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[ Abstract ]| Objective To explore the association of epidermal growth factor receptor (EGFR) mutant non-small cell
lung cancer (NSCLC) with tyrosine kinase inhibitor (TKI)-related rash based on network pharmacology and to predict the
potential traditional Chinese medicine. Methods Gene chip data of EGFR mutant NSCLC cell lines and normal fibroblasts
before and after treatment with erlotinib, a TKI, were collected from Gene Expression Omnibus database. Differentially
expressed genes were screened using limma package of R 4.3.2 software. Cross-over target genes were screened using
venn package. The differentially expressed genes and cross-over target genes were analyzed using ClusterProfiler package.
CoreMine Medical database was used to predict traditional Chinese medicine of the cross-over target genes, and the nature,
flavour, and channel tropism were analyzed. The results were verified by molecular docking method. Results A total of 126
cross-over target genes were screened. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes enrichment analyses
indicated that the differentially expressed genes and cross-over target genes were enriched in chromosome, spindle and other
regions, and were involved in biological processes such as mitosis and DNA replication. These genes were also associated
with signaling pathways including DNA replication, lysosomes, and cell cycle. Gene set enrichment analysis results showed

that chemokine pathway and nucleotide-binding oligomerization domain-like receptor signaling pathway were activated in

[WFEEE] 2023-06-25 [#EZHH] 2023-10-07

[E&mBE] N DA EERMIIE S ( WZ22Q46 ). Supported by Wuhan Health Science Foundation (WZ22Q46).
[1EERET]  SBEHE, -1, IR0,

“iAE1EH ( Corresponding author ). Tel: 027-82211280, E-mail: wululu@zxhospital.com



e 1006 -

MR R 2024 4R 8 H, 45 %

the NSCLC cells, and mammalian target of rapamycin signaling pathway and amino acid metabolic pathway were disturbed
in the fibroblasts after treatment with erlotinib. CoreMine Medical database predicted that 354 kinds of traditional Chinese
medicines were mainly classified as cold, warm and flat, bitter, pungent and sweet, belonging to stomach, lung and liver

meridians. Taking Scutellaria baicalensis as an example, molecular docking analysis of experimentally validated target

genes and their active components revealed strong binding interactions between the target genes and active components.

Conclusion

EGFR mutant NSCLC and TKI-related rash have homology in pathogenesis, both involving DNA replication

and cell cycle, which provides traditional Chinese medicine medication instruction for patients with EGFR mutant NSCLC

and TKI-related rash.

[ Key words ] non-small cell lung cancer; epidermal growth factor receptor; rash; tyrosine kinase inhibitor; traditional

Chinese medicine
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Fig1 Heatmap and volcano map of differentially expressed genes
A: Heatmap of cluster of the top 100 differentially expressed genes with the largest significance in EGFR mutant NSCLC; B: Heatmap
of cluster of the top 100 differentially expressed genes with the largest significance in TKI-related rash; C: Volcano map of EGFR
mutant NSCLC; D: Volcano map of TKI-related rash. EGFR: Epidermal growth factor receptor; NSCLC: Non-small cell lung cancer;
TKI: Tyrosine kinase inhibitor; FC: Fold change.
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Fig2 Gene Ontology function enrichment analysis results
A: Histogram of enrichment analysis of differentially expressed genes in EGFR mutant NSCLC; B: Histogram of enrichment analysis
of differentially expressed genes in TKI-related rash; C: Histogram of enrichment analysis of cross-over target genes. EGFR: Epidermal
growth factor receptor; NSCLC: Non-small cell lung cancer; TKI: Tyrosine kinase inhibitor; BP: Biological process; CC: Cellular
component; MF: Molecular function; CMG: CDC45-MCM2-7-GINS; MAPK: Mitogen-activated protein kinase.
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Fig3 KEGG enrichment analysis results
A: Chord plot of enrichment analysis of differentially expressed genes in EGFR mutant NSCLC; B: Chord plot of enrichment analysis of
differentially expressed genes in TKI-related rash; C: Histogram of enrichment analysis of cross-over target genes. KEGG: Kyoto Encyclopedia
of Genes and Genomes; EGFR: Epidermal growth factor receptor; NSCLC: Non-small cell lung cancer; TKI: Tyrosine kinase inhibitor; GO:
Gene Ontology; FC: Fold change; AGE: Advanced glycation end product; RAGE: Receptor of AGE; ECM: Extracellular matrix.
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Fig4 GSEA enrichment analysis results

