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[ Abstract] Objective To explore the potential targets and mechanisms of action of Lanatoside C in the
treatment of glioblastoma (GBM) based on network pharmacology and molecular docking technology. Methods
The potential targets of Lanatoside C were identified using PharmMapper, SwissTargetPrediction, and TargetNet
databases. GeneCards, DisGeNET, and TTD databases were used to obtain disease-related targets associated
with GBM. The Venny 2.1.0 platform was used to cross-analyze drug targets and disease targets to identify their
intersection targets. Cytoscape 3.9.1 software was employed to construct a protein-protein interaction (PPI)
network diagram of the intersection targets, and core targets were identified using plugins. Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses were conducted on the
intersection targets based on the Metascape platform to predict the potential pathways through which Lanatoside
C may act in the treatment of GBM. Molecular docking technology was applied to verify the binding ability of
Lanatoside C to the core targets. To comprehensively analyze the potential mechanism of Lanatoside C in GBM,
a gene association network was constructed using the GeneMANIA platform. The thiazolium blue assay [3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay, MTT] was performed on U-87 MG and U251
MG cells to explore the effect of Lanatoside C on GBM cell proliferation. Results Finally, 377 potential targets
of Lanatoside C and 4 012 disease-related targets for GBM were screened. After removing duplicates, a total
of 189 intersection targets were identified. PPI network topology analysis revealed 10 core targets, ranked by
degree. KEGG pathway enrichment analysis showed that Lanatoside C was primarily involved in cancer signaling
pathways. Molecular docking results indicated that ESR/ had the highest binding affinity for Lanatoside C.
After the gene association network was constructed, each core gene was expanded to 10 co-expressed genes,
and after merging and removing duplications, an expanded potential target database containing 107 targets was
formed for the treatment of GBM by Lanatoside C. The MTT assay further confirmed that Lanatoside C had a
concentration-dependent inhibitory effect on the proliferation of U-87 MG and U251 MG cells. Conclusion
Through network pharmacology analysis, it was found that Lanotoside C acts on GBM through multiple targets
and pathways. In vitro experiments have verified that it inhibits GBM cell proliferation in a concentration-
dependent manner, provideing new ideas and a theoretical basis for further research and clinical application of

Lanatoside C.

[Keywords ] Lanatoside C; Glioblastoma; Network pharmacology; Molecular docking

P22 I TR R IR R M E AR 2 R SE (primary
central nervous system, CNS) Mgy —#Fh, AT
RESAT R TR K12 . FUS DA RN T T4,
5 T A ORI e 0 A U254 (TI~TV 4] )
Goples, BERREE G, BUR Al . K
Y IJE ( glioblastoma, GBM ) J& i 5 Jed A 25 2%
e BRI, AT IR A R e FHA CNS i
T 14.7%, RIS, B D A T A i e o
g DL — B, SRR 47.79%. GBM A
A R ZRE, MR AN MIRERS )2 B A B
AR Pl H T R R AR AE, BRI TR
GWIE NIRRT IR T TR R . JEHAE GBM Y
TRYT A, I R Y BELASAE A5 22 25 M LA
KRB RO . GBM BFRHEIR YT T By ARY)
B, BOTRRyT Y, (R B T A AR AT AN B

M, NA 144 H. B, BUIFHREFLREEAR
SRR M A e s [m] E ELASAIRI A RN =y 78
2549, LINIXE GBM AT Bk

LAETF C (Lanatoside C ) J2&=—FP IR T H
BB Y RO, BATIZ A RER] . A
K, BT CIEA—F RIS H RIS,
B B BT, HOMURA O A6
s S TE R PUMEE . AR R], BAE
T C 3T PKCS M AKT/mTOR 5538 %,
TE 95 40 HE H g5 SO AT BRI caspase 1 XLHE
BT AN, AR A B, e A
Na'/K'=ATPase Y P 5T 9 N 3075 19 GRP78
ik, MRIFEAE A AT W, BAET C
A 0] L3 3 0] Wot/B-catenin {5 5 18 #% I {2 i7F
c-Mye M7z Z4LFEME, A B mamEr Y, &

