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Purpose: Necrotizing fasciitis (NF) is a scarce but potentially life-threatening infection. However, no research has reported the
cellular heterogeneity in patients with NF. We aim to investigate the change of cells from deep fascia in response to NF by single-cell
RNA-seq.

Methods: Fascia samples from NF patients (NF group, NG, n = 3) and volunteer (control group, CG, n = 4) were obtained and we
utilized scRNA-seq to observe the variation of cells and differentially expressed genes. Then, multiplex staining and multispectral
imaging and immunohistochemistry were used to be further verified.

Results: Our findings showed that three fibroblast subclusters (antigen-presenting Fib, mesenchymal Fib, and myoFib) and three
macrophage subclusters (SPP1" Mac0, IL1B* Macl, and SPP1"M2) were found to have increased proportions with distinct roles in NF
patients. The balance of M1/M2 polarization may be the key therapeutic target to determine the outcome of NF. Furthermore, the
levels of SAA1, PTX3, S100 family, MARCO, and STABI1 were up-regulated in different subclusters with anti-infection roles against
NF, which were proven by immunohistochemistry. These proteins may act as a biomarker or even as a candidate therapy for NF.
Conclusion: Our findings revealed the potential anti-infection role of deep fascia during the procession of NF, helping us understand
the immunologic function of fascia and provide novel insights for its therapeutic strategies for NF.
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Introduction
Necrotizing fasciitis (NF) is an uncommon but serious and promptly progressive infection characterized by necrosis of
subcutaneous tissue and fascia,'” influencing from 0.4 per 100,000 individuals to 15.5 cases per 100,000 people,
according to previous studies.>® NF was classified as polymicrobial (type-I), or monomicrobial (type-11),*> and type-
11T was reported to be caused by Vibrio spp. based on recent studies.>*®’ Type-I has been considered to be more prevalent
than type-I1,* while the latest studies have reported monomicrobial NF with a higher incidence.’'” Rapid debridement
and broad-spectrum antibiotics are the gold standards in the treatment of NF, which may cause morbidities, such as
deformity, limb loss, systemic toxicity, or even organ failure.'' ™' Its mortality is as high as 30% and even reaches 70%
once an incorrect or delayed diagnosis is made.'*'?

It is challenging for clinicians to separate NF from non-necrotizing infections at an early stage due to the paucity of
early pathognomonic signs. Conceptually, recognizing its risk factors, identifying its biomarkers, and gaining an in-depth

understanding of its potential mechanisms can accelerate and improve the management of this devastating infection.
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Wong'® invented the Necrotizing Fasciitis score to discern NF from other soft-tissue infections. Zhu'” identified 126
genes of M1 and 116 genes of M28 by insertion-site sequencing. Thinert'® used 16S rRNA sequencing and RNA
sequencing to identify the molecular mechanisms underlying the pathophysiology of NF. These findings have provided
possible targets for future therapeutic strategies.

Recent studies have mainly focused on the microbial etiologies of NF, yet studies solving pathological mechanisms and
exploring dynamic variations of cells in NF are lacking. Additionally, studies on the host response to NF are absent and the role
of deep fascia in NF remains completely unknown. We assume the variations of cellular subtypes of fascia against this life-
threatening infection. To verify these hypotheses, we are the first to use single-cell RNA sequencing (scRNA-seq) to observe
the variation of cells, and cell-to-cell interactions of the fascia in NF patients. We provide bio-information to help us recognize
the fascia and uncover its functions in the process of NF, which may provide novel insights into future therapeutic strategies.

Methods

Patient Recruitment and Ethics

Fascia samples were obtained from patients with NF as the NF group (NG, n = 3) and from donors as the control group
(CG, n =4) in our hospital (Figure 1a). Fascia samples from patients with NF were obtained as part of a routine surgical
procedure, and informed consent was obtained from NF patients. Donors were recruited from July 2022 to October 2022
based on the following inclusion/exclusion criteria. Inclusion criteria: (1) adult patients (>18 years old); (2) sudden death
due to car accident. Exclusion criteria: (1) the sampling part has a history of surgery or infection; (2) with a history of
immune system diseases, such as systemic lupus erythematosus; (3) chronic diseases, such as diabetes, heart disease, or
kidney disease. Fascia samples from donors were obtained with consent from the family. Characteristics of patients is
shown in Table 1. Our study was approved by the Third Hospital of Hebei Medical University Ethics Committee (No.
S2020-024-1) in compliance with the declaration of Helsinki.

