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HEE: JYDbFI4 (oxaliplatin, Oxa) /& 3 e MR 45 B 47 FH 250, SR 2 U8 38 A2 3529697 5 R ILmT 2, A
T 2 AL 2R 5 A 1) B o ASHIF 50 LA 45 B 1798 40 R HCT 116 Sy X B, ik 24 Wik J 1o 52 15 5 ) 2 BRLVD R A i 245 4
Pk (HCT116/Oxa). 7E bk Al b2 F & F B 41 %2 70 1 HCT116/Oxa 41 i % 1% 1% ; K | The Database for Annotation,
Visualization, and Integrated Discovery (DAVID) % #f /2 3k 47 3 [K A 4 (gene ontolog, GO) 43 #7; I [l GeneAnalytics
HHs G P AR AT G I I ) L G EIZE | siRNA AR B 7~ 5 B s 20 P X S R B T 24 P 75 T R B L
g5 L R, HCT116/Oxa 4i i st BLvb FIE i 2 F6 %08 10.2. 5 HCT116 4 o, HCT116/Oxa i B yb R 41 I H 5 1)
WA RE AP TR ). R AR AEE R W, HCT116/0Oxa 410 717 Fh LN R 1A 25028, 11/ 399 %, T 318 F1. GO
AT R, 22 IR B R 5 A R 70 s R ERARE IR AU O T A e B R S AR A e R O R E AR
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F, AR Bt Ik O AL P B 4 (glutathione peroxidase 4, GPX4). 73 & 12 — - bt & 12 & 22 5 1 5 W& (glutamate-
cysteine ligase regulatory subunit, GCLM). £k &5 [ % 4% (ferritin light chain, FTL). £k & 1 & 4% (ferritin heavy chain,
FTH1). L £L 3 % & 1 (heme oxygenase 1, HMOX1). % bt H ki )5 (glutathione reductase, GSR) 1 NADH Jfii &
1 (NADH dehydrogenase 1, NQO1) [1) 31k & 35 5411, 17 K 5% K W7 B2 -4l B A %3258 (long chain fatty acid-CoA ligase,
ACSL) 4 Fl ACSLI1 (3R IK PR . DhRETH 703 B, GPX4 4 7 M HI i) 77 RSL3 PR ARG I 24 40 B vk ), 4 v I o i Ak 7K
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Abstract: Oxaliplatin (Oxa) is a chemotherapy drug commonly used for advanced colorectal cancer, however

most patients develop resistance after treatment while the mechanisms of which have not been fully elucidated. In
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this study, oxaliplatin resistant cell lines were constructed from human colorectal cancer HCT116 cells through
concentration gradient induction. On this basis, we investigated the expression profiling of HCT116/Oxa cells
based on quantitative proteomics. Gene ontology (GO) analysis was conducted via The Database for Annotation,
Visualization, and Integrated Discovery Database (DAVID), and pathway enrichment analysis was done using
GeneAnalytics database. The potential targets and molecular mechanisms of oxaliplatin resistance in colorectal
cancer were further studied by inhibitors, Western blot and siRNA. The results showed that the oxaliplatin
resistance index of HCT116/Oxa cells was 10.2. HCT116/Oxa cells demonstrated stronger proliferation potential
and anti-apoptotic capacity to oxaliplatin compared with HCT116 cells. Proteomic data demonstrated significant
expression change of 717 genes in HCT116/Oxa cells, among which 399 genes were up-regulated while 318 ones
down-regulated comparing with HCT116 cells. GO enrichment analysis showed that differentially expressed genes
were mainly related to biological processes such as oxidative stress response, iron metabolism, lipid metabolism,
apoptosis and cell cycle progression. Pathway analysis displayed notable changes of cell metabolism, ferroptosis,
Nrf2-ARE signaling, fatty acid and glutathione metabolism in HCT116/Oxa cells. Quantitative results indicated
that the expression of proteins directly related to ferroptosis, including glutathione peroxidase 4 (GPX4), glutamate-
cysteine ligase regulatory subunit (GCLM), ferritin light chain (FTL), ferritin heavy chain (FTH1), heme
oxygenase 1 (HMOX1), glutathione reductase (GSR) and NADH dehydrogenase 1 (NQOI1) increased, while long
chain fatty acid-CoA ligase (ACSL) 4 and ACSL1 decreased significantly in HCT116/Oxa cells. Functional studies
showed that RSL3, a specific inhibitor of GPX4, decreased the viability of drug-resistant cells, improved lipid
peroxidation, increased the concentration of ferrous ions, malondialdehyde, and decreased the concentration of
glutathione (GSH). Western blot showed that the expressions of GPX4, FTHI, FTL and GSR increased in HCT116/
Oxa, while ACSL4 decreased. RSL3 reversed the levels of GPX4, FTH1, FTL, GSR and ACSL4. It was further
found that knockdown of GPX4 decreased the viability of drug-resistant cells, increased lipid peroxidation levels
and decreased GSH concentration. These results suggest that ferroptosis resistance mediated by GSH/GPX4
pathway may be a potential mechanism of oxaliplatin resistance in HCT116/Oxa, and inhibition of GSH/GPX4
signaling could be an effective approach to reverse oxaliplatin resistance in colorectal cancer.

