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[ Abstract] Objective: To explore the active ingredients, therapeutic targets, and relative signaling
pathways of Tripterygium wilfordii in the treatment of triple negative breast cancer (TNBC) based on network

pharmacology, and to verify the mechanism through in vitro cell model. Method: The active ingredients of
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T. wilfordii were screened from the Traditional Chinese Medicine Systems Pharmacology Database and Analysis
Platform (TCMSP). The targets of TNBC were obtained from DisGeNET and GeneCards. Venny was used to
identify the potential therapeutic targets of 7. wilfordii against TNBC. Protein-protein interaction (PPI) network
was constructed with String database. Gene ontology (GO) annotation and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment were carried out with DAVID to predict the mechanisms of potential
targets. The molecular docking between triptolide and key targets were performed with AutoDock Vina. The
effect of triptolide (0, 5, 10, 20, 30, 40, 50, 60, 80 nmol-L") on the proliferation of MDA-MB-231 cells was
determined through methyl thiazolyl tetrazolium (MTT) assay. The effect of triptolide (0, 12.5, 25,
50 nmol-L") on the apoptosis of MDA-MB-231 cells was detected with Hoechst 33342 staining. Western blot
was performed to detect the effect of triptolide (0, 25, 50 nmol-L") on the expression levels of key targets.
Result: T. wilfordii had 23 active ingredients related to 55 potential targets of TNBC. GO and KEGG enrichment
revealed that the potential targets were associated with 103 biological processes, 15 cellular components, and 35
molecular functions, and were involved in 140 signaling pathways including atherosclerosis and apoptosis. The
results of molecular docking demonstrated that triptolide could bind with the targets including threonine kinase 1
(Aktl), vascular endothelial growth factor A (VEGFA), cellular tumor antigen p53 (p53), transcription factor
AP-1 (JUN) , signal transducer and activator of transcription 3 (STAT3) , tumor necrosis factor (TNF) ,
mitogen-activated protein kinase 8 (MAPKS8) , prostaglandin G/H synthase 2 (PTGS2) , and Caspase-3.
According to the results of MTT assay, triptolide (20, 30, 40, 50, 60, 80 nmol-L™") inhibited the proliferation
of MDA-MB-231 cells compared with blank control (P<0.05, P<0.01). Hoechst 33342 staining showed that
triptolide (12, 25, 50 nmol-L™") induced the apoptosis of MDA-MB-231 cells compared with black control (P<
0.05, P<0.01). Western blot showcased that 50 nmol-L" triptolide down-regulated the relative expression levels
of p-Akt, TNF-a, and VEGFA, while 25 and 50 nmol-L" triptolide up-regulated the relative expression level of
p53 in a dose-dependent manner compared with the blank control (P<0.05, P<0.01). Conclusion: 7. wilfordii
has multiple ingredients, targets, and pathways in the treatment of TNBC. It may regulate p53, VEGFA, TNF-«
and other key targets to induce cell apoptosis and suppress angiogenesis and inflammatory response, which
provides a scientific basis for the further investigation and clinical application of T. wilfordii.

[Keywords] Tripterygium wilfordii; triple negative breast cancer; network pharmacology; molecular

mechanism; experimental validation
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Table 1 Related active ingredients of Tripterygium wilfordii for TNBC treatment

MOLID B/ AR % MW OB/% DL
MOL003182 (+)-Medioresinol di-O-beta-D-glucopyranoside_qt () - J A8 i T - O -B-D - W 48] 243 1 AKIEZE 38845 60.69 0.62
MOLO003185 Triptonoterpenol T T 1 T 5 346.51 48.84 0.38
MOL003283 Isolariciresinol SEAIER Afg#E  360.44 66.51 0.39
MOLO007535 Stigmastane-3, 6-dione -3, 6- 1 =i 428.77 33.12 0.79
MOLO007415 Aurantiamide acetate i £ Tk i 1 T ik frie 444.57 58.02 0.52
MOL003266 21-Hydroxyadiantone 2155 FHE R 2 Bk 1) =il 428.77 34.11 0.77
MOL009386  3,3"-bis-(3,4-dihydro-4-hydroxy-6-methoxy)-2H-1-  3,3"-%-(3,4- " & -4-F2H-0- /A H) - 1L 358.42 52.11 0.54

benzopyran 2H-1-7K I+ ik e
MOL002058 Medioresil J g T AIEZE 38845 572 0.62
MOL003199  5,8-Dihydroxy-7-(4-hydroxy-5-methyl-coumarin-3)-  5,8- " J%3k-7-(4- 55 JL-5-FIL FH K-  FUE 35231 61.85 0.54
coumarin 3)-HFEE

