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Abstract: Network pharmacology and molecular docking methods are used to systematically study the
components, targets, pathways and cancer treatment of perilla seeds. With the help of TCMSP, Genecards,
and Uniprot databases, the components of perilla seeds, targets, and cancer and tumor targets are collected.
Cytoscape software is used to construct a network diagram for the components of perilla seeds, targets, and
cancer tumors. The protein is performed through the STRING database interaction network analysis, GO
function and KEGG enrichment with the help of DAVID platform. Auto Dock is used to molecularly dock

the active ingredients of perilla seeds with anti-cancer and anti-tumor targets. There are 72 targets in total for
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the anti-cancer and anti-tumor effects of perilla seeds screened, corresponding to 17 effective ingredients.

The cancer types involved include bladder cancer, thyroid cancer, pancreatic cancer, etc., among which

luteolin and TP53 have the best docking activity. This study builds a network of components-target-disease of

perilla seeds, explores the key targets of perilla seeds' anti-cancer and anti-tumor effects, simulates the

molecular docking of target proteins and active ingredients, and provides guidance to the clinical application

and application of perilla seeds.

Key words: perilla seed; network pharmacology; molecular docking; anti-cancer;anti-tumor
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Tablel Main activeingredientsand parameters of perilla seeds

MOLID Ingretient OB/% Caco-2 DL
MOL012888 citrostadienol F#k [f —J7 e 43.28 1.41 0.79
MOL012891 (2E,4E,6E)-icosa-2,4,6-trienoic acid (2E,4E,6E)- . 1#%-2,4,6- =& & 41.64 1.23 0.20

E)-(4-methylbenzylidene)-(4-phenyltriazol-1-yl)amine
MOL012893 EE;E“_EE%}g,z%%y-m—iﬁ)ﬁ(zrﬂ)é@-l-y%)ﬂi? w 57.87 1.04 0.19
MOL012896 Phthalic acid, butyl isohexyl ester 27K — F iR, T & 57 2L lig 45.52 0.77 0.18
MOL000449 Stigmasterol & f i 43.83 1.44 0.76
MOL001439 arachidonic acid 78 VU T 45.57 1.20 0.20
MOL002773 beta-carotene B-i] & h % 37.18 2.25 0.58
MOL000358 beta-sitosterol -7+ f§ 5 36.91 1.32 0.75
MOL004355 Spinasterol 3 3% §§ i 42.98 1.44 0.76
MOL005030 gondoic acid F 3k 5 i1 i 30.70 1.20 0.20
MOL005043 campest-5-en-3beta-ol SZiHi {$§ % 37.58 1.32 0.71
MOL005481 2,6,10,14,18-pentameihylic"osa—2,6,l0,14,18—pentaene 33.40 1.94 0.24
2,6,10,14,18-F F B — §)-2,6,10,14,18-F. 4
MOL000006 Luteolin AR H 2 36.16 0.19 0.25
MOL007449 24-methylidenelophenol 24-3F F 5& 2% 44.19 1.41 0.75
MOL000953 CLR 37.87 1.43 0.68
MOL009653 Cycloeucalenol ¥4 4 i 39.73 1.42 0.79
MOL009681 Obtusifoliol i M- ff i 42.55 1.47 0.76
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Table2 Information on potential anti-cancer and anti-tumor targets of perilla seeds
Number GCid Targets Official full names