Sample Preparation and Tissue Dissociation

We used 1x PBS to purge blood spots and adipose tissue from fascia samples and cut them into 0.5 mm? fragments. Next,
we used dissociation solution (0.35% collagenase IV5, 2 mg/mL papain, 120 units/mL DNase I) to dissociate them into
single cells in a 37°C water bath with shaking at 100 rpm for 20 minutes. Decomposition was stopped by pipetting 5-10
times with a Pasteur pipette in 1x PBS containing 10% fetal bovine serum (FBS, V/V). The concentration of single-cell
suspensions was adjusted to 700—1200 cells/uL and overall cell viability was required to be more than 85%.

Chromium [10x Genomics Library and Sequencing

Based on the instructions, single-cell suspensions were put in 10x Chromium to capture 8000 single cells. The processes
for cDNA amplification and library creation were carried out according to the conventional procedure. LC-Bio
Technology Co., Ltd. (Hangzhou, China) sequenced libraries using an Illumina NovaSeq 6000 sequencing system
(paired-end multiplexing run, 150 bp) at a minimum depth of 20,000 reads per cell (Figure 1a).

Single-Cell RNA-Seq Data Processing and Data Visualization

We used Cell Ranger pipeline (version 6.1.1) to demultiplex samples, process barcodes, and count single-cell 3’ genes,
and scRNA-seq data were aligned to the GRCh38 reference genome in Ensembl. We used 10X Genomics Chromium
Single Cell 3’ Solution to capture 54936 single cells from our patients, which passed the following quality control
threshold (Figure 1a): (1) Genes expressed in multiple cells, (2) each cell with more than 500 expressed genes and (3)
<25% of gene expression from mitochondrial DNA. We used DoubletFinder to remove doubles.

Dimensionality Reduction and Annotation of Major Cell Types

We utilized Seurat to reduce the dimensionality. The number of unique molecular identifiers, percentage of mitochondrial
genes, and genes were scaled to unit variance. Principal component analysis (PCA) was performed. Clusters were then
identified using tSNE. Cell identity was assigned using known markers.
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Figure | Clustering and classification of the cellular landscape of deep fascia tissue. (a). Overview of the experimental workflow. (b). tSNE visualization of cell cluster from
deep fascia tissue. (c). Violin plots showing marker genes across cell clusters. (d). tSNE visualization of cell cluster from deep fascia tissue in NG and CG.
Abbreviations: scRNA-seq, single-cell RNA sequencing; NG, necrotizing fasciitis group; CG, control group.

Detection of Differentially Expressed Genes and Pathway Analysis

We applied the default parameters via the FindMarkers function in Seurat to compare DEGs of the same cell types
between two groups, which were categorized by average log2 (fold change) after being processed with a minimum log2
(fold change) of 0.26 and a maximum adjusted p value of 0.01. We used Gene Ontology (GO) terms and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways to create the gene sets.
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Table | Characteristics of Patients in Two Groups

No of Patient | Age(Years) | Sex Diagnosis Group Sample Source

| 56 Male | Tibiofibular fracture NG Inside of middle shank
2 29 Male | Tibiofibular fracture NG Inside of middle shank
3 31 Male | Tibiofibular fracture NG Inside of middle shank
4 70 Male Donator CG Inside of middle shank
5 45 Male Donator CG Inside of middle shank
6 41 Male Donator CG Inside of middle shank
7 51 Male Donator CG Inside of middle shank

Abbreviations: NG, necrotizing fasciitis group; CG, control group.

Cell-Cell Interaction Analysis
We utilized CellPhoneDB (v3) to observe cell—cell interplay by ligand-receptor interactions. The normalized counts of
cells in the two groups were independently downloaded and used as input for the CellPhoneDB method.