Key words: colorectal cancer; oxaliplatin resistance; proteomics; ferroptosis; GSH/GPX4 signaling pathway
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miR-181a-5p/SIRT1 i S &k FET-HE /& 1 B i 4 Ao xf 5
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FEUZE Orbitrap Fusion Lumos i #{X \Easy-nLC
2000 nano 247 = RGURH a1 2R S A i 35 7746 (3
Thermo Fisher Scientific /A 7]); 2695SHPLC i #H 5 7% A%
(3% [ Waters 2~ 7)); 8] B %6 W8 (H A Olympus 2
al); e AR R Gt L L UKACR 22 T e Bl b A (36
Bio-Rad 2 #)); 4206 i3 =04 4 Hr4X (H A SONY 2
A]); B0 R4E{X (45 E Eppendorf 2 ).

WA SINF 45 E R HCT116 T 4 E R
e bR, BV FIAHI 258k HCT116/0Oxa iy H 2
YA F . BEYbRI4A (HY-17371) F1 RSL3 (HY-103087)
1 F- 32 [ MedChemExpress 2 7 ; Jif 2 FH B (XBA06-1)
F1 Dulbecco's modified eagle medium (DMEM) 1% 7% ik
(XBO1) 1 T 3R LA a4 fLiF (fetal bovine serum,
FBS, BS1101) Il 7~ B 3€; cell counting kit-8 (CCK-8,
KQ749) It T [F= 4k % W 5T Fr; GSH (S0052). A — i
(malondialdehyde, MDA, S01318) {77 F Beyotime
2wl AT R R & (MA0082) 1 T SE AR AR
GPX4 (67763-1-1g)-ferritin light chain (FTL, 10727-1-AP).
ferritin heavy chain (FTHI, 11682-1-AP). long chain
fatty acid-CoA ligase (ACSL) 4 (22401-1-AP). glutathione
reductase (GSR, 15712-1-AP) J% GAPDH (10494-1-AP)
LR T Proteintech 7 & ; HRP 5 X 1) 9T (AS014)
J-F Abclonal 22 ] ; C11-BODIPY 581/591 i 7] & )
3¢ [E Thermo Fisher /A & ; Lipofectamine 3000 4 1 3&
Invitrogen 2 7 ; siCtrl fl siGPX4 J# 51|t Bt A9 & o