https://slyyx.whuznhmedj.com/



HIBEZAFHRE 2025 F£ 6 HFE 3855 6 8] J.Math.Med. Jun. 2025, Vol. 38, No.6 405

TSR T BALT C L2 R IE 40 b iy s ok
PUETEYE, s H BB I i 2 ML A e i
TR AE RSP

UTAER, 2% 2 A i)z T b 2 4
I, e A 25 ) S B Z 1) A SO AR ]
( protein—protein interaction, PPI ) M, By
Yy, HEARANGE Z A A SR ZR IR &, oA AT
W25 967 B O VE FIAILIR ™, SR 25 i I & Al
T ERMTIER, BT C X 2R g EA
WEMRAEN, (HEX GBM /R HI A HE b
ARWFFEIE AL 0 2% 25 B2 ] 53§ M HE R RIZ A8 AR
H CYAYr GBM AL,  [R] A i ik 4 i 52 56 9 20
ST H GBM 4SS 200, LAY GBM 1)
TRTT S LT A 0] S
1 #ABEFE
1.1 #E5IRH

%V B 5T B 40 58 4N L (U-87 MG )
NEIEE g (U251 MG) W 3 B3 = KAEY
HARARAE; BAET C W H TargetMol; BE M
W (MTT) W B s TEGE IR A PR A R 7] 5
— HE A ( dimethylsulfoxide, DMSO) g [ [€ 24
B WAL 7 3R A BR 22 7] Dulbeceo's B R 85 %
J ~DMEM/High Glucose ( DMEM ) | 54 I ( fetal
bovine serum, FBS) W F b5t Az BB AE YR A
BRAF]; 0.25 % REFNE . 55 R/ 5% X0
H BEE R KA R A .
1.2 Ji&
121 2FFCRE ik

TEPubChem 34 3% &£ ( https://pubchem.nchi.
nlm.nih.gov ) "' K & “Lanotoside C” , #3 #ii B
6 C 19 CAS 5 (17575-22-3) F # % & %
7 /9 2D &5 49 X, IF & il Canonical SMILES %
iy, i iF SwissTargetPrediction 5 #& & Chitp:/
swisstargetprediction.ch ) i A 7% Canonical SMILES
Smbt HEAT RS SO, A WU AS R R . TR
TargetNetﬁTEE:F ( http://targetnet.schdd.com ) H
N BT C 1Y Canonical SMILES 45, Jf-0ifi i
HEZ (Prob) KF 0 M #E 25 | ] PharmMapper
B % (htips://lilab—ecust.cn/pharmmapper/index.
himl ) A BT C K 2D G5 &, I EF7#05
I, 38 i UniProt 2% 45 /& (https://www.uniprot.
org ) K B AU AR X I BE A4 FR . B R, R

https://slyyx.whuznhmedj.com/

SwissTargetPrediction, TargetNet #1 PharmMapper %X
e EFTARAF L 50T, IR EBRERE I
1.2.2 J R B fm e g A Sk de 8 T R AR
¥k R I
Ll “Glioblastoma” & 3¢ 48 17 7F GeneCards
( https://www.genecards.org ) . TTD ( https://
db.idrblab.net/ttd ) F1DisGeNET %% 4 & ( htip://
www.disgenet.org ) I TR R, U 4E GBM HH 6
8 5  H b GeneCards 5 DisGeNET 20 48 & 35 15
(18 B AR A G b L BCHEAT O 2, TTD B A T
A 0 B 0 A AR OR B R = P SRS
MRS, MBRE R LA, 153 GBM AHK
005, f# F Venny 2.1.0 7£ £k T. E. (http://www.
liuxiaoyuyuan.cn ) kB2 5 P05 1 S8 AL HE AT,
Iz A
1.2.3 &G RAEAFR M %A ERAZS $e
&R ik
B AT B 258 — s S R U A STRING
R R (https://string—db.org) , B R E N
“Homo sapiens” , # fIlXAH B A H {7y 0.4,
S S R i 0 ) A, RS B R BRI 1Y)
2% 22 1K Fl sy i OSCHF B sy ig SO R
A Cytoscape 3.9.1 {4, #57 PPI L&, FIH
eytoHubba 4 14 1 MCODE 4 14 £ 47 ™ 2% #1 Fb 43
BT, 3545 3 o T A% 0 B TR 4 TR ) 2%
KAREFATHIRE,
1.2.4 ERBEFKBARE EIATAL
SRS oA N s o R R S P
Krgiyy - R EE S A Metascape TE 2k
B ( https://metascape.org/) , Al o AR TL A A 56
RS R BN, IF R Benjamini-
Hochberg 7 X PAE VEAT A 1R & LR (false
discovery rate, FDR) & 1E. o 17 3& A K 8
( Gene Ontology, GO ) ZIfEE 4T A1 Rt AR KL A
HEKFAARASP ( Kyoto Encyclopedia of Genes
and Genomes, KEGG) & £ 58, IEMNT 7
S P AR AT 20 BB, EHGAAE & Chip/
www.bioinformatics.com.cn/ ) 2] GO & $E &K K
I KEGG &4
125 Hoode ek R AL
i i UALCAN %548 )% ( http://ualcan.path.uab.
edu) , FTHFUUIA G A7 TCGA, H ASRE H 1A
10 DEER, P8 GBM, X L 44> i R 76 1E 4


