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Exploring the role of ferroptosis in the resistance of liver cancer

cells to lenvatinib based on RNA-seq technology
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(a. Guangxi Key Laboratory of Molecular Medicine in Liver Injury and Repair, b. Guangxi Health
Commission Key Laboratory of Basic Research in Sphingolipid Metabolism Related Diseases,
¢. China-USA Lipids in Health and Disease Research Center, Affiliated Hospital of Guilin
Medical University, Guilin 541001, China)

Abstract Objective To explore the role of ferroptosis in the resistance of liver cancer cells to lenvatinib
(Lenva), and provide new ideas for preventing or reversing Lenva resistance. Methods Human liver
cancer cell line PLC/PRF/5 cells also known as parental cells (PC) were cultured in vitro, and Lenva
resistant cells ( LRG) were constructed using gradient concentration induction method. RNA-seq
technology was used for transcriptome sequencing of LRC and PC. Differential expression gene analysis and
KEGG enrichment analysis were completed. Cell viability was measured by CCK-8 assay. Expressions of
ferroptosis related proteins were detected by Western blot. The reactive oxygen species ( ROS) was
detected using DHE probes, and changes in mitochondrial morphology were observed by transmission
electron microscopy (TEM). Results The half inhibitory concentration ICy, of Lenva in PC group and LRC
group was 24.88 pmol/L and 89.34 pwmol/L, respectively, indicating the successful induction of Lenva
resistant human liver cancer cells in vitro. A total of 12 106 genes were detected by RNA-seq, among
which 88 genes were upregulated and 197 genes were downregulated in the LRC group compared to the PC
group. The KEGG pathway enrichment analysis of differential expression genes showed that ferroptosis
signaling pathway was enriched within it. Under the exposure of Lenva ( 10 pmol/L for 48 h), the
expression of ferroptosis related proteins SLC7A11 and GPX4 were increased in the LRC group compared
to the PC group, while the content of ROS was decreased. TEM results showed that compared to the PC
group, the characteristic mitochondrial morphological changes related to ferroptosis in the LRC group were
significantly reduced. Conclusion Lenva resistance in liver cancer cells may involve multiple genes and
signaling pathways, among which ferroptosis resistance may be a key role in causing Lenva resistance.
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SpectraMax M 2 DI BEIMFLAR AL IE T56AGI
1.7 ESBEENBREMEREARS

AN B FR AL & PBS VR, A 2.5 %)%,
TEET 4 CREIE SR BIE A 1Y IR [ 2 2.5 h,
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¥ H - WA A BT F R R
1.8 FitFEFHE

K GraphPad Prism 8.0 #4118 7%
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it 25 AH G5 11 ABCC1( ATP-binding cassette subfamily
C member 1) 7 LRC Y235 B 1 34 i, 45 2R 4n 5]
1B iR, XIS Lenva it 25 AT 96 20 i #4 4
I

B ARG F1 5087 3 B, S ENIE ( Western blot) £
TR Z5AH 36 1 ABCC1 B RIA
1 1 Lenva HIBFEABELEE

22 ERERE

RNA-seq Ml )3 45 5 28 3 1 43 43 #7 ( principal
component analysis, PCA) f7x , PC A1 LRC PiZH 0] 1Y
FER RIBIAAE 22 5 HINREAR — BUE Gy SRR A
S5 2A iR, DARE IR AH 56 22 HL r (Pearson's
correlation coefficient ) IS5 () 1 Ry A= 42 7 42 AH
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1 A.LRC FIXE R PC RNA-seq =850 ; B.LRC ZH M1 PC 4141 [AI LR Fe ik e AH S 404
B 2 RNA-seq DT ERERIE

23 EFRIEEHR SN 3B B, 5 PC 414, LRC 4147 88 N3 IA
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B4 ZREEMKECC BEREER

F1 ERREEFEM KEGC BEEESH
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T2 BoEE A 4.75 0.135  ADHIC;ADH4;ALDH3A1;GSTA2;GSTA3;PTGS2; UGT1A6

25 H- AN (L P450 4.89 0.135  ADHIC;ADH4; ALDH3A1;GSTA2;GSTA3; UGT1A6

YLt FR PASO X HMEPEY) BT A i 4.62 0.135  ADHIC;ADH4; ALDH3A1;GSTA2;GSTA3; UGT1A6

T s A 6.33 0.191  ADHIC;ADH4;ALDH3A1;LRTOMT

HNE 17 558 3.60 0.251  CCI20;CXCL8;JUN;MAPK4;PTGS2;S100A9

WHEE A/ W A= 4.01 0.251  ADHIC;ADH4;ALDH3A1;ENO3;G6PC1

2 Z Y TH AL A 7.13 0.251  APOA1;APOA4;SLC52A3
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i IgE RBE 15 5 i 3.00 0.299  CCL20;CX3CLI1;JUN;LIF;PTGS2; VCAMI

