and C). Every cell fraction was represented by a bar
plot of each analyzed group and each sample (Figure 1D and E). There was a significant decrease in the frequency of NK
cells in sepsis with ARDS compared to healthy controls (Figure 1F).

The Percentage of NK Cells Was Associated with Sepsis-Induced ARDS and 28-Day
Mortality in Sepsis

To investigate the association between NK cells and sepsis-induced ARDS, we conducted a prospective and observa-
tional study that enrolled 115 septic patients, 63 of whom were diagnosed with sepsis-induced ARDS and 52 of whom
without ARDS. There was no significant difference in age and BMI between the two groups. Lungs were the main site of
infection (n = 33; 52%) in patients with sepsis-induced ARDS. These patients had higher SOFA score (10 + 5 vs 7 + 3,
P=0.001), APACHE 1II score (22 £ 9 vs 19 + 7, P=0.015), and 28-day mortality [23 (37%) vs 8 (15%), P=0.012]
compared to sepsis-only patients (Supplementary Table 1).

The percentage of NK cells in the sepsis with ARDS group was significantly lower compared with sepsis only group
(%, 7.46 + 4.40 vs 11.65 + 6.88, P=0.0001) (Figure 2A and B). A ROC curve was subsequently used to evaluate the
predictability of the percentage of NK cells in ARDS development in patients with sepsis, which yielded an AuROC of

Journal of Inflammation Research 2024:17 hetps: 3189

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=460259.docx
https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

A B
Monocyte ] Percent Expressed
10 0
Plasma cells . . 20
® Tcells ® 40
. ® Neutrophis Platelet L ® 60
] ® NKcells @ 30
% Beells B cells . .
= ® Monocyte Average Expression
0 Plasma cells NK cells . 2
@ Platelet
Neutrophils [ ] 1
-5 0
Tcells{ @
-10 -5 0 5 10 CD3E CSF3RKLRD1 CD19 ITGA2B MZB1 CSF1R
UMAP_1
C CSFIR CSF3R CD19 CD3E
. L . L . ¥ . w
~ Density ~ Density ~ Density ~ Density
& s . 0100 & 5 0% s
S on & oms & o g o
H 010 % 0050 3 o0 3 ooz
o . 005 T y 025 o . 005 o . 0ot
< 000 0000 000 .
-5 _54‘ -5 -5
ED = [ [ = .3 LI o EN B3 [ T ED B3 St o
KLRD1 MZB1 ITGA2B
10] . 10 I' 10 'I
~ Density Density N Density
o sl 0.100 025
o s &S v o 020
H oos0 3 s 015
> 5 0 D 010
of » 0025 0 . 0 . 005
0.000 00
| " 5
=10 5 [ 5 10 =10 -5 0 5 10 =10 -5 0 10
UMAP 1 UMAP 1 UMAP 1
F
D E
HC1 »
HC 2 8
Sepsis with ARDS! <
HC3 Vart =
Vart =
. Toels o
Neutrophils . Neutrophils 2
. WKl sepss2 | [T | [ g
Monocyte Monocyte w
Plasma cells Plasma cells
; SepsiswihARDS 3
0.00 025 050 075 1.00 0.00 025 050 075 1.00
Ratio Ratio

Figure | Cellular populations identified. (A) The UMAP plot displays the cellular composition. The UMAP projection of cells from HC (n=3), septic patients (n=4) and
patients with sepsis-induced ARDS (n=3) shows the formation of 7 clusters with the respective labels. (B and C) Dotplot and UMAP show the marker gene expression in
indicated cell types. (D and E) Bar plots indicate the proportion of cells in PBMC of different group and each analyzed patient. (F) Histograms indicate the frequencies of NK
cells between HC group (n=3), sepsis group (n=4), and sepsis with ARDS group (n=3). The Student’s t-test was performed. *P<0.05.

