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Study on antitumor molecular mechanism of Chelidonium majus based on
network pharmacology
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Abstract: Objective Chelidonium majus is applied to tumor therapy with good clinical effect and weak adverse effect. To explain the
molecular mechanism of antitumor effect scientifically, the network pharmacology method was used to screen effective parts and major
active components of C. majus and to construct the active compounds-targets network. Methods ADME calculation method was used
to filtrate the active components of C. majus, and then the targets of the main active ingredients were collected by literature mining and
multiple databases, and the targets of the compound were screened using the SysDT model. Besides, the compounds-targets network
was constructed by Cytoscape software and network topology analysis was carried out. Biological information annotation databases
(DAVID) was used to analyze the molecular function and biological pathway of the action targets. Results Alkaloids were the major
active components of C. majus, 21 alkaloid components were screened out by ADME calculation method with 168 related targets, and
60 closely cancer-related pathways. Those pathways were integrated, with which a comprehensive C. majus antitumor pathway was
constructed. According to the results of network topology analysis and ingredient correction results, it was speculated that
chelerythrine, berberine and sanguinarine were the main active ingredients in C. majus, acting on the targets of PTGS2, SCN5A, F10,
NCOA2, CHRM3, AR, TP5, CASP1/3/9, DRD1, MAPT, MAPK1, BLM, etc. Conclusion The antitumor activities of C. majus
were mainly by inducing cell apoptosis and inhibiting cell proliferation, metastasis and invasion as phenotype intervention mode in
network, thereby to exert antitumor activities and a certain central analgesic effect.
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Table 1 Information of 21 candidate compounds in C. majus

T 1D EY OB DL Caco-2 FEH Eo3ling RV
MOL001454  /INEERE (berberine) 36.86 0.78 1.24 73 0.4713
MOL001455 & ft/INEEFS (canadine) 53.83 0.77 1.01 49 0.4209
MOL002666  [1J#ER4LHH (chelerythrine) 34.18 0.78 1.39 86 0.480 9
MOL001481  FJE3H% (chelidonine) 48.32 0.86 0.67 22 0.3757
MOL001482  HJEE#HE (chelilutine) 53.55 0.87 1.13 0.298 6
MOL001458  #i%f (coptisine) 30.67 0.86 1.21 0.3545
MOL001460  Bam@i C(cryptopin) 78.74 0.72 0.79 11 0.306 3
MOL004197 %% (corydine) 37.16 0.55 1.29 14 0.3627
MOL001461 & A4, (dihydrochelerythrine) — 32.73 0.81 1.13 15 0.364 1
MOL001462 & HJEK Lk (dihydrochelirubine)  55.29 0.86 1.11 7 0.302 4
MOL001463 & IMARTE (dihydrosanguinarine) 59.31 0.86 1.00 13 0.361 3
MOL000787 ¥ &#% (fumarine) 59.26 0.83 0.56 13 0.3417
MOL001466 7= [ /& 3%8% (homochelidonine) 36.84 0.84 0.82 10 0.305 3
MOL001467 =48 % EH Cisocorydine) 55.63 0.55 0.94 45 0.4135
MOL001469  HI4(3E (1 JE%H% (methoxychelidonine) — 32.21 0.84 0.68 0.2995
MOL000729 & fkImARHH (oxysanguinarine) 46.97 0.87 1.08 0.298 6
MOL001473  FiFAEHE (rhoeadine) 63.51 0.83 0.87 0.301 4
MOL001474  IfiiARH% (sanguinarine) 37.81 0.86 1.26 37 0.399 5
MOL000217 43R4 E % (scoulerine) 32.28 0.54 0.89 29 0.386 5
MOL004230 Il Z35€6 (stylopine) 48.25 0.85 0.93 7 0.302 4
MOL002668  FAJEZm (worenine) 45.83 0.87 1.22 5 0.350 6
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Table 2 Target proteins closely related with tumor

Uniprot  J&[Al =] Uniprot & EA

P08183 ABCB1 multidrug resistance protein 1 P08069 IGF1R insulin-like growth factor 1 receptor
P00519 ABL1 tyrosine-protein kinase ABL1 014920 IKBKB inhibitor of nuclear factor kappa-B
P31749 AKT1 RAC-alpha serine/threonine-protein kinase kinase subunit beta

P31751 AKT2 RAC-beta serine/threonine-protein kinase ~ |P60568  IL-2 interleukin-2

Q9Y243 AKT3 RAC-gamma serine/threonine-protein kinase ~ |[P07750 IL-4 interleukin-4

014727 APAF1 apoptotic protease-activating factor 1 P05231 IL-6 interleukin-6

P10275 AR androgen receptor P06213 INSR insulin receptor

P27540 ARNT aryl hydrocarbon receptor nuclear translocator [P56199 ITGALl integrin alpha-1