PIBK-AKL {22 e 180 0530  COLOAL;COL6A2;G6PCI; LAMC2; LPARG; MAGI2; NRAAL;
PIK3R5; PPP2R2C;SGK1

TRARBY I 11 5 Sk AT Ak 2.44 0.530  GSTA2;GSTA3; HMOXI ; JUN;KLF2; VCAM1

PR B A 3.17 0.530  ADHIC;ADH4;CYP26A1;UGTIA6

R - 1 190 0530  CCl20;CRLF2; CX3CLI; CXCLI2; CXCL8; ILISRA; ILIRN;
LIF ; TNFRSF9

G P (0 R 2 TR R R 2.69 0.530  ITGAM;KRT15;KRT19;KRT23;PTAFR

9% ) 2.17 0.539  ABLIM2;CXCLI12;EPHA1;EPHB2;FES; PAK3;SEMASA

ERFET 3.80 0.539  SLC3A2;HMOXI;CP

mRNA Yiilgf2 2.50 0.579  MSTRG.15638;NXF2;NXF2B; PABPCIL;PPP2R2C

STy T S Aw] 3.49 0.591  CP;HMOXI;UGT1A6
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10 wmol/L Lenva AL BRZH il 48 h, 5 PC #H Ik,
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3 itig
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BRABISE Lenva it 25 (1 53 FHLHI . A0 R HIBS
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RNA-seq J& — i 3% T 55 ZACI 3 H AR | 7T X 41
Jf B2 AU A A R AR A T A 1 A 1R B 2 e
A, 72 TSR AL A RNA ThEEfFoE ™, &
WF5E R H RNA-seq £ AR X LRC HCC 4 fifd Kz Hox hiy

%) PC #EAT A5 B 2o i SR 9E 285 22 5 kik
SR b 88 ALK G L, 197 AN R RIA TR
Wi, DT X0F ik 4 2 S 6 IR A7 07 3 PN 2 . KEGG 38
HE RN LRC AR TERRBE T i 2R Al ; 22 7 3k
IR HE R B R AE T AH DGRl SLC3A2 . HMOX 1
LT CP R R SRR ERBE T T RELE HCC 4H 3K 75
Lenva T 25 150 F2 H & #E B EAE T

BRIET -2 Z2 P05 Sl R 5 b iR A A
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System Xc~ Hi 3 fig I 3 SLC7ALL Al f£E 45 7 %%
SLC3A2 DA BAARTE i T 40 B 1 38 24 B A1 b
BREHE NN S 56 A R, A B H ik A
ALt 4 WA FHAS BT BRFEARAE BT ROS 19774, A
IR AEARGURIE T VB AR 9T L0 45 1
7~ ,LRC 5 PC H#%, SLCTALL A e H T &4k
fit} 4 2 I FARH EE A0 D ROS & BRI rRL R4S
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FEAR Lenva i 25 A A A0 > S0 s T2 H iy
TGP IR 0 A e, LA 17 R 2 A 2 e LA
e Jif R 58 245 3o 782 v i 4 22 KA P T S AT 1 A5
AT

«/an {ﬁ

it

AN AY Lenva T 2585 S 221> B N FIAS 5 &

e, R BRAE TR T e R S DR R 25 A9 G i, A

AR5 S L o) 18] 47 e TR 40 D P9 R B T L 00 s 240 M
(8 Lenva Mif 2542t T S50 Kodhs

N
ﬂ

T

Sk

[ 1] FORNER A, REIG M, BRUIX J. Hepatocellular carcinomalJ].
Lancet, 2018,391(10127) :1301-1314.

[2] ZHOUM G, WANG H D, ZENG X Y, et al. Mortality,
morbidity, and risk factors in China and its provinces,
1990-2017; a systematic analysis for the global burden of
disease study 2017[ J]. Lancet,2019,394( 10204 ) ; 1145-
1158.

[3] KUDO M, FINNR S, QIN S K, et al. Lenvatinib versus sor-
afenib in first-line treatment of patients with unresectable
hepatocellular carcinoma: a randomised phase 3 non-inferi-
ority trial[ J]. Lancet,2018,391(10126) :1163-1173.

[4] DIXONS J, LEMBERG K M, LAMPRECHT M R, et al.