Multiplex Staining and Multispectral Imaging

We used multiplex staining and multispectral imaging to identify cell subsets of fascia by a PANO 5-plex IHC kit (cat
0004100100) (Panovue, Beijing, China). We applied SMA, CD31, CD14, CD3, and CD19 sequentially incubated with
a secondary antibody conjugated to horseradish peroxidase and a tyramide signal amplification reagent. DAPI was labeled
the location of each nucleus. We used Mantra System (PerkinElmer, Waltham, Massachusetts, US) to gain high-quality
images with the fluorescence spectra at 20-nm wavelength intervals from 420 to 720 nm with identical exposure times.

Immunohistochemistry

Fascia tissues were fixed with 4% PFA overnight and prepared into paraffin-embedded sections and then were sliced into
4-pm-thick sections for immunohistochemistry (IHC) staining. Sections were incubated at 4°C overnight with the
primary antibody. Then, anti-Fibronectin (Cat.#: 15,613-1-AP, Proteintech, China), anti-MARCO (Cat.#: CSB-
PA880072ESR2HU, CUSABIO, China), anti-S100A9 (Cat.#: 26,991-1-AP, Proteintech, China), anti-S100A8 (Cat.#:
R1706-20, Huabio, China), anti-Serum Amyloid A (Cat.#: 381812, ZEN BIO, China), anti-Stabilin-1 (Cat.#: 20,663-
1-AP, Proteintech, China), anti-S100A12 (Cat.#: DF7277, Affinity, China), anti-Ptx3 (Cat.#: ER64704, Huabio, China)
were diluted at 1/200. A streptavidin biotin complex kit (Cat.#: PV-9000, ZSGB-BIO, China) was used for subsequent
steps. The localization of peroxidase was determined using a DAB kit (ZLI19018, ZSGB-BIO), and tissue sections were
determined using digital imaging at 100x magnification.

Results
The Landscape of All Kinds of Cells in CG and NG

Ultimately, we gained 54936 cells by single-cell transcriptomes in two groups, consisting of 35851 cells in the CG and
19085 cells in the NG, following data preprocessing and quality control. We identified eight clusters, including B cells,
cycling cells, endothelial cells, fibroblasts, mast cells, myeloid cells, smooth muscle cells, and T cells (Figure 1b-d).
Figure 2a indicated the percentages of each cluster in each patients, and higher proportions of B cells, cycling cells,
myeloid cells, SMC, and T cells, while lower proportions of endothelial cells, fibroblasts, and mast cells were found in
the NG (Figure 2b and Table 2).

998 https: Journal of Inflammation Research 2025:18



Wang et al

a
100+ 100+
I Celltype
— 75 75 - - B cell
o\° . Cycling cell
ey B endothelial
dz) 501 501 . Fibroblast
E - —' Mast cell
g.) . Myeloid
25+ — 251 — sMC
- — T cell
0 0
CG1l CG2 CG3 CG4 NG1 NG2 NG3 CG NG
b Sample Group
DAPI SMA CD31 CD14 CD3 CD19

Figure 2 Percentage of cell cluster in two groups. (a). Bar plots showing the relative percentage of cell cluster for each sample as well as in two groups (NG and CG); (b).
Multiplex staining and multispectral imaging showing fibroblasts and immune cell infiltration, including T cells and myeloid cells in NG compared with CG. *green (a-SMA):
fibroblast; red (CD31): endothelial cells; pink (CD14): myeloid cells; blue (CD3): T cell; yellow (CD19): B cell.

Abbreviations: NG, necrotizing fasciitis group; CG, control group.

Fibroblast Subsets in the Two Groups

We identified five subtypes of fibroblasts (Fib): antigen-presenting Fib, inflammatory Fib, matrix Fib, mesenchymal Fib,
and myoFib'® (Figure 3a-c). Then, we found higher proportions of antigen-presenting Fib, mesenchymal Fib, and
myoFib as well as a lower proportion of the matrix Fib subtype in the NG (Figure 3d and Table 2).

