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Impact of shikonin on proliferation,apoptosis, migration,invasion,and cisplatin resistance of
human esophageal cancer cells through AMPK/mTOR signaling pathway regulation

ZHAI Minghui', YUAN Dianbao’, WU Wenjuan'
(1. Department of Medical Oncology, The First Affiliated Hospital of Hebei North University , Zhangjiakou 075061, China; 2. Department of Gastroentero-

logy and Endoscopy, The First Affiliated Hospital of Hebei North University, Zhangjiakou 075061, China)

Abstract Objective To investigate the impact of shikonin on proliferation , apoptosis , migration, invasion, and cisplatin resistance of
human esophageal cancer cells through the regulation of the adenosine 5’ -monophosphate-activated protein kinase (AMPK) /mammalian
target of rapamycin (mTOR) signaling pathway. Methods KYSE150 cells in logarithmic growth phase were assigned to the control,
low-shikonin (0.5 mol/L), high-shikonin (2.0 mol/L), compound C (10 pmol/L), and high-shikonin+compound C groups. After 24 h of
incubation, the cell proliferation rate and drug resistance sensitivity were determined using the 3- (4, 5-dimethylthiazol-2-yl) -2, 5-diphe-
nyltetrazolium bromide (MTT) assay; cell apoptosis,migration,and invasion were examined using flow cytometry and the Transwell
assay; and the expression levels of autophagy-related gene (P62 and LC3) mRNAs were determined using real-time quantitative PCR. The
expression of multidrug resistance-related protein 1 (MRP1),PIN2/TERF1-interacting telomerase inhibitor 1 (PINX1), proliferating cell
nuclear antigen (PCNA), Bel-2 associated X protein (Bel-2) associated X protein, phosphorylated (p) -AMPK/AMPK , and p-mTOR/mTOR
was analyzed using Western blotting. Results Compared with the control group,the low- and high-shikonin groups showed decreased
absorbance (OD,q), half-maximal inhibitory concentration (ICs,),invasion and migration numbers,P62 mRNA expression, p-mTOR/
mTOR,MRP1,and PCNA expressions (P < 0.05), whereas the apoptosis rate as well as LC3 mRNA, p-AMPK/AMPK, PINX1, and Bax
expressions increased. Compound C weakened the inhibitory effect of high levels of shikonin on the malignant behavior of KYSE150 cells.
Conclusion Shikonin inhibits the proliferation, migration, and invasion of human esophageal cancer cells, promotes apoptosis, and
enhances cisplatin sensitivity by upregulating the AMPK/mTOR signaling pathway.

Keywords shikonin; AMPK/mTOR signaling pathway; esophageal cancer; proliferation; migration and invasion; cisplatin; apoptosis
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A, control group; B, low-shikonin group; C, high-shikonin group; D, compound C group; E, high-shikonin+compound C group.
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Fig.1 Changes of apoptosis in cells of different groups
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A, control group; B, low-shikonin group; C, high-shikonin group; D, compound C group; E, high-shikonin+compound C group.

B2 ZHMAAFETN x200
Fig.2 Changes in cell invasion of different groups x 200

A, control group; B, low-shikonin group; C, high-shikonin group; D, compound C group; E, high-shikonin+compound C group.
E3 ZHHMAIHENL x 200
Fig.3 Changes in cell migration of different groups x 200
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Tab.1 Comparison of changes in cell invasion and migration of different groups

Group n Invasion Migration
Control 6 152.06 + 15.31 188.64 + 18.92
Low-shikonin 6 91.52+9.21" 126.34 = 12.71"
High-shikonin 6 60.21 £ 6.09"? 77.34+7.81"7
Compound C 6 22534 +22.64" 271.54 +27.22"
High-shikonin+compound G 6 91.06 £9.18" 127.04 + 12.817%

1) P < 0.05 vs. control group;2) P < 0.05 vs. low-shikonin group;3) P < 0.05 vs. high-shikonin group;4) P < 0.05 vs. compound C group.
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Tab.2 Comparison of mMRNA expression of P62 and LC3 in different groups

Group n P62 mRNA LC3 mRNA
Control 6 0.98£0.10 1.08 +0.11
Low-shikonin 6 0.63 +0.07" 1.52+0.16"
High-shikonin 6 0.37 +0.04"? 2.19 +0.22"%
Compound C 6 1.42 +0.15" 0.67 +0.07"
High-shikonin+compound C 6 0.590.06™" 148 015

1) P < 0.05 vs. control group;2) P < 0.05 vs. low-shikonin group;3) P < 0.05 vs. high-shikonin group;4) P < 0.05 vs. compound C group.

