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g Al Al

FrHY
ATE 1

ACOX1(acyl-CoA oxidase 1; GenBank < (accession) W=Z: NM_001185039, NM_004035, NM_007292),
ALOX5AP(arachidonate 5-lipoxygenase activating protein; NM_001204406, NM_001629), ANKRDI1(ankyrin
repeat domain 1; NM_014391), BAAT(bile acid-CoA:amino acid N-acyltransferase; NM_001127610,
NM_001701), BHLHE40(basic helix-loop-helix family member e40; NM_003670), CCL2(C-C motif chemokine
ligand 2; NM_002982), CYPI1Al(cytochrome P450 family 1 subfamily A member 1; NM_000499, NM_001319216,
NM_001319217), DNAJC7(Dnal heat shock protein family (Hsp40) member C7; NM_001144766, NM_003315),
ESR1(estrogen receptor 1; NM_000125, NM_001122740, NM_001122741, NM_001122742, NM_001291230,
NM_001291241, NM_001328100), GCLC(glutamate-cysteine ligase catalytic subunit; NM_001197115,
NM_001498), GPAM(glycerol-3-phosphate acyltransferase, mitochondrial; NM_001244949, NM_020918),
GSTM1(glutathione S-transferase mu 1; NM_000561, NM_146421), HES1(hes family bHLH transcription factor
1; NM_005524), HSPAlA(heat shock protein family A (Hsp70) member 1A; NM_005345), IL17B(interleukin
17B;  NM_001317987, NM_014443), JUND(JunD proto-oncogene, AP-1 transcription factor subunit;
NM_001286968, NM_005354), MFGE8(milk fat globule-EGF factor 8 protein; NM_001114614, NM_001310319,
NM_001310320, NM_001310321, NM_005928), NAV3(neuron navigator 3; NM_001024383, NM_014903),
NCOA6(nuclear receptor coactivator 6; NM_001242539, NM_001318240, NM_014071), NQO1(NAD(P)H quinone
dehydrogenase 1; NM_000903, NM_001025433, NM_001025434, NM_001286137), PLTP(phospholipid transfer
protein; NM_001242920, NM_001242921, NM_006227, NM_182676), PMP2(peripheral myelin protein 2;
NM_001348381, NM_002677), PRDX1(peroxiredoxin 1; NM_001202431, NM_002574, NM_181696, NM_181697),
PTGES3(prostaglandin E  synthase 3; NM_001282601, NM_001282602, NM_001282603, NM_001282604,
NM_001282605, NM_006601), PTGR1(prostaglandin reductase 1; NM_001146108, NM_001146109, NM_012212),
PTPA(protein phosphatase 2 phosphatase activator; NM_001193397, NM_001271832, NM_021131, NM_178000,
NM_178001, NM_178002, NM_178003), RXRA(retinoid X receptor alpha; NM_001291920, NM_001291921,
NM_002957), S100P(S100 calcium binding protein P; NM_005980), SEC14L1(SEC14 like lipid binding 1;
NM_001039573, NM_001143998, NM_001143999, NM_001144001, NM_001204408, NM_001204410, NM_003003),
SERPINB2(serpin family B member 2; NM_001143818, NM_002575), SLC2A12(solute carrier family 2 member
12; NM_145176), SLC2A13(solute carrier family 2 member 13; NM_052885), SLC39A12(solute carrier family
39 member 12; NM_001145195, NM_001282733, NM_001282734, NM_152725), SLC39A3(solute carrier family 39
member 3; NM_144564, NM_213568), SLC39A7(solute carrier family 39 member 7; NM_001077516,
NM_001288777, NM_006979), SLC5A4(solute carrier family 5 member 4; NM_014227), SLC6A18(solute carrier
family 6 member 18; NM_182632), SLC6A7(solute carrier family 6 member 7; NM_014228), SLC7All(solute
carrier family 7 member 11; NM_014331), SLC7A5(solute carrier family 7 member 5; NM_003486),
TGFBR2(transforming growth factor beta receptor 2; NM_001024847, NM_003242), TNF(tumor necrosis
factor; NM_000594) B TNS4(tensin 4; NM_032865)% o]Fo|xl o =iy ey = s ool FH4, Ee=
7 AT dastets @i dS Zetels, oldka® (Erastin)ol tigh wheA 58 v 24 =

A7 2
A1l A,

AF7] GSTM1, HSPA1A, PRDX1, PTGR1, RXRA, SLC2A12, SLC2A13, SLC39A12, SLC39A3, SLC39A7, SLC5A4, SLC6A1S,
SLC6A7, SLC7A11, TGFBR2, GCLC % NQO1& NRF2(Nuclear factor erythroid 2-related factor 2) 7= ¥

A fAAl AL SO i, A ZAE.
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7% 3
A&l gloj A,

A}71 CYP1A1, ESR1, HES1, IL17B, JUND, PTGES3, SERPINB2, SLC7A5, TNF, GCLC ¥ NQO1& AhR(Aryl
hydrocarbon receptor) ZA=ol| #HE FAXR] S EAJO=Z 3=, vA =AE

