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Abstract: Objective To analyze the potential therapeutic targets of tetrandrine (TET) in treatment of pancreatic adenocarcinoma
(PAAD) by network pharmacology, molecular docking, and in vitro cellular test, and to clarify the related molecular mechanism.
Methods Potential target datasets for TET were compiled utilizing the traditional Chinese medicine systems pharmacology database
and analysis platform (TCMSP), Swiss Target Prediction and PharmMapper. To obtain target information pertinent to pancreatic cancer,
the term “pancreatic ductal adenocarcinoma” was employed in searches within the GeneCards and OMIM databases. The intersection

of TET targets and pancreatic cancer targets was identified to determine the potential therapeutic targets for pancreatic cancer.

ks BHA: 2024-08-31

ELWE: Mad AR SEEERBIE (2022J01531, 2023J01250)

TEEENY: G0, &, Wy, 77 MR AR AL . E-mail: 1006540676@qq.com

SBEEE: KR, B, BiLASIE, BFFC05 MR R o L] Ky T AR K5 . E-mail: zhangeb@jmsu.edu.cn



HI9EFE12H 202412 H PN R XYY 3 Drugs & Clinic Vol. 39 No.12 December 2024 + 3077 *

Subsequently, a protein-protein interaction (PPI) network was constructed using the STRING database and imported into Cytoscape 3.8.0
software to identify core targets. Gene Ontology (GO) functional enrichment analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGQG) signaling pathway enrichment analysis were conducted using the Metascape database. Molecular docking validation was
performed utilizing AutoDock and PyMOL software. Cell proliferation activity was detected by CCK-8 assay. Additionally, pancreatic
cancer cells were categorized into a control group and TET treatment group (6.25, 12.5, 25 pmol/L) to evaluate cell migration via the
scratch assay, clone formation ability through colony formation assay, and cell cycle distribution using flow cytometry. The mRNA
expression on level of PI3K-Akt pathway-related genes in the cells were detected using the real-time fluorescence quantitative PCR
(qRT-PCR) method. Results A total of 140 potential targets of TET affecting pancreatic cancer were obtained, the PPI network
between TET and pancreatic cancer was analyzed and constructed, and core targets such as Aktl, epidermal growth factor receptor
(EGFR) and PIK3CA were obtained. Molecular docking showed that these core targets had good binding activity with TET. GO and
KEGG enrichment analysis revealed that the key targets of TET in the treatment of pancreatic cancer were mainly involved in biological
processes such as phosphorylation and PI3K-Akt, MAPK and other signaling pathways. It was observed that the mortality rate of
pancreatic cancer cells treated with TET increased proportionally with the concentration of the drug, compared to the control group.
Additionally, the migration rate of PANC-1 cells in the TET treatment group was significantly reduced (P < 0.01) relative to the control
group. Furthermore, compared with the blank control group, the number of colony formation of PANC-1 cells in the TET treatment
group was significantly decreased (P < 0.001), indicating a dose-dependent effect. Flow cytometry analysis revealed a significant
increase in the proportion of cells in the Go/G1 phase in the TET treatment group compared with control group (P < 0.001). Compared
with the control group, the expression levels of PDGFRA mRNA in the TET group were significantly decreased (P < 0.05). The mRNA
expression levels of TCLI1A, Jun, ILK, mTOR, NF-kBIA, GRB10, FOS, CASPY, PIK3CA, CD40, and MAPKS were significantly
increased (P < 0.05). Conclusion TET can inhibit PAAC cell proliferation, migration, cloning, and causing cell cycle arrest, and the
underlying mechanism of which may involve the PI3K-Akt signaling pathways.
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Table 1 Molecular docking results
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MAPKS —8.140 27 CCND1 —6.453 04 TP53 —6.090 08
PI3K —6.932 13 MAPK1 —6.415 41 STAT1 —6.022 29
HARS —6.895 65 SRC —6.254 46 ESR1 —5.88501
FOS —6.784 92 Aktl —6.192 87 JAK?2 —5.740 95
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Fig. 6 Macromolecular docking diagram of TET and key target
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Fig. 7 Mortality rates of pancreatic cancer cells in various groups detected by CCK-8 method ( X s, n=3)
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Fig. 8 Effects of TET on the migration of PANC-1 (A) and BxPC-3 (B) cells ( X s, n=3)



EI90EBFE12H 2024 FE 128 AR & 5l &

Drugs & Clinic

Vol. 39 No.12 December 2024 - 3083 -

2.2.3  TET %40 v fE TR e D B2 anf& 9 fir
N, SXTHRAMEL, 6.25. 12.5. 25 umol/L TET 41
PANC-1 AL TE Re 13K, ZRA S5
B (P<0.001),
2.2.4 TET X} 40 BA 52