Next, we compared the top 10 DEGs of higher proportions of fibroblasts in the NG. Notably, we found that
TIMPI, BGN, CCL19, CHI3LI, IGHAI and IGKC were up-regulated in antigen-presenting Fib (Figure 4a). The GO
term showed that this subpopulation was associated with “neutrophil chemotaxis”, “inflammatory response”,
“lymphocyte chemotaxis”, and “defense response to bacterium” (Supplementary Figure 1). KEGG analysis indicated
that the PI3K-Akt, NF-kappa B, HIF-1, and IL-17 signaling pathway may be involved in regulating NF
(Supplementary Figure 2). In addition, BGN, TNC, CHI3LI, CHI3L2, COL3Al, PTX3, SAAI, SAA2, SERPINE?2,
and STEAP4 were up-regulated in mesenchymal Fib. Then, we used IHC staining to verify the expression of PTX3

and SAAI in two groups (Figure 4b). The GO term implied that this subpopulation was involved in “inflammatory

LEINNT

response”, “positive regulation of interleukin-8 production”, and “response to tumor necrosis factor” (Supplementary
Figure 1). KEGG pathway showed that the PI3K-Akt and Relaxin signaling pathway may be involved in regulating
NF (Supplementary Figure 2). Furthermore, TIMPI, CCLI19, COLIAI, COL3Al, COL4A42, COL4A4l, SAAI,

STEAP4, and SPARC were up-regulated in myoFib (Figure 4a). The GO term indicated that this subpopulation
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Table 2 Proportion of All Cell Clusters or Subclusters in Two

Groups
Clusters CG NG P value
B cell 0.32% 1.97% <0.0001
Cycling cell 0.13% 5.01% <0.0001
Endothelial 17.36% 14.25% <0.0001
Fibroblast 57.13% 21.30% <0.0001
Mast cell 2.05% 0.42% <0.0001
Myeloid 4.11% 20.96% <0.0001
SMC 14.45% 28.42% <0.0001
T cell 4.46% 7.67% <0.0001
Fibroblast subclusters
Antigen-presenting Fib 0.77% 1.97% <0.0001
Inflammatory Fib 26.40% 24.99% 0.061
Matrix Fib 48.54% 29.56% <0.0001
Mesenchymal Fib 19.50% 25.55% <0.0001
MyoFib 4.79% 17.93% <0.0001
Myeloid cell subclusters
SPPI+ MO 1.63% 6.03% <0.0001
ILIB+ MI 15.81% 27.78% <0.0001
CIQA+ M2 46.74% 36.20% <0.0001
IFN-act M2 1.63% 0.85% 0.013
SPPI+ M2 0.75% 6.75% <0.0001
Monocyte 2.71% 13.93% <0.0001
cDCI 1.63% 1.08% 0.099
cDC2 18.05% 3.48% <0.0001
Other 11.06% 3.93% <0.0001
T cell subclusters
Cytotoxic CD8 T 25.94% 15.98% <0.0001
GZMK+ CD4 Teff 50.75% 61.41% <0.0001
GZMK+ CD8 Teff 9.31% 7.58% 0.086
ILC3 3.06% 3.07% 0.986
NK 2.13% 1.91% 0.677
NKT 7.75% 2.87% <0.0001
Other 1.06% 7.17% <0.0001

Notes: We showed the percentage in two groups and the P values were calculated by

the chi-square test in raw data.

Abbreviations: NG, necrotizing fasciitis group; CG, control group.
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partook “immune response”, “neutrophil chemotaxis”, “lymphocyte chemotaxis” and “response to tumor necrosis
factor” (Supplementary Figure 1). KEGG pathway indicated that the PI3K-Akt, NF-kappa B, and HIF-1 signaling
pathway may get involved in regulating NF (Supplementary Figure 2).
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Macrophage Subsets in the Two Groups

We identified five subclusters: SPP1"Mac0, IL1IB* Macl, CIQA* Mac2, SPP1"M2 and IFN-act Mac2?**' (Figure 5a-c).
We observed higher proportions of SPP1° Mac0, IL1B" Macl, and SPP1"M2, as well as lower proportions of CIQA™
Mac?2 and IFN-act Mac2 in the NG (Figure 5d and Table 2).