Ferroptosis; an iron-dependent form of nonapoptotic cell
death[ J]. Cell,2012,149(5) :1060-1072.
[5

[

YANH F, ZOU T, TUO Q Z, et al. Ferroptosis: mecha-
nisms and links with diseases[J]. Signal Transduct Target
Ther,2021,6(1) :49.

[ 6] JAKARIAM, BELAIDI A A, BUSH A I, et al. Ferroptosis as a

[

mechanism of neurodegeneration in Alzheimer’s disease[J].J
Neurochem,2021,159(5) :804-825.

[7] WUX G, LI'Y, ZHANG S C, et al. Ferroptosis as a novel
therapeutic target for cardiovascular disease[ J]. Theranos-
tics,2021,11(7) :3052-3059.

[8] 238, bt B ¥k, 45 p53 A R BRIE T AR IR #2485
i MBS 245 B/ P B2 ALt [0 v o B A 3 e
2023,9(1) :9-19.

[9] ZHANG C, LIU X Y, JIN S D, et al. Ferroptosis in cancer
therapy: a novel approach to reversing drug resistance[ J].
Mol Cancer,2022,21(1) .47.

[10] HUB Y, ZOU T T, QIN W, et al. Inhibition of EGFR
overcomes acquired lenvatinib resistance driven by STAT3-
ABCBI signaling in hepatocellular carcinomal[ J]. Cancer
Res,2022,82(20) .3845-3857.

[11] JINHJ, SHIY P, LV Y Y, et al. EGFR activation limits
the response of liver cancer to lenvatinib [ J ]. Nature,
2021,595(7869) :730-734.

[12] SHI T T, IWAMA H, FUJITA K, et al. Evaluating the
effect of lenvatinib on sorafenib-resistant hepatocellular
carcinoma cells[ J]. Int J Mol Sci,2021,22(23) :13071.

[13] CHEN Y C, SHANG HT, WANG C Y, et al. RNA-seq
explores the mechanism of oxygen-boosted sonodynamic
therapy based on all-in-one nanobubbles to enhance ferrop-
tosis for the treatment of HCC[ J]. Int J Nanomedicine,
2022,17; 105-123.

[14] B WK 4, RIGERE 5. GPX4 A SERAET7E b e
G SRR i 245 40 M b B9 AR T [ 0] B BE %, 2023,
36(4) :42-46.

[15] ISEDA N, ITOH S, TOSHIDA K, et al. Ferroptosis is in-
duced by lenvatinib through fibroblast growth factor recep-
tor-4 inhibition in hepatocellular carcinoma [ J ]. Cancer
Sei, 2022,113(7) :2272-2287.

[16] XUF L, WU X H, CHEN C, et al. SLC27A5 promotes
sorafenib-induced ferroptosis in hepatocellular carcinoma

by downregulating glutathione reductase [ J]. Cell Death



%34 JLBELSF T RNA-seq 3% AKIR & 4k 58 T fE AT 55 20 L3 4% B J it 25 o 6 4%

\(A

%37 %

[17]

Dis, 2023,14(1) ;22.

SUN X F, NIU X H, CHEN R C, et al. Metallothionein-
1G facilitates sorafenib resistance through inhibition of fer-
roptosis[ J|. Hepatology, 2016,64(2) :488—-500.

SUN X F, OU Z H, CHEN R C, et al. Activation of the
p62-Keapl-NRF2 pathway protects against ferroptosis in
hepatocellular carcinoma cells [ J ]. Hepatology, 2016,
63(1).173-184.

TANG W W, CHEN Z Y, ZHANG W L, et al. The mech-
anisms of sorafenib resistance in hepatocellular carcinoma
theoretical basis and therapeutic aspects[ J]. Signal Trans-

duct Target Ther, 2020,5(1) ;87.

[20]

[22]

GUO J H, ZHAO ] J, XU Q R, et al. Resistance of lenva-
tinib in hepatocellular carcinoma[ J]. Curr Cancer Drug
Targets, 2022,22(11) ;865-878.

CHEN X, KANG R, KROEMER G, et al. Broadening ho-
rizons ; the role of ferroptosis in cancer[ J]. Nat Rev Clin
Oncol, 2021,18(5) :280-296.

MOU Y H, WANG J, WU J C, et al. Ferroptosis, a new form
of cell death; opportunities and challenges in cancer[J]. J

Hematol Oncol, 2019,12(1) :34.

[ WeFs HHA:2024-02-01]
[ EERE RO, Mk EXHEE.JHHEL )



