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Application of ferroptosis in the tertiary prevention of colorectal cancer
ZHANG Jingyu, WENG Zirui, DENG Xueting, MTAO Lin"
Digestive Medicine Center,the Second Affiliated Hospital of Nanjing Medical University , Nanjing 210011, China

[Abstract] Colorectal cancer(CRC)is a common malignancy of the digestive system. Although multimodal treatment strategies have
effectively prolonged patient survival, the prognosis of patients with advanced disease remains poor. Therefore, standardizing tertiary
prevention of CRC is of great importance. The tertiary prevention strategies for CRC include: primary cause prevention, secondary early
prevention, and tertiary clinical prevention. Ferroptosis, a new form of cell death characterized by the accumulation of intracellular iron
ions and abnormal aggregation of lipid peroxides, has been exploited in the development of molecular targeted therapies for a variety of
common cancers, including CRC. Therefore, investigating the regulatory mechanisms of ferroptosis in CRC and exploring its theoretical
basis and emerging strategies within the framework of tertiary prevention can provide additional decision - making tools for cancer
prevention and treatment.
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Figure 1 Schematic diagram of ferroptosis mechanism
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L, LIP A [ 38 i Fenton J2 B A= BROK 5 1) 75 1
H (reactive oxygen species, ROS) , ROS 2 {i¢ 3t i o
i v I 5 SR A A R S OB S5 A A D RE R 4
1 B 25 I AR AR T
1.2 A& At

BRAE T HIAZ O AFAE 2 IR B A, Rl e & %



546 55 8 1
20268 A

BT, TR, BEEE, & BT RS E e = IR S R L.
B BERR 2R CH AR B AR) , 2026, 46(8): 1165-1174, 1210

*1167-

ANE A R B B2 (polyunsaturated fatty acid, PUFA) [f]
f Mg (phospholipid, PL) » 1£ 2E VU 4 B2 Carachidonic
acid, AA) F1E L IR 2 (adrenic acid, AdA) /& 15
SET-Frifs PUFA () EZoTik . fEBRE T I iR,
LLAA FTAA SRR PUFA t IRTEAE A & B 4
(acyl-CoA synthetase 4, ACSL4) i&1b, i J5 /£ 5 I
J5 P A 5 B4 SR AL R 0 TR B ADA-CoA AT AA-CoA fiT
PN . A AdA-CoA FITAA-CoA HIVA LB IR 15
%1 3 (Iysophosphatidylcholine acyltransferase 3,
LPCAT3) % & 2| PL Ht, A 4 i PUFA-PL!™ . £
J& » X PUFA-PL 23 78 I %85 1 (arachidonate lipox-
ygenase, ALOXD 5 K I B fie S BB & (9 ARBE B
FLAE 30 A KB B I ot &0 S A ) (L-00HD
BET 51 R BRFE T
1.3 A Em A

S R AR I T 1 Y 2 AN IR B A R ST
TR, Hoh DeE e R SR T R N
Ylo MR BR/A A BRI ) 712 55 1 R 4 (cystine/glu-
tamate antiporter system, System Xc-) J& H & i # /&
KT H 51 11 (solute carrier family 7 member 11,
SLCTA11) F i JoR 34k K i 3 ik 1 2 (solute carrier
family 3 member 2, SLC3A2) H iz &5 A &1k,
I A R HE A0 AR AT S D R DR
T2 HE N T N SR O R R R R R . X R
B (5.2 18 B H Ik Clutathione, GSHD f1 4 . 48
AEOE I A S E S R E A E A Y 1 (mamma-
lian/mechanistic target of rapamycin complex 1,
mTORC1), 7 i@ i Rag-mTORC1-4EBP Fifi & 3k 75
H KIS S AL P B 4 (glutathione peroxidase 4, GPX4)
(K16 R o GPX4 3 1 K GSH % 4k 9 S AL 2 GSH
(GSSG) I H5 2 g P A 25 ) i o S0 8 A6 &4 (-
OOH) Ay 7o 35 B fiR ot I (L-OHD , PR3P 4l i 5 32
JIE B AL SR R BE TS . RSk, GPX4 & BUE
52 F 2 TR 18 % (mevalonate, MVA) [ 52 10 . fifi 4§
-t Z 2 (selenocysteine, Sec) i 7E A4 - It 28 R %
12 RNA (selenocysteine transfer RNA, Sec-tRNA) [ /E
F R 85 2 GPX4 1, 1] Sec-tRNA FJ B I8 T
MV A G % S BRA 7 P 53 I AR A R (isopenteny]
pyrophosphate, IPP) 2 55 [1) 5 [ B AL AS g #21,
1.4 #H8 Q10 (coenzyme Q10, CoQ10) 48 % 4 A 1L
il