Next, we compared the top 10 DEGs of higher proportions of Mac in the two groups. Notably, 7IMP1, MARCO,
VCAN, STABI,and APOCI were up-regulated in SPP1" Mac0 (Figure 6a). The GO term indicated that this subpopulation
was engaged into “positive regulation of cell population proliferation”, and “signal transduction” (Supplementary
Figure 3). KEGG pathway implied that the bacterial invasion of epithelial cells, and HIF-1 signaling pathway may be
involved in regulating NF (Supplementary Figure 4). In addition, S100 family (S10049, S10048, S100412), IFITM?2, and
FCGR3B were up-regulated in ILIB" Mac1 (Figure 6a). The GO term indicated that this subpopulation was engaged into

CEINT EEINT3

in “positive regulation of inflammatory response”, “neutrophil chemotaxis”, “immune system process” and “defense
response to bacterium” (Supplementary Figure 3). KEGG pathway implied that the PI3K-Akt, IL-17, and Jak-STAT
signaling pathway, as well as Cytokine—cytokine receptor interaction, Fc gamma R-mediated phagocytosis, and

Staphylococcus aureus infection may be involved in regulating NF (Supplementary Figure 4). Furthermore, PPIB,
VACN, HSPAS5, MARCO, S10048, MTIG were up-regulated in SPP1 M2 (Figure 6a). Then, we used IHC staining to
verify the expression of STAB1, MARCO, S100A9, SI00A8, and S100A12 in two groups (Figure 6b). The GO term

EE RT3

indicated that this subpopulation was engaged into “neutrophil chemotaxis”, “immune system process”, and “acute

inflammatory response” (Supplementary Fig.3). KEGG pathway implied that bacterial invasion of epithelial cells, the

HIF-1, IL-17, and PPAR signaling pathway may be engaged into regulating NF (Supplementary Figure 4).

T-Cell Subsets in the Two Groups

We subgrouped T cells into six cell subtypes: Cytotoxic CD8 T, GZMK " effector CD4 T-cell (Teff), GZMK" CD8 Teff,
nature killer cells (NK), NKT, and innate lymphoid cell-3 subtypes (Figure 7a-c).”® We observed higher proportions of
GZMK" CD4 Teff, as well as lower proportions of Cytotoxic CD8 T, and NKT in NG (Figure 7d and Table 2). Notably,
RPS26, IGHAI, and RPL7 were up-regulated in GZMK"™ CD4 Teff (Figure 8). The GO term indicated that this
subpopulation was engaged into “defense response to bacterium”, and “immune response” (Supplementary Figure 5).

KEGG pathway implied that the bacterial invasion of epithelial cells, IL-17, and Rapl signaling pathway may be
engaged into regulating NF (Supplementary Figure 6).

Cell-Cell Crosstalk

CellPhoneDB was used to assess the interactions among Fib, Mac and T-cell subclusters that had higher proportions in
response to NF (Figure 9a and b). Antigen-presenting Fib and GZMK" CD4 Teff mainly interacted with other subsets via
the CD74-MIF, CD74-COPA and CD74-APP (Figure 9c). ILIB" Macl were more likely to use CD74-MIF, CD74-
COPA, CD74-APP, C5AR1-RPS19 and TYROBP-CD44 (Figure 9c), while SPP1" Mac0 and SPP1 M2, mainly inter-
acted with other subsets via the TYROBP-CD44, LGALS9-CD44, SPP1-CD44, C5ARI1-RPS19, CD74-MIF, CD74-
COPA and CD74-APP (Figure 9c). Additionally, mesenchymal Fib mainly interacted with other subsets via the ANXA-
FPR axis, NR3C1-CXCLS8, CD44-HBEGF, LGALS3-MERTK, and BSG-PPIA, whereas myoFib mainly interacted with
other subsets via the HGF-CD44, CD44-HBEGF, NR3C1-CXCL8, LGALS3-MERTK, and BSG-PPIA.

