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Kaempferol promotes cell autophagy and affects cell proliferation of non-small
cell lung cancer H1650 cells via regulating Met/PI3K/Akt/mTOR pathway
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[Abstract] Objective: To explore the specific effect and mechanism of kaempferol on inducing autophagy in non-small cell lung
cancer (NSCLC) NCI-H1650 cells. Methods: Human NSCLC cell line NCI-H1650 was cultured and treated with kaempferol at
different concentrations. The effects of kaempferol on NSCLC cell viability and proliferation were observed by CCK-8, MTT and EdU
methods. LC3 adenovirus infection experiment was performed to investigate the effect of kaempferol on NSCLC cell autophagy.
Western blot was used to detect the expression of key proteins of cell autophagy and relevant molecules of Met/PI3K/Akt/mTOR
signaling pathway. Meanwhile, qPCR was used to detect the mRNA expression of Met in NCI-H1650 cells after kaempferol treatment.
The transplanted tumor model of nude mice was established by using luciferase labeled A549-luc cells. The tumor growth was observed
by in vivo animal imaging, and the expression of autophagy related key proteins and molecules of Met/PI3K/Akt/mTOR signaling
pathway in the xenograft tissues were detected by Western blot. Results: Kaempferol significantly inhibited the proliferation of NCI-
H1650 cells (P<0.05). After kaempferol treatment, the number of autophagosomes in NCI-H1650 cells was significantly increased
(P<0.05), the expressions of autophagy related key proteins, LC3B and beclinl, were significantly increased (all P<0.05), and the
expression of P62 was significantly decreased (P<0.05). Kaempferol significantly inhibited the mRNA and protein expression of Met,
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and inhibited the protein expression of p-PI3K p85, PI3K p85, p-Akt and p-mTOR (all P<0.05). Kaempferol inhibited the growth of
transplanted tumor (P<0.05) and affected autophagy and the expression of Met/PI3K/Akt/mTOR pathway-related proteins in nude
mouse tumor models (all P<0.05). Conclusion: Kaempferol induces autophagy in NSCLC NCI-H1650 cells by affecting the Met/PI3K/
Akt/mTOR pathway, which in turn inhibites their proliferative capacity.
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p-PI3K p85. Akt. p-Akt. mTOR. p-mTOR. beclinl .
LC3B.P62.GAPDH Hi ik (Fif LL ]34 111 000D i
W fE4°CFAHE K. H TBSTHe#k 3 WG, I
HRP 51 Pt e 5B IgG 47T (113 000 B W, 76
FEiR AR he TBST ik 3 G 1AL 22 ROt g
R4 5, Image J AT 45 3.
1.8 %itsam

K H SPSS 20.0 4t i ¥ A i3k 47 48 1F 43 A, H
GraphPad Prism 347 B il/E. By sege s plinr 5
3o FFEIEA AT R E R FH x5 Fom, 3 4 K LA
b A 2 TR) 72 S VT AY SR F B DR 3R T 22 43 BT (One-way
ANOVA) , 2 HHHEAH [ 22 7 LR A e . DAP<0.05
B P<0.01 R ZRBEA G2 XL

2 # B

2.1 LA IPH NCI-H1650 20 i 69 38 74 75 1

CCK-8 VM MTT A il 45 5 (B 1A 27, 104
204080 wmol/L [ 1L %y b B 72 h 5 #5) m] B S 41
NCI-H1650 41 i i) 384 58 35 14 (3 P<0.05) . EdU 4+
il 25 5 (B 1BD 275 5 2040 A1 80 umol/L 111 25 15
AT B R A6 NCI-H1650 434 56 (B 1B) « SEER 45 31
i B, L1 25 P w0 NCI-H 1650 2 o (17 48 G2 3 7% o
2.2 WLEBAFNCI-HI1650 aft X £ A %