HEMERICFAMAMEMBKRAE U
HCT116 41 i % A =2 T+ 5x10° A4 fh T 55 37 Lo, 41
Jf fl 5 FEIE 70% I, B 467 0.5 ug-mL™" By F 4 1 3
TR, 5 A0 M AE UK PR Re g A e AR K S 1 N B b )
PHMRIE 2 1 pg-mL, #2 BLVEBA T 15 5 B 2 YD R K
JEIE 64 pg-mL, BYDFEARIRE R 0.5.1.2.4.8.
16,32 #1164 ug-mL"', BEHETE 64 pg-mL™" BLybFI 41 1 %
YO AR R 40 i 44 9 BLVD A BAT 2454k HCT116/Oxa,
N 4 R LT 24 )@ %, HCT116/Oxa K5 7% ¥ b 7% A
10 pg-mL" YL FI4 .

i Z5 4 Ha6 M xS HUW HCT116 A1 HCT116/Oxa
20 53 ) F2 Fh T 96 FLAR, B L& 4L H 5% 10° A~ o K
FRA G, EARAE BID I (0.5.1.2.4.8.16.32 F1
64 pg-mL™") FHT i3 TR, (A ¥ 4, BEFR 48 h,
BEALIMAE 10% CCK-8 HIHT B EE 7R, 1% 8 2 h, B b
ACHKE P 450 nm &b W% BE (4) 1B . TS 0
(half-maximal inhibitory concentration, IC,,), fif Zj fi& %X

(resistance index, RI) = ffif 24 40 il ¥k 1C,/B0 2k 41 i Pk
IC,,o

AR TR X EUE 4 HCT116 A1 HCT116/
Oxa 737l L 13 10° N /ALEEFD T~ 6 fLAR H, #5951 4,
Bty BYD RS> 518 0.2 4 pg-mL [R5 9% 7 %
7%, 48 h JF I 200 pL AN & EDTA ¥ g 71 1k, PBS Ik
P . ¥ 5%10° > 4H g H binding buffer £ V% 5 N A
5 uL Annexin V-FITC, V&2, I\ 5 pL A0 it ng, 8
RN 15 min, P40 AR T 40 B T .

AR PER AR SELE XA H e B 1x10° AN /AL
Rk T 6 FLAR P, B AL 2 mL K5 32 %, i A ds 3%, ¥ e
BE IR IR 14 K, 7 LA H B0 HR v] 4T i S 7%, PBS
TEVEHIK, TN 1 mL 4% % % H % [5 52 20 min, PBS ¥t
PRI, BIN T mL 0.1% 45 @i 55 B 6 44 €4 15 min, 36 25
et g, THEEA R

XRIEE LI S EUNAN i L 5x10° AN /FL Rl e T
6 FLAR H, 47 4 B i 5 B2 T 80% i, 44 8 SC R IR 15
S, 03 0424 148 h () RIR X 38, 5 RIR S

MARSE N X B R T 96 FLIK, &
FLYH M E N 5%x10° 4. W HCT116/0Oxa. HCT116/Oxa+

RSL3 L #1 HCTI116/0Oxa+RSL3 H 41 (RSL3 L
RSL3_H 4 %l 3 78 RSL3 ¥k & 24 5 Al 10 pumol-L™),
RSL3 4b P 24 h J5 B 15 7R M 4K 2215 97 48 h, BELINA
T 10% CCK-8 55 72 Wi % & 2 h, BEbR ORI 450 nm 4k
AME, THE A A 7T

BERRIE SR XS HOH M LA 1< 10° AN/ AL A
F 6 fL#%, 13 HCT116/0Oxa- HCT116/Oxa+RSL3 L Al
HCT116/0xa+RSL3 H 41, RSL3 4t # 24 h J5 PBS ¥
2K, I 10 pmol-L" C11-BODIPY 581/591 4L, ¥
# 30 min, PBS ¥ 2 X, A 500 uL PBS H =24, i
40 53 AT