Discussion

NF, a severe infectious disease, may cause a series of serious complications, such as muscle necrosis, amputation, or even
death.>*? Given the challenges of early diagnosis and effective treatment, potential mechanisms of NF are urgently
investigated. Deep fascia has been regarded as the fiber tissue surrounding muscles® and previous studies focused on
healing and repair mechanisms.** 2 Our recent study has demonstrated the immunologic function of deep fascia, which
has been previously neglected, under high pressure in the compartment.”> As we know, we are the first to focus on fascia
from NF patients using scRNA-seq. Here, we found the significant variations of fibroblast subtypes and macrophage
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Figure 5 Clustering and classification of myeloid cell subclusters of deep fascia tissue (a). tSNE visualization of myeloid cell subclusters from deep fascia tissue. (b). Violin
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Abbreviations: NG, necrotizing fasciitis group; CG, control group.
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Figure 6 Comparison of differentially expressed genes (DEGs) of macrophage (Mac) subclusters in two groups (NG and CG) and partial DEGs were verified. (a).
Comparison of Top 10 DEGs in two groups (NG and CG); (b). STABI, MARCO, SI100A8, SI00A9, and SI00A12 were verified by immunohistochemistry staining.
Abbreviations: NG, necrotizing fasciitis group; CG, control group.

subclusters derived from deep fascia, as well as the DEGs, implying the immunologic function of deep fascia in response
to NF.

Fibroblast, a main cell type of deep fascia, is highly heterogeneous in distinct organs, which has been reported in
various fibrotic diseases, such as lung fibrosis, and keloid.?*~3! Our latest research found five fibroblast subclusters with

27,28

high expression of fibrillar collagen genes under high pressure within the compartment. We found dramatically decreased
proportions of fibroblast of deep fascia in response to infection, but we found the percentage of three subtypes increased,
including antigen-presenting Fib, mesenchymal Fib, and myoFib. As we know, SAAI, one type of serum amyloid
A family apolipoprotein, contributes to the regulation of inflammation and immunity in response to infectious
diseases.”>* Lv 32 found exosomal SAAl to be a crucial factor in regulating sepsis-induced lung injury.
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Additionally, SAA1 also was a biomarker in the diagnosis of sepsis.>*** However, the role of SAA1 among fibroblast
subtypes in NF has not been elucidated. Regarding the three increased fibroblast subclusters, the level of SA47 was up-
regulated in NG compared with CG, implying that these three subclusters were important regulators of inflammation and
immunity in response to NF.

In terms of antigen-presenting Fib, it was mainly responsible for the humoral immunity against the bacteria that
results in NF because it highly expressed /GHAI and /GKC, which were the major class of antibodies associated with
mucosal immunity.®> Expression of PTX3 was higher in mesenchymal Fib under the infectious microenvironment. PTX3,
which was synthesized by mononuclear phagocytes and endothelial cells at the inflammatory site,*® is highly expressed
in mice during inflammation and®’ in human response to septic shock.>® It also was related to the severity of the
condition and survival rate.***® PTX3 can be a biomarker or even a candidate therapy for NF,*' implying that
mesenchymal Fib may play a determinant role in the prognostic outcome of NF. MyoFib highly expressed SPARC and
fibrillar collagen genes, including COLIAI, COL3A41, COL4A42, and COL4A1, which mainly contributed to the structural

4243 indicating that this subpopulation was associated with tissue

integrity of extracellular matrix, tissues, and organs,
repair and fibrosis of deep fascia during the development of NF. Taken together, these three increased subclusters have
distinct functions in response to NF. Additionally, SAA1 and PTX3 may be biomarkers of NF to help us estimate the
severity of the condition and survival rate or even as therapeutic targets.

Macrophages, which are primary innate immune cells, contributed to the maintenance of tissue homeostasis.
Macrophages are divided into two major subclusters: M1 macrophages contribute to a pro-inflammatory role leading
to antimicrobial activity, while M2 macrophages play an anti-inflammatory role in promoting tissue repair.** Therefore,

the ratio of M1/M2 may be a key factor to determine the prognostic outcome or even a therapeutic target in some
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Figure 9 Crosstalk among T cell, fibroblasts and myeloid cell subclusters. (a). Heatmap presents the key cellular interaction among T cell, fibroblasts and myeloid cell

subclusters; (b). Network diagram shows interaction among T cell, fibroblasts and myeloid cell subclusters; (c). Dot plot shows the significant ligand-

T cell, fibroblasts and myeloid cell subclusters.