BUAIEAFAE — EEAHM GPX4 I HT A B R, &
ATV ok 5 LA P A CoQ10 (1 AR SR Bk A T
MR AE . BRIE T #4125 1 1 (ferroptosis suppressor

protein, FSP1) & —Fft i o7 T~ 4H Jfa JI6 1) 38 2% 2 1 284k
6 R, FLRE U5 CoQ10 38 JE A CoQ10H2, Jio & 7]
AL IE AR BT H R AT AR R ST T B R AR
A FLIE BR B A8 (dihydroorotate dehydrogenase
DHODHD J2 7€ 37 7 2 br A& P9 JIE 1) 38 3 OB . 1
e M Sk A R 4 1Y) B 1 , DHODH fg % 7 fi
b — A FLiE 1R (dihydroorotic acid, DHO) % 4k N N
i R Corotic acid, OA) [ [F] B K CoQ10 i Ji7 f%
COQTO0H2, M T 111 ] Ze Ak A JTig g it 480 4 A 42k A
T2, GTP ¥ L JK f# B 1 (GTP eyclohydrolase 1,
GCH1) /& U & A= ¥ 5 ¥ (tetrahydrobiopterin, BH4)
A R IR B . BHA J& — B 2 (0 IR VA PR HT AL
7, BE 8 BB i 4k . 53— 771, GCHI
i R I 5 JBEAOABG, {R 3H CoQ10 1 AE ek it Bk
FET-08)

2 CRCHEIETHIIEIE

21 EARARE

CRCHIKAERERE —NZ IR ZHr B e 2 HE
K2 5 (AR S AR, 48K 23 HUR I CRC 35 AL #
TS Vogelstein 2542 H R IR0 - P A AR . 1%
BTSN g AN iR JRE 28] 08 1) v AR S AR TK 10~15 4,
H R R DR KRAS B30 LA LA 2 [ APC K P53
RGN A CRC K AR LS F. APCEHHA
2K AT 32 Wnt/B-catenin {5 5 8 B H B-catenin 7E4H
P R B AR SR IR 0 A0 % v 5 IR L 5 B
(Iymphoid enhancer factor, LEF)/T 4fl ffd K| -7~ (T - cell
factor, TCF) ¥ 3¢ K 5~ S R 45 4 » AR 1E T e #E 2= IXT 1Y)
¥, 51k 4 B b R o e 2 B O i JER R
JERO LX) R A B AR W, B-catenin/TCF4 %
S AR I 3 B GPX4 B SR M A ) B e 4T
PACTI MR AP . KRAS RAZ > Fpek 22 25 if Al B
1 ¥ (mitogen - activated protein kinase, MAPK) Fl1
Ttk A e LI 3-34 1 (phosphoinositide 3-kinase, PI3K)
JRIBAT 5 18 A 5 300 Jl g b R i e AR . o
TAZ EEE 5 M1, KRAS RAEAY CRC & A
AE NPT 3R B A2 K ] 7 52 44 (epidermal growth factor
receptor, EGFR) 4 3k 75 . KRAS F748 mI 14 i
¥ E2 #H2C AT~ 2(nuclear factor erythroid 2-like 2,
Nrf2) B 55 HE T (i 22 22 b 801 B B 3Rk S 3 i
ROS R FAE ™. pS3 RAZ L KAAE CpG & —#%
TR # RUAL T R e e R B 4 2 . 80%
f) p53 Fk Al R AR RN LRAR, fe 1 77 AR A
FE A A p53-R175H™ . p53-R175H AAX A] L i fig
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k% BTB F1 CNC [A]JE 4 1 (BTB domain and CNC homo-
log 1, BACHD X SLCTA 11 ) N VA 48 F A2 i3k i ygg 2E
K, B W LA 5 BACH LA ) I 55 7% . b T AN [
p53 RAZRFIZRAF 1 DI BE (gain-of-function, GOF) AL
v R 56 45 Y 5 BT DAATSANIS 2E AN [R] p53 AR XS T
CRCERIET (1R A 2 1 Sl R R B i FH e
22 KW HEAEF A