R3 HHEMAFMRPT, PINX1,

PCNA. Bax. p-AMPK/AMPK, p-mTOR/mTORZ % Hj bk

Tab.3 Comparison of MRP1, PINX1, PCNA, Bax, p-AMPK/AMPK, and p-mTOR/mTOR expressions in different groups
Group n p-mTOR/mTOR p-AMPK/AMPK Bax/B-actin PCNA/B-actin PINX1/B-actin MRP1/B-actin
Control 6 0.52:006 0.37+0.04 0.75 +0.08 0.79 +0.08 0.48 +0.05 0.71+0.08
Low-shikonin 6 0.31 £0.04" 0.61+0.07" 1.03+0.11" 0.52 +0.06" 0.77 £ 0.08" 0.49 +0.05"
High-shikonin 6 0.15 £ 0.02"? 0.84 +0.09" 148+0.15"? 0.27 +0.03"? 1.15£0.12"% 0.22+0.03"
Compound C 6 0.79 £ 0.08" 0.18 +0.02" 0.48 £ 0.05" 124 £0.13" 0.23 +0.03" 1.04+0.11"
High-shikonin+compound ¢ 6 0.37 £ 0.04" 0.59 +0.06” 0.98 £0.10"* 0.49 £ 0.05"* 0.71 +0.08"* 0.50 +0.05"

1) P < 0.05 vs. control group;2) P < 0.05 vs. low-shikonin group;3) P < 0.05 vs. high-shikonin group;4) P < 0.05 vs. compound C group.
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1, control group;2,low-shikonin group;3, high-shikonin group;4,com-
pound C group; 5, high-shikonin+compound C group.
B4 FJHMBFMRPT, PINX1, PCNA. Bax. AMPK. mTOR.
p-AMPK. p-mTORZE H kA Western blotting £5 58
Fig.4 Western blotting results of MRP1, PINX1, PCNA,
Bax, AMPK, mTOR, p-AMPK, and p-mTOR expres-
sions in cells of different groups

3 it

PCNAE —Fh 2 5DNAS & & 10 R 1 1%
HH, e E A A 2R W, 2 5 DNAK )

DNA 546 52 20 i J8 303 9 45 45 )32 4 i oot A, O
TEA TR R AN b i 2k An i Tk R
7P AN AT T2 40 455 1k 2R KRN 43 S AR SE R K
-1 2 BRE AN JA T At B A R A A T B
ifvsga o S S

LR —REENRRD T, EVUEIRIT
R R AT 1, ZEVE 22 IR A it rh ELAT o
SEFE I T4 W5 ) S B s 25 AT I 4 i
TR B A I R AR 28 R R Al fig
JEIRTT BB BT 2 AN B R R R A
ST 259, AT 51 DN A 4% 1175 5 40 M0 1 o IR T
255 KKBRARALTT 1 R AIT AL, J2: B3 BUS AS BN
SAEAE AR AR R EE ™ L PINX IR R 5L,
5 bR 0 LI R A S AR R B R
XTKYSEL5040 g 7 th P o 1R 22 58, 312
JHT-IYEH . Western blottingZh J iF — A IE 52 25 B
HEEE E FIHKYSELIS041ig HPCNAZ 35, | J#Bax
ik, PR HKYSE1S040 fa it 25, T it 245 8 FAMRP1
ik, FPHPINX 1 IR, $ 7 48 5 AL AT LA il
KYSE 1504 it i 84 & i , i 7T 46 = K Y SE 15044 fifg
A ML AR



+ 300 -

HREERRESR H55%

FI W FH 248 5 40 i 1 BB T IR I BRI
S IE kR R2R RS R s FA YT 25 A
oK, BBCH 22 i g & Jos AL AR 1) Y 7 R 5 )
R F WA N AR A R A2 LC3  p6255 H Mg AH DG 8
P P52 00, 38500 s 2 L %) 1 I R 40 i s 24
F s 58, W 2 B A e R . AMPK/mTORSS 51
B E WA R, mTORE — i 5 556
431, 0] LAYE S 25 1 B4 A K A4 Bl A B
I B, AT 52 M 1 55 00 200 L 1 550 30, an 25 W i
TG IT o, AMPKA] 1 [ 8 Ty mTORZE 35 76 4 P Fl 4
SN SN E VR T AR R, R
A FRKYSE1S0E 8 98 41 i 5 , AL 3% FIHAMPK
BERR AL AKF R IEmTORB IR Ak 323k , T 3 i 1243 1
OG5S WG KA T E ) B2 v 400 ) e 4 i
WgE RZE SITRRE S A AR T, [
IR 245 2 YT 1, s S8 B 28 e B e 1 P
A HE 5 45 AMPK/mTORTE 53 i % YIAH G . A 53
AL 2T AT, 58 B 28 0] RESE A P kA R
AMPKF B 1% M, 51 & T WEmTORAS 5 38 [ (14 4 il
FTWE WA 56 88 FHLC3S p621 2h 25 -4, HE sh 41
L 1 P 9 o 7 S R A e A W BT
TR, F M RIKYSE 15040 i 34 78 JF AR E 4 7=,
F) 55 e A 9 1R 28 SR o i — 2D IR LR AL
IR, ASAIFST 18 5 AMPKAS: SR 4L & B C ik
T T s, 4550 WoR b A YIChT i i 5 R
Xof AMPKRH R Ak B 380G 15 FH , TR] B 9 55 45 B R 5
FR [ W T 1, 9K B2 KYSE 15040 Jif 1 1 58 (=28 5
TRERE ST, X — 45 S PR S8 R R K AMPK/
mTOR{E 53 F% 1Y W00 , A" 58 & 45 HOo 845 98 1Y)
B MES AR W 00, 3R W 58 B GE ik [ M AMPK/
mTOR{F 5l B L H B ER

Zx LTk, R R ik JHAMPK/mTORSE 5
A S B EEAMRE I ER (R 58, (e
T, 4 e ML AU M L AR S ML A A PN 38 U S5 38475
et TR,

S 3 Hk:

[1] f& . BElvor-Lewis /R 7E M B A8 82 P (N B AR
Ja AR A IR R ()] VR BA 2R R A5 41, 2021, 38 (S2) 1 99-
100.

