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Abstract: Objective To investigate the molecular targets and mechanisms linking di-(2-ethylhexyl) phthalate (DEHP) to non-small
cell lung cancer based on network toxicology, molecular docking, and molecular dynamics simulation. Methods non-small cell lung
cancer-related transcriptomic data from the GEO database were integrated, and disease-related genes were screened using differential
expression analysis and weighted gene co-expression network analysis (WGCNA). DEHP-related candidate targets were obtained from
the ChEMBL, SwissTargetPrediction, and SEA databases. PPI network analysis, GO functional enrichment, and KEGG pathway
enrichment analyses were performed. Molecular docking, 100-ns molecular dynamics simulation, and MM-PBSA binding free-energy

calculation were further used to evaluate the potential interactions between candidate proteins and DEHP. Results A total of 5 136
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differentially expressed genes and 138 DEHP candidate targets were identified, and 54 potential DEHP- non-small cell lung cancer-
associated targets were obtained by intersection analysis. The PPI network showed that MMP9, MMP2, STAT1, and other proteins
occupied central positions in the network. GO functional and KEGG pathway enrichment analyses suggested that these targets were
mainly involved in biological processes such as extracellular matrix remodeling, proteolysis, and related signal transduction. Molecular
docking showed that DEHP had potential binding affinity with several candidate proteins, among which the predicted binding energies
of MMP9 and MMP7 with DEHP were —8.0 and —6.0 kcal/mol (1 cal = 4.2 J), respectively. Molecular dynamics simulation showed
that both MMP7-DEHP and MMP9-DEHP complexes exhibited relatively stable conformational characteristics during the 100-ns
simulation. MM-PBSA analysis showed that the binding free energies of the two complexes were —136.38 and —109.01 kJ/mol,
respectively, suggesting that van der Waals and hydrophobic interactions may be the main factors maintaining complex stability.
Conclusion DEHP may participate in non-small cell lung cancer-related biological processes through a multi-target and multi-

pathway network, in which MMP-mediated extracellular matrix degradation and tissue remodeling may represent important

mechanisms. MMP7 and MMP9 may serve as candidate targets for further exploration of related molecular mechanisms.
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1 MMP9 44 0.374 695.431 0.179
2 STAT1 28 0.245 257.435 0.167
3 MMP2 28 0.286 157.380 0.171
4 CTSS 26 0.299 41.200 0.166
5 APP 26 0.264 200.496 0.170
6 AGTR1 24 0.173 605.045 0.169
7 CTSB 24 0.286 13.550 0.163
8 ACE 22 0.259 38.911 0.166
9 ACE2 20 0.245 31.640 0.166
10 ADAM17 20 0.249 19.075 0.165
11 CTSL 20 0.238 8.435 0.161
12 MCL1 18 0.154 279.812 0.164
13 CDK4 18 0.154 74.298 0.164
14 CTSK 14 0.176 1.050 0.157
15 CCNE1 14 0.089 33.453 0.161
16 CCNB1 14 0.110 30.389 0.161
17 MMP7 14 0.182 0.583 0.157
18 CTSG 14 0.179 0.733 0.157
19 SCARB1 12 0.117 91.417 0.160
20 PRKCA 10 0.039 225.010 0.159
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Table 2 Binding energies of candidate proteins docked with DEHP

HHAW 74 fiel (keal mol ™) EA=EAS %54 fgl (keal mol ™)
MMP9 -8.0 ACE2 -6.1
CTSS -17 MMP7 -6.0
SCARB1 -7.7 CTSL -5.9
CCNB1 -7.6 CCNE1 -5.9
MMP2 -7.2 AGTR1 -5.7
MCL1 -7.2 CTSB -5.7
ACE -6.9 STAT1 -5.6
PRKCA -6.3 CDK4 -5.0
ADAM17 -6.2 CTSG -4.9
CTSK —6.2 APP —4.4
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Fig. 8 Molecular dynamics trajectory analysis of the MMP7-DEHP complex
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Fig. 9 Molecular dynamics trajectory analysis of the MMP9-DEHP complex
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Fig. 10 MM-PBSA binding free-energy analysis of the MMP7-DEHP complex
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Fig. 11 MM-PBSA binding free-energy analysis of the MMP9-DEHP complex
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