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Research of screening of therapeutic targets for radiation — induced lung injury

based on transcriptomics of human primary lung fibroblasts
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Abstract: Objective To establish a radiation injury model using
primary human lung fibroblasts and screen for key genes driving radiation
— induced pulmonary fibrosis through transcriptome sequencing, thereby
elucidating their potential mechanisms and providing new therapeutic
targets and strategies for the clinical prevention and treatment of
radiotherapy — induced lung injury. Methods Primary human lung
fibroblasts were isolated by collagenase digestion and serially passaged.
Cell purity was confirmed by flow cytometry prior to establishing an
in vitro radiation model. Transcriptome analysis was performed based on
qualified sequencing data. DESeq2 was used for differential expression
which were subsequently

analysis to identify upregulated genes,

validated. Protein — protein interactions ( PPI) among the differentially
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expressed gene sets were predicted using the String database and visualized using the igraph package. Finally,
functional and pathway enrichment analyses of the core genes were performed via gene ontology ( GO), Kyoto
encyclopedia of genes and genomes ( KEGG) and gene set enrichment analysis ( GSEA) using the clusterProfiler
software. Results All samples met the quality control standards. Transcriptome analysis identified three significantly
upregulated key differentially expressed genes: sulfatase 1 ( SULF1), sulfatase 2 ( SULF2), and oligodendrocyte
myelin glycoprotein ( OMG). These findings were consistently validated in a public dataset. PPI network analysis
constructed with Cytoscape revealed that SULF1 occupied a central hub position within the network, exhibiting a strong
connection with SULF2, and both directly interacted with OMG. GSEA indicated that SULF1/2 and OMG were
significantly enriched in pathways related to DNA function, glutathione transferase activity, and neuroimmune
regulation. These results suggested that SULF1/2 and OMG may function in radiation — induced lung injury by
participating in processes such as DNA damage response, oxidative stress, and neuroimmune interactions. Conclusion

SULF1, SULF2 and OMG are key molecules in human lung fibroblasts responding to radiation injury and may drive
the progression of radiation — induced lung injury through multiple pathways. As potential therapeutic targets, they

provide a novel theoretical basis for the clinical prevention and treatment of radiotherapy — induced lung injury.
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Table 1 Summary of sequencing data quality metrics
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AR AN R S 5
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B 1A% .0 JE TR O B R 156 1 1/2 (sulfatase 1/2,
SULF1,/2)) F1 /0 5 ¢ o 40 e 48 % 5 1% 2 11 (oligoden-
drocyte myelin glycoprotein, OMG) , T 2R FL K 4 & %7
#7 (gene set enrichment analysis, GSEA ; https: //www.
gsea — msigdb. org/gsea/index. jsp ) [ 3 ) 35 R 2R (4R 18
(gene ontology, GO ) I 5t #R ke [A] F 5k P 41 %4 4 %8
(Kyoto encyclopedia of genes and genomes, KEGG ) %t
P, F clusterProfiler ) | 13 — {1k & £ 4 %
(normalized enrichment score, NES) | >1, P <0.05,%&
1R & PR (false discovery rate, FDR) ¢ —val <0.25
PRUESEAT I RE & 46 03, NES P (G EHT 5 4> mifik
FiEH) GO Fl KECG HEEiRfE,

# X

1 NFERELEE

FE i EE T i 174 27, Controll — 4 (IR1 -4 ()
Q20 FlHL LL ] KT 95% , Q30 A Bk LU i KT 85%
GC Fiir Mkl A AT, GC 4y B4, B 5 20 -
i, i i FEAS B B A, AT AR ST SR A SR A )T
W1,

Sample 1D Clean data reads Clean data base Q20(% ) Q30(% ) GC(% ) Error( % )
Control1 45553636 6822142215 99. 36 96. 59 50. 42 0.01
Control2 42577284 6374428268 99.35 96.52 50. 59 0.01
Control3 41370082 6195586632 99. 36 96. 59 50. 52 0.01
Control4 42890042 6422925490 99. 36 96. 66 50. 61 0.01
IR1 38699250 5794213733 99.33 96. 46 50.77 0.01
IR2 40738790 6099277175 99.34 96. 47 51.03 0.01
IR3 43223290 6472707251 99.34 96. 55 50. 41 0.01
IR4 54043692 8093515786 99. 36 96. 65 50. 16 0.01

20 and Q30: The percentage of bases with Phred values greater than 20 and 30 in the total bases; GC: The percentage of G/C base number in the total

number of bases.
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Table 2 Annotation of 4 up — regulated genes identified by hier-

archical clustering of 50 differential genes with the smallest P value

Gene name Gene description log, fold change P

SULF2 Sulfatase 2 2.056 0. 000
oMG Oligodendrocyte myelin glycoprotein 1.212 0. 000
SULF1 Sulfatase 1 1.191 0. 000
NPR3 Natriuretic peptide receptor 3 1.036 0. 000

3 PPl EfEMBHIER ST

PR BL PR 25 5 5 A String Bd 12 , 76 15 B -1
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ATP FZHR, AAA 5 R A 5 3 1 5 (ATPase family,
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W] SULF2 J OMG, 5 7R i35 K Wt {55 4 )5 3
LA 28 A DG Y B DR ASE RS ST R S P 3 4, T 52 W
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oA A B DI AR S ) 3E s DI R] o 4R B4 1 22 R AE
B (NES = 1.77) G VERCAR - 32 440 5 A
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RA K R HTBL 4 — fufe” T H M %%, X ek
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Table 3 Top five positively and negatively enriched pathways from gene set enrichment analysis ( GSEA) based on gene ontology ( GO)

and Kyoto encyclopedia of genes and genomes (KEGG)

Expression ID Description NES P
High G0:0150077 Regulation of neuroinflammatory response 1.77 0. 00
G0.0004364 Glutathione transferase activity 1.77 0. 00
G0:0034705 Potassium channel complex 1.76 0.00
G0:1905145 Cellular response to acetylcholine 1.75 0. 00
G0.:0098926 Postsynaptic signal transduction 1.75 0. 00
hsa02010 ABC transporters 1.63 0. 00
hsa00565 Ether lipid metabolism 1.59 0. 00
hsa03273 Virion — lassa virus and SFTS virus 1.58 0.02
hsa04080 Neuroactive ligand — receptor interaction 1. 56 0. 00
hsa00052 Galactose metabolism 1.56 0.01
Low G0:0000070 Mitotic sister chromatid segregation -2.27 0. 00
G0:1902850 Microtubule cytoskeleton organization involved in mitosis -2.19 0. 00
G0:0051983 Regulation of chromosome segregation -2.19 0. 00
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43R 3 ( Continued tablet 3)

Expression ID Description NES P
G0.:1905818 Regulation of chromosome separation -2.19 0. 00
G0.0140014 Mitotic nuclear division -2.17 0. 00
hsa03440 Homologous recombination -1.72 0. 00
hsa04114 Oocyte meiosis -1.73 0. 00
hsa03030 DNA replication -1.85 0. 00
hsa03460 Fanconi anemia pathway -1.87 0. 00
hsa04110 Cell cycle -1.99 0. 00

NES: Normalized enrichment score ; SFTS ; Severe fever with thrombocytopenia syndrome.
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