0.712 (95% CI: 0.620-0.792; P<0.001) (Figure 2D). A cutoff of 7.67% was calculated using the J statistics with
a sensitivity of 65.08% and a specificity of 69.23%. And the percentage of NK cells in the 28-day survivors was
significantly higher compared with non-survivors (%, 10.09 £ 6.42 vs 7.36 + 4.17, P=0.030) (Figure 2C). A ROC curve
was subsequently used to evaluate the predictability of the percentage of NK cells on 28-day mortality in patients with
sepsis, which yielded an AuROC of 0.638 (95% CI: 0.543-0.725; P=0.020) (Figure 2E). A cutoff of 4.94% was
calculated using the J statistics with a sensitivity of 41.94% and a specificity of 84.52%. Patients with a low percentage
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Figure 2 NK percentage was associated with ARDS development caused by sepsis and 28-day mortality in septic patients. (A) Representative flow cytometry graphs of NK
cells. (B) Percentage of NK cells between septic patients with ARDS (n=63) and septic patients without ARDS (n=52). (C) Percentage of NK cells between 28-day non-
survivors (n=31) and 28-day survivors (n=84). (D) ROC analysis of the percentage of NK cells predicting ARDS development in septic patients. (E) ROC analysis of the
percentage of NK cells predicting 28-day mortality in septic patients. (F) Kaplan-Meier analysis of survival probability in septic patients with the percentage of NK cells
>4.94% vs <4.94%. *p<0.05, ***p<0.001.

of NK cells showed significantly higher 28-day mortality (OR, 2.84; 95% CI, 1.18-6.81; P=0.003) (Figure 2F). Thus, NK
cells play a significant role in the development of sepsis-induced ARDS.

The Distinctive MX1"NK Cells in Patients with Sepsis-Induced ARDS

To comprehensively understand alterations in NK cell immune infiltration in ARDS, we conducted dimensionality
reduction clustering of NK cells via unsupervised clustering. We used UMAP to visualize five distinct clusters
(Figure 3A) and identified specific gene modules associated with each NK cell subgroup by visualizing the top 15
expressed genes (Figure 3C). These subgroups were characterized as MYOM2'NK, FOS'NK, GZMK'NK,
S100A4'NK, and MX1'NK based on elevated expression of specific genes within each subgroup (Figure 3D). In the
cohorts of HC, sepsis, and sepsis with ARDS, MYOM2'NK, FOS'NK, GZMK'NK, and S100A4'NK cells were
consistently present. Notably, MX1"NK cells were exclusively detected in the sepsis with ARDS cohort (Figure 3B).
We used flow cytometry to verify the expression of MX1"NK cells in HC, sepsis, and sepsis with ARDS. We found that
MXI1"NK cells were increased in sepsis with ARDS patients, but not sepsis, demonstrating that MX1"NK cells play an
important role in the pathophysiology of sepsis-induced ARDS (Figure 3E and F), clinical characteristics of patients
enrolled are listed in Supplementary Table 2.
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Figure 3 The distinctive MX1"NK cells in patients with sepsis-induced ARDS. (A) The UMAP projection of NK cells from HC (n=3), patients with sepsis (n=4), and patients
with sepsis-induced ARDS (n=3) show the formation of 5 clusters with the respective labels. (B) The average percentage of each cell type between HC, septic patients, and
patients with ARDS. (C and D) Marker gene expression in NK subtypes. (E) Representative flow cytometry graphs of MX1*NK cells. (F) Percentage of MXI*NK cells
between HC (n=5), patients with sepsis (n=6), and patients with sepsis-induced ARDS (n=>5). The Student’s t-test was performed. **P<0.01, ***P<0.001.

Pro-Inflammatory Properties of MX1"NK Cells

Using cytoTRACE, we found that MX1'NK cells exhibit the lowest predicted differentiation scores, suggesting that they
represent a more advanced state of differentiation (Figure 4A—C). Pseudo-time analysis showed MX1'NK cells primarily
distributed in later stages (Figure 4D and E). The branching tree indicated these cell clusters did not bifurcate along the
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developmental trajectory, implying developmental continuity among the cell clusters. The branched heatmap displayed
expression dynamics of the top 50 significant genes, showing a shift from ribosome biogenesis to a pro-inflammatory
state as pseudo time progressed (Figure 4F). Increased expression of pro-inflammatory factors like /.32, GZMB, GZMA,
and S100A44 highlights MX1"NK cells’ potential role in sepsis-induced ARDS.

