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[Abstract] Objective To investigate the effects and underlying molecular mechanisms of typhaneoside (TYP) on lung
adenocarcinoma based on network pharmacology and in vitro experiments. Methods TYP-lung adenocarcinoma-related genes were
obtained from the prediction target website SwissTargetPrediction, The Cancer Genome Atlas (TCGA) database, GeneCards
database, and Gene Expression Omnibus (GEO) database. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) analyses were performed on the obtained TYP-lung adenocarcinoma-related genes. Protein-protein network interactions
analysis was carried out using the String database, and molecular docking was conducted with the Vina software. These network
pharmacological analysis methods were employed to explore the theoretical action pathways of TYP on lung adenocarcinoma. PC9
cells were divided into control group (normal culture), low-TYP group (treated with SO pmol/L TYP for 48 h), high-TYP group
(treated with 100 pmol/L TYP for 48 h), and ferrostatin-1 (Fer-1)+TYP group (treated with 1 wumol/L Fer-1+100 pwmol/L TYP for
48 h). The cell viability was detected by the CCK-8 assay, the cell proliferation ability was detected by the EdU assay, and the cell
migration and invasion ability was detected by scratch assay, Transwell migration assay and Transwell invasion assay. The occurrence
of ferroptosis was detected by reduced glutathione (GSH) assay kit, reactive oxygen species (ROS) assay kit, mitochondrial
membrane potential assay kit, ferrous ion fluorescent probe, and transmission electron microscopy. Protein and mRNA expression
levels of ferroptosis-related key molecules, solute carrier family 7 member 11 (SLC7A11) and glutathione peroxidase 4 (GPX4), were
measured by Western blotting and reverse transcription-quantitative PCR (RT-qPCR). PC9 cells were transfected with SLC7A11
overexpression plasmid and divided into vector group (transfected with empty plasmid), vector+TYP group (transfected with empty
plasmid and treated with 100 wmol/L TYP for 48 h), OE-SLC7A11 group (transfected with SLC7A11 overexpression plasmid) and
OE-SLC7A11+TYP group (transfected with SLC7A11 overexpression plasmid and treated with 100 wmol/L TYP for 48 h). The
molecular mechanism of SLC7A11 in the effect of TYP on PC9 was verified by CCK-8 assay, ferrous ion fluorescence probe, and
protein expression levels of SLC7AI11 and GPX4. Results A total of 73 TYP-lung adenocarcinoma-related target genes were
predicted. GO analysis showed that the target genes were mainly involved in biological processes such as positive regulation of kinase
activity, and were enriched in cellular components like transferase complex (transferring phosphorus-containing groups), revealing
molecular functions such as transmembrane receptor protein tyrosine kinase activity. KEGG analysis identified 124 related pathways,
mainly including epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor resistance pathway. Protein-protein interaction
network analysis obtained 7 core targets such as serine/threonine kinase 1 (Akt1). Molecular docking results showed that the binding
energies of TYP with core target genes and the ferroptosis-related proteins (SLC7A11 and GPX4) were all <-5.0 kcal/mol, indicating
significant binding activity. CCK-8 assay showed that TYP significantly inhibited PC9 cell viability (P<0.05). EdU assay demonstrated
that the proportion of proliferating cells in TYP group was significantly lower than that in control group (P<0.0S). Scratch assay,
Transwell migration assay, and invasion assay revealed that, compared with control group, the migration and invasion abilities of PC9
cells in TYP group significantly decreased (P<0.05), and GSH content and mitochondrial membrane potential in TYP group also
significantly decreased (P<0.0S), while ROS and Fe’* contents increased significantly (P<0.01), and protein and mRNA expression
levels of SLC7A11 and GPX4 decreased significantly (P<0.0S). Transmission electron microscopy results showed that cells in TYP
group exhibited specific ferroptosis-related changes such as reduced mitochondrial cristae and increased membrane density,
compared with control group. Compared with vector+TYP group, OE-SLC7A11+TYP group had higher cell viability (P<0.05), lower
Fe’* content (P<0.0S), and higher protein expression levels of SLC7A11 and GPX4 (P<0.05). Conclusion TYP may induce
ferroptosis in lung adenocarcinoma cells and inhibit their malignant behaviors such as proliferation, migration and invasion by
regulating the SLC7A11-GPX4 axis.
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GSH) & s A M7 & (VL P T 224 W BH A R A
H); SLC7ALL. 7% bt H K ik %201k 4 il 4(glutathione
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122 MRS AR PCo 4 & i h RkBE L
TR PEAR AL, TES 109% G4 LT 1 19 7 55 & -4k
B Z [ DMEM 555 5L h 1 37 °C L 5% CO, &4 T 5%
Feo WOV KA 75250