MOL003184 Neotriptophenolide NGS5 -y 342.47 45.42 0.53
MOL000358 beta-sitosterol B-7% 1S T = 414.79 36.91 0.75
MOL000296 Hederagenin B R IT =1 414.79 36.91 0.75
MOL003217 Isoxanthohumol S5 B JE R 354.43 56.81 0.39
MOLO000422 Kaempferol 1L 2% il 286.25 41.88 0.24
MOL000211 Mairin T T & = 456.78 55.38 0.78
MOLO005828 Nobiletin NI R Ei] 402.43 61.67 0.52
MOL000449 Stigmasterol o B 5 e 412.77 43.83 0.76
MOL003187 Triptolide HAEHRER 5 360.44 51.29 0.68
MOLO003245 Triptonoditerpenic acid T S R iy 344.49 42.56 0.39
MOLO003280 Triptonolide TN THE N R B i 326.42 49.51 0.49
MOL003248 Triptonoterpene LN Fa5 - 300.48 48.57 0.28
MOL003196 Triptophenolide W N R - 312.44 48.5 0.44
MOLO004443 Zhebeiresinol Wi HKHFE 2803 58.72 0.19
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Fig. 1 Select and analysis of key targets
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Table 2 GO enrichment analysis
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Fig.2 Bubble chart of KEGG pathway enrichment
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x3 EHMS-BL-ERES

Table 3 Active component-target-pathway corresponding information

i
s

5 .
N HE A5, i %
EAE 17 Bcl-2 .BIRC3 .Caspase-3 .CD163 . FOS .JUN .MAPK8 .MCL1.PTGS2.RELA . N8 5 55 3 Wk AL S 4L . AGE-RAGE .
HE Aktl ,STAT3 . TNF . TGFB1.p53 .IFNG ,VEGFA AL T TNF IL-17
1Ly 7% 1y 16 Aktl \Bax ,Bcl-2 ,Caspase-3 . ICAM1 . JUN MAPK8 NOS3 ,TNF ,PTGS2 .RELA , N 5 5 3l bk ks B 4 AL . AGE-RAGE .
SELE.STAT1.VCAM1 .MMPI .PPARG AR T TNF IL-17
B-4 1§ 9  Bax.Bcl-2.Caspase-3.Caspase-8,Caspase-9 . JUN ,PRKCA .PTGS2 . TGFB1 g S5 55 3 ik ks FEAE AL . AGE-RAGE |
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NIk % 9  Bax.Bcl-2,Caspase-9 . JUN MAPKS8 PTGS2.p53 .GSK3B .PPARG S 5 55 B bk SR RE RE AL AN T TL-17
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Fig. 3 Interaction analysis of triptolide and targets with high affinity
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Table 4 Prediction of binding energy of triptolide and key targets

BE T

MR FE PDB ID 454 B /kcal - mol”
Aktl 4GV1 -8.5
VEGFA 4KZN -7.6
TNF 5UUI =77
Caspase-3 4117 -7.4
MAPKS8 3PZE -7.3
JUN SFV8 -6.7
p53 3ZME =77
STAT3 6NJS =72
PTGS2 SF19 -7.3

®6 BRBPEI MDA-MB-231 HMETENFI (X+s5,n=3)
Table 6 Effect of triptolide on apoptosis rate of MDA-MB-231

cells (x+s5,n=3)

215 e BE /nmol- L 20 H T2 /%
A 4.27+1.33
FAMEHEA 12.5 11.64+1.86"

25 22.69+2.13"
50 43.52+2.48%

K5 TAEEZEI MDA-MB-231 40 B 5 4 #15E 1 (¥+s5,n=5)

Table 5  Inhibition effect of triptolide on MDA-MB-231cell

proliferation (x+s,n=5)

Zigil #¢J¥ /nmol - L Ay AR /%
2 A4 0.773+0.078 -
TP RA 5 0.751+0.083 2.85+0.24
10 0.725+0.069 6.21+0.56
20 0.531+0.046" 31.37+1.17"
30 0.364+0.033" 52.86+1.46"
40 0.250+0.042 67.61+2.49%
50 0.162+0.037% 79.03+2.97%
60 0.128+0.038 83.44+4.96%
80 0.106+0.024 86.26+4.94%

1 525 4 e # Y P<0.05,2P<0.01(F 6 F13E 7[R])

C

H:A. 2 F41;B~D. RABH £ 41(12.5.25.50 nmol-L™)
E4 FAERZEN MDA-MB-231 4 56E T 500
Fig.4 Effect of triptolide on MDA-MB-231 cell apoptosis

- 138 -

D

(50 nmol-L") 41 MDA-MB-231 4 fifii ¥ p-Akt,
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AH K 22 3k K F T8 (P<0.05, P<0.01) , 4 He Ji 4% i
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Fig.5 Electrophoresis of target proteins in each group
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F7 BABRRMNEREAENREKENZMNE (x+s5,n=3)
Table 7 Effect of triptolide on relative expression levels of target proteins (x+s,n=3)
25 W& /mmol- L' p-Akt/GAPDH p53/GAPDH TNF-o/GAPDH VEGFA/GAPDH
24l 0.724+0.019 0.383+0.013 0.573+0.029 0.688+0.039
AR RAA 25 0.665+0.036 0.514+0.029" 0.512+0.044 0.337+0.024"
50 0.337+0.027" 0.698+0.038 0.354+0.018" 0.209+0.022”