AT 4

ACOX1(acyl-CoA oxidase 1; GenBank ZF+*(accession) WZ: NM_001185039, NM_004035, NM_007292),
ALOX5AP(arachidonate 5-lipoxygenase activating protein; NM_001204406, NM_001629), ANKRD1(ankyrin
repeat domain 1; NM_014391), BAAT(bile acid-CoA:amino acid N-acyltransferase; NM_001127610,
NM_001701), BHLHE40(basic helix-loop-helix family member e40; NM_003670), CCL2(C-C motif chemokine
ligand 2; NM_002982), CYP1Al(cytochrome P450 family 1 subfamily A member 1; NM_000499, NM_001319216,
NM_001319217), DNAJC7(DnaJ heat shock protein family (Hsp40) member C7; NM_001144766, NM_003315),
ESR1(estrogen receptor 1; NM_000125, NM_001122740, NM_001122741, NM_001122742, NM_001291230,
NM_001291241, NM_001328100), GCLC(glutamate-cysteine ligase catalytic subunit; NM_001197115,
NM_001498), GPAM(glycerol-3-phosphate acyltransferase, mitochondrial; NM_001244949, NM_020918),
GSTM1(glutathione S-transferase mu 1; NM_000561, NM_146421), HES1(hes family bHLH transcription factor
1; NM_005524), HSPAlA(Cheat shock protein family A (Hsp70) member 1A; NM_005345), IL17B(interleukin
17B; NM_001317987, NM_014443), JUND(JunD proto-oncogene, AP-1 transcription factor subunit;
NM_001286968, NM_005354), MFGE8(milk fat globule-EGF factor 8 protein; NM_001114614, NM_001310319,
NM_001310320, NM_001310321, NM_005928), NAV3(neuron navigator 3; NM_001024383, NM_014903),
NCOA6(nuclear receptor coactivator 6; NM_001242539, NM_001318240, NM_014071), NQO1(NAD(P)H quinone
dehydrogenase 1; NM_000903, NM_001025433, NM_001025434, NM_001286137), PLTP(phospholipid transfer
protein; NM_001242920, NM_001242921, NM_006227, NM_182676), PMP2(peripheral myelin protein 2;
NM_001348381, NM_002677), PRDX1(peroxiredoxin 1; NM_001202431, NM_002574, NM_181696, NM_181697),
PTGES3(prostaglandin E  synthase 3; NM_001282601, NM_001282602, NM_001282603, NM_001282604,
NM_001282605, NM_006601), PTGR1(prostaglandin reductase 1; NM_001146108, NM_001146109, NM_012212),
PTPA(protein phosphatase 2 phosphatase activator; NM_001193397, NM_001271832, NM_021131, NM_178000,
NM_178001, NM_178002, NM_178003), RXRA(retinoid X receptor alpha; NM_001291920, NM_001291921,
NM_002957), S100P(S100 calcium binding protein P; NM_005980), SEC14L1(SEC14 like lipid binding 1;
NM_001039573, NM_001143998, NM_001143999, NM_001144001, NM_001204408, NM_001204410, NM_003003),
SERPINBZ(serpin family B member 2; NM_001143818, NM_002575), SLC2A12(solute carrier family 2 member
12; NM_145176), SLC2A13(solute carrier family 2 member 13; NM_052885), SLC39A12(solute carrier family
39 member 12; NM_001145195, NM_001282733, NM_001282734, NM_152725), SLC39A3(solute carrier family 39
member 3; NM_144564, NM_213568), SLC39A7(solute «carrier family 39 member 7; NM_001077516,
NM_001288777, NM_006979), SLC5A4(solute carrier family 5 member 4; NM_014227), SLC6A18(solute carrier
family 6 member 18; NM_182632), SLC6A7(solute carrier family 6 member 7; NM_014228), SLC7All(solute
carrier family 7 member 11; NM_014331), SLC7A5(solute carrier family 7 member 5; NM_003486),
TGFBR2(transforming growth factor beta receptor 2; NM_001024847, NM_003242), TINF(tumor necrosis
factor; NM_000594) 2 TNS4(tensin 4; NM_032865)% o]Foizl wo2HE Mes= sk oo fxxke]
mRNA, = 7] §FHA7E daslsls dwld £35S SAHSE AAE sk, olgtad" (Erastin)oll gk w1k

[e)
[eRe)

AT7™5

Adgkel loiA,

o,

J7] AR iR SES S AAE fAAe o]l FRA 0 Agshs A R ez Teholv,

= ZaB s 5HoR e, 2=

5
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3737
A4 o)A,

AF7] GSTM1, HSPA1A, PRDX1, PTGR1, RXRA, SLC2A12, SLC2A13, SLC39A12, SLC39A3, SLC39A7, SLC5A4, SLC6A1S,
SLC6A7, SLC7A11, TGFBR2, GCLC = NQO12 NRF2(Nuclear factor erythroid 2-related factor 2) 7= ¥

A AR g BYoR e, 24,

AT% 8
Adgkel glojA,

A}71 CYP1A1, ESR1, HES1, IL17B, JUND, PTGES3, SERPINB2, SLC7A5, TNF, GCLC ¥ NQO1& AhR(Aryl
hydrocarbon receptor) ZAZol #dd FAAR] S EHJOZ 3=, RAE.

AT 9

B

A47e] 2= EFete, olgb=d(Erastin)ol] thgk vH3A o5& 71E.