MDA #0 %F BOW 4 i DL 1x10° A /AL A e T 55
FEMH, % HCT116/0xa HCT116+RSL3 L ATHCT116/
Oxa+RSL3 H41, RSL3 43 24 ho W E4m i, ik, hn
A 1 mL MDA $2HU, #87 <4 °C+8 000 xg &> 10 min,
W& B 3E, In N MDA T /E # 300 uL, 100 °C X [
60 min, ¥ % =, 10 000 xg £5.0> 10 min, B 3 200 pl
T 96 FUAR H, il bR AT 52 532 F1 600 nm 4k 4 {f, it 5
MDA % & .

kB TFHM XA L 2x10° /LR T
6 fL & * , % HCTI116/Oxa. HCT116+RSL3 L Al
HCT116/Oxa+RSL3_H 4, RSL3 4 ¥ 24 h. #ik5&
i B N 7R —, A R, 4 °C 12 000 xg & O
10 min, B _F3% 200 pL, MGG = 100 pL, 37 °CiF &
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10 min, IS4 100 pL, ##JE 12 000 xg E5C» 10 min,
B AR AR 593 nm &b A H, T 5SS TR EE

GSH RN xF £ 40 o LL 2x10° A /AL b id T 35
FEMH, ¥ HCT116/0xa HCT116+RSL3_L M HCT116/
Oxa+RSL3 H 41, RSL3 4P 24 ho Y £E 40 I JT3E, I
ANDUVE 3 R A 1) 8 2 Bl R R, T e, R Ui
%, 4 °C10 000 xg &0 10 min, 3% A GSH iR 7 -
VR 2], N 25 min, %€ 412 nm 4 4 {8, i+ & GSH

=X
===

EHTEESE X HUI HCT116/0xa 401, F 2.5% %
TR E . HE TR T VE AT I S LR

RNA FHSEL  AHEUIWHCT116/0xat%3x10° 4L
FERhF 6 FLAR, 4 B il & Ik 70% B, $45 Je B R
GPX4 (14 5k A I 57 R 3 7] 38 i Lipofectamine
3000 %% % 3 HCT116/Oxa 41 i ', siRNAs 51 41 K
siGPX4#1: 5-GCTACAACGTCAAATTCGA-3'; siGPX4#2:
5'-GTAACGAAGAGATCAAAGA-3'; siGPX4#3: 5'-GA-
GGCAAGACCGAAGTAAA-3'; siCtrl: 5'-UUCUCC-
GAACGUGUCACGUTT-3'. #3448 hJq, W4 41 i,
o955 BV AT U 3 G BORL IR TR AR o IR B e i
J5RRE X N PR 4 R R, FF 10 umol- L BE b F 411 4 7E 48 1,
040 B 3% /7 MDA F1 GSH (28 4k, .

% & EN 5 SE 38 X £ A 40 M i O HCT116.
HCT116/Oxa. HCT116/0Oxa+RSL3_L 2 HCT116/Oxa+
RSL3 H#H, RSL3 AL B 24 h., 4% SCERU 84T G 92 B
LY. —PUFRE 1 000 7%, —HUFFE 3 000 £, Image]
T+ %K FE {8, GraphPad Prism 8.04 & &4 #7 .

BIELZME  Easy nLC 2000 44 T & S0BUMH o ik &
gu, # A C18 43 B A (2 emx100 pmx3 pum) Hl
C18 /3 #T#E (15 cmx75 umx3 pm, 3 [E Thermo Fisher
Scientific A 7). VA A4 0.1% H IR, iz B N
0.1% F R — Z 5 W WL, BEILEE FE 2N 0~5 min, 0~5%
B; 6~90 min, 6%~35% B; 91~110 min, 36%~98%
B; 111~120 min, 2% B; Ji# 200 nL-min™'.