A: EGFR mutant NSCLC treated with erlotinib; B: EGFR mutant NSCLC treated without erlotinib; C: TKI-related rash treated

with erlotinib; D: TKI-related rash treated without erlotinib. GSEA: Gene set enrichment analysis; EGFR: Epidermal growth factor

receptor; NSCLC: Non-small cell lung cancer; TKI: Tyrosine kinase inhibitor; NOD: Nucleotide-binding oligomerization domain;

TGF: Transforming growth factor; mTOR: Mammalian target of rapamycin.
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Fig 5 PPI network diagram of cross-over target genes of EGFR mutant NSCLC and TKI-related rash

A: PPI network of cross-over target genes; B: PPI core network of cross-over target genes. EGFR: Epidermal growth factor

receptor; NSCLC: Non-small cell lung cancer; TKI: Tyrosine kinase inhibitor; PPI: Protein-protein interaction; LAC: Local average

connectivity.
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Tab 1 Prediction results of target genes of potential traditional Chinese medicine in top S of frequency
Traditional Chinese medicine Target gene Frequency
Scutellaria baicalensis DDIT3, CDC6, CDK1, CENPE, KCNK2, ELOVL6, MMP1, KIAA1524, DHFR 9
Bubalus bubalis HAS2, PCNA, PCK2, CENPE, CASCS5, CDCA2, HISTIHIC, PRIM1 8
Alpiniae Officinarum Rhizoma DDIT3, PCK2, NCAPG, MKI167, CENPE, CASCS5, CDCA2 7
Flos Ginseng HAS2, DDIT3, CDCA3, GTSE1, NEIL3, MMP1 6
Panax ginseng HAS2, DDIT3, CDCA3, GTSE1, NEIL3, MMP1 6
Folium Ginseng HAS2, DDIT3, CDCA3, GTSE1, NEIL3, MMP1 6
Radix Ginseng HAS2, DDIT3, CDCA3, GTSE1, NEIL3, MMP1 6
Radix Curcumae DDIT3, PCNA, DDX39A4, CDK1, SLC144 5
Rhizoma Curcumae longae DDIT3, PCNA, DDX39A4, CDK1, SLC1A44 5
Radix Salviae liguliobae DDIT3, PCNA, KIF14, MMP1, ITGA2 5
Ganoderma Lucidum seu Japonicum DDIT3, PCNA, PCK2, CDK1, UBE2T 5
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Fig 6 Nature, flavour, and channel tropism distribution of 354 kinds of potential traditional Chinese medicine

A: Distribution map of four natures; B: Distribution map of five flavours; C: Distribution map of channel tropism.
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Tab 2 Binding energy of active components of Scutellaria baicalensis and target proteins

Target protein Active component of Binding eneflgy/ Target protein Active component of Binding enef,?y/

Scutellaria baicalensis (kcal*mol ) Scutellaria baicalensis (kcal*mol )
DDIT3 Baicalin —5.9 ELOVL6 Baicalein —8.4
CDC6 Wogonin —10.3 MMP1 Wogonin —8.2
CDK1 Oroxylin A =79 KIAA1524 Scutellarein —7.1
KCNK2 Baicalein —10.1 DHFR Nothosmyrnol —6.3
KCNK2 Wogonin —38.1

1 kcal=4.184 kJ. DDIT3: DNA-damage inducible transcription 3; CDC6: Cell division cycle 6; CDK1: Cyclin-dependent protein
kinase 1; KCNK2: Potassium two pore domain channel subfamily K member 2; ELOVLG6: Elongase of very long chain fatty acid 6;
MMP1: Matrix metalloproteinase-1; KIAA1524: Cancerous inhibitor of protein phosphatase 2A; DHFR: Dihydrofolate reductase.

J A

7 EZHEMEM S =G EIE
Fig 7 3D structure simulation diagram of active components of Scutellaria baicalensis
A: DDIT3-baicalin; B: CDC6-wogonin; C: CDK1-oroxylin A; D: KCNK2-baicalein; E: KCNK2-wogonin; F: ELOVL6-baicalein; G:
MMP1-wogonin; H: KIAA1524-scutellarein; I: DHFR-nothosmyrnol. DDIT3: DNA-damage inducible transcription 3; CDC6: Cell

division cycle 6; CDK1: Cyclin-dependent protein kinase 1; KCNK2: Potassium two pore domain channel subfamily K member 2;

ELOVLG6: Elongase of very long chain fatty acid 6; MMP1: Matrix metalloproteinase-1; KIAA1524: Cancerous inhibitor of protein

phosphatase 2A; DHFR: Dihydrofolate reductase.
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