1 GC16P055390 MMP2 Matrix Metallopeptidase 2
2 GC16P055656 SLC6A2 Solute Carrier Family 6 Member 2
3 GC10P073909 PLAU Plasminogen Activator, Urokinase
4 GCO05P069167 CCNBI1 Cyclin Bl
5 GC17M030194 SLC6A4 Solute Carrier Family 6 Member 4
6 GCO7P116672 MET MET Proto-Oncogene, Receptor Tyrosine Kinase
7 GC06P121436 GJA1 Gap Junction Protein Alpha 1
8 GC09P134317 RXRA Retinoid X Receptor Alpha
9 GC17P078214 BIRCS Baculoviral IAP Repeat Containing 5
10 GC07M095297 PONI1 Paraoxonase 1
11 GC18M063123 BCL2 BCL2 Apoptosis Regulator
12 GCO02P201233 CASP8 Caspase 8
13 GCO03P012287 PPARG Peroxisome Proliferator Activated Receptor Gamma
14 GC11P067583 GSTP1 Glutathione S-Transferase Pi 1
15 GC06P047305 TNF Tumor Necrosis Factor
16 GC20M005114 PCNA Proliferating Cell Nuclear Antigen
17 GCOXP123859 XIAP X-Linked Inhibitor Of Apoptosis
18 GCO01IM186640 PTGS2 Prostaglandin-Endoperoxide Synthase 2
19 GCO03P041236 CTNNB1 Catenin Beta 1
20 GC04M099336 ADHIC Alcohol Dehydrogenase 1C (Class I), Gamma Polypeptide
21 GC11P069641 CCND1 Cyclin D1
22 GC12M057743 CDK4 Cyclin Dependent Kinase 4
23 GC10P113679 CASP7 Caspase 7
24 GCO05P148825 ADRB2 Adrenoceptor Beta 2
25 GCO06P043770 VEGFA Vascular Endothelial Growth Factor A
26 GC19M041301 TGFB1 Transforming Growth Factor Beta 1
27 GCO8P127735 MYC MYC Proto-Oncogene, BHLH Transcription Factor
28 GCO1IM150707 MCLI1 MCL1 Apoptosis Regulator, BCL2 Family Member
29 GC11M102810 MMP1 Matrix Metallopeptidase 1
30 GCO07P022765 IL6 Interleukin 6
31 GC04M 184627 CASP3 Caspase 3
32 GC04M 148078 NR3C2 Nuclear Receptor Subfamily 3 Group C Member 2
33 GC22P035380 HMOX1 Heme Oxygenase 1
34 GC01M206767 IL10 Interleukin 10
35 GC22M021754 MAPKI1 Mitogen-Activated Protein Kinase 1
36 GC07P106865 PIK3CG Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic Subunit Gamma
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Number GCid Targets Official full names
37 GC12P068808 MDM2 MDM2 Proto-Oncogene
38 GCO07P055019 EGFR Epidermal Growth Factor Receptor
39 GC04M 122451 1L2 Interleukin 2
40 GC17P039687 ERBB2 Erb-B2 Receptor Tyrosine Kinase 2
41 GC12M068064 IFNG Interferon Gamma
42 GCO05P132673 1L4 Interleukin 4
43 GC17M040388 TOP2A DNA Topoisomerase II Alpha
44 GC19P010270 ICAM1 Intercellular Adhesion Molecule 1
45 GC07P116524 CAV1 Caveolin 1
46 GC20M031664 BCL2L1 BCL2 Like 1
47 GC02P024492 NCOA1 Nuclear Receptor Coactivator 1
48 GC11M065653 RELA RELA Proto-Oncogene, NF-KB Subunit
49 GC13P048303 RB1 RB Transcriptional Corepressor 1
50 GC11M100943 PGR Progesterone Receptor
51 GC11P089177 TYR Tyrosinase
52 GC17M007661 TP53 Tumor Protein P53
53 GC19M007112 INSR Insulin Receptor
54 GC01MO015491 CASP9 Caspase 9
55 GC06P047460 CDKNIA Cyclin Dependent Kinase Inhibitor 1A
56 GC08M070109 NCOA2 Nuclear Receptor Coactivator 2
57 GC14M104769 AKTI1 AKT Serine/Threonine Kinase 1
58 GC14M035401 NFKBIA NFKB Inhibitor Alpha
59 GCO09P122370 PTGS1 Prostaglandin-Endoperoxide Synthase 1
60 GCO01M094530 F3 Coagulation Factor III, Tissue Factor
61 GC01M058780 JUN Jun Proto-Oncogene, AP-1 Transcription Factor Subunit
62 GCOXP067544 AR Androgen Receptor
63 GC19P048954 BAX BCL2 Associated X, Apoptosis Regulator
64 GC17P066302 PRKCA Protein Kinase C Alpha
65 GCOXP136649 CD40LG CD40 Ligand
66 GCO07M099759 CYP3A4 Cytochrome P450 Family 3 Subfamily A Member 4
67 GC03M038549 SCNSA Sodium Voltage-Gated Channel Alpha Subunit 5
68 GC21M025880 APP Amyloid Beta Precursor Protein
69 GC05M001392 SLC6A3 Solute Carrier Family 6 Member 3
70 GCO07P144938 PRSS1 Serine Protease 1
71 GC20P046008 MMP9 Matrix Metallopeptidase 9
72 GC20P041028 TOP1 DNA Topoisomerase I
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PR - (455 — - 1- ) ( degree=6 ), F ki
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Bl 55 1 ( degree=3 ), M [ — I % ( degree=3 ).
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Table3 Enrichment of KEGG pathway for anti-cancer and anti-tumor targets of perilla seeds
Term Count  P-Value Genes

hsa05200:Pathways in cancer 37 8.36E-28 RBI1, CDKNI1A, GSTPI, XIAP, PTGS2, RELA, EGFR, PIK3CG, CASP9,
CASP8, RXRA, CCNDI, MYC, CASP3, ERBB2, AKTI, MAPKI, JUN,
TGFB1, MMP1, MMP2, PRKCA, MMP9, VEGFA, NFKBIA, AR, IL6, CDK4,
BCL2, MDM2, BAX, BIRC5, CTNNBI1, PPARG, MET, TP53, BCL2L1

hsa05161:Hepatitis B 24 1.11E-22 RBI1, CDKNIA, JUN, TGFBI, PCNA, PRKCA, TNF, MMP9, PIK3CG, RELA,
CASP9, NFKBIA, IL6, CASP8, CCND1, CDK4, MYC, CASP3, BCL2, BAX,
BIRCS5, AKT1, MAPK1, TP53

hsa05219:Bladder cancer 14 2.92E-17 RBI1, CDKNIA, MMP1, MMP2, MMP9, EGFR, VEGFA, CCNDI, CDK4,
MYC, ERBB2, MDM2, MAPK 1, TP53