RN Orbitrap Fusion Lumos /i #%{X, H M5 %
BT, LR N 2.2 KV, BT AL B A1 IR 320 °C,
B R A A FH B4 K fi#%E 5K (data-dependent acquisition
mode, DDA), — 2% Orbitrap [ 3 5 Ji faf Ltk (m/z) A
350~1 550, 4> #1359 120 000, [ 539 25324 (automatic
gain control, AGC) N 5e5, B F & KiE A 7] 50 ms;
TR RE SR FH 32% I A A AR, BB T —
A, 43 P52 15 000, AGC targets A Se4 ions, fix Kt
N BFE] 22 ms; BF &7 i $E % 1.6 Th, HLATE2~7 1)
BT HEAT MS/MS SR A4E, A HEBR I E N 30 s, B IR
N1,

EAREN . EE R E W KZ FASPESY] X £
HCT116 F1 HCT116/Oxa 41 i | PBS ¥t 2 Ik, 1% &
100 pL 48 B TIE AN 600 pL 2xDOC %4 il 22 vh i, 75
% 5 UK - 244% 10 min, #75 3 min, 4 °C.12 000 xg & >
10 min, B B3, I 8 R B . 340 i Joe Ak B ot D 4l
W it 1) 2% 2 R SR

BKEZ 9B ik Bt A Waters 2695 HPLC i #H & 4t
Ir S, TBNAH A DNOK, RENAH B R N, BeEE B R
0~34 min, 0~98% B; 35~40 min, 98% B, i &
0.5 mL-min™', WA BEIBLIR, 3257 A 5 B il 8 1~ 4H
AN N D1, 6, 11, 16,21; @ 2,7, 12, 17, 22;
@ 3,8,13,18,23; @ 4,9, 14, 19, 24; ® 5, 10, 15, 20,
25; ® 26~30; @ 31~35; ®) 36~40, I L4, biik
FER

EAREEREFREERSN KEZ0.1%
H R 2%, 12 000 xg B 0> 10 min, | i £ Easy-nLC
2000 7E A Orbitrap Fusion Lumos, >K [ Proteome Discover
(3£ [# Thermo Fisher Scientific 2 &) B4 48 &, —H A
IR R 2 23 5 A 20 ppm A10.05 Da, i fiF B K A0
IRVIEH 2. WA B E N IR K H
FeAb o [ e & 1, R E R N- L Wik KA A sh B
i, % T Percolator & 75 1Y Bk B % K Bl (false
discovery rate, FDR) /N 1%,

B B R RS T AR — e b, TTiE N
1 U T AR B D A 0 R 1 U T AR R, K P A A X
VARG K 107 A% o BFAN 1 R U 281 100 R e 2 O B
¥ = 2, Mascot > 20. F:TF 2 F %% (fold change, FC)
Tt o B 97 a6 7 S Ak kIR, A R R DR SR A AR B AL AR AR
B2 e > 1.5 88 < 0.67, Hi# &2 P <0.05, ik Ni%
FEREWFEATRIERAGEEER.

JItFE o B H Y £ bR R (mean +
SEM) #7~. K SPSS 26.0 #H47 48 it 2 0 #r, 2H 1) 2
BB k%, P<0.05 KRR ERBEAGIT¥E L.
5& B 1E K% F] GraphPad Prism 8.0.1, 229015 B % %
RStudio (version 3.6.2).

FHR
1 B0 FI$ATT 2445 B R & 40 R ik O 4 1 BTN

% F Genomics of Drug Sensitivity in Cancer % ##
25 7 a4 %ot B b B AF RURK (10 45 B R AT M R, B 46 Fh
U A 12 PP By R BUR (IC,, < 10 pgmL™) ,
i BEL YD R B HCT116 [/ 1C,, 9 4.36 pg-mL" (B 1A).
I I FE B FE N R R 45 B e BV R AT 24 bk
HCT116/Oxa, A WL HCT116/Oxa 41l Jiil J 25 2% 5  firh
2k H 2 HCRAEK (1B). CCK-8 45 RE W, b F
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BAX} HCT116/0xa 1 1C;, 74 12.02 pg-mL”, X HCT116
1 1C,, 24 1.18 pug'mL™, 7] %1 HCT116/Oxa X} 82 ¥ F| 41
TR 24548 %08 10.2 (1 1C). N8R B 7~, HCT116
M 73 I AE 0.2 A4 pg-mL ! BEYD FIAA/E I 24 h ),
P T 5 N, HCT116/Oxa V8 - % 76 i 3 28 1k
(1D E), 3= W B0 R 40 it 24 45 B i 200 Mo ok )
.
2 HCTI116/Oxa 4HfatE5E T aE i