2] QIAO ZS,DAI CC,WANG ZQ,et al. Epiplakinl promotes the pro-

gression of esophageal squamous cell carcinoma by activating the
PI3K-AKT signaling pathway [J1 Thorac Cancer,2022,13(8) :1117-
1125. DOT: 10.1111/1759-7714.14366.

(3] XUB, AL, 474K, 45, TR BE I T HIF- 1o/ VEGPfE % i
BT AN ) B AR T U s (7). el =
BIRZE2E4,2025,54 (2): 150-155. DOI: 10.12007/.issn.0258 - 4646.
2025.02.010.

[4] DU WZ,HAO XH,YUAN ZL,et al. Shikonin potentiates paclitaxel
antitumor efficacy in esophageal cancer cells via the apoptotic
pathway [J]. Oncol Lett,2019,18 (3) :3195-3201. DOI:10.3892/
0l.2019.10662.

[5] ZHOU H,LI GL,KAN LY, et al. Synergistic induction of autophagy
in gastric cancer by targeting CDK4/6 and MEK through AMPK/
mTOR pathway [J]. Heliyon,2024,10 (9) :e30475. DOI: 10.1016/
j-heliyon.2024.e30475.

[6] HENG YQ,LIANG YP,ZHANG JQ,et al. Camptothecin inhibits
neddylation to activate the protective autophagy through NF-kB/
AMPK/mTOR/ULK]I axis in human esophageal cancer cells [J]. Front
Oncol ,2021,11:671180. DOI: 10.3389/fonc.2021.671180.

(7] B 0, iy S 4. 5% B AR £ 00 R 0 1 5 40 ] 39 BEL i 114
YEFIBLHIBE 58 [ B 245,2023,27 (1) :79-82. DOI:10.3969/
J-1ssn.1009-6469.2023.01.017.

(8] T &F, B FF, A, 45, 2 28l L AMPK/mTORIE 9 42 fil 45
AS4941 L B I [T 2024 (1) :6-10. DOI:10.3969/;.issn.1672-3511.
2024.01.002.

(9] /507 B, 447, Be R 45, 4%, PVTLid 14 3 1 miR-486-3p/MAPK 14
IR A AN ) A S Uk (D) R A 2%, 2021, 37
(24) :2999-3004. DOI : 10. 3969/j.issn.1000-484X.2021.24.012.

[10] WENDEL SO,SNOW JA,GU L,et al. The potential of PCNA inhi-
bition as a therapeutic strategy in cervical cancer [T1. T Med Virol,
2023,95(11) :€29244. DOI:10.1002/jmv.29244.

(11] Ak, g X e, 45 SEAE TS 3R i PI3K/ Akef5 -5 [ 5
Wi 25 M 9 2 R A R T SR (U] b rh 22k, 2023, 48
(9) :2334-2342. DOI : 10.19540/j.cnki.cjemm.20230117.703.

[12] HUANG JR,ZHAO L,GONG CX,et al. Shikonin promotes apop-
tosis and attenuates migration and invasion of human esophageal
cancer cells by inhibiting tumor necrosis factor receptor-associated
protein 1 expression and AKT/mTOR signaling pathway [J]. Evid
Based Complement Alternat Med,2021,2021:5386050. DOI:
10.1155/2021/5386050.

[13] XU T,MA XL, WEI Y, et al. Integrin-linked kinase affects the sensi-
tivity of esophageal squamous cell carcinoma cells to chemotherapy
with cisplatin via the Wnt/beta-catenin signaling pathway [J]. Bio-
engineered,2022,13 (5) :12532-12547. DOI:10.1080/21655979.
2022.2076497.

[14] LIU YY,GONG PG,ZHOU N, et al. Insufficient PINX1 expression
stimulates telomerase activation by direct inhibition of EBV LMP1-
NF-kB axis during nasopharyngeal carcinoma development Il
Biochem Biophys Res Commun,2019,514 (1) :127-133. DOI:
10.1016/j.bbrc.2019.04.104.

[15] LI XZ,LIU S,JIN LY, et al. NOD2 inhibits the proliferation of eso-
phageal adenocarcinoma cells through autophagy [J1]. J Cancer Res
Clin Oncol,2023,149 (2) :639-652. DOI:10.1007/s00432-022-
04354-x.

[16] HU CX,CAO YB,LI P, et al. Oleanolic acid induces autophagy and
apoptosis via the AMPK-mTOR signaling pathway in colon cancer (1l
J Oncol,2021,2021:8281718. DOI:10.1155/2021/8281718.

(wE T #)