hsa05205:Proteoglycans in cancer 21 1.3E-15 CDKNIA, TGFB1, MMP2, CAV1, PRKCA, TNF, MMP9, EGFR, PIK3CG,
VEGFA, CCNDI1, PLAU, MYC, CASP3, ERBB2, MDM2, AKTI, MAPKI,
CTNNBI, MET, TP53

hsa05215:Prostate cancer 16 2.39E-15 RB1, CDKNI1A, EGFR, PIK3CG, RELA, CASP9, NFKBIA, AR, CCNDI,
ERBB2, MDM2, BCL2, AKT1, MAPK1, CTNNBI, TP53

hsa05210:Colorectal cancer 14 1.2E-14 JUN, TGFBI1, PIK3CG, CASP9, CCNDI1, MYC, CASP3, BCL2, BAX, BIRCS,
AKTI1, MAPKI1, CTNNBI, TP53

hsa04210:Apoptosis 14 1.2E-14 XIAP, TNF, PIK3CG, RELA, CASP9, NFKBIA, CASP7, CASP8, CASP3,
BCL2, BAX, AKTI1, TP53, BCL2L1

hsa05212:Pancreatic cancer 14 2.32E-14 RBI1, TGFBI1, EGFR, PIK3CG, RELA, VEGFA, CASP9, CCNDI, CDK4,
ERBB2, AKT1, MAPK1, TP53, BCL2L1

hsa05222:Small cell lung cancer 15 3.69E-14 RBI1, XIAP, PTGS2, PIK3CG, RELA, CASP9, NFKBIA, RXRA, CCNDI,
CDK4, MYC, BCL2, AKTI1, TP53, BCL2L1

hsa05220:Chronic myeloid leukemia 14 9.51E-14 RBI1, CDKNI1A, TGFBI, PIK3CG, RELA, NFKBIA, CCNDI1, CDK4, MYC,
MDM2, AKT1, MAPK1, TP53, BCL2L1

hsa05166:HTLV-I infection 21 1.3E-13 RBI1, CDKNIA, JUN, TGFBI1, PCNA, XIAP, TNF, IL2, PIK3CG, RELA,
ICAMI1, NFKBIA, IL6, CCND1, CDK4, MYC, BAX, AKT1, CTNNBI1, TP53,
BCL2L1

hsa04151:PI13K-Akt signaling pathway 23 4.52E-13 CDKNIA, INSR, PRKCA, EGFR, IL2, PIK3CG, RELA, VEGFA, CASP9, 1L4,

IL6, RXRA, CCNDI,
TP53, MCL1, BCL2L1

CDK4, MYC, MDM2, BCL2, AKT1, MAPKI, MET,
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hsa05145:Toxoplasmosis 15 1.49E-12 IL10, TGFBI1, XIAP, TNF, RELA, CASP9, NFKBIA, CASP8, CD40LG, IFNG,
CASP3, BCL2, AKT1, MAPK1, BCL2L1

hsa05223:Non-small cell lung cancer 12 3.36E-12 RBI1, CASP9, RXRA, CCNDI1, CDK4, ERBB2, MAPK1, AKT1, PRKCA, TP53,
EGFR, PIK3CG

hsa04066:HIF-1 signaling pathway 14 4.53E-12 CDKNIA, INSR, PRKCA, EGFR, PIK3CG, RELA, VEGFA, IL6, IFNG,
ERBB2, BCL2, AKT1, HMOX1, MAPK1

hsa04668:TNF signaling pathway 14 1.88E-11 JUN, PTGS2, TNF, MMP9, PIK3CG, RELA, ICAM1, NFKBIA, CASP7, IL6,
CASP8, CASP3, AKT1, MAPK1

hsa04660:T cell receptor signaling 13 1.41E-10 IL10, JUN, TNF, IL2, PIK3CG, RELA, IL4, NFKBIA, CD40LG, IFNG, CDK4,

pathway AKT1, MAPK1

hsa05142:Chagas disease (American 13 2.25E-10 IL10, JUN, TGFBI1, TNF, IL2, PIK3CG, RELA, NFKBIA, IL6, CASP8, IFNG,

trypanosomiasis) AKTI1, MAPK1

hsa05214:Glioma 11 4.5E-10 RB1, CDKNI1A, CCNDI1, CDK4, MDM2, MAPKI1, AKTI1, PRKCA, TP53,
EGFR, PIK3CG

hsa04919:Thyroid hormone signaling 13 7.39E-10 NCOA1, NCOA2, PRKCA, PIK3CG, CASP9, RXRA, CCNDI1, MYC, MDM2,

pathway

AKTI1, MAPK1, CTNNBI, TP53
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Note: Red is the core target of perilla seed anti-cancer; green is the predicted target except the core target.
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Table4 Resultsof molecular docking between active
components of perilla seeds and potential
anti-cancer and anti-tumor targets

R 1 T L
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AR 0.99 mM 3 ~17.15
Luteolin-TP53
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Fig.7 Molecular docking model of TP53 and luteolin
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