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Macrophage differential genes and their functions in silicosis based on single cell RNA se-
quencing and spatial transcriptome sequencing ZHOU Xinbei®®, ZHANG Wei®, CHAO Jie*
(a. Key Laboratory of Environmental Medicine Engineering, Ministry of Education/School of Public
Health b. Department of Physiology, School of Medicine, Southeast University, Nanjing, Jiangsu
210009, China)

Abstract:

[Background] The rise of single cell RNA sequencing (scRNA-seq) and spatial transcriptome se-
quencing technologies has allowed for intensive study of lung diseases, but both have been
poorly studied in silicosis.

[Objective] To explore differentially expressed genes DEGs in silicosis macrophages by scRNA-
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seq combined with spatial transcriptome sequencing and analyze the potential diagnostic genes.

Male C57BL/6 mice (5-6 weeks old, 22-30 g) were randomly divided into 4 groups: normal saline (NS) group for 7 d, NS group
for 56 d, SiO, group for 7 d, and SiO, group for 56 d, with 1 mouse in each group. A silicosis model was constructed by tracheal drip injection
of Si0, suspension (0.2 g-kg ™, 50 g-cm ), and the control mice were given the same volume of NS. The right lung was removed for scRNA-
seq and the left lung for spatial transcriptome sequencing on day 7 and day 56, respectively. Cell populations were captured using principal
component analysis techniques and dimensionality reduction of uniform manifold approximation and projection. The Find Markers function
in R language was applied to analyze the DEGs changes of macrophages in two groups of lung tissues, and the corresponding DEGs were
subjected to Gene Ontology enrichment analysis and Kyoto Encyclopedia of Genes and Genomes signaling pathway analysis, while
STRING and CytoHubba plug-ins of Cytoscape software were applied to protein-protein interaction network analysis to screen out key
(Hub) genes. Spatial transcriptome sequencing was used to explore the original location of Hub genes on lung tissue sections and their
mapping in lung macrophages. Finally, the correlation of Hub gene expression levels in lung tissues of silicosis patients and mouse silicosis
models was verified, the diagnostic efficacy of Hub gene using subject operating characteristic curves (ROC). In vitro experiments by applying
cell viability assay were conducted to verify the changes in viability of mouse macrophages (RAW264.7) under SiO, stimulation.

The scRNA-seq revealed a total of 20 clusters captured and defined. The results of scRNA-seq and spatial transcriptome sequencing
showed an increased number of macrophages in the lung tissue of the SiO, group compared to the NS group and clustered in the focal
areas. Among the 97 macrophage DEGs screened out, 75 were up-regulated genes, and mainly enriched in chemotaxis and migration of
neutrophils, chemokine receptor binding, tumor necrosis factor signaling pathway, cytokine-cytokine receptor interaction pathway, and
interleukin-17 signaling pathway; and 22 were down-regulated genes, and mainly enriched in late endosomes, peroxisome proliferator-
activated receptors signaling pathway, and alcoholic liver disease signaling pathway. A total of 2 core modules and 3 Hub genes were
screened out, including Ccl2, Ccl7, and Ptgs2. The scRNA-seq showed that they were expressed at elevated levels in the SiO, group compared
to the NS group and clustered in additional macrophages, and the spatial transcriptome sequencing showed that they clustered in in-
flammatory areas with nodular lesions. The CCL7 and PTGS2 expressions were increased in the lung tissue of SiO, patients compared
with the healthy subjects, and the areas under the working curve of the subjects were 0.850 and 0.786, respectively. The viability of
RAW?264.7 cells was enhanced under SiO, stimulation at 3 h, 6 h, and 12 h compared to those without the stimulation (P <0.05).

Bioinformatics screening have identified 3 Hub genes (Cc/2, Ccl7, and Ptgs2) and 2 potential diagnostic genes (CCL7 and
PTGS2) in the lung tissue of silicosis mice, which may be potential molecular markers of early-stage silicosis with implications for the de-
velopment and prognosis of silicosis.

silicosis; single cell RNA sequencing; spatial transcriptome sequencing; differentially expressed gene; protein-protein interaction
network; enrichment analysis
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[Note] A: The scRNA-seq results of the NS and SiO, groups normalized to the cell subpopulation are shown on the Umap graph. B: Macrophages in the NS
and SiO, groups are shown on the Umap graph. C: Changes of macrophages in the NS and SiO, groups. D: Cell viability changes of macrophages under
Si0, stimulation (n=3), compared with 0 h, *: P<0.05.
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Figure 1 Changes in the number and viability of macrophages in the lung tissue of SiO,-induced silicosis mice
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2 BIRIR(IZEH(E=2, T5 R #E 1£=0.2, k-core=2, TRARE=100)
[Note] A: DEGs PPI network consortia, blue circles indicate down-regulated DEGs and red circles indicate up-regulated DEGs. B-C: Top 2 modules by the
MCODE plug-in in Cytoscape software (degree cutoff=2, node score cutoff=0.2, k-core=2, and max. depth=100).
2 ERERATEER PPl MERIEE

Figure 2 Differential gene screening and construction of PPl network
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G0:0097530 KRR (Granulocyte migration) 12 <0.001
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60:0031726 f:czlﬁﬁil)ﬁs’” SHCERT cnemokine 5 <0.001 e
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CCRIELEF45E (CCR chemokine receptor HRUERIEERERAESE
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(Cytokine-cytokine receptor interaction) : N N
A =0 =0 ==
MUO4062 BIUETFES 15 Fi&ER (Chemokine signaling o <0.001 . BNMR-17 58K, BUEFESER. KEE
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Figure 3 Hub gene screening
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[Note] A: scRNA-seq analysis of changes in Ccl2, Ccl7, and Ptgs2 in macrophages. B: Spatial expression of Ccl2, Ccl7, Ptgs2 mRNA and macrophages as well

as single cell-space transcriptome mapping. The yellow boxed line indicates inflammation with focal areas of silicosis nodules.
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Figure 4 Changes in Hub genes in mouse lung tissue
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[Note] A: Association of Cc/7 and Ptgs2 in lung tissues of silicosis patients
and silicosis mice. B-C: Validation of ROC for diagnostic efficacy of
CCL7 and PTGS2 in lung tissues of silicosis patients.
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Figure 5 Expression levels of Hub genes in lung tissues of
silicosis patients
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