https://pubchem.ncbi.nlm.nih.gov
https://pubchem.ncbi.nlm.nih.gov
http://swisstargetprediction.ch
http://swisstargetprediction.ch
http://targetnet.scbdd.com
https://lilab-ecust.cn/pharmmapper/index.html
https://lilab-ecust.cn/pharmmapper/index.html
https://www.uniprot.org
https://www.uniprot.org
https://www.genecards.org
https://db.idrblab.net/ttd
https://db.idrblab.net/ttd
http://www.disgenet.org
http://www.disgenet.org
http://www.liuxiaoyuyuan.cn
http://www.liuxiaoyuyuan.cn
https://string-db.org
https://metascape.org/
http://www.bioinformatics.com.cn/
http://www.bioinformatics.com.cn/
http://ualcan.path.uab.edu
http://ualcan.path.uab.edu

406 HIBEZFZE 2025 £ 6 A% 3855 6 B J.Math.Med. Jun. 2025, Vol. 38, No.6

A GBM i kik, RHSEEME. 4
BRI AHOCRIBTE B
1.2.6  FxfagiE

K HI Aotudock—vina {4, K i 1€ H (1) B AR
T C-GBM PPI [ 25 H{E#HiT 10 BYA%0HE i 50 531
HEBAH C#fT0 T, BIEET C 58
OB S Z B A 25506 PE . {8 F PyMOL 344 %5 K
o (2K - /N (B =485 25
PRI TS Hr AT AL
1.2.7 1 EIFCA A IR 2m o8 77
)R T SRR R

FIFH GeneMANIA 7E£E M4 434 T Chitps:/
genemania.org ) X &A% OFE g AT RE R OCHR 04T,
i AR AR | AL AR B AR A B B
VER, e A OB e 1 10 JCHREE A
Fe IR 10 RO S TR I Y DG I Rk (]
wIF, HFEBREET, WEET GMFA (GMFA
FFHETF GeneMANIA [ IRERIBE 0 #T ) 199 %k
#iE (GMFA-ED ) , MM E/R B C
TEIRYT GBM PRI T RE G & .
1.2.8 FRERAAGEREAKLARS
MBFAERA S KRBT A4 Fid %
oA

HEF P21 GMFA-ED i) 107 2K A,
{8 1 Metascape ¥ & X Hit 17 GO Thfe & &£ 04
I KEGG 38 % & S50 Hr, 0 6 i 20 2R ad
#2 (biological process, BP) . 43 FIIRE ( molecular
function, MF) | 4HHfi2H /3 ( cellular component,
CC) FIVEAEVE RS, JF T Cytoscape #XAFHS
HEBAN C- AT - IR IR,
12,9 @miEii

U-87 MG 4ilfifd K IE T A2 GBM, 1 b REAE
WEEEAE G, BT R BB AE ) o TR AR T I,
LN R AR AR Y p53 BEIA, R PTEN JEIA
I E 2%k EGFR, U251 MG il &2 52— Rk J5 T
ANKRIVIE R A 2, MR K, dIIERs
AH, HA AR HIFERE T, B S A U-87
MG Ritg . FEBLRFETTIH, U251 MG #5442
4 p53 2N, K1k EGFR, B PTEN i # 2
REFB /T2 B, ¥ U-87 MG M1 U251 MG 4l 7E 75
A 10 % FBS Fl 1% H R / 55 R 1) DMEM =ib
BEgRIEp R, BT 5% CO, 1Y 37 °C @4 s
FeA .