1.2.3  CCK-8 i £ il 41 M 3% 71 ¥ PCo 4t g LA
3000 /LI BEHERD T 96 fLAR ™, 4 hRESS, 7E
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1.2.10 ¥ 5% - % & PCR(RT-qPCR) ¥ Il MMP2,

MMP9 ., N-cadherin, Vimentin, SLC7A11, GPX4
mRNA FEKF BUPCO A, BB X R4 (1F 7 5%

%) 5 TYP 21 (100 wmol/L TYP At BH 48 h), i FH 2.0
FE RNA FH IR SR B RNA, AR5 1 S 5%
X7 &4 i cDNA. {ii Ff| SYBR Premix Ex Taq #F17 5%
i %€ )6 %E B PCR, LI GAPDH NN Z 3L K, K H
278E T B R A K. 5IWFsI L& 1.

®1 RT-qPCRT YIS
Tab.1 Primer sequences for RT-qPCR
FE[H FI9F51(s-3)
Ril#: CACCCACTCCTCCACCTTTGAC

GAPDH N
T: GTCCACCACCCTGTTGCTGTAG
F3i¥: ATGACGATGAGCTATGGACCTT
MMP2
Tlf: TATCAGTGCAGCTGTTGTACTCC
F#: ACTTTGACAGCGACAAGAAGTG
MMP9
Fif: AGTGAAGCGGTACATAGGGTACA
F-iif: TGAAGTTCCTGAGAACAGGGTAG
N-cadherin N
Fii¥: CACTGATTCTGTACACTGCGTTC
Ff: GTCACCTTCGTGAATACCAAGAC
Vimentin
Fiif: GAAAAGTTTGGAAGAGGCAGAG
Ff: ACGGTGGTGTGTTTGCTGTCTC
SLC7AIl =
Fif: GCTGGTAGAGGAGTGTGCTTGC
o Ji#: CCGCTGTGGAAGTGGATGAAGATC
PX4

Fif: CTTGTCGATGAGGAACTGTGGAGAG
GAPDH. H Vi ¥ -3- W R JId 20l 5 MMP2. 5 43 J 2 1l 2
MMP9. K5 45 )@ 25 19 i 9; N-cadherin. ## & 4525 & 11 ; Vimentin.
POV ; SLCTALL I IRAUAZ NG 7 A 11; GPX4. A H kit
ALY 4
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1.3 GilaabE R GraphPad Prism 8.0 AT
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RS G FRE

2 & B

2.1 EWIE B4R M TYP 1Y Canonical
SMILES 7 SwissTargetPrediction [ 3t i/ 17 # g Tl ,
AT 103 MEEEE P . AN TCGA %4 2 . GeneCards
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(ET1A). FEfTRCscEE, AT TYP—f B AH OCHE
MFEH 73 /1\(13"] 1B). PSR A S A String%ﬁ'{iﬂﬁﬂ‘ﬁ s
BB AR ER A B AR 43R 0700, FFEERE R 45
T T R I, L T A E 73T AL
149 45301 . F3497 S5 Ol 4.08 R U EAE 4%, 4
Bl 1C PR