B 10 Fizs, 12.5 umol/L TET 4bFE)E, HXf
MBZHAHLL, TET 40 PANC-1 4088 Go/Gy ¥ LI T+ e
(P<<0.001), HiH] TET 2351 PANC-1 4/ & SRR -

6.25 pmol'L™' TET  12.5 pmol-L™! TET

,.-c».j;_

25 pmol-L™! TET

2.3 qRT-PCR #&0 TET XffERR A PI3K-Akt
158 B8 A 52 M)

Wk 11 Frs, S5xTHZHAHEG, TET 41 PDGFRA
FRFRIE FIF (P<0.05), T TCLIA. Jun. ILK.
mTOR. NF-kBIA. GRBI10. FOS. CASP9. PIK3CA-.
CD40. MAPKS K ZFRIE/KF 23 i (P<0.05),
Ui TET mIgE@d 0 PANC-1 4 -F PI3K-Akt
& 5 IBE KD UR R -

120 =
s 90 =
g
= 60 = —I—
=
®
£ 30 1
0 - -I ]

1 I
625 125 25

TET/(umol-L™")

Xof

SRR " P<<0.001.
***P <0.001 vs control group.

B9 TET X PANC-1 A8 BER RAE RIS ( x£s , n=3)
Fig. 9 Effects of TET on clonogenicity of PANC-1 cells ( X s, n=3)

SR SHEH 100
300 = M 2007 o B
| =G 80
160 7 =G,
X
1201 2 607 S
& a . G/M
2 o 40+
g W G,/G,
401 20+
) 01 0=
0 40 80 120 160 200 0 40 80 120 160 200

pagict 12.5 pmol-L™! TET

PI-A PI-A

Lx AL 7 P<0.001.
***P <0.001 vs control group.
10 SRRMMARN AT EMEEL PANC-1 BEESHE ( x+s , n=3)
Fig. 10 Percentages of PANC-1 cells in various groups at different cell cycles detected by flow cytometry ( X *s, n=3)

3 g

H R Ak, fe s 3 e —nl Re SRR TG 1R
T FBARFAYIBR, 2T 8= 504G 802
TS TB AN 20%00 3 RES BIHGAMET- ALY
BRUSL, 0 PiAhIE . S-SR MENE IR TT S B 245
PEOO), BYDRIEA B AT IEAS B 58, R i
DI BEAR B 2R 9T Bt 7

AR IR N2 253822501 T TET 897
JER IR R o AL o FRTE HE TET 3% 344 N0, 5

JRRRIE AT HE A 140 . TR T BRIE S
TET Z[HH] PPI W%, SRAGAZ LRI Akel
EGFR.SRC.TP53.ESR1.CCNDI.JAK2HSP90AAI .
PI3K % 0 X BRSO S 5P D R
HEA RIFHEE AT GO Al KEGG &40 &
B TET 577 M i S8 ¥y 2 B S iR b &5
AW AT PIBK-Akt. MAPK 255 Sl % .
CCK-8 LI RIAFMWE TET X e
SW1990. PANC-1. BxPC-3 ZiJifu ()38 5E 354 il 1E



+3084 FEI9HBFE12H 2024F12 A AN HHHhA  Drugs & Clinic Vol. 39 No.12 December 2024
37 47 e 15 8
9
K X T ‘ 1
34 ) K6+
< o ® 0 :
z < & 109 T e
S Z 2 < % 4
§ 1_ *okk § 5 5_
& = g s,
©) 3 14 N X<
: Ll : :
0- — Lo : ol mmmm | ol NN |
X 125 pmol- L™ TET A 125 pmol-L! TET %8 12.5 pmol-L ™! TET A& 125 pmol- L TET
59 61 - 51 5
T . X L T
§ 4 T ® , T R 41 1 44
% 34 %‘ ] <Z: 3 tké 3 4
29
24 N s - é -
x S 2 5 2 2 2
S ? S 1 $ 1
: S L =, I =,
0- T 0- T 0- T 0- T
XFHE 12.5 pmol-L™! TET payict 12.5 pmol-L™! TET S 12.5 umol-L™! TET SHE 12.5 pmol-L™ TET
5 69 49 4
K 4 - # 1 W 31 = ® 3 -
< < 44 < <
3 Z <
2 Z 2 Z 2
s 27 < 2 i 5
5. & 2 1 E 1
0 - ' 0- r 0 , 0 .
X 125 pmol- L™ TET X 125 pmol- L™ TET S 125 pmol-L! TET X 125 pmol L TET

S A L P<0.01 *P<0.001.