e BE AP M i TNBC 40 i MDA-MB-231, MDA-
MB-468 (358 , i S A Mg 1= 1L 23 B )& T
KA, BAPUE LR PUR PR RE SRS
P . AROWOSEGBE %' & B , 1l 45 W} ol fE 4
TNBC ' P-21 % fL 3 i 4 (PAK4) (40 i1 51 L 3l o 5
ATP 2545 00 S AR & 455 TNBC G . N BRI Z b
J& F EE AL A, BEBL I /N AR B B bR AN B
P BRFEERWY I R K 3R AT e 2 I i AGE/RAGE
i b U R SOA% B S T (NF) -k B I 55 S5 M,
# MDA-MB-231 40l 0 34 58 , e dE 4 i v . B-%%
S WAL (6 WSy 2 — A B R A8 L
Jif 9 DA R0 2 AR . B- A4 8 BE A] S
Caspase, ¥ % PI3K . p-Akt } Bel-2 5 % & 11 5t 1 22
ik, H PI3K/Akt/Bcel-2 & 12 5 7 MCF-7 #il MDA-
MB-231 4 1= . RIEM AR NI ARG R
KAEY , A PR PR MR AR . 7EA
MCF-7 5 Ff B A 1 E098 PR 7375 5 19 K SR R i 9
BRD v, S % 0 i 2K 0T U 28 FLR e 9 A K O
BTG I 285 3L BRAT SO ik 38 5 AR F 9 45 SR O
T H 1) T N TR AT RO o S S AW A o

GO Z5 R B n , 78 A BEIR YT TNBC (1 ¥ 76 52 A5
5 RAE RN 52 A DNA B 5 T 25 A P A 3ot
FEA K. Horp B 32 02 — MO T e A4 1Y) 2 ik 1A
R G LR 2 B R A2 R 4 R A2 AR AR
JUAZ 22 A A 52 i 40 i 0 A K Ak R T A AR 2
PE AR 2 [ R R S A M U 3 A2 AR RN 2
E NN RN SO R ol R B T S B
SIS Ao A P A S G 2 B AN T 2 RT3 s B DB
W98 R 2 A0 ) MCF-7 # MDA-MB-231 41 g (1 3%
PE I BT DL 25 R A far 96 /0 B R Y T o R4
P AL AZ 32 1 fE 98 38 AH G 32 R i R 3R 3K I BE AR
Z R R K4 M E 7 S TNBC 19 5 5 5 fiF 2
— S BN TNBC 194 I8 ik 22 Z F 2 R 4%
£ HNF4a 5557 RN FVEH T, ol 45 ERa ) 3K,
P16l TNBC 41 ffg b 5 ZE 805 AT B o AT 9 I 2% 245
B2 43 A7 45 R4 /R BR A B T 0 1) ERer AL A% A7 14
SR TNBC R R . ol i o2 & S 70 I LA 22

K BE7E ERo BT ME 19 95006 th R 3k, HOA NN IR 9T
TNBC Y80 5

KEGG i i & 4 245 R R, B A BEIRIT TNBC
F14) Ji 8 AH G 38 % 3 Sk R 5T A0 Bl Jkoks AR A4k L AGE/
RAGE 4l 8 T- . TNF J2 IL-17 15 S 8% . Il IR BF
GER B, M | 5 i 4 S PE A B RE 5 3l ik ok A R
L Z MAEAEE YR R B B 80 7 2
TNBC &k E K B0 AL, TNBC (8 KHE A i
NP VNI TGN Y AN = A o b 117
F14) 1 5 PR A N AR 2 I A8 A i, R R s e 1 A
B B % i DR b 07 FH 3 I Ak 8 95 36 97 TNBC LS
TR R R R 0 A K B A T R A
I8 9 A B, VEGFA J& —Fl N 2 A= B DL R It 4%
T F P 00 R T TR E P B A R T R A 22 4 i
G3 Wb, TE SRR A AR B P R G BREE AE T . A
30 oSG UE B, T4 R H RS R RO 1 R IR
TNBC 2 i il 45 9 J A2 4 I F VEGFA 1y 2R354
il TNBC 4 il 3 58

AGE/RAGE 15 5 i #% 7 83 1) % Ji aod i v i
KAEVEH . RAGE J& —Fh 2 Bl 19 32 1 | I i 49
i AGEs . S100/45 1 3 45 11 X 15 55, 32 2400 A 76 )M 4T
2R 240 i | I PN B A0 R R e R 4 S e E . R
WAL SRR IR A B T L AGEs 5 RAGE %5 &
K AR R SR R T PR (ROS) SN, s 2 4% 5
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AT 45 A pS53 i A H 2 TR 6 b R Y BR T EAE .
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AN B TNF-o, {H 75 FL MR 6 28 5 /K N TNF-« 55 %
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1 IkBa 7% 4k , 88 il cleaved PARP /K °F-, Jf E — 4 1%
Ak FL N 9 40 2 AP 1Y Caspase-3, DT {3 40 At 7 7= 3K Tt
EBY L AR WY Western blot 52 38 I 77 2N 1 & ]
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