BB A% 2B i BEAE AN EU3E DNA 7 91 15 0
TR R R RIE, H R $ 77 A HE DNA H 3
16 AL B SR TS RNA & RNA #&1fi. DNA H
FALZ AR TE DNA Hh i s ig 7 e b s in Y 3, iX —
It T2 B DNA H 5 5 # 1 (DNA methylation, DNMT)
I F o AE CRC AN HE AR MLEE £ Runt MR35k A7 3
(runtrelated transcription factor 3, RUNX3)  [A N 7
BTz EAG T R Ok, T 25 B AR A T
DAY RUNX3 £IE57 . HIE R RRLIE S, 42 DNA
LA 1 5 1) RUNX3 2 [ i) SLCTAT1 3 1 fie
BE R R . A B AR L b — M E R
AR AR A AL, 2P H3 B H4 45 A N i
A R (KO BIORS 2R (RO PR IE B Ui Ik L2 40 ff Ay
574 f# g Qymphoid-specific helicase, LSH) Bg 1 5% 21
HE B R SV B 401 (3R PAS0 5 24 TSR A B
71 1(cytochrome P450 family 24 subfamily A member 1,
CYP24A DR 8§ X FERH A E F H3 5 4 i iR —
%4k (histone H3 lysine 4 trimethylation, H3K4me3) &
s N K F . CYP24AL & —Fh 44 R D AR
R, 3041 ) 400 B P B R A DD ROS A B IR
Jit 3 A A AR B BRI R B0 T U B RCR AR S
4 RNA EL45 3 MEZHE A% B2 (microRNA, miRNAD K
FEEZw Y RNA (long non-coding RNA, IncRNA) F134
IR RNA Ccircular RNA, circRNA) . miRNA J# i #7]
25 mRNA 1) 3 5 13 5 e 32E HL P 2, IncRNA A1
circRNA NAE 4 5% 4P 4 Y RN A (competitive endog-
enous RNA, ceRNA) 1] #5 miRNA 75 J JiE 12F J& o i
Hlo miR-148a n] HL#Z fie #f SLCTAT1 F 5 49 Jin CRC
XTERFETHIRURE . A B, miR-545 #14] TF {2 ik
CRC 4 ffI 47555, LINC00239 [ 57 e & 1k Bk
# CRC &3 AL A7 W45 3 A FiLJS AN R, LINC00239 1]
i3t 5 Kelch # ECH A1 5¢ 2 9 1 (kelch-like ECH-as-
sociated protein 1, Keapl) 45 & F2 %€ Nrf2, $1J1 #il] £k 2k
- R AR, CireCOLSAL fig 5 miR-1287-5p 454
EH SLCTAL 3R 1K 2 5 CRCERSE T A
B9 mRNA H e 38 L e =5 HB DR ST 1 N B AL 27
&4, N6- H 2 I P2 #8 (N6 -methyladenosine, m6A) &

i & X RNA 731 IR R85 6 for U 1 2R AT 1) w3t
L AL A A, 120 R HY R R RS i L 2% Y L g A
m6A &5 R E 3 M S 5. & W R BE R I
FHHE JHE AH < 8 [ (fat mass and obesity - associated
protein, FTO) #1115 5 GPX4 M SLCTA11 [l 31k, {4
P CRC 4 G 52 R B0 T o JiE 1% R BRI R 1) 7Y
FTO #1175 5L UL &' & 5 4% 48 8k SE 12155 3 771 Erastin
B RSL3 1 W] A7 2000 s e Ji e R
2.3 BB RIRMIRI