e XA B s i SR G A ) &8 R (I 20 (B, 1l
2y A0 B 5 NCI-H1650 410 i P 1 B W /)N Ak B 32 386 i
(P<0.05), H WV B A3 BT s AR (P>0.05) . 5K
6 8 SRR (L 22y 6 NCI-H1650 40 i [ WA s 1F
L ARGE TS A HAh S I i — P B . WB 775k
SE R (E 2B Bor , 56T IR 2 LR, 1L 25y A FRZH NCT-
H1650 41 Jits ' LC3B l beclinl 2 A # ik = & ETF,
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FIPI3K p85 & 1A & ¥ W] & P& K, 5 X B A b %,
80 pmol/L L1 2% ) 2H 41 il P 1 PI3K p85 & 1 I W iR
KT B3 R (P<0.05) . 4P p-Akt fl p-mTOR
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AS549 A Mo B pE T A AL R I 25 R (B 4A) B, 5
Xof HE A LA L 25 Ty A 4 5 28 K IR A% AR IR 4L 4 R
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4 LIZSER7E AS49 LRPEFEIETELE 40 R iE1E Met/PI3K/Akt/mTOR @ 88 & A Tk HE M HdI B 4
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p85.p-Akt Fll p-mTOR & H 7K, I 755 4H 5 Wik

FERER AL A S 0 R W 25 RO o, 1 4 Wy b B
S5 B R R ) A2 K I SR U M8, Met . p-PI3K p85 . p-Akt 1
p-mTOR [ 85 F /K-t B i PEAIC, i — R WL 25
#& 38 it Met/PI3K/Akt/mTOR i % i% 5 7 NSCLC 4H
i R T AR

Y f E W AE o e B EAE R . B A TR
AU R AT R 3E A7 (02 40 i B W O R O IR
AN, 28 20 i 9 BB B AV A B, S EE A
AR REZR AL, T GH R SR TR T AN, E R
T HHL TG A ) e e 2 G A B AN R E 1 4
FF O 0 AR AN 28 T 0 1 W Y 1 IR (1] 4 S 4
il e e AU G 5, 15 S BOE A B . BT, ©
AW TR, (L 23y AT DL i 520 AMPK/AKT
IRE1-JNK-CHOP.PI3K/AKT/mTOR i % 73 555 5 AT
Ja 15 e N 45 L M e 4 R R AR B M | R 5 1L BE YA

are



b

ARBEW] AL R EE I Met/PI3K/AKt/mTOR E #1513 A/ A il NCI-H1650 41/ i A 11 Wit 2t 1 520 45 . 971

AT DA Ik 5 M 28 7 A R R AN 175 - 0 2 S R A Y
A EREFNAE TR, T AW SRR 11l 23 T LLUs i
4% Met/PI3K/AKT/mTOR i % i 5 NSCLC 40 ffl &
AEEWE. BR TS0 R ) B, L 2R T DL
22 Folt ol e 200 0 O A R A ORE 1R 4R 2R R RS, 1K
Peom L 251 T LAE b g 25 AT R R .
i, 3 1 22y S NSCLC 41 i 51 A2 1 B W, 2L LA
VEFINLHE AR 3 — 2D IR AN

g ERTR , (2519 vT DLE IS 4% Met/PI3K/AKT/
mTOR i % % 5 NSCLC 4 i /& A= E W, 335 177 417 41
NSCLC 4 i3 5 , KA H P mER (B 5. &
W58 25 B R 3 PR R 23 LU 25 Bt NSCLC (14 H
POt T B SR O H S IR K&
I R R AL T 5258 2%

i 23

5 LLZSERiEE Met/PI3K/Akt/mTOR B KA S
NSCLC Apak % Bl

(& £ x #]

[1] SIEGEL R L, MILLER K D, FUCHS H E, et al. Cancer statistics,
2022[J]. CA A Cancer J Clinicians, 2022, 72(1): 7-33. DOL
10.3322/caac.21708.

[2] PIOTROWSKA Z, ISOZAKI H, LENNERZ J K, et al. Landscape of
acquired resistance to osimertinib in EGFR-mutant NSCLC and
clinical validation of combined EGFR and RET inhibition with
osimertinib and BLU-667 for acquired RET fusion[J]. Cancer
Discov, 2018, 8(12): 1529-1539. DOI: 10.1158/2159-8290.CD-18-
1022.

[3] MOSLEHI J J, SALEM J E, SOSMAN J A, et al. Increased
reporting of fatal immune checkpoint inhibitor-associated
myocarditis[J/OL]. Lancet, 2018, 391(10124): 933[2023-07-10].
https://pubmed. ncbi. nlm. nih. gov/29536852/. DOI: 10.1016/S0140-
6736(18)30533-6.