Q13315 ATM serine-protein kinase ATM P13612 ITGA4 integrin alpha-4

Q07812 BAX apoptosis regulator BAX 060674 JAK2 tyrosine-protein kinase JAK2

P10415 BCL2 apoptosis regulator Bcl-2 P52333 JAK3 tyrosine-protein kinase JAK3
Q07817 BCL2L1  Bcl-2-like protein 1 P05412 JUN transcription factor AP-1

043521 BCL2L11 Bcl-2-like protein 11 Q12809 KCNH2 potassium voltage-gated channel
015392 BIRC5 baculoviral AP repeat-containing protein 5 subfamily H member 2

P54132 BLM bloom syndrome protein P35968 KDR vascular endothelial growth factor
P38398 BRCAl breast cancer type 1 susceptibility protein receptor 2

P00918 CA2 carbonic anhydrase 2 P10721 KIT mast/stem cell growth factor

P29466 CASP1 caspase-1 receptor Kit

Q92851 CASP10  caspase-10 Q02750 MAP2K1 dual specificity mitogen-activated
P42574 CASP3 caspase-3 protein kinase kinase 1

P70343 CASP4 caspase-4 P28482 MAPK1 mitogen-activated protein kinase 1
P51878 CASP5 caspase-5 Q16539 MAPK14 mitogen-activated protein kinase 14
P55210 CASP7 caspase-7 P27361 MAPK3 mitogen-activated protein kinase 3
Q14790 CASP8 caspase-8 P45983 MAPKS8 mitogen-activated protein kinase 8
P55211 CASP9 caspase-9 P45984 MAPK9 mitogen-activated protein kinase 9
P78396 CCNALl cyclin-Al P10636 MAPT  microtubule-associated protein tau
P20248 CCNA2 cyclin-A2 P49736 MCM2 DNA-replication licensing factor MCM2
P14635 CCNB1 Ga/mitotic-specific cyclin-B1 015151 MDM4  protein Mdm4

095067 CCNB2 Ga/mitotic-specific cyclin-B2 P08581 MET hepatocyte growth factor receptor
P24385 CCND1 G1/S-specific cyclin-D1 075030 MITF microphthalmia-associated

P30279 CCND2  Gi/S-specific cyclin-D2 transcription factor

P30281 CCND3 Gu/S-specific cyclin-D3 P08253 MMP2  matrix metalloproteinase-2

P24864 CCNE1 G1/S-specific cyclin-E1 P14780 MMP9  matrix metalloproteinase-9

096020 CCNE2 G1/S-specific cyclin-E2 P42345 MTOR serine/threonine-protein kinase mTOR
P51946 CCNH cyclin-H P01106 MYC myc proto-oncogene protein