Jife 98 4 8 430 P4 3% (tumor immune microenviron-
ment, TIME) 52 5 R 40 i EAF I B R AES RS A
ASCAL, S0 P 5 G ) Jf R A P, 34 L HE s A
Ji 9 AH 5% Bl 4T 4 41 i (cancer-associated fibroblast,
CAF) S hEAH A0 M S FE 5 . 25 8 B BR BE T 1w
VBT IR B [ N A 25 TR S 4 IR A A R
J S, TR FR MR A 85 v G 3 440 B ) 2k B8 T Y UK
PEECHEL,

H AT TIME 8878 35 Z 4 v A8 iR ) B iR
TR e g b FETE 2 e dn b, DL CD8 T 41
fit 2% b 988 AR % 1 41 9 Ctumor - associated macro-
phages, TAMD 1) Iy 68 IR 25 XT %0 2 V6 97 97 R i 9
B, T & -y (interferon-vy, IFN-y) & @ 3E /5 14k
HET I B v B S B A0 IR R, VAL CD8T 4 i B
JELA TEN -yl JAK/STAT1 45 538 B 1011 System Xe-
[ 2 8 B T 0 R RSB T LA, IFN-y &
AA FTIE I ASCLA MR Mg o AR i 42 5 3 e 1
PEMREERAE TR o TAM TE A [F) 40 Wi B5 1 38
BT MR M2 P RRAS [F] 40 B AR AL X BRSE TR
FERURH VR4 AE F o M1 TAM AN RT3 i 40 i 22 fke
WA 5 305 CD8'T 41 i [A] B 0SB AE T, I g
g B Ak ik S A W SR 0 T Fenton J B B B2 IS B4 A
T FH I, M2 TAM R FEAR 2 Rl AL R 7 2 ik 410
i) CD8 T bk U 20 it 1) S AR AVS AL . & NI VF 11
&, WA TAM B 556 T8k 0 T B 2 = R R
Ko —HMEA G B (inducible nitric oxide synthase,
INOS) 1 I8 ) M1 TAM 7 A= 68 75 B g BT H B 2E 1)
NO « X BRAE T S 0% » 1M Bk = iNOS ) M2 TAM U %
GPX4 17 RSL3 5 T (B AL T- UK. T M2
TAM £ b8 A 858 0 o 40 32 3 R 3R, e 3 M2 1) M1
WRARTAT B & — R AL B BRI T T SR

3 HKBET5 CRCHibA

3.1 —%Mn
— TR TRAR I R TS » A AR R K 2R
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F1 BEERE.RYERF RE R EMIMEEE CRC AL T RIS S HLHI RS

Table 1 Target, mechanism, and effect of gene mutation, epigenetics, and tumor immune microenvironment regulation on

ferroptosis of CRC cells

Regulatory level Molecule Target Mechanism effect  Reference
Gene mutation APC B-catenin  Increased GPX4 expression Inhibit ~ [20]
KRAS Nif2 Increased expression of various antioxidant proteins ~ Inhibit [23-24]
P53-R175H BACHI Decreased SLCTA11 expression Inhibit  [26]
DNA methylation RUNX3 SLC7A11 Decreased SLC7A11 expression Inhibit [28]
Histone modification LSH CYP24A1 Lipid peroxidation and decreased ROS level Inhibit [29]
Non-coding RNA MiR-148a SLC7A11 Increased SLC7A11 expression Promote  [30]
MiR-545 TF Decreased intracellular Fe”levels Inhibit ~ [31]
LINC00239 Nif2 Decreased degradation of Nrf2 Inhibit [32]
CircCOLSA1  miR-1287-5p  Increased SLC7A11 expression Promote  [33]
M6A modification FTO SLC7A11/GPX4 Increased SLC7A11l and GPX4 expression Inhibit [35]
Tumor immune CD8'T cell SLC7A11 Decreased SLC7A11 expression Promote [36]
microenvironment M1 TAM CDS8'T Enhanced activity of CD8'T cells and Fenton reaction  Promote  [38-39]
M2 TAM Chemokine  Impaired recruitment and activation of CD8'T cells ~ Inhibit ~ [40]