I

&5
S

1.2.10 vEvd % pb &0k 21

FEAIMOBORER)E , BGEE R U-87 MG #
U251 MG 20 Mo 220 70 0 5l T 96 FLAR N, Rk
FEBEE 6 N FL, 96 FLARJE FEl— B i AGE & i
FiREh 22 ik (phosphate buffer solution, PBS) , &
TRFEF P HFE 24 he WKH, ] DMSO % £
i ¢, HE 0.5 mM B, SRAME RS, H
ANFEMERE (0, 20, 40, 80, 160, 320, 640 nM )
MBI CAHAM 24 h J5, MR FER N
ORI, FERECAAE T BALAIA 20 pL MTT
(5 mg/mL) , FEEAEFFENEE 4 h, b5,
FEp VSR, FFLINA 150 ul DMSO, FH#%E
RAER TG E TR LAGERE R 10 min, {25
m P R R Sa, P EERRAUAE 490 nm P
K LI G
1211 St o

K H Graphpad prism 8.2 #4317 555347,
K FH BAL DR 27 22 00 M LAkt BB A RN 4% 45 25 4 22 [
S, P <005 HEREAGIEE L.

2 #R

21 FEC. KFEAREE S HIE
B A RIIRE
i#l 1f SwissTargetPrediction, Targetnet .,

PharmMapper £ 88 JE B ke &, A5G LZBRER
T, 345 377 A BALTT C TS EME RS L
GeneCards, TTD il DisGeNET %(#fi FE#4 42 5 GBM
ARRBEE A, e 5 ERELT, LRE
4 201 B L L R BN AY 377 AL RS
4 201 MEIRE R E A Venn fEZ 6, 3715 189
AL, WK 1,

BALTTC B2 o 5440 g

Bl ERECERRSAMBIEERNEEE
Figure 1. Venn diagram of intersection targets of
Lanatoside C and glioblastoma

https://slyyx.whuznhmedj.com/


https://genemania.org
https://genemania.org

HIEERFELE 20256 HE 3855 6 H J.Math.Med. Jun. 2025, Vol. 38, No.6 407

2.2 HEFEHRELERAMEERIFIEZ
A

B AR5 149 189 A~ It A7 2 [ iy A STRING %
Y&, it Cytoscape 3.9.1 #4437 PPI [ 2%,
WL 2-A s FHTER A Y cytoHubba 3 £F 38 1o
FhF Y 28 Ak 5 AR JE R, MR 4 degree {H
AT HER C1E3) , HE44 i 10 19 4% .0 88 5 4
W NMAKTI. EGFR. ALB. STAT3. CASP3.

A

HSP90OAAI . JUN. SRC. MMP9. ESRI, .
K2-B, #— 38 MCODE ffiff sk T2
VEPE T HT 4 MHSCHE R B U RE, RIR2E 1 (15
r =31.824, 75 =35, #1=541) (& 4-A) |
RH2 (195 =56, T =6, H1=14) (E4-B) .
R 3( 1493 =5.538, T =27, 1 =72) (K 4-C) .
RH4 (1897 =4, =5, #1=8) (Kl4-D).
Hrp, BB 1 OEEEHRAHT 10 MO,

E2 ZOREEEAREEERMEE
Figure 2. The protein—protein interaction network of core targets
E: AN Ly S0 R A EVERA MR ; B, AL AT1069 400 e S0 R G AR EAR R M4 1E

ESRI - 80
MMP9 |84

SRC - 87

JUN 193

HSP90AAL = 193

CASP3 197
STAT3 = |97

ALB 102
EGFR = | 105

AKTI - 114

| I | I | I
0 20 40 60 80 100 120

E3 EEHERR10MEE R
Figure 3. Top 10 targets by degree values

2.3 EEXELHEEEES . ZHEE
SEERARREEEEIMRGY-Ba-
18 % W 2% B g9 # 2

189 > 22 42 HL 55 5 A Metascape 7 £ 1
B, PR EEFE “Homo sapiens” , 43 317 GO

https://slyyx.whuznhmedj.com/

9 BP. CC Al MF =2 1 9 Jy E 73 B 5 KEGG
R MR PAA, 230 0 % ) BP. CC AN
MF i 24 i 20 f9 & 4 2% H, W05 5-A Frox,

GO Ifig wd R M b E =W A5 5T (signal
transduction ) |, FR{L ( phosphorylation ) . T~
1172 (apoptotic process ) %5 BP; HiJft ( cytosol ) .

