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[Abstract] Radioresistance and radiation damage are
the difficult problem that need to be solved urgently in cancer
radiotherapy. Ferroptosis is a novel type of cell death induced
by iron overload and lipid peroxidation metabolic imbalance
caused by the enhancement of intracellular reactive oxygen
species (ROS). ROS induced by ferroptosis can not only lead to
cellular damage directly, but also improve the hypoxic

microenvironment of tumors and sensitize radiotherapy.
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Ferroptosis plays an important role in inhibiting tumor
proliferation and enhancing radiosensitivity, providing a
potential new strategy for improving efficacy of radiotherapy.
Here, we reviewed the research progress of ferroptosis and
made a prospect of its application in radiotherapy.
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MM E 280 KRBT MR ZHE R, F o
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FEWIHRIE, AT — RPN ZHIT I RA T
THWEFERE, BRTATH, T KRk
B 1= (ferroptosis) 30 30 1 B 1= B v S b X 5
ERoyslenapts"Y, AT ZHALIAN
— MR THRETFRAEARA T ER ERS.
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(reactive oxygen species, ROS) B 2% % 40 i, g it it
AR B KR GERT]R RE  a R
T DA SRR IR R /NG 4 5 R AR B e, B e 4
MEEHESRNUA AR N ATRHE, ERNSF 4
WHEREEAXFLEAHALFETRAT AR ET
FHAHAMBEATRARE T, KA THWA L
5@ Ak RE B E RN R
B R B E AR . 20N Fe™r 5 2k 2
% A (transferrin, TF) 45 & , B # 4 E A 2 K 1
(transferrin receptor 1, TfR1) % 3z ¥F X\ 28 g, N FF 38 &
AFe T, hEEEARN-NMEBEHREEEIL
(divalent metal transporter 1,DMT1) F1 4 2% & & 8/14
(Zinc transporter 8/14, Z1P8/14) By 1 Bh T i & 4 40 B,
W 8 F F % 4% 3t (labile iron pool, LIP) # %, Fe** 7
DL I G AR TR R, K T R
HEMEHHEEE, YHBAKBEET, KENE
AT DA ASBIk N T S RS RN 2
A~ 18,50 fig 7 B (polyunsaturated fatty acid, PUFA) & 4
BB, = KW L A, 2 R,
B B, 200 0 B UG B R A BRI R
£, ft. 4 B¢ 4 (glutathione peroxidase 4, GPX4) % & &
HEWERLA T, REREER R WK
(cystine/glutamate antiport) , X # SystemXc-, i 37 #f
20 ML VT B A BB H 35 4, B AR I A BR 4
EBHEN AN, % B System Xe- 3 4 7 fn 3 AT AT T
(Erastin) [H W7 i, L83 Bt 2 RSt N 20 0, B 6 4
Jit K (glutathione , GSH) Fir &4 %5 B 2 Bt @ B2 00 & &
R o GSH #y 1k % [, GSH % 5 GPX4