MXI1*NK Cells Promote the Development of ARDS Induced by Sepsis via IFN-a

To further explore the gene signature of MX1'NK cells, we visualized differential genes between MX1'NK cells and
other clusters of NK cells. We found that MX1"NK cells highly expressed pro-inflammatory molecules, such as GZMB,
1L32, S10049, CX3CRI, and PRFI (Figure 5A). They play an important role in amplifying inflammatory responses, con-
tributing to the pathogenesis of ARDS. To gain more functional insights into the genes expressed by MX1'NK cells in
ARDS, GO analysis was conducted (Figure 5B), revealing associations with response to virus, positive regulation of
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cytokine production, and response to type I interferon. In vitro experiments demonstrated that [FN-a can induce the
expression of MX/ in NK cells (8709.0 + 260.7 vs 7450.0 £ 565.9, P=0.007) (Figure 5C and D).

Transcription factor analysis revealed a significant enrichment of IRF7 and STATI in MX1'NK cells (Figure 5E).
IRF7 regulates interferon and interferon-stimulated gene expression, while STAT! mediates downstream signaling of type
I/IT interferons, cytokines, and growth factors. Clinical data showed higher IFN-o Mean Fluorescence Intensity (MFI) in
MXI1"NK cells compared to MX1 NK cells (1345.0 + 426.4 vs 807.8 + 253.7, P=0.0002) (Figure 5F). Additionally,
pathway enrichment analysis using PROGENYy revealed significant enrichment of the JAK-STAT pathway in MX1 'NK
cells (Figure 5G). Visualization via UMAP demonstrated high expression of JAK-STAT signaling in MX1 'NK cells
compared to other NK clusters (Figure SH). Given its role in regulating immunity and other biological processes, the
activation of the JAK-STAT pathway in MX 1 NK cells offers valuable insights into their potential mechanism in ARDS.

The Regulatory Effect of MXI*NK Cells on T Cells During ARDS Induced by Sepsis

Activated NK cells can induce damage to lung epithelial and endothelial cells in ARDS by activating other immune cells
such as T cells, macrophages, and B cells. Our analysis using Cellchat revealed extensive communications between
MXI1"NK cells and other immune cells (Figure 6A). Additionally, we investigated key ligand-receptor pairs sent from
MX1"NK cells to other cell types in ARDS and compared them to control samples (Figure S1A and S1B).

The interaction between MX1'NK cells and T cells spans both innate and adaptive immunity. We subdivided T cells
into six subgroups (Figure 6B). Effector CDS8'T cells displayed high expression of CD3E, CD8A, and GZMK. Naive
CD8'T cells expressed high levels of CD3E, CD8A, and SELL. NKT cells exhibited high expression of CD3E and
KLRFI. Regulatory T cells demonstrated high expression of CD4 and FOXP3. Naive CD4 T cells expressed high levels
of CD3E, CD4, and SELL. Memory CD4'T cells expressed high levels of CD3E, CD4, and ANXAI (Figure 6D).
A decrease in effector CD8'T cells and NKT cells was observed in ARDS compared to normal (Figure 6C). MX1"NK
cells exhibited extensive interactions with various T cell subpopulations, including effector CD8'T cells, NKT cells, and
Treg cells (Figure 6E). Cellchat analysis highlighted the enrichment of MIF-related ligand-receptor pairs between
MX1"NK cells and T cells, particularly Treg cells, NKT cells, and memory CD4'T cells (Figure 6F). Additionally, IL-16-
induced signaling implicated Treg cells and memory CD4 T cells as primary responders to IL-16 produced by MX1 'NK
cells (Figure 6G). Further analysis using “Nichenetr” revealed specific receptor-ligand pairs, such as TIGIT-CD226,
CD27-CD70, and ITGB7-ITGA4 between MX1'NK cells and different T cell subtypes in ARDS (Figure 6H).