¥ (nucleus) . 40l it (cytoplasm ) 55 CC;
454 (protein binding ) . & F 5 [A] I — R ALIE
P (‘protein homodimerization activity ) % MF. Ul
E5-B Bizn, KEGG & AREAEHEA AT 20 928 H E
B R —SCIEIE (5 S E i, U0 MAPK 55 1l

PI3K-Akt {5 5@ #5455 B, A8 “25%) - k-
R MZE (& 5-C) , ATRALEET C 5
NP FH RS SR DX T B 2 TR A OGR4 [
W, BEMEHRA T 3 BT BN AR (62) |
MAPK {553l #% (33 ) | PI3K-Akt {553 (31) .
#E— 2 5 Bt W R, GBM 5 MAPKI ., AKTI

EGFR, MAP2KI1, FGF2, PRKCA. VEGFA



408 HIBEZFZE 2025 £ 6 A% 3855 6 B J.Math.Med. Jun. 2025, Vol. 38, No.6

GPI

MTHF!

N\

ADK

c D
FGF1
\ PGF
EPHA /
GFR2
B4 XEHF ML

Figure 4. Key subnetworks

o ANBEMEGRESAT . ACRET; BORHE2; CORES; DREA,

FGFRI . IGFIR . IGFI 3% 10 /™%X % Y1 HH ¢,
FKHITEBALTE CIBYT GBM it ferh, Mg %
T 3 2 o5 2 B O R LA, AR
TRIRYT R
24 BOEBSEEFHLSMHEAESA,. &~
EfEMEREPFERRIEINESR

fii ] UALCAN 725 TR 80408 e LU BT 10 %0
SN RR 225, SR EMEIEF AL SR
% iRl 2 R 5 HSP9OAAL 41, Hifth 9 A3 7
JE & gl v ) ek S I s TR R ALY A3
PRIEA [l R ) b i A AR TR, K 10
DR AR R MR A AR 2 E A FEIA =
AR AP HEAT B, AN EGFR JEDH (323870
N BER B T s O R AN AR IS B 3
By F Ik WAELEA R, CASP3 FEPIUAE 81~100 %
GBM fB#hFRikE AN (K 6) .
25 HFINEER

h T BRI S BALTT C A
W, 1 Autodock—vina ¥ B0 S5 E
W C i X, 450 R, BT C 58

OHE S Z 25 G RE AR, RT3,
Hrh 5 ESRI 255 e ik, FAIE#E, RUE
AT C T REXT ESRI HATVEAEMIPIHIAER, L& 1.
i Ja, A PyMoL ¥ 10 SXHEE G947 AT 0
b, Z5RILE 7,
2.6 ETFGeneMANIABIEREFCHKR
B2 R JEE B 107 420 2B =2 B9 Th B < BE [ 2%
ST

FIH GeneMANIA 7E £k W 45 53 Fr T2, ¥ )@
THRADEE S 10 MR, ULE 8,
SR S w10 MER AR EE, SRl
107 DI GMFA 37 /B & ( GMFA-ED ) ,
AT A R 3L - LA AR 08T -
2.7 ERHCHEKRBHMEENGMFA-
EDHEREARMKILINGEE ESHT. HEHEE
S5EFREAEREEEETTRAY-Ba-
18 % W 2% B g9 # 2