[4] DABEEK W M, MARRA M V. Dietary quercetin and kaempferol:
bioavailability and potential cardiovascular-related bioactivity in
humans[J/OL]. Nutrients, 2019, 11(10): 2288[2023-07-10]. https://
pubmed.ncbi.nlm.nih.gov/31557798/. DOI: 10.3390/nul11102288.

[S] REN J, LU Y F, QIAN Y H, er al. Recent progress regarding

kaempferol for the treatment of various diseases[J]. Exp Ther Med,

2019, 18(4): 2759-2776. DOIL: 10.3892/etm.2019.7886.

[6] GOVINDARAJU S, ROSHINI A, LEE M H, et al. Kaempferol
conjugated gold nanoclusters enabled efficient for anticancer
therapeutics to A549 lung cancer cells[J]. Int J Nanomed, 2019, 14:
5147-5157. DOI: 10.2147/ijn.s209773.

[71 LEVY JM M, TOWERS C G, THORBURN A. Targeting autophagy
in cancer[J]. Nat Rev Cancer, 2017, 17(9): 528-542. DOI: 10.1038/
nrc.2017.53.

[8] DRILON A, CLARK J W, WEISS J, et al. Antitumor activity of
crizotinib in lung cancers harboring a MET exon 14 alteration[J].
Nat Med, 2020, 26(1): 47-51. DOI: 10.1038/s41591-019-0716-8.

[91 WANG F J, WANG L, QU C, et al. Kaempferol induces ROS-
dependent apoptosis in pancreatic cancer cells via TGM2-mediated
Akt/mTOR  signaling[J/OL] 21(1): 396[2023-07-10]]. https://
pubmed. ncbi. nlm. nih. gov/33845796/. DOI: 10.1186/s12885-021-
08158-z.

[10] LOMPHITHAK T, JAIKLA P, SAE-FUNG A, er al. Natural
flavonoids quercetin and kaempferol targeting G2/M cell cycle-
related genes and synergize with smac mimetic LCL-161 to induce
necroptosis in cholangiocarcinoma cells[J/OL]. Nutrients, 2023, 15
(14): 3090[2023-07-10]. https://doi. org/10.3390/nul15143090. DOI:
10.3390/nu15143090.

[11] KUBINA R, KRZYKAWSKI K, DZIEDZIC A, et al. Kaempferol
and fisetin-related signaling pathways induce apoptosis in head and
neck cancer cells[J/JOL]. Cells, 2023, 12(12): 1568[2023-07-10].
https://pubmed. ncbi. nlm. nih. gov/37371038/. DOI: 10.3390/
cells12121568.

[12] BT, Bk, Tk . JE T PI3K/AKT/mTOR Fil Ll 25y 77 41 e
22RV1 A0 e B2 (R4 IR TE[0]. IR PR AMRE 2% 5, 2023, 38
(4): 271-276. DOI: 10.13201/j.issn.1001-1420.2023.04.007.

[13] LEE J, KIM J H. Kaempferol inhibits pancreatic cancer cell growth
and migration through the blockade of EGFR-related pathway in
vitro[JJOL]. PLoS One, 2016, 11(5): e0155264[2023-07-10]. https:/
pubmed. ncbi. nlm. nih. gov/PMC4866780/. DOI: 10.1371/journal.
pone.0155264.

[14] CHOLJ B, KIM J H, LEE H, et al. Reactive oxygen species and p53
mediated activation of p38 and caspases is critically involved in
kaempferol induced apoptosis in colorectal cancer cells[J]. J Agric
Food Chem, 2018, 66(38): 9960-9967. DOI: 10.1021/acs.
jafc.8b02656.

[15] BE/NKE, FLZRDY, B/har, &5 1 25842 Wt/ B -catenin 3843 %6 i
F RIS /N Bl T 2 A 520 S AR FHBLARI L], o G e 22 3 2022,
38(16): 1946-1951.. DOI: 10.3969/j.issn.1000-484X.2022.16.005

[16] FOUZDER C, MUKHUTY A, KUNDU R. Kaempferol inhibits
Nrf2 signalling pathway via downregulation of Nrf2 mRNA and
induces apoptosis in NSCLC cells[J/OL]. Arch Biochem Biophys,
2021, 697: 108700[2023-07-10].  https://doi. org/10.1016/j.
abb.2020.108700. DOI: 10.1016/j.abb.2020.108700.