“P<0.01 P <0.001 vs control group.

Bl 11 qRT-PCR % TET 3ERBRFE AN PI3K-Akt BEEAISME ( x£s , n=3)
Fig. 11 Effect of TET on PI3K-Akt pathway in the cells by qRT-PCR method ( X s, n=3)

. JE8ESIe s R P TET 4RI 4 i 2 6
H TLEANBIIEK, GGy LB T, W TET
LRl Chal) R b T N S S - S 411 )
Je R BEL -

qRT-PCR X} PI3K-Akt JEEHHT AL, XTI
HLEb#, TET TWi)5, PDGFRA #:KFRIE T,
TCLIA. JUN. ILK. mTOR. NF-kBIA. GRBI0- FOS.
CASP9. PIK3CA. CD40. MAPKS 3Kk /KT &
# Bl (P<0.05), A mTOR. MAPKS. PIK3CA-
FOS TE5y ¥ 0 b R 5 TET Bm 4 Gid
B TET I Reidt 1 AT DA b8 R DA T 0o ok i g
KA AR )RR

PI3K-Akt-mTOR JEEKFEANABIESE . A K. H1
A 24 11820058 22 o i P AIE P B AR B OC E B AR
F o 2 W FCIE B PIBK-Akt 38 4 P e A8 5 i Fi e )
I (B AEAE SRk . PIK3CA FEK 724 p1100 42 1 A
K PI3Ks, PBK & — MR, fEAMAER. B350,
PR AR TS 2 R AR AR FE T RE R R A E AR, /R

PI3K-Akt {5 5B B % HE N IF AR, mTOR H &)
2 RS BTN U7 s Al 1)k 2 R Y
ML RE 2R, i SR AN W, s 4
T5%5, dEimieidign it 25122231, FOS K:[R i 2
P2 C-FOS ZWIHE 1 AP-1 E AW R, %8
VS 5. T HRRE TR R A R
PN F0) 22 Fe A it RS R A 5 24251, MAPKS
FRAE INK1, MRIGANMEISAIFIRE, INK 7T LSS
VFZAFE TR, 65 AP-1 FIEME G, c-Jun
26061, Fos/Jun [1E0E FTRE 2 a8 SV EE T, &
2 33N M 2R o AU 3G I FL AL BRURR PR

ASCHEN P28 2T G . o RHEROR, T
W7 TET ¥697 AR AT GERE &, KEGG B E %
45 R PI3K-Akt /5 SR ES 5 | TET Xt
JERMRSE IR YT RSN SIS0 E T TET Refis A AL
i B N e . TR, R S5IES
0 5 SIH T, QRT-PCR S2I656IE T PI3K-Akt {5
5 P T FLR PR B IR 4 ) EE AL



FEIFEFE12H

2024 £ 12 A AR & 5l &

Drugs & Clinic

Vol. 39 No.12 December 2024 - 3085 -

FBEFR HAGEAFARAEF SN R

SE 0k

(1]

(2]

(3]

(4]
(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

Jokhadze N, Das A, Dizon D S. Global cancer statistics: A
healthy population relies on population health [J]. C4
Cancer J Clin, 2024, 74(3): 224-226.

Han B F, Zheng R S, Zeng H M, et al. Cancer incidence
and mortality in China, 2022 [J]. J Natl Cancer Cent, 2024,
4(1): 47-53.

Rahib L, Smith B D, Aizenberg R, et al. Projecting cancer
incidence and deaths to 2030: The unexpected burden of
thyroid, liver, and pancreas cancers in the United States [J].
Cancer Res, 2014, 74(11): 2913-2921.

AT, EHA, EAE, & PSRRI EY
IRt (0], P EZIEARE, 2022, 32(1): 43-52.
Liu W, Kou B, Ma Z K, et al. Tetrandrine suppresses
proliferation, induces apoptosis, and inhibits migration and
invasion in human prostate cancer cells [J]. Asian J Androl,
2015, 17(5): 850-853.

Wu J M, Chen Y, Chen J C, et al. Tetrandrine induces
apoptosis and growth suppression of colon cancer cells in
mice [J]. Cancer Lett, 2010, 287(2): 187-195.

Sun Y F, Wink M. Tetrandrine and fangchinoline,
bisbenzylisoquinoline alkaloids from Stephania tetrandra
inhibiting P-
glycoprotein activity in multidrug resistant human cancer
cells [J]. Phytomedicine, 2014, 21(8/9): 1110-1119.
ZHFAT, AR, Rdde, BRI
FE SR SRS e iR F WL 9T [J]. R E24, 2020,
51(20): 5201-5206.