IS0 S 6 R 3R SR BT T35 B, 02 T 5 9 AR
KIEME . CRC B RSP S0 s gL 5
SR T AN T SR ) XU R R AR %, TR S A R
>IGE VR A < L PR AE P R A AT AR R 3R DDA
R, IR AR R 3O CRC Y FB 4t 1 751
3.1.1 T

KEHBELAPIANZ CRCHEBR R, 87
AU AR 3 Bk RE S TR Wnt (5 5 8 N JE| APC
RAZ ) CRC G T FE o A 22 8 — T A Z1 A F2 K
B, e MLAT 3R BN & 5 4571 KRAS UG 242 1 APC
FALRAZH) CRC KR 2 R AE AR E ORI o % ]
B E S AEE R A R BN R T 1B CRC, 484 R
C /13 CRC AL A LIP /K~F (1) Th i I fe 44 3 Bk At
oo #EE R CMTEZE 5Pl 4 & v A B
CRC 40 MK FHFAE LA S 4 HT EGFR #L AR )T/
A SRAS P 251 0 B AR 3 D T % 2 A
A 35 538 B 52 W 3% TP53. MAPK3 1 SLC7A11
G MILRRIL, RZANH] CRCHEE™ . BBt 7t
F W, i1 B B R ELAE CRC e Pl 2 S BAEH &
€ 1 5 A il B 3X ) B (quantitative polymerase chain
reaction, qPCR) 73 41 45 R R W], CRC & % ) Jpg 2H 24
th EAZAR #F B (fusobacterium nucleatum, Fn) 13 &
SEEHTAEERHAHL . Fn MUAEE T E-cad-
herin/B-catenin/GPX4 i I 1 GPX4 & IAINiE CRC 1
WA, v s I A R T CCL20 1d 3 3k Je M2 TAM

R AL e HE CRC HZ AL e A2+, Liang 55T K
TS 3 A RUBRT B A 2 AR B G T 1T AT
RN Fn AN, T8 SOE B TE S A BT
Bii CRC K . filh s & n-3 2 AMEFR IR (n-3
polyunsaturated fatty acid, n-3 PUFA),n-3 PUFA R] i
R AA AT A A SORFEK CRC RS ™. BE4h,
SIS -3 PUFA A B REFC = | Bt
& I 73 BT Gpxd 1R A2 Bt/ 465 1 I8 1) T
Ji, P 2 A A P o — R e A R R
£ P i A R A £ SRR AT B2 A CRC TS S s
2 {EATh 5 B 2 1) S0 A I R 8 SR 18 HIE I A
B,
3.1.2 HEiH

Seo Z5 T & 1) — T &t o) 5[5 350 73 4 N A
R UL BABIF FT 2% B, R SR I JHE FT S 25 16 i CRC
FAR RS, F HIX A RS B I P 55 S B TR S T 328
Wt MG AR BE )5, BT # CRC X
Bx A BTN B, S AR Boi 1F B SRR e]
Wik, pbAh, IR 5 CRC BE T ARA
I, TR AR H I = 8 ¥4 7 55 11 (microsomal triglycer-
ide transfer protein, MTTP) 744 i Z& 1= ) CRC H3%
F) i S A0 s i 8 2R 0, I8 I MTTP/PRAP/
ZEB1 % L1 GPX4 Fl System Xc- K F#{% CRC XF k4L
T AR, B T a2 26 2 0 BV D R AR A T 245 W i
E2TH Gl G SR
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LT NERAE CRC IR AR PR HEEAER, R
AT R Tt 4% il A B0 T CRC B il B 3=
o AiEJ7 AT L P R, 2 AR
MERIE AR IB ) SONFAT AT N T AR TT
TR N, £ 35 i AR Al B AL R 25 0 A 2K
731 B R T A A ok B S 2 DR AR B4 [R] I
RE S 22 I AE JHE AR DG
313 AJARE

