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Effects and identification of gamma irradiation on key genes of intestinal stem cells and

differentiated cells in mice

ZHANG Haoran LIU Jun ZHANG Zhongwei XUE Wei WANG Mimi LIU Qingjie

(China CDC Key Laboratory of Radiological Protection and Nuclear Emergency, National Institute for Radiological Protection,

Chinese Center for Disease Control and Prevention, 100088 Beijing, China)

ABSTRACT To study the effect of gamma irradiation on the expression profile of intestinal stem cells (ISCs) and
their differentiated cells in the intestine of mice, and to screen the key genes. The Seurat package was used to
perform cluster analysis and differential expression analysis on a single-cell sequencing dataset (GSE165318) to
identify differentially expressed genes in each cell type. The TCseq package analyzed the expression trend over time.
Key genes were identified by intersecting up-regulated genes with specific trend gene clusters across the five cell
types. The clusterProfiler package and STRING database were used for Gene Ontology (GO) enrichment analysis
and PPI network analysis of key genes. A mouse model of RIII was established via abdominal irradiation with 12 Gy
of “Co y-rays. Intestinal tissues were collected at 0, 3, and 7 days post-irradiation in control and treatment groups.
Key genes were verified using Real-time quantitative PCR (RT-qPCR).Results Twelve intestinal cell types were
identified, and the key gene Mmp8 was found in ISCs and their differentiated cells. Additionally, the expression of
15 Mmp family members peaked on the 3rd day after irradiation, with heterogeneous expression across different cell
types. PPI network analysis revealed that Mmp3, Mmp7, Mmp8, Mmp9, and Mmpl1 are central in the regulatory
network. The differential expression of Mmp8, Mmp9, Mmp13, Mmpl9, and Mmp25 was validated by RT-qPCR.
Conclusion Mmp family plays an important role in the process of intestinal injury caused by gamma rays and
repair, and Mmp8, Mmp9, Mmp13, Mmp19 and Mmp25 may be potential therapeutic targets for intestinal radiation
injury.

KEYWORDS Gamma rays, Single-cell sequencing, Radiation-induced intestinal injury, Matrix metalloproteinase
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#1 RT-qPCREIYFFI
Table 1 Primer sequences for RT-qPCR

B 3eSE HFID IR SIIFFEIS—37)

Gene name Gene ID Primer type Primer sequence (5’ —3")

Mmp7 17 393 Forward CTGCCACTGTCCCAGGAAG
Reverse GGGAGAGTTTTCCAGTCATGG

Mmp8 17 394 Forward TCTTCCTCCACACACAGCTTG
Reverse CTGCAACCATCGTGGCATTC

Mmp9 17 395 Forward AACCTCCAACCTCACGGAC
Reverse CAGCGTGGTGTTCGAATGG

Mmpl3 17 386 Forward TACCATCCTGCGACTCTTGC
Reverse TTCACCCACATCAGGCACTC

Mmp19 58223 Forward GACAGCAAAGACCTGGAGGATTA
Reverse CATCTGACCGGAAATGGGCA

Mmp25 240 047 Forward TGGAATGGCTGACTCGCTATG
Reverse GCATGACTTTGATTGCATCCTG

Gapdh 14 433 Forward AGGTCGGTGTGAACGGATTTG
Reverse TGTAGACCATGTAGTTGAGGTCA
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Fig.1 Results of cell cluster analysis: (a) TSNE cluster map; (b) annotated cell clustering map; (c) plot of proportion of cell types
as a function of grouping (The X-axis is the proportion, and the Y-axis is the sample grouping); (d) Pie chart of cell type proportions
(The proportion of all cell types); (e) dot plot of marker genes for each cell type
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Fig.2 Gene expression changes before and after irradiation in each cell type
(a) Differentially expressed genes of intestinal stem cells and their differentiated cells at day 3 after irradiation; (b) gene expression
trends of intestinal stem cells and their differentiated cells
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Fig.3 Results of key gene mining
(a) Venn diagram of five cellular key genes; (b) Heat map of Mmp family genes expression in different groups; (c) Heat map of
Mmp family gene expression in different cell types; (d) Bubble plot of GO enrichment analysis of Mmp family genes; (e) PPI
network diagram of Mmp protein family; (f) hub gene of PPI network.
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Fig.4 The expression of mRNA before and after irradiation of key genes; *p<0.05, **p<0.01, ***p<0.001, ns: no significant
difference
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