The Regulatory Effect of MX|*NK Cells on B Cells During ARDS Induced by Sepsis
To explore MX1'NK cell interactions with B cells, we categorized B cells into three subgroups (Figure 7A and B). Naive
B cells expressed signature genes /IGHD, FCER2, TCLIA, and IL4R, while memory B cells expressed CD27, AIM2, and
TNFRSF13B, and plasma cells expressed MZBI and JCHAIN (Figure 7C). During ARDS, MX1'NK cells showed
increased interactions with plasma cells but decreased interactions with memory B cells and naive B cells. Interaction
strength was enhanced with all B cell subtypes in ARDS (Figure 7D). Specifically, CCL signaling increased from
MX1"NK cells to naive B cells, memory B cells, and plasma cells in ARDS (Figure 7E), while Transforming growth
factor-p (TGF-p) signaling decreased (Figure 7F). TGF-B-induced signaling indicated memory B cells and plasma cells
as primary responders to TGF-B produced by MX1"NK cells (Figure 7G). TGF-B has immunosuppressive effects that
restrain inflammatory processes, which inhibit lymphocyte proliferation and activity.

Discussion
The study provides novel insight into the pathophysiology of sepsis-induced ARDS, focusing on the NK cell hetero-
geneity and the role of MX1'NK cells. A prospective and observational clinical study revealed that reduced NK cells
were correlated with sepsis-induced ARDS and worse outcomes in sepsis. SCRNA-seq analysis revealed NK cell
heterogeneity in PBMCs of healthy volunteers, patients with only sepsis, and those with sepsis-induced ARDS,
identifying pro-inflammatory MX1'NK cells in sepsis-induced ARDS.

MX1, a defining marker for MX1'NK cells, is highly expressed in sepsis-induced ARDS. It acts as an interferon-
stimulated GTPase, crucial for anti-infection responses.”* MX1'NK cells show enrichment of pro-inflammatory
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cytokines and respond to type I interferons, forming a positive feedback loop leading to uncontrolled inflammation in

ARDS. Schabmeyer et al found that type I interferons can induce MX/ expression in a dose-dependent manner.”> While

type I IFNs are crucial for combating infections, uncontrolled and prolonged type I IFN signaling can be detrimental.

126

Yale Jiang also found extraordinarily high levels of type I IFN along with a sustained /FN gene signature in ARDS

patients.'?

I IFN signaling via the JAK-STAT pathway promotes the development of ARDS.

NK cells exhibit rapid and nonspecific cytotoxic activities and secrete cytokines like IFN to amplify adaptive immune
responses. Our study identified interactions between MX1'NK cells and T/B cell subsets in ARDS. We found that the
MIF-related signaling pathway and IL-16 pathway were involved in activating T cells and promoting inflammation.

Thus, current evidence indicates that MX1"NK cells respond to and produce type I IFN. Dysregulated type
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Furthermore, the attenuation of TGF-B-induced signaling between MX 1 NK cells and plasma cells/memory B cells also
indicates increased proinflammatory responses during ARDS. The sustained inflammatory response is a central feature in
sepsis-induced ARDS pathogenesis. Interestingly, there were sex-specific variations observed in NK cell response in
ARDS, yet the mechanisms underlying these differences remain unclear. Potential factors may involve sex-specific
epigenetic modifications.”” >’

Several limitations exist in our study. Firstly, the intracellular network regulatory mechanisms identified through cell-
cell interaction analysis were not experimentally validated, since isolating different immune cell types and co-culturing
them to study the interactions is challenging. Secondly, since our data was publicly available from the GEO database, it
lacks detailed information regarding baseline characteristics of individual patients, we are unable to perform
a comprehensive analysis. At last, due to the limited sample size, a larger sample size and the single-cell RNA

sequencing data from alveolar lavage were needed for further exploration.

Conclusions

This study provides a novel perspective on the involvement of NK cells, particularly the distinct MX1'NK cluster, in
sepsis-induced ARDS. MX1'NK cells can respond to type I interferons and secrete type I interferons themselves,
promoting the development of ARDS induced by sepsis. MX1'NK cells can serve as a biomarker for sepsis-induced
ARDS, and interfering with the infiltration of MX1"NK cells could be a therapeutic approach for this disease. Due to the

limited sample size, a larger sample size was needed for further exploration.
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