P06493 CDK1 cyclin-dependent kinase 1 Q15788 NCOAL nuclear receptor coactivator 1
P24941 CDK2 cyclin-dependent kinase 2 Q15596 NCOAZ2 nuclear receptor coactivator 2
P11802 CDK4 cyclin-dependent kinase 4 Q9Y6Q9 NCOA3 nuclear receptor coactivator 3
Q00534 CDKG6 cyclin-dependent kinase 6 P19838 NFKB1 nuclear factor NF-kappa-B p105 subunit
P50613 CDK7 cyclin-dependent kinase 7 P38936 CDKNI1A cyclin-dependent kinase inhibitor 1A
Q92769 HDAC2  histone deacetylase 2 P46527 CDKN1B cyclin-dependent kinase inhibitor 1B
Q16665 HIF1A hypoxia-inducible factor 1-alpha P49918 CDKNI1C cyclin-dependent kinase inhibitor 1C
Q2TB90 HKDC1  putative hexokinase HKDC1 P49715 CEBPA CCAAT/enhancer-binding protein alpha
P07900 HSP90AAL heat shock protein HSP 90-alpha 014757 CHEK1 serine/threonine-protein kinase Chk1
P42858 HTT huntingtin 096017 CHEK2 serine/threonine-protein kinase Chk2
P47928 1D4 DNA-binding protein inhibitor ID-4 P11229 CHRM1 muscarinic acetylcholine receptor M1
P05019 IGF1 insulin-like growth factor | P20309 CHRM3 muscarinic acetylcholine receptor M3
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g2
Uniprot  JE[ HH Uniprot R HH
P08485 CHRM4 muscarinic acetylcholine receptor M4 |Q03181 PPARD peroxisome proliferator-activated receptor delta
P08912 CHRMS5 muscarinic acetylcholine receptor M5 |P37231  PPARG peroxisome proliferator-activated receptor
015111 CHUK inhibitor of nuclear factor kappa-B gamma
kinase subunit alpha Q13131 PRKAAl 5’-AMP-activated protein kinase catalytic
P02452 COL1AL collagen alpha-1(l) chain subunit alpha-1
Q92793 CREBBP CREB-binding protein P17252 PRKCA protein kinase C alpha type
P07333 CSF1R  macrophage colony-stimulating factor [O75365 PRL protein tyrosine phosphatase type IVA 3
1 receptor P43116 PTGER2 prostaglandin E2 receptor EP2 subtype
P35222 CTNNBL1 catenin beta-1 P35354 PTGS2 prostaglandin G/H synthase 2
P10145 CXCL8 interleukin-8 Q05397 PTK2 focal adhesion kinase 1
P04839 CYBB  cytochrome b-245 heavy chain P04049 RAF1 RAF proto-oncogene serine/threonine-
P53355 DAPK1 death-associated protein kinase 1 protein kinase
P18901 DRD1  D(1A) dopamine receptor Q04206 RELA transcription factor p65
P05305 EDN1 endothelin-1 P07949 RET proto-oncogene tyrosine-protein kKinase
P01133 EGF pro-epidermal growth factor receptor Ret
P00533 EFFR epidermal growth factor receptor 075116 ROCK2 rho-associated protein kinase 2
Q09472 EP300 histone acetyltransferase p300 P19793 RXRA retinoic acid receptor RXR-alpha
Q99814 EPAS1 Endothelial PAS domain-containing [|P28702 RXRB retinoic acid receptor RXR-beta
protein 1 Q14524 SCN5A sodium channel protein type 5 subunit alpha
P03372 ESR1 estrogen receptor QINTG7 SIRT3 NAD-dependent protein deacetylase
Q62986 ESR2 estrogen receptor beta sirtuin-3, mitochondrial
P00742 F10 coagulation factor X P10451 SPP1 osteopontin
P00734 F2 prothrombin P40763 STAT3 signal transducer and activator of transcription 3
P08709 F7 coagulation factor VII P42229  STAT5A signal transducer and activator of
P25445 FAS tumor necrosis factor receptor transcription 5A
superfamily member 6 Q9BYT3 STK33 serine/threonine-protein kinase 33
P48023 FASLG tumor necrosis factor ligand Q13043 STK4 serine/threonine-protein kinase 4
superfamily member 6 P43405 SYK tyrosine-protein kinase SYK
P11362 FGFR1 fibroblast growth factor receptor 1 QI9NUWS TDP1 tyrosyl-DNA phosphodiesterase 1
P21802 FGFR2 fibroblast growth factor receptor 2 P01137 TGFB1 transforming growth factor beta-1
P22607 FGFR3 fibroblast growth factor receptor 3 P36897 TGFBR1 TGF-beta receptor type-1
P22455 FGFR4 fibroblast growth factor receptor 4 000206 TLR4 toll-like receptor 4
P36888 FLT3 receptor-type tyrosine-protein kinase [P01375 TNF tumor necrosis factor
FLT3 P02751 FN1 fibronectin
P35916 FLT4 receptor-type tyrosine-protein kinase |P01100 FOS proto-oncogene c-Fos
FLT4 Q12778 FOXO1 forkhead box protein O1
P25963 NFKBIA NF-kappa-B inhibitor alpha P11413 G6PD glucose-6-phosphate 1-dehydrogenase
P35228 NOS2 nitric oxide synthase, inducible P35557 GCK glucokinase
P29474 NOS3 nitric oxide synthase, endothelial 094925 GLS glutaminase kidney isoform, mitochondrial
Q06710 PAXS8 paired box protein Pax-8 P49841 GSK3B glycogen synthase kinase-3 beta
P12004 PCNA  proliferating cell nuclear antigen 014763 TNFRSF10B tumor necrosis factor receptor superfamily
P16234 PDGFRA platelet-derived growth factor receptor member 10B
alpha 095551 TOP2 tyrosyl-DNA phosphodiesterase 2
P09619 PDGFRB platelet-derived growth factor receptor|P11388 TOP2A DNA topoisomerase 2-alpha
beta P04637 TP53 cellular tumor antigen p53 kinase 1
015530 PDPK1 3-phosphoinositide-dependent protein  |094782 USP1 ubiquitin carboxyl-terminal hydrolase 1
P53350 PLK1 serine/threonine-protein kinase PLK1 |O75604 USP2 ubiquitin carboxyl-terminal hydrolase 2
QI9UBT6 POLK  DNA polymerase kappa P49767 VEGFC vascular endothelial growth factor C
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Table 3 Tumor-related pathways controlled by screened compounds
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Fig. 3 Targets of C. majus alkaloids in tumor pathway
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