$ 52 45 5L #E1T GO MIKEGG & 4700, Hrp
GO Sr B A3 A= Wpad 72 1567 4~ . A I 415 50 4~ H01
S FIIEE 126 1>, HEEEPN 2 5 S PR Y T 1]
P ARSI A A RO X SR SO
BT A S BRERR AL . 40T SR Ab B S S AR )
W, FEEETHRBIESY (RS BEEA) .
HHMWEEGY) . &R/ 752 RE F B SR
AN R Vi O B R PN 2 B2 N g B
M A PR VR TG M . AR TR . SR AZ A A
VARG | 22 52 TR / 7 A R VRSt T P AR BIR T 5 /K it T
PESEIr TR AR PE (P<0.05) i i H 4% 73 S A i
100351 H I/ S 1 3617 7T AL (&1 1D) . KEGG &
AT L ARAT 124 DARSCIRAE, AR P<0.0S Bifi £ 471
HET 20 S5 PE (B 1E), FEAAAREREARKE T 2K
(epidermal growth factor receptor, EGFR) [ 2 IR 1]
HlFI A HT 2 e . RS AR . AR Tk
T — G IR D AR SR A T AL 3-
P4 (phosphatidylinositol 3-kinase, PI3K)-2Z% ik / I3 4,
152 18 i (serine/threonine kinase , Akt)'fg%‘ﬁ%% 5

MG T EAE ML 2558, L) Degree S50 {H
>10 A i vk 45 PF K15 Akel . MMP9, EGFR. i Fik
UL B 3- 33 Wi R 75 2 & 1(phosphoinositide-3-kinase
regulatory subunit 1, PIK3R1). FF 3% 1A M & FR 14 il
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(SRC proto-oncogene,
SRC). Hij %l I & E A iff 2(prostaglandin-endoperoxide
synthase 2, PTGS2), Jis 983 K BE A F (tumor necrosis
factor, TNF)IL7 MZOHE B T/ 7 X542, 3 5MR
Y& 3CHk & GO MIKEGG &5 R0 A B TYP SERILT-A
—EMRFR, KT TYP 5 8L T X E H
SLC7A11 1 GPX4 [ 73T %5 (18 2) . T8 73T RHER
P T HEANSAIES, H455E<-5.0 keal/mol
W, RW>FHEARENS S, TYP 5HC
HEEEE I IE 2 R,

non-receptor tyrosine kinase,

T2 TYP SRR A A% O s L PR o X 4 4G
Tab.2 Molecular docking results of TYP with core target genes

related to lung adenocarcinoma

S FRHE TR 254 BE (keal /mol)
TYP-Aktl -9.0
TYP-MMP9 -82
TYP-EGFR -8.7
TYP-PIK3R1 -9.8
TYP-SRC -7.3
TYP-PTGS2 -9.4
TYP-TNFE —-6.8
TYP-SLC7A11 -9.6
TYP-GPX4 -6.5

TYP. T T s Akl 2258 /75 AR AN 1; MMP9. JLJi 4R
AR 9; EGER KK T2k, PIK3RL. BEARMEIUEE 3- 4 1
P HE 15 SRC. AR ZIRFE H R4 ES ; PTGS2. AiZIRZE EA 23
TNF. IR RFE A T 5 SLCTALL I TR 7 5L 11; GPX4. 45
T Rt E A 4

2.2 NS

2.2.1 TYPX| PCO 4 iR 458 . 7% S A= 22 5
TYP [WALFZ5 R QR 3A T 7R . CCK-8 IRl 45 5 ik
/N, AbFR48 h i, 50 pmol/L TYPAHIL, 25. 50,
100, 200 wmol/L TYP 4k HE 4 AT B & 1 PCO 41 i)
1% 71 (P<0.05 5 P<0.01B); Ab¥72hAf, 50 pmol/L
TYP AL, SO, 100, 200 pwmol/L TYP &b Ff )] B
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