Hh T i UE AT C BIEAEVE AL,
fdi F§ Metascape V- & % B AL H C HL GBM 313 1Y
107 A7 ¥ A6 #0 5 UEFF GO Ml KEGG & 240 #r o

https://slyyx.whuznhmedj.com/



HIEERFELE 20256 HE 3855 6 H J.Math.Med. Jun. 2025, Vol. 38, No.6 409

signal transduction 4
phosphorylation
protein phosphorylation |
negative regulation of apoptotic process
apoptotic process -
proteolysis |
positive regulation of cell population proliferation {
response to xenobiotic stimulus {
intracellular signal transduction -
positive regulation of cell migration{
peptidyl-serine phosphorylation {
p(muve regulation of ERK1 and ERK2 cascade |
positive regulation of idyli in kinase B signal ion 4
response to hypoxia
protein autophosphorylation
positive regulation of MAPK cascade {
response to lipopolysaccharide {
peptidyl—tyrosine phosphorylation |
epithelial cell proliferation {
collagen catabolic process

So852001 [POIFOIONG

cytosol |

nucleus |

cytoplasm 4

plasma membrane |
nucleoplasm <

extracellular exosome 4
extracellular region §
extracellular space
mitochondrion
protein—containing complex |
membrane raft <

cell surface 5

focal adhesion

ficolin—1-rich granule lumen <
external side of plasma membrane §
receptor complex
glutamatergic synapse §
secretory granule lumen
caveola

—logg(pvalue)

Sustoduos W

ruffle

protein binding

identical protein binding

P binding

zinc ion binding

protein homodimerization activity
enzyme binding

protein senne/threomne kinase activity

suonauN IO

estrogen response element binding

50 100 150
Counts

KEGG Enrichment

Pathways in cancer- [ ]
MAPK signaling pathway [ ]
Proteoglycans in cancer [ ]
PI3K-Akt signaling pathway { [ ]
Ras signaling pathway { ]
Chemical carcinogenesis - receptor activation{ ) ~log(-log10(pvaluc))
MicroRNAS in cancer (]
50
Rap! signaling pathway ] 40
30
AGE-RAGE signaling pathway in diabetic complications { o 55
Human cytomegalovirus infection ° Q 10
EGFR tyrosine kinase inhibitor resistance { () count
HIF-1 signaling pathway { ® [ )
Pr ° @
ostate cancer
[ X0
Gastric cancer ° @ sw.,.,
' o«
Calcium signaling pathway °
e coe
Breast cancer- °
Signaling pathways regulating pluripotency of stem cells{ &
Reg
Regulation of actin cytoskeleton{ ~ ® o
E
Melanomay @
Central carbon metabolism in cancer{  ®

02
GeneRatio

E5 EEARFiLESMIIRHERSEEAEREEEES N
Figure 5. Gene Ontology functional analysis and Kyoto Encyclopedia of Genes and Genomes enrichment analysis
enrichment analysis

A. BFEFCHo U m B0 S B Yo 509 B B R ARE ) sk 0 AT B B, BICFCRAUR B i Sk Rl de 5oy A A B 15 A R 20 B A4 8 5 o AT
B; C #hHh-fe b E (LRFC— 189/‘5&%?11“ AR R B AT A e B E oA P ar204ids ) o

https://slyyx.whuznhmedj.com/



410

HIBERFRE 2025 £ 6 HE 38 5% 6 H) J.Math.Med. Jun. 2025, Vol. 38, No.6

Expression of AKT1 in GBM based on Sample types

Expression of AKT1 in GBM based on patient's race

Expression of AKT1 in GBM based on patient's age
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Figure 6. The gene expression differences of the top 10 core targets in normal and tumor tissues were compared based
on sample type, patient race and age
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Table 1. Molecular docking binding energy of
Lanatoside C with 10 core targets

S PDB ID 25418 (Keal/mol )
AKTI 6HHJ -8.179
EGFR 3W2P -8.475

ALB 7X7X -10.162
STAT3 6NJS ~7.889
CASP3 6BJR -8.747

JUN 6Y3V -8.173
HSP90AAI 8W8K -8.100

SRC 8JN9 -10.633
MMP9 8K5W -8.669
ESRI 8DUI -10.843

7: PDB ID, Protein Data Bank identifier, %4 & J& 338 & W 447 —
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Figure 9. Gene Ontology functional analysis and Kyoto Encyclopedia of Genes and Genomes enrichment analysis of

new potential targets of Lanatoside C identified in GMFA-ED data
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