PR T B 45 R 2 s, HCT116/Oxa 28 il () 52 B %
BB 1.4 % (B 2A.B), £ 7~8 HCT116/Oxa 41 fits
T B0 1 R G R e AR v . RIR B SIS SR,
24 F148 hif, HCT116/Oxa [ X IR & 5 38 % £ HCT116
B, ZR BAEES ¥R L (P<0.01), 72 h i,
HCT116/Oxa [ KR 12 5 % ©.1& 100%, 11 HCT116 1)
B8R N 742% (P < 0.05), & B HCT116 41 i 3k 15 ifif
25 T A% he i 1458 (K2C. D).
3 HCT116/0xa AfE B RIZIERERFRIEEQMIE

FERK B FDR < 1% 51, %€ B 5 K #0h 6 097
A, ¥ 3 AN B DA EFE A r Bl A 0 2 ) E R AN 43 AT

T H 5353 M (principal component analysis, PCA) {7,
HCT116 1 HCT116/Oxa 4143 5l #% 3 i 4 1 (principal
component 1, PC1) 13 i 43 2 (principal component 2,
PC2) W AN 4E £ 7y 41, PC1 5 PC2 2 Al A fif B 4. [a]
88.47% 1738 7, 4L N JEAE R AF, ZHLIR) X 43 W 2 (&1 3A).
A5 FH 2K L P e 72 S A R R, HCT116/Oxa b £
RIAE i B bR N 4060 (FC = 1.5, P < 0.05), N3t
R bR N (FC < 0.67, P < 0.05), HARFER M N E
AT EER, R NKE . 458 5K, HCT116/0xa
WA 717 Fh R R Rk B, e B 399 B, R 318
i (E3B). #HEEHA R R, HCT116/0xa i i
PR R B, RGBS HE 2 AR K
(BI3C). % 2 5 R ik B R % s BB AP, R 54
4 I TOPS K1 5E K 43 7l /& IQGAP2.ENO3 .NES.GCSH
F RCOR3, 5 % ¥k /> TOPS (1) F£ [ 43 %l /& ACSL4.
FER.CHDH.ABCC2 fl CKMTIB. 1H5E=E M2, 5
HCT116 fH tt, k36 12 % Kl GPX4. FTL. FTHI GSR.
GCLM.HMOXI.NQOI . SRXNI.SQSTMI #£ HCT116/
Oxa H 2 TN, T ACSL1 A1 ACSL4 5.2 F#K (K 3D),

A C ~o- HCT116; IC50=1.18 pg:mL"
HCT116 HCT116/Oxa P HCT116/Oxa; IC50=12.02 pgmL’
X
104 : >
£ 9
® i
<
= 60
103 >
2 30
=
102 £ 0T T T T
051 2 4 8 163264
_'._El Oxa /ugmL’
& 10! . conc 4 pgmL!
2 E
S HCT116 = - e
= 1004 B 2 . 2. 4,%7 45
e 8
= 3 a8 | T
10+ . A T g
5 47 o4 o % 18
3 - P g =]
102 conc E 2 4 2 4 £ 4 &9
Rank by sensitivity LI) y - : 0
v o R HCT116 HCT116/Oxa
Figure 1 Establishment and evaluation of HCT116/Oxa cell line. A: Screening of colorectal cancer cell lines by Genomics of Drug

Sensitivity in Cancer Database; B: The morphological comparison between HCT116 and HCT116/Oxa cell lines (scale bar = 100 um); C:

Cell viability was detected using CCK-8 and IC;, values were calculated respectively; D, E: Apoptotic cells were examined by Annexin V-