Lien J C, Lin M W, Chang S J, et al. Tetrandrine induces
programmed cell death in human oral cancer CAL 27 cells

can reverse multidrug resistance by

through the reactive oxygen species production and
caspase-dependent pathways and associated with beclin-1-
induced cell autophagy [J]. Environ Toxicol, 2017, 32(1):
329-343.

Yuan B, Yao M J, Wang X, et al. Antitumor activity of
arsenite in combination with tetrandrine against human
breast cancer cell line MDA-MB-231 in vitro and in vivo
[J]. Cancer Cell Int, 2018, 18: 113.

Singh K, Dong Q, TimiriShanmugam P S, et al
Tetrandrine inhibits deregulated cell cycle in pancreatic
cancer cells: Differential regulation of p21¢P!/Wafl  n77Kipl
and cyclin D1 [J]. Cancer Lett, 2018, 425: 164-173.

Chen Z, Zhao L, Zhao F, et al. Tetrandrine suppresses lung
cancer growth and induces apoptosis, potentially via the
VEGF/HIF-10/ICAM-1 signaling pathway [J]. Oncol Lett,
2018, 15(5): 7433-7437.

Liu X F, Ouyang S S, Yu B, ef al. PharmMapper server: A
web server for potential drug target identification using
pharmacophore mapping approach [J]. Nucleic Acids Res,
2010, 38(Web Server issue): W609-W614.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Wang X, Pan C X, Gong J Y, et al. Enhancing the
enrichment of pharmacophore-based target prediction for
the polypharmacological profiles of drugs [J]. J Chem Inf
Model, 2016, 56(6): 1175-1183.

Balaban E P, Mangu P B, Yee N S. Locally advanced
unresectable pancreatic cancer: American society of
clinical oncology clinical practice guideline summary [J].
J Oncol Pract, 2017, 13(4): 265-269.

Chand S, O’Hayer K, Blanco F F, et al. The landscape of
pancreatic cancer therapeutic resistance mechanisms [J].
Int J Biol Sci, 2016, 12(3): 273-282.

Rombouts S J, Walma M S, Vogel J A, et al. Systematic
review of resection rates and clinical outcomes after
FOLFIRINOX-based treatment in patients with locally
advanced pancreatic cancer [J]. Ann Surg Oncol, 2016,
23(13): 4352-4360.

Tong H B, Li K K, Zhou M Y, et al. Coculture of cancer
cells with platelets increases their survival and metastasis
by activating the TGFp/Smad/PAI-1 and PI3K/AKT
pathways [J]. Int J Biol Sci, 2023, 19(13): 4259-4277.
Niu P F, Liu F, Lei F M, et al. Breviscapine regulates the
proliferation, migration, invasion, and apoptosis of colorectal
cancer cells via the PI3K/AKT pathway [J]. Sci Rep, 2023,
13(1): 9674.

Chan C H, Chiou L W, Lee TY, et al. PAK and PI3K
pathway activation confers resistance to KRASY12C
inhibitor sotorasib [J]. BrJ Cancer, 2023, 128(1): 148-159.
Khan K H, Yap T A, Yan L, et al. Targeting the PI3K-Akt-
mTOR signaling network in cancer [J]. Chin J Cancer,
2013, 32(5): 253-265.

Kim L C, Cook R S, Chen J. mTORC1 and mTORC?2 in
cancer and the tumor microenvironment [J]. Oncogene,
2017, 36(16): 2191-2201.

Zhao T H, Fan J L, Abu-Zaid A, et al. Nuclear mTOR
signaling orchestrates transcriptional programs underlying
cellular growth and metabolism [J]. Cells, 2024, 13(9): 781.
Qu X, Yan X B, Kong C, et al. C-Myb promotes growth
and metastasis of colorectal cancer through c-fos-induced
epithelial-mesenchymal transition [J]. Cancer Sci, 2019,
110(10): 3183-3196.

Liu S S, Zhang J F, Yin L Y, et al. The IncRNA RUNXI1-
IT1 regulates C-FOS transcription by interacting with
RUNXI1 in the process of pancreatic cancer proliferation,
migration and invasion [J]. Cell Death Dis, 2020, 11(6): 412.
Tam S Y, Law H K W. JNK in tumor microenvironment:
Present findings and challenges in clinical translation [J].
Cancers, 2021, 13(9): 2196.

Zhang K, Ying H Y, Zhao R P, et al. Capilliposide from
Lysimachia capillipes promotes terminal differentiations
and reverses paclitaxel resistance in A2780T cells of
human ovarian cancer by regulating Fos/Jun pathway [J].
Chin Herb Med, 2022, 14(1): 111-116.

[FiEmsE £ 23]