A3 10

oF Al AESA AlEo|A ACOX1(acyl-CoA oxidase 1; GenBank 7 <(accession) W3Z.: NM_001185039,
NM_004035, NM_007292), ALOX5AP(arachidonate 5-lipoxygenase activating protein; NM_001204406,
NM_001629), ANKRD1(ankyrin repeat domain 1; NM_014391), BAAT(bile acid-CoA:amino acid N-
acyltransferase; NM_001127610, NM_001701), BHLHE40(basic helix-loop-helix family member e40;
NM_003670), CCL2(C-C motif chemokine ligand 2; NM_002982), CYP1Al(cytochrome P450 family 1 subfamily A
member 1; NM_000499, NM_001319216, NM_001319217), DNAJC7(DnaJ heat shock protein family (Hsp40) member
C7; NM_001144766, NM_003315), ESR1(estrogen receptor 1; NM_000125, NM_001122740, NM_001122741,
NM_001122742, NM_001291230, NM_001291241, NM_001328100), GCLC(glutamate-cysteine ligase catalytic
subunit;  NM_001197115, NM_001498),  GPAM(glycerol-3-phosphate acyltransferase, mitochondrial;
NM_001244949, NM_020918), GSTM1(glutathione S-transferase mu 1; NM_000561, NM_146421), HES1(hes family
bHLH transcription factor 1; NM_005524), HSPAIA(heat shock protein family A (Hsp70) member 1A;
NM_005345), IL17B(interleukin 17B; NM_001317987, NM_014443), JUND(JunD proto-oncogene, AP-1
transcription factor subunit; NM_001286968, NM_005354), MFGE8(milk fat globule-EGF factor 8 protein;
NM_001114614, NM_001310319, NM_001310320, NM_001310321, NM_005928), NAV3(neuron navigator 3;
NM_001024383, NM_014903), NCOA6(nuclear receptor coactivator 6; NM_001242539, NM_001318240,
NM_014071), NQOL(NAD(P)H quinone dehydrogenase 1;  NM_000903, NM_001025433, NM_001025434,
NM_001286137), PLTP(phospholipid transfer protein; NM_001242920, NM_001242921, NM_006227, NM_182676),
PMP2(peripheral myelin protein 2; NM_001348381, NM_002677), PRDX1(peroxiredoxin 1; NM_001202431,
NM_002574, NM_181696, NM_181697), PTGES3(prostaglandin E synthase 3; NM_001282601, NM_001282602,
NM_001282603, NM_001282604, NM_001282605, NM_006601), PTGR1(prostaglandin reductase 1; NM_001146108,
NM_001146109, NM_012212), PIPA(protein phosphatase 2 phosphatase activator; NM_001193397,

_5_
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NM_001271832, NM_021131, NM_178000, NM_178001, NM_178002, NM_178003), RXRA(retinoid X receptor alpha;
NM_001291920,  NM_001291921, NM_002957), S100P(S100 calcium binding protein P; NM_005980),
SEC14L1(SEC14 like lipid binding 1; NM_001039573, NM_001143998, NM_001143999, NM_001144001,
NM_001204408, NM_001204410, NM_003003), SERPINBZ2(serpin family B member 2; NM_001143818, NM_002575),
SLC2A12(solute carrier family 2 member 12; NM_145176), SLC2A13(solute carrier family 2 member 13;
NM_052885), SLC39A12(solute carrier family 39 member 12; NM_001145195, NM_001282733, NM_001282734,
NM_152725), SLC39A3(solute carrier family 39 member 3; NM_144564, NM_213568), SLC39A7(solute carrier
family 39 member 7; NM_001077516, NM_001288777, NM_006979), SLC5A4(solute carrier family 5 member 4;
NM_014227), SLC6A18(solute carrier family 6 member 18; NM_182632), SLC6A7(solute carrier family 6
member 7; NM_014228), SLC7All(solute carrier family 7 member 11; NM_014331), SLC7A5(solute carrier
family 7 member 5; NM_003486), TGFBR2(transforming growth factor beta receptor 2; NM_001024847,
NM_003242), TNF(tumor necrosis factor; NM_000594) = TNS4(tensin 4; NM_032865)% o]Fo]x FoZY-E A
g5 s o] e AR nRNA, = Y] FAAE dEstele WA BleEs SASe dAlE £9e
=, olgt~=®l (Brastin) el g ¥4 oSS gk ARATEH.

AT 11
108kl Ao A,

2¥71 GSTM1, HSPAIA, PRDX1, PTGR1, RXRA, SLC2A12, SLC2A13, SLC39A12, SLC39A3, SLC39A7, SLC5A4, SLC6A1S,

SLC6A7, SLC7A11, TGFBR2, GCLC = NQO1& NRF2(Nuclear factor erythroid 2-related factor 2) 7= ¥
B FAAe AL BHow s, FuATy.

A3 12
A10gel oA,

A}71 CYP1A1, ESR1, HES1, IL17B, JUND, PTGES3, SERPINB2, SLC7A5, TNF, GCLC % NQO1& AhR(Aryl
hydrocarbon receptor) A= #HH FAAQ AE EFOR ste, HARATLH

AT 13
108k A A,

AF7] mRNA 9] %?ﬂ—r?ﬁ— in situ ™A (in situ hybridization),

o ks, FAMNL(PCR), A LA
RES-(RT-PCR), AAIZF T3aihAsuks H

3}
5 A

-time PCR), RNase ®B& 4]
o]+

IS (Re (RNase protection assay; RPA),
sl %%F/](northern blotting) &2

nlo] 7 2 0] ](m1croarray) 4 x ol FoZHRE AYEE 15 o]y
o]l MRS B3 SAHHE AS EHOR s, FJRAFTHE.
AT 14

A10gel] Ao A,

7] el o] M 2y EEY (western blotting), /\Pﬂ A EAH (radioimmunoassay; RIA), HRA}
wel A (radioimmunodiffusion), &AHYGEAIH(ELISA), HYG3 7 (immunoprecipitation), fAl3EEA]
(flow cytometry), <3329 (immunof luorescence), v-_-ri'.Eﬂiq ouchterlony), XA 1A EA
(complement fixation assay), © @z ZH(protein chip) & o]FojF Lo ZHE AMEyE= 15 o|4e
HE B8 SAHE S 5HoE oy, JRATHY

~
J

¥ of

of

] A
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g7 e
olgt~®l (Erastin) Uzl RAS oS Zh bAoA 279 3hel RAS-RAF-MEK 215
OFFEAI~ AFAME S T8 FA AXE FEIE AEAR ‘?a_ A¥ A, o] 5, ojgk=Eo| 4?1 l /*}“ﬂ«] zr
717 o] H]-opFEAIZ A EAPE S 5 A Fe AFE 1*(ferropt081s) ¢l Ao
E‘ri‘:d% Al2=¥ (cystine) FYS F3 athione; GSH) A Ao A SLC7ALLS] ¢ 3H °L§_§}
= B /2 FEllo] E(cystine/glutamate OJ A28 Xe-(XCT) S JAgol whgl, ksl wos
@*Joﬂ 9]311 A9 45}7‘4 AbEo]l fatEt, A E YA A 5, S84 &4 4 w2
zl&y Oﬂ et A GAA Es HEFEAS F
A 7} i]iizﬂi 7HHELE]J~ ‘EJ\QD%, /\HE% ok 2 o|gt~Eld e HEFEAA FEA (ferroptosis inducers;
FIN7F gRieietA AdsHo] vk, addd= =7ataL, Al S e @ o2 XCT gAAL st
et (sulfasalazine) 9] AAIH At 943

¢

OEEOFO

A ool W, there
Hol AFGEAL AEAE
|

=8, Aw AR T

o] GAEZAA UAFE o]AA T T BA, w3 dEHe g2 MExe &
3 AeASs A4 g BuEdck(Nature. 2017 Jul 27;547(7664) :453-457) .
obM| A A A FFEE]R HAatslE A 4(glutathione peroxidase 4; GPX4)ell ¢
| =2 o|EAo] (PX4 A T ogk=H®d o|gk GSH izl g 7
FEAl2 dlgle 22 FHge Fodct. a8y, HFEA L tte] (PX4e = &S YEhE ‘9
= U AEHAE A | g wztsi). olgtxde 93] fREE AFEAZL AEAEC us
GPX4 ©]EdE Ax 3o SolAldl, pb3 e, HARIAL, Asdd A2 (A, NAPK, ATM & YAP),

HlE 9 GSH ZEAe g vy 5 o] =9 AzEoA olgxEd o 5
FEA 29 HIFS AAs e 8R1o2 vEwh. whEhA XCT A e GPX4 Aol o3 Az HFEA

A

|

CIREEES

I

r«O

vl A
2o ek A AE/EAA Bl wheEl vhetst 4dd] e A &9kl o)} %345}04 ]E}*F/h’ﬂ o
g A dEFT F e 55 AE/EAH AITYUAE FE3te A dA 9 A8 S olEaE fA)
AE o] &3t FAIARoA TS AUt 5A4S HAss] H8 vig- Fasith
oFE WhEdA Alme IS gt FEAIATH IS FE g oste #2444 AIIUAHE AA
Hom FAFGoRN oFz Mo wiE 219 olslS FEAZT. 53], NCI-DREAN oF= R3Hg o5 Adxe|
gk dA8k HrldA, A BE dolHE vy WA HoH ME(AE 5o, A, TRYHyx ¢ &
A4A Z2add) FAA A7F A Mz ofE RS dFsted P a3 AoR Rl Y
T &3t Fopoll A, HAMA ZEIAAH2 & X £ Al wiYgE A3 MEE ALEsle] X5 ks ZAASH
st dE FRA AIDUAE 238 dst=d g o] &5 st
2 e diR FEFAAL oy NEE 7] Hto 2 olgtxdo] gt S d557] g ag4d =
98 e, B wEAEL §312 o= WA NRF2(Nuclear factor erythroid 2-related factor 2)
9 o} ghslrA 8 A (Aryl hydrocarbon receptor; AhR) &/do] olgk~®le) wjsl #FEAI 2 A ALEe] o
g Qs 44 AAYS ST
ggo] g
s d3lE = 4'4/77’/
2 HEAES AES viel Zo] FEFAAG HolHAEES VNt R ojgfxH’d tigh WS AR 4
£ F e E%% s, AFH o= NRF2 9 ARR ARE xgete o 584 wEl-A 2] BAd 437
FAAE Fagh A5 AR dZFstd e, old 7|zt £ #HS g3t
olof , E W& ACOX1, ALOX5AP, ANKRD1, BAAT, BHLHE40, CCL2, CYP1A1l, DNAJC7, ESR1, GCLC, GPAM, GSTMI,

HES1, HSPA1A, IL17B, JUND, MFGE8, NAV3, NCOA6, NQO1, PLTP, PMPZ2, PRDX1, PTGES3, PTGR1, PTPA, RXRA,
S100P, SEC14L1, SERPINBZ2, SLC2A12, SLC2A13, SLC39A12, SLC39A3, SLC39A7, SLC5A4, SLC6A18, SLCEA7,

_7_
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[0009]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]
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SLC7A11, SLC7A5, TGFBR2, TNF 2 TNS4E o] Fo]zl o 2Ry MU i} o4 FHdx, e Ay 4%}
7} s el vwAS ¥3el, olgk A€l (Erastin)dl that vk3A =8 ulr) 2AES AFS =
o7 3},

T 2wl ol aA s 71EH Al ol <
& ool JAZRE Gl BEAsA ols D

A2 7 5
X719} e Bodbgol EXS GAShy] ¢]she], b2 ACOX1, ALOXS5AP, ANKRD1, BAAT, BHLHE40, CCL2,
CYP1A1, DNAJC7, ESR1, GCLC, GPAM, GSTM1, HES1, HSPA1A, IL17B, JUND, MFGE8, NAV3, NCOA6, NQO1, PLTP,
PMP2, PRDX1, PTGES3, PTGR1, PTPA, RXRA, S100P, SEC14L1, SERPINB2, SLC2A12, SLC2A13, SLC39A12, SLC39A3,
SLC39A7, SLCHA4, SLC6A18, SLC6A7, SLC7A11, SLC7A5, TGFBR2, TNF % INS4E o] Fojz o ZHE AEx =
St ol e fHA, e A FAAY dmdsls dEe ¥k, olgk~®l (Erastin) ol thd wESA o

=g vb] 2AES AFT

clas

Eodhgol A fd o2 A7) GSTM1, HSPA1A, PRDX1, PTGR1, RXRA, SLC2A12, SLC2A13, SLC39A12, SLC39A3,
SLC39A7, SLCHA4, SLC6A18, SLC6A7, SLC7A11, TGFBR2, GCLC = NQO1& NRF2(Nuclear factor erythroid 2-
related factor 2) A2 #AE FHAS ALY 4 9.

E ool 2 F3d &, Abr] CYP1Al, ESR1, HES1, IL17B, JUND, PTGES3, SERPINB2, SLC7A5, TNF, GCLC %
NQO1-& AhR(Aryl hydrocarbon receptor) 7 2o ##HE FxxF<¢l AL S Q).

g, # w2 ACOX1, ALOX5AP, ANKRD1, BAAT, BHLHE40, CCL2, CYP1Al, DNAJC7, ESR1, GCLC, GPAM, GSTMI,
HES1, HSPA1A, IL17B, JUND, MFGE8, NAV3, NCOA6, NQO1, PLTP, PMPZ2, PRDX1, PTGES3, PTGR1, PTPA, RXRA,
S100P, SEC14L1, SERPINBZ2, SLC2A12, SLC2A13, SLC39A12, SLC39A3, SLC39A7, SLC5A4, SLC6A18, SLCEA7,

SLC7A11, SLC7A5, TGFBR2, TNF % TNS4Z o]Fojx o ZHE MEE = sk} ol f-1x2] mRNA, & 4
SRR gEset wMd $Ee St AAE £dee, oldadErastind tE B d5g =

BEs A,

& W] ddd R, 7] FAARe] mRNA FEE AR AlAE fFdARe] mRNAe] dRA o Agehs Al
g Qb Al el wE EazHel S gl

A7) e RS SAsE AAE 47 SR} haselts wude] Solgow

o

e
o
)

o

flo
2,

N

BN
X,

il

o

kel
o

o

F=, o]#&t~® (Erastin)ol] W3 ¥vH$-4 o

m

2 71E

it
N

IEaclas

Tk, 2o QF Ao AEEH AlRol|Al ACOX1, ALOX5AP, ANKRD1, BAAT, BHLHE40, CCL2, CYPI1AL,
DNAJC7, ESR1, GCLC, GPAM, GSTM1, HES1, HSPA1A, IL17B, JUND, MFGE8, NAV3, NCOA6, NQO1, PLTP, PMPZ,
PRDX1, PTGES3, PTGR1, PTPA, RXRA, S100P, SEC14L1, SERPINBZ, SLC2A12, SLC2A13, SLC39A12, SLC39A3,
SLC39A7, SLC5A4, SLC6A18, SLC6A7, SLC7A11, SLC7A5, TGFBR2, TNF % TINS4= o] Fojxl o ZHE XMeEy=
St olabel FAARS mRNA, EE A7) £AA7E dEshshs wMd SESEe St WS 2shs, o

gk’ (Erastin)oll ol Wk A5S A9 ARATYHS Aledt.

o

—

B oahgo) thE TR, A7) mRNAS] BEFELS in situ AW (in situ hybridization), 3 a2 dA WS
(PCR), HA} FFHAELAMRES(RT-PCR), A THEALANT-E (Real-time PCR), RNase H3E w414
protection assay; RPA), who]Z Zod o] (microarray), ¥ =% E3¥® (northern blotting) & & o]|Fo|% o
2ZHE AYEE 1T oy WS 3 542 5 .
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2]
a7
( =
omplement fixation assay), % & FH(protein chip) o2& o]Fo|zl

8 =39 5 Aok

2]y A&
(radioimmunoassay; RIA), WA WS 32 (radioimmunodiffusion), JAHAEA(ELISA), WHI%
(immunoprecipitation), A4
(ouchterlony), ®A A EAH(c

omYE AYEE 1% olge] PHe

gl & gE FHdR, 47 did BisEe 2w 53X " (vestern blotting), WARAH
o)

£

flow cytometry), <3394 (immunof luorescence), 293
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gge] £
ol we §44 volenit olgatl(Frastin) BAG] e WSS dlZatid
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Shatol| A o2k A'l kAol it whgAe A s
Pl aabdel Asye Aested FEstA 282 A
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ol
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ol
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ZE

o
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folr o
o
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ol
Q

EHe 7rdet
T 12 olgtx’l eI NRF2 AR H2 ARAAE A AFE UEhd oRA, & lat 1237 o
A|EFol A NOX4, GPX4, % ZEBL f3zke] &A4F(logIP) ¥ ol ik 7H4=4d (AUC) 1he] Zd¥that
A%k Adjolar, £ 1bi 59870 H-H At AEFolA KRAS 2 HRASS] Ewo] Ael(eRF (W) e &
ol (Mut))oll w2 olgfx~dol] ik ZhA (AIC) wEE A% Arfeln, & 1ce AXo X&5-43d ENT
U sk CIRP HlolBl 2] 54370 s}gtzol it 3h7d 1he] g+ b Avfelal, & 1di olgtswlo
ArAe JlEe® Aad 6/ HY AEF EEE YE o olEiE ofw whev #d
NEAY AR A AEE el Adola, & IfE 6709 NRF2 ¥ FxA(NQO1, GCLC, GCLM,
SLC7A11, MEL ¥ SRXND1)9] fxiz} @el A% % =

o> 2 oo
oo 1B e a2

L)

o
o
837 2 elastic net 3T
BE 59870 hAMlze st & F=8A HE-
=9 437 AR A9E YEd Aoln, = 2¢c= @ 84 v

1870 FAA Zhzbel 7wa ssGSEA,

A% 452

Aol A% mAL Astn B4

29} B 437 A0l A
A

Aok geiA §AAEE BReS wAE A

o T d o

M B ox
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Ao, & 2eE NRF2/AR RES 7]yt
€ e e
ga®l A A5 Aes HoFe 2 Avfoln] | & 2g% A549 2 TD AE9] o= H4 = CCLECA]
< BE AEF HAA dolH 9] Mg xS YEh Asteltt
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FAES FEAAS HolHAES Vit R ojgtadld dd WeAds Ao 452 ¢ Jle 2d
Holal, Ao NRF2 5L AR AR5 sk 3 84 vie-Ad=e e 437) A5 Fad o
niA = EEaglisnl, ofdl Zlxste] B e et

R

olo], X .o ACOX1(acyl-CoA oxidase 1; GenBank 74+*(accession) W& : NM_001185039, NM_004035,
NM_007292), ALOX5AP(arachidonate 5-lipoxygenase activating protein; NM_001204406, NM_001629),
ANKRD1(ankyrin repeat domain 1; NM_014391), BAAT(bile acid-CoA:amino acid N-acyltransferase;
NM_001127610, NM_001701), BHLHE40(basic helix-loop~helix family member e40; NM_003670), CCL2(C-C motif
chemokine ligand 2; NM_002982), CYP1Al(cytochrome P450 family 1 subfamily A member 1; NM_000499,
NM_001319216, NM_001319217), DNAJC7(DnaJ heat shock protein family (Hsp40) member C7; NM_001144766,
NM_003315), ESRl1(estrogen receptor 1; NM_000125, NM_001122740, NM_001122741, NM_001122742,
NM_001291230, NM_001291241, NM_001328100), GCLC(glutamate-cysteine ligase catalytic subunit;
NM_001197115, NM_001498), GPAM(glycerol-3-phosphate acyltransferase, mitochondrial; NM_001244949,
NM_020918), GSTM1(glutathione S-transferase mu 1; NM_000561, NM_146421), HES1(hes family bHLH
transcription factor 1; NM_005524), HSPAlA(heat shock protein family A (Hsp70) member 1A; NM_005345),
IL17B(interleukin 17B; NM_001317987, NM_014443), JUND(JunD proto-oncogene, AP-1 transcription factor
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subunit; NM_001286968, NM_005354), MFGE8(milk fat globule-EGF factor 8 protein; NM_001114614,
NM_001310319, NM_001310320, NM_001310321, NM_005928), NAV3(neuron navigator 3; NM_001024383,
NM_014903), NCOA6(nuclear receptor coactivator 6; NM_001242539, NM_001318240, NM_014071), NQO1(NAD(P)H
quinone dehydrogenase 1; NM_000903, NM_001025433, NM_001025434, NM_001286137), PLTP(phospholipid
transfer protein; NM_001242920, NM_001242921, NM_006227, NM_182676), PMP2(peripheral myelin protein 2;
NM_001348381, NM_002677), PRDX1(peroxiredoxin 1; NM_001202431, NM_002574, NM_181696, NM_181697),
PTGES3(prostaglandin E  synthase 3; NM_001282601, NM_001282602, NM_001282603, NM_001282604,
NM_001282605, NM_006601), PTGR1(prostaglandin reductase 1; NM_001146108, NM_001146109, NM_012212),
PTPA(protein phosphatase 2 phosphatase activator; NM_001193397, NM_001271832, NM_021131, NM_178000,
NM_178001, NM_178002, NM_178003), RXRA(retinoid X receptor alpha; NM_001291920, NM_001291921,
NM_002957), S100P(S100 calcium binding protein P; NM_005980), SEC14L1(SEC14 like lipid binding 1;
NM_001039573, NM_001143998, NM_001143999, NM_001144001, NM_001204408, NM_001204410, NM_003003),
SERPINB2(serpin family B member 2; NM_001143818, NM_002575), SLC2A12(solute carrier family 2 member
12; NM_145176), SLC2A13(solute carrier family 2 member 13; NM_052885), SLC39A12(solute carrier family
39 member 12; NM_001145195, NM_001282733, NM_001282734, NM_152725), SLC39A3(solute carrier family 39
member 3; NM_144564, NM_213568), SLC39A7(solute carrier family 39 member 7; NM_001077516,
NM_001288777, NM_006979), SLC5A4(solute carrier family 5 member 4; NM_014227), SLC6A18(solute carrier
family 6 member 18; NM_182632), SLC6A7(solute carrier family 6 member 7; NM_014228), SLC7Al1(solute
carrier family 7 member 11; NM_014331), SLC7A5(solute carrier family 7 member 5; NM_003486),
TGFBR2(transforming growth factor beta receptor 2; NM_001024847, NM_003242), TNF(tumor necrosis
factor; NM_000594) B! TNS4(tensin 4; NM_032865)= o]Folxl wo =iy Adey= sk ofde] fdak, Ex
B7] FHAY daslelE dWAdS Eeehs, olgfa®l(Frastin)dll tisk RESA A58 viA ZAHYES AT

o}

471 “olgt~®(Erastin)” & FHAstA A HAlo] i EAA|A = A oFA AZTAPES FAFEAZ
(ferroptosis) 2= H|-o}FEA X AEAPE S fratals Ada FFER, 54719 shroz gAE & .
7] 3eE2 VDAC2(Voltage-dependent anion-selective channel protein 2) % VDAC3(Voltage-dependent
anion-selective channel protein 3)o] ZA33tal o]& At 7]|FHOZE A|ABE-ZFEMOE J48A|
(cystine-glutamate antiporter)Ql A%l Xc-& Asgcia &e{x Ut ozt ~dlo] H#d MEe AlZ~H
o] nZAEo] FAtstAQl SFEH2S AT T slA HM Ax 23AQ Ad kst 9 Al ZEAPE] o] 24

TN
EEE)

2
0 N:][:::]
()

z

BoagAEe FAN NS Fa ¥ oagel wE 47] 437 fl vste] oletagle] Y@ fET W
$4 o= wAe 4359

ool oA, A7l @ F8A wel-A 2ol BAE 437) §3A 7be-d GSIM1, HSPAIA, PRDX1, PIGRI,
RXRA, SLC2A12, SLC2A13, SLC39A12, SLC39A3, SLC39A7, SLC5A4, SLC6A18, SLCG6A7, SLC7A11, TGFBR2, GCLC %
NQO1-& NRF2(Nuclear factor erythroid 2-related factor 2) ZA=o| ##EF Fx o)L, CYP1A1, ESR1, HESI,
IL17B, JUND, PTGES3, SERPINB2, SLC7A5, TNF, GCLC % NQO1-> AhR(Aryl hydrocarbon receptor) 7d&ol| ##
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A frdAkolm, GCLC R NQOLE Z7] 7 7H4] d2e e84 oes ddd w44 5 v

olo], B wwe] T2 okEjEA, B WS ACOX1, ALOXSAP, ANKRD1, BAAT, BHLHE40, CCL2, CYP1A1l, DNAJC7,
ESR1, GCLC, GPAM, GSTM1, HES1, HSPAI1A, IL17B, JUND, MFGES, NAV3, NCOA6, NQO1, PLTP, PMP2, PRDX1,
PIGES3, PTGR1, PTPA, RXRA, S100P, SEC14L1, SERPINB2, SLC2A12, SLC2A13, SLC39A12, SLC39A3, SLC39A7,
SLC5A4, SLC6A18, SLC6A7, SLC7A11, SLC7A5, TGFBR2, TNF % TNS4&E o] Folzl F# o RRE Hely= s} o4t
o FARY mRNA, FE A7 FAATE gEslele v F=2S& SAHsE AAES Edele, olgxad™
(Erastin)ol] w3t W4 58 2AE 2 7] 2A4ES Edste olgfx®(Brastin)ol] gk w&Ag 58

71EE Alggtt.
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2 o] & tE dHEA, B 2 4 SR AETA ARl ACOX1, ALOX5AP, ANKRD1, BAAT,
BHLHE40, CCL2, CYP1Al, DNAJC7, ESR1, GCLC, GPAM, GSIM1, HES1, HSPAIA, IL17B, JUND, MFGES, NAV3, NCOA6,
NQO1, PLTP, PMP2, PRDX1, PTGES3, PIGR1, PTPA, RXRA, S100P, SEC14L1, SERPINB2, SLC2A12, SLC2A13,
SLC39A12, SLC39A3, SLC39A7, SLC5A4, SLC6A18, SLCGA7, SLC7A11, SLC7A5, TGFBR2, TNF @ TINS4& o] Folxl
TOoRRE MEyE s oAk §-HAS mRNA, EE A7) AR gFstels gud BEREs SA e
aAE Eolsls, olgfa¥ (Erastin)ol that B84 &S 93 HARATIEES AlFgo.

oyl Qoldl, o SR B ARAM 7] FAGES RN EE ) FAAE GBS @
wae] wde] F7hE 49 olehawl Wkl UF WAel e A5 F Atk

ool A] ARgEE o, TelSTe WA Y BAV} OB EE kg AR dis) frelshl me Bele)
A ned A Agsked AgHt. @ AAFEAN, A5 oled wse Amel wd Aol
AU, AFE BAE AN F, AF Fo] EAW ARA AX R/mE 2uY FF| £EH AA R/EE
54 717 Bore] setay Fo ¢ AW glo] AEW A9 ol W/wE 1ed FBol B Aotk X w3
o A%E o B HF A AR B NS dagoss Aug AYstd ddHon AsE 9
cho B WY A3 Bk Am A, A0 Fold AR AR, dE o] Folzl AmAl L EE
Fol, £%4 Y, HEaW Fol Fesl W AN e AmH A Fol B 7] Az e
A9l g st glold F88 el

B owe] qlod, 47 AESY ARE AZ, 24, 99, 93 =t 939 # Jovl, B uyd 0 o)y
2l (Erastin)el] U@ WA o8 vholoviE AW & Qe B Amehd ol AguA gt
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assay; RPA), mlola 2ol o] (microarray), ¥ =9 EZ% (northern blotting) &2 o]Fo|3 FOZHE AHE
Hie 1% ol WS 3 5449 5 Jdoy, oo AgHEE AL ol

A7) iz o] W 4Ee A8 EFEE (western blotting), WAMIHASGEAY (radioimmunoassay; RIA), WA}
W] A (radioimmunodiffusion), ®EAWIEAM (ELISA), WIA7W (immunoprecipitation), FA1EEA
W (flow cytometry), 8339 MH (immunof luorescence), 29I EIZY (ouchterlony), HA 23 F2W
(complement fixation assay), % Wz H(protein chip)o.& o]Fo|R FOoZHEH AEH= 1F oA W
HE 3l 49 7 Jdo, oo AgE = AL ol

ols}, ¥ wtgol ols|E F] Hste] ulEA S HAA|GE AAST. 2L E7]9 AAdE B AgS W g
Al elslelr] f3te] AFE = AL ¥, 37 Ao o) & el y§o] dAHEE AL ol

[HA]

AAd 1. A F Asur

-1. RNA A €84 E dolg AH

Trizol AFS o] &3slo] AFALY Z=2EF wEl F RNAE EE6%la gholHelg] FFHd& TruSeq

Stranded mRNA Library Prep Kit(Illumina, San Diego, CA)E ©]&3}3it}. L‘%é}?ﬂ 7te-Eo|# TR EZ o
Ae oS3 2ok A17be oDNA §H4; dTTP thAl dUTPE A8t A27tg 4, 2d =8, A-tailing ¥
HE A3 PR 5%, ggoz, AxAe] A% Z2eZd wat Illunina NextSeq 50000141 #ol-2] = AJH7d
(2 X 75bp)©] 76 Ato]S &<t 7t 2holB s 8 pl=E 3]4si3itt.