FITC/PI double staining kit. Representative images (left) and quantification values (right) were presented. n = 3, mean = SEM. "P < 0.05,

“"P <0.001. Oxa: Oxaliplatin; CCK-8: Cell counting kit-8; IC,,: Half maximal inhibitory concentration

A B . C Time/h D
9007 1 ° 0 24 48 ] 72 - I HCT116 =m0 HCT116/Oxa
) ° 5 By 2 o S =
HCTI16 HCTII6Oxa 2 o1° = 2100 @
£ 720 3 g aL
2 630 - R
z S . =
8 5 g so
S 540 g 2
o} <
450 s = 2 25
A\ > ] g
AN = 0
‘\CQ«\\(’\ & 4 48 n
™ Time/h

Figure 2 Detection of the proliferation and migration ability of HCT116/Oxa cells. A, B: The colony formation assays were performed and

colony numbers were analyzed; C, D: The migration ability of HCT116/Oxa and HCT116 cells was analyzed using wound-healing assay and

migration rate were presented. # = 3, mean = SEM. "P < 0.05, P < 0.01



RIS PEAE: He T4 T AL S R ) 45 L e 240 ML RS B0 RS T 25 LA AT 7

© 1437 -

KW HCT116/Oxa 41 il 5 11 R34 3% 048, HARFE T n]
REAE 55 HCT116 X B yb R 241 72 v R #8170
fEH.
4 EFRIEEERNRIBES

K I DAVID $H5 22 of 22 5 32 0K B DR R A7 B R AR
LT, B SRR o SR R AR T e R R, JE % Rk
PEMAHAUPE R R N 25 . 45 R 7R, HCT116/Oxa 1 _F i
F N SR N AR TR R TP
7 0 R A BT S R T A S A 4 R A i B A O
(ET4A), ™8 ZE K e i oA LB AU IR ot A\ 26
WL A S A T TR AL 42 KL 1R W T B B 33 K ATP AR
(K14B).
5 BREEREESH

% T GeneAnalytics £ 48 2 X} 7 7 3 14 JE D] 18 %
B, MHE P X GeneRatio (GR) *f i 2 22 4k 1)
B AL R, AT 10 5 B A0 T SA s,
AR (P=1.4x107.GR = 0.77) FET (P =7.7x10™,
GR =0.60)Nrf2-ARE i % (P =2.0x10°.GR = 0.55) %,
7 e R B R E KT R TR MR (P =2.7x107,

GR = 0.54). g I ER i (P = 3.6x10°.GR = 0.52). g li
& B (P =6.2x10°.GR = 0.51). & Bt H kAL (P =
9.5x10°. GR = 0.48). PPAR i i (P = 6.2x10°.GR =
0.45) AEETUIHER IS (P=7.0x107°.GR = 0.44) J &
A (P=9.5%x10".GR = 0.42) @A . &8
H1 57, HCT116/Oxa 4l il 2R B T 2L K GPX4.GCLM.
FTL. EP300. GSK3B. FTHI. HMOXI. NQOI. GSR.
SOSTM1 }: SRXN1 3k Eifi], M1 ACSL4 M ACSLI KL R
W (B 5B). % THAET-TEHCT116/Oxa AL A & 1 &
BER T E VAR AL, i — 53T STRING 47 e i 1% &
I T 2 K 2, 8 4TI EAE A4S 9 > 0.7 5828
RN TERIK ., &RER, GPX4 NI F,
5 A4 7 BA B 1) BARAS 0 R BB AR R R,
PE7R B GPX4 A 3 18R AE 12 7 BETE (2 30 45 B e 40 i
Xof BLVL R AR 253 R R T EEAER (B50).
6 GSH/GPX4BENSHHRATIES THEMEMN
R st B0 F SR 25

k35 I6IE GSH/GPX4 /v S (R SET-7E 45 B
e BLYb BT 24 v 1V L SR 5 #1110 pmol L' GPX4