[17] JO E, PARK S J, CHOI Y S, et al. Kaempferol suppresses
transforming growth factor- B1-induced epithelial-to-mesenchymal
transition and migration of A549 lung cancer cells by inhibiting
Aktl-mediated phosphorylation of Smad3 at threonine-179[J].
Neoplasia, 2015, 17(7): 525-537. DOI: 10.1016/j.ne0.2015.06.004.

[18] CHE J B, LIANG B, ZHANGYY, et al. Kaempferol alleviates ox-LDL-
induced apoptosis by up-regulation of autophagy via inhibiting PI3K/

are



972

Hh ] g 2R iR TT 2 3K, 2023, 30(11)

Akt/mTOR pathway in human endothelial cells[J]. Cardiovasc Pathol,
2017, 31: 57-62. DOI: 10.1016/j.carpath.2017.08.001.

[19] GAN L, LENG Y, MIN J, et al. Kaempferol promotes the
osteogenesis in rBMSCs via mediation of SOX2/miR-124-3p/PI3K/
Akt/mTOR axis[J/OL]. Eur J Pharmacol, 2022, 927: 174954[2023-
07-10]. https://doi.org/10.1016/j.ejphar.2022.174954. DOI: 10.1016/
j-ejphar.2022.174954.

[20] RABIEE S, TAVAKOL S, BARATI M, et al. Autophagic, apoptotic,
and necrotic cancer cell fates triggered by acidic pH
microenvironment[J]. J Cell Physiol, 2019, 234(7): 12061-12069.
DOI: 10.1002/jcp.27876.

[21] HAN B, YU Y Q, YANG Q L, er al. Kaempferol induces
autophagic cell death of hepatocellular carcinoma cells via
activating AMPK signaling[J]. Oncotarget, 2017, 8(49): 86227-
86239. DOI: 10.18632/oncotarget.21043.

[22] KIM T W, LEE S'Y, KIM M, et al. Kaempferol induces autophagic
cell death via IRE1-JNK-CHOP pathway and inhibition of G9a in
gastric cancer cells[J/OL]. Cell Death Dis, 2018, 9: 875[2023-07-
10]. https://www. nature. com/articles/s41419-018-0930-1. DOI:
10.1038/s41419-018-0930-1.

[23] i, 184, 4875, 55 . L2 1845 PI3K/AKtmTOR J# #% 175 3
N 45 H g RKO 41 i [ W [J]. B 245 %%, 2020, 18(10): 1668-
1673.. DOI: 10.7539/j.issn.1672-2981.2020.10.010

[24] CHEN S Q, MA J, YANG L, et al. Anti-glioblastoma activity of
kaempferol via programmed cell death induction: involvement of
autophagy and pyroptosis[J/OL]. Front Bioeng Biotechnol, 2020, 8:
614419[2023-07-10]. https://doi. org/10.3389/fbioe. 2020.614419.
DOI: 10.3389/fbioe.2020.614419.

[25] LIU Z Q, YAO G L, ZHAI J, et al. Kaempferol suppresses
proliferation and induces apoptosis and DNA damage in human
gallbladder cancer cells through the CDK4/CDK6/cyclin D1
pathway[J]. Eur Rev Med Pharmacol Sci, 2021, 25(3): 1311-1321.
DOI: 10.26355/eurrev_202102_24836.

[26] RUAN G Y, YE L X, LIN J S, et al. An integrated approach of
network pharmacology, molecular docking, and experimental
verification uncovers kaempferol as the effective modulator of
HSD17B1 for treatment of endometrial cancer[J/OL]. J Transl Med,
2023, 21(1): 204[2023-07-10]. https://pubmed. ncbi. nlm. nih. gov/
36932403/. DOIL: 10.1186/s12967-023-04048-z.

[271 JU P C, HO Y C, CHEN P N, ez al. Kaempferol inhibits the cell
migration of human hepatocellular carcinoma cells by suppressing
MMP-9 and Akt signaling[J]. Environ Toxicol, 2021, 36(10): 1981-
1989. DOI: 10.1002/tox.23316.

[WFsHEA]  2023-08-15 (& HHEA] 2023-10-25
[ARCHREE]  IFIIESE, b