Raw FASTQ I}deo] AMEEA F2-2 FastQC(https://www.bioinformatics.babraham.ac.uk/projects/fastqc/)E
o] &3l &<lsAar, BBDuk(http://jgi.doe.gov/data—and-tools/bb-tools/)& o] &3}o] FHo] e = 2 g
=] oY MES AASAL. o]F AFH T =+= STAR aligner(v2.6.0a)E A3} GRCh37 Als zHdA~
(build 38)°] AHAIHSH, B= 4 Gencode v19 F4 GIF L3} $hA HTSeqE AHE3le] AAtt. FASTQ I}
o 2 HAe] do]El= Gene Expression Omnibus(GEO : GSE135402)& %53 o|& 7}s3sltl. 3k, A5499F TD Al
Afolol] A5 o7 wEE= GARE DESeqRS AFREle] Folskqit).

e

1-2. FAEFY ogtr® g5 @ A Holg £

olgt=dEd o gk 38671 A 2] ok sy dlo] Bl = CTD2 | o] ¥ xg
(https://ocg.cancer.gov/programs/ctd2/data-portal)oll A th&RE=3}Gth. AlE AEE(cell viability) #2
237 Al (growth inhibition)® H&3lar 0~100% B2 AT, 249 4G A4 gS 4-v7pdsE 22X
28 IAYS T3 wFu AFE Z29Ud(HFAY < 0.7)S AASGT. AB ok WA el AUCE FoiX
FE HAAA 0% 4 AAE JHEE A AUCe] o3 0-19 MR Aarstetsitt. T3 oz’ Ao o
3 ~32)dE FAEFY VAFEFY FHx L Z29dS BAM 1Y 202 Genomics Data Common(GDC,
https://gdc.cancer.gov/)oll A thER =33, 8= FF Gencode v19 A GIF A3 7 HISeqd AH&-3t
o I HIQIZE B P A8k 24 {3 MEFE AQdstir, 5987 dAEFE] FHA Hd Z2sds #
o] /\P%O}%iq.

1-3. Elastic net 3# =¥

AEZFo] FAA Ldd 712e olgf~®lo g WA AUC)S AHste o5 2Y
net 37E ALt By FAFoR, YA WE(AAW, 59770 M)l o3| =
g AZ(dAY, AEF)S AHESE LO0CV(nested leave-one-out cross-validation) ZZA|AZ A7] 4
RS Grisigleon, RE AlEo] HZE HolHAER AHE" u7tA] 7] ZEAEE it 72 g
oA, HAstE wi/E(LT, FhHE HEE HolEel tis)] 103 H}EO}@ 54) ﬂi} Az dg F7 2
& FHasglele Ao® AAHAY. 1Y thg ZF HARE AEA SH4oR oF @ vk 3k Pearson 33
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ol

AsE AHEstel S4" AUC @3t wlas) o5 Ao FAIT. A4 Dak= RO glmet 3 caret 7|4 E
a
[€)

st FAsALE,

AAle 2. olgtA®l AT NRF2 A2 9] o AAHAA 9

B oagz5e olgtaEle o fiFe AYd HEEALS dddE ol fFAA(AAWN, NOX4, GPX4 2
ZEB1)E FA}elarz}t atgith. oS 98], WA CIRP 2 CCLE dloleluo]~olA olgt~Hd gt 7FAdS z2te

1237) gk AEFC] nRNA BE ZERaS Qo] olFe] FRPAE 2AAOL, T LA B 5 Qi v
ol olW @ JHAAE WA ok, webd, ¥ UWASL G FA%e] W@SFe] olghil] o3
FEHE AFEAZ B GRS R SR grke AES WHT. o, 9§45 ojehs
gl @ geiel e ARwAE ;elstel, #9 A9l GAEFE olga CCLE 2 CIRP dlo]Ejuo] 29| A
AR W olebaEl kgl B Aol AERYE olehibe] e Fas wHE F8 4 ATUAE AA
Hoz zAsgdth. 1 A% FASE, E 1o LE vhsh go] RAS Eewlolst olekiEl g Aole]
#E dwie] BAsA geror], o8¢ IRAS FAWo] AEFE olvhauel W T ABYEL ek
test P <0.05). oleld A3l RASSl Eelwol AHE olebri®l A4S dASHld TR e @
91e.

Fol 97 wae] mEw, (PXe AA B & AFYE 2E Am AYY FOY PALE olRrudE
Wgstthn wasel gk, e, AR Fe AFsh ok 4l e A S @& Aelsl 4w
B4 73, % lco] LER vhsh o] olekadlo] AR-AGY AT s F Awel EnE ehie A
& FARAT. FAR ABAA, AL F) SolH o olghryl R (P AR ol AXHA B
Aol Gtk oleld Anke Belvio] du) mi AR A BT ATUA 9o oldamed da #FEe 2
e Ak EABTHE AS dAsHe Aol

3 2l 2 M mele) 2 Zew)

7] olgtzdel vk Aeds sk JAAE RANSH] A, & ERAES WA &y
CCLEON A olgfzgl-zhpAd Azl w3 Zmatdat fARRHA] o 55 ZALEQITE. ol& &, = 1delA
T UE vk o] Abdel HZES 67] HY ANEFE VN E MEE olfts" S W R IFOE EF3H]
3l ZALZ(AUC = 0.7)E dFAem AFoaitt. vgom, A& Jodd 4= e ]%0}&1 5987 H
gt AEZo thsll ssGSEA(single-sample gene set enrichment analysis)E& T3}, 7+ AXEFo] st
4457 PES(pathway enrichment score)& AFE3F § o|& A|EF9] PESE o|gf2®lo] g 2+
AlA EAEAT. 1 23, & leo] YERd uie} o] ojgfxde] gk ko] FHFEAZ
Akt whg-o] whaE 2 ARQ] NRF2(Nuclear factor erythroid 2-related factor 2)¢F %2 3 2
= st I, BNT v e AR-ARA d- fdaks ojgkadol gk vke A Bde] fle Aew
YEbs T, olek AAIHAl, = 1fold B 4 Q= mpek ol &4kst EAjol welsk= 6784 @ A1 NRF2 34
= A

29

o
&
9
1-

i
o*ééﬁ

A (SLC7AT1, NQO1, GCLC, GCLM, MEI 2 SRXND)O] wale wohul olja} mE Sha oAl o]al2dlel] o)
g A folek ARdATE e AR YEyy. ol#dt A= NRF2 B fdxte] ddE o2 HE o]ghs
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