A 0.50 ® HCT116 B P ] ! ed:\;zp—rgaﬂa:?d
® HCT116/0xa = 'gi‘;l;l
o Lo
g 0% . © S
«@ B TSl 6 Ese 'V SOSTM1
e E @I 1=
< 0.00 g X GSR"%“
S B, * ok Vbpxs
-9 B0 Ats) o FTL
-0.25 i 5 “GeLm
° EP300 =
L] ___f_°f. s l‘._“.___..
-0.50 R
0.40 0.41 0.42 0.43 0.44 0.45 R
PCA1/88.47% 0 h
L
4 0 i
D TOPS log, (fold change)
= 10GAP2,ENO3,NES,GCSH,RCOR3
&b 3] g
& FIL Qe FTHIORY NOOL GSR
S SOSTMI ** —
= GCLMpvny  HMOXI
c.g — ACSLI
= ——
83
CKMTIBABCC2, i itops
-6 CHDH,FER ACSL4
0 100 200 300 400 Group m HCT116 M HCT116/Oxa

Rank of differentially genes

Figure 3 Proteomics profiling of HCT116 and HCT116/Oxa cell lines. A: Principal component analysis (PCA) of HCT116 and HCT116/

Oxa cells; B: Identification and analysis of differentially expressed proteins by volcano plot; C: Analysis of heat map and cluster of

differentially expressed proteins; D: Rank plot of differentially expressed proteins, proteins associated with ferroptosis are shown in red
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Figure 5 Enrichment and quantitative analysis of differentially expressed protein signaling pathways. A: Bubble plot visualization of
signaling pathways; B: Quantitative analysis of gene expression in activated signaling pathways; C: Protein-protein interaction network plot
of ferroptosis-related proteins in HCT116/Oxa cells. Line thickness of molecules indicates the strength of data support. n = 3, mean + SEM.
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Figure 6 The detection of ferroptosis-related proteins expression by Western blot. A, B: The detection and qualification of GPX4, FTH1,
FTL, ACSL4 and GSR levels in HCT116, HCT116/0Oxa, HCT116/Oxa+RSL3 L and HCT116/0Oxa+RSL3 H cells by Western blot,
respectively. n = 3, mean = SEM. "P < 0.05, “P < 0.01, ""P < 0.001. GPX4: Glutathione peroxidase 4; FTL: Ferritin light chain; FTHI:
Ferritin heavy chain; ACSL: Long chain fatty acid-CoA ligase; GSR: Glutathione reductase
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GPX4 inhibitor reversed oxaliplatin resistance in HCT116/Oxa cells. A: Cells were pre-treated with RSL3 for 24 h and then

cultured with oxaliplatin for 48 h, cell viability was detected using CCK-8; B, C: Lipid peroxidation levels were detected by using C11-
BODIPY581/591 probe; D—F: The MDA, ferrous iron and GSH levels were detected respectively; G—1: Mitochondrial morphology were

photographed using transmission electron microscope. Red arrow represented mitochondrial morphology, scale bar = 1 pm. n = 3, mean +
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Figure 8 Knockdown of GPX4 reversed oxaliplatin resistance in colorectal cancer cell. A, B: Efficiency of GPX4 knockdown was
detected by Western blot. sSiRNA#1, #2, #3 stands for the levels of GPX4 in HCT116/Oxa cells transfected with these three interference
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D-G: siCtrl and siGPX4 cells were treated with oxaliplatin for 48 h, the level of lipid ROS, MDA and GSH was quantified, respectively; H:
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Figure 9 The relationship between GPX4 level and survival in colorectal cancer tissues. A: The expression levels of GPX4 in colorectal

cancer tissues and normal tissues; B: Analysis of the relationship between GPX4 level and survival in patients with colorectal cancer; C:

Analysis of signaling pathways in tissues of oxaliplatin resistant colorectal cancer patients by Cancer Treatment Response gene signature

DataBase (CTR-DataBase)
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