Abbreviations: NG,
diseases, such as infectious disease. In the current study, we found SPP1" Mac0,

development of NF by pro

1008



Wang et al

In our study, the levels of S100 family contribute to immune response to infections, were up-regulated in IL1B*
Macl. Evidence indicated that they were related to disease pathogenesis.*> 7 S100 proteins can act as chemoattracts to
the co-ordinate migration and chemotaxis of immune cells to infection sites.*> For example, SI00A8/A9 have been
demonstrated to recruit monocytes and neutrophils and their pro-inflammatory functions can be activated under
pathological conditions.**>° Additionally, SI00A12 can produce IL-6 and IL-8,°' and also contributes to fighting
infections.”® Ongoing studies have shown that SI00AS, S100A9 and S100A 12 can be orchestrated by bacterial infection,
and they can take part in pathogen killing as antimicrobial effectors or as damage-associated molecular pattern
molecules.*®*” These findings implied the crucial role of ILIB" Macl in anti-infection by up-regulating the expression
of S10048, S10049, and S100A412, which can be biomarkers or even potential therapeutic strategies. Interestingly, we
found both SPP1" Mac0 and SPP1'M2 with high expression of MARCO that was up-regulated on macrophages after

>3 implying the important roles of SPP1"Mac0 and

bacterial infection and contributed to the removal of pathogens,
SPP1"M2 in the elimination of pathogens in response to NF. Additionally, we found that SPP1"Mac0 highly expressed
STABI that was induced during chronic inflammation to degrade nonself and “unwanted-self” molecules and particles,
indicating that SPP1"Mac0 may greatly contribute to the clearance of necrotic tissue. Taken together, the balance of M1/
M2 is the key therapeutic target for NF intervention. Furthermore, S100 proteins and MARCO may be biomarkers of NF
to help clinicians assess the severity of the condition and survival rate, or even as potential therapeutic strategies.

Monocytes can mediate host antimicrobial defense and differentiate into macrophages.>*>> In our study, we found an
increased proportion of monocytes with an anti-infection role in response to NF by highly expressing pro-inflammatory
(IL1) and chemokine (CCL4L2 and CCL4) genes that contributed to the recruitment of macrophages and differentiation
towards M1. However, regrettably, we failed to sort out the monocyte subclusters based on the published articles. The
anti-infection role of monocytes/macrophage lineages may determine outcomes and can be a basis for prospective
remedial management. Additionally, GZMK" CD4 Teff, the only subcluster with a higher proportion in NG, had highly
expressed [GHAI and CCL20 that participated in antimicrobial activity,”® We also used CellPhoneDB to evaluate the
interactions among Fib, Mac and T-cell subclusters, which had higher proportions in response to NF. We also
investigated cellular interactions among higher proportions of NG via immune-related L-R pairs and discovered these
subtypes mainly interacted with others by antigen-presenting Fib, GZMK" CD4 Teff, ILIB" Macl, SPP1" Mac0 and
SPP1"M2 mainly interacted with other subsets via the CD74-MIF, CD74-COPA and CD74-APP, while mesenchymal Fib
and myoFib mainly interacted with other subsets via the NR3C1-CXCLS8, CD44-HBEGF, LGALS3-MERTK, and BSG-
PPIA.

Although we first identified the variation of cells of fascia in NF patients by the scRNA-seq, there are still some
limitations. First, we mainly focused on the fibroblast and macrophage subclusters because we failed to sort out others
based on biomarkers from published studies, such as B cells and monocytes. Second, because of the relatively low
incidence of NF, a limited number of samples may limit dynamic observation and individual differences may impact the
results. Third, the lack of widely accepted NF animal models hampers the function verification of fibroblasts and
macrophage subclusters.

Conclusions

We are the first to provide landscape of cellular subclusters from fascia in NF patients by scRNA-seq. We mainly found
that three fibroblast subclusters and three macrophage subclusters had increased proportions in response to NF with
distinct roles. The balance of M1/M2 polarization may be the key therapeutic target to determine the outcome of NF.
Additionally, the levels of some proteins, such as SAA1, PTX3, S100 proteins, MARCO, and STABI, were up-regulated
in response to this life-threatening infectious disease, which may be a biomarker or even a candidate therapy for NF.
These findings showed the anti-infection role of deep fascia, which provided novel insights for the therapeutic strategies
for NF.
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