—IREE R M A R s 2 AR A R
HH 2 58 CRC XS AH B AN IR 5 171 55 23 9 386 - 7
14%F 17%" . P50 0, B 0 b BUE ) LAY
[\ 22 38 55 Je AR A T G ) DNA & 4] 5 3
Bl AL H T » 9 11 385 FEL 95 APCLKRAS A P53 75 A ()
JEF 8 25 R R s 3 R K At RAR . 5y — TR AL
M, MR B 3 2 TE N AR 28 1R RE RGN B A B
Hi 7 12 (short-chain fatty acid, SCFA) B8 3= B i /> M\
T 38 I o KRS FE AR T v, i A e i
T TG B 4R 4 7= A SCRA, o TR 2 45 b R e
B FEORIE. T MRAEE L (22 System Xe-FHiE H
H c-Fos RIEW# CRCERIETHLIES . A-ER Y —
TR RIS B P F 0 R I, 5 R B 3 o 20 o T R 5%
N, CRC R BT 15% . IEFAFHL N, AN
A BT R A 22 i R IS 1 £ T8 I 20 I8 Caleohol dehy-
drogenase, ADHDAXH Il .1, A 55 (IR SV L
It B (acetaldehyde dehydrogenase, ALDH) A
BN TR AR . MEIER SRR S, E A
S ) ADH 3 % S 2% T & ALDH i R 22 7 A
Ko BRI, Jor 40 0 B A AR 53 KR AR A 2 S AL
LRI BE IETE R CRERTRE I HL99 - FEI RS TR
P45 1R/ BB RS UL R 21 GPX4 1 [ B2 ROS AR
R, I HERIE T 3677 Ferostatin-1 7] /£ — B F£ & L
SR ARRS U5 T A5 . 22 [ RE fr d m R
STt A AR 42 ] B0 T S N T 7 0
B CRCAH M5 1
32 /MG

R F2 B BT & 1R m CRC B 417
FEH IR, T AT R R - S0 075 728 2 o I O O e O 2
MEZTB . HAlCRC F 0 & i 3 2 B A 45
S B TSR HLIT R F A 5 1 U computed tomog-
raphy colonography, CTC) & 3§ [ ifil {5 (fecal oc-
cult blood test, FOBT) o 7% J& 2| AN [7] 5L 7 5 ¥ ik
JE Rp e AR B R T 2 R A LR 2 S, R Bk
FET IR B AR 2 0] T CRC 5. 340 W 00 R0 0 e 9 5 )
Wb EVH A AT .

A SR P IR JR T B 3650 A A SR S 776 34
Jif198 DNA Ccirculating tumour DNA, ctDNA) (1357 B4 A
D757 VB T A IR 0 75 5 Y o RS DU R T35 P A
NEM CRCIZIT I T3 Fe . — M2 KRAS,
APC . pS37E N I 5 Fh 3 AH DNA F5 £ &% 1
JU IR G0 P BB M 91% , o S 18 939%™, LAk,
575 M DNA BB LG, #5517 KRASVAPC A
p53 MLIE M DNA BRI RS B AR5 B R B W3
W Z I AR B, BRAE T AR DG L N B T
CRC ) 5 A . 4 & 5% 28 A 16 (metallothionein
1G, MT1G)J& T MT %%, Z 584 M4 @ 55 1 B (1)
VA Sun FECNIESL, R RAA ) MT1G 8 i # i) 2k
ST 33 JF 200 PR s 440 %o 28 B R JB T 24 1 o T
GEO.TCGA & LinkedOmics B H J2E 345 3 ¥ % 04,
MT1G £ 5 CRC G2 (R 5% 18 45 % i Jed 4 o 145
AR HE BE WG £ AR B, MT16
AR CRC FITELE T A 0 76 470 A0 G 2 1 15 [A]
o IMiESRE B2 IR E WA AR AR, & E
R (KT AT RE S B CRC B 3 R s e M PE T- %
Bl T SRR AR A2 R P R R 2
%, B A HAD M35 bR B RE 3R = 5B CRC AL 28
Sheng S5 “BIF 57 3% B, TF 48090 72 57 25 CRC FHY& 11 7
A3 7 T b FE B A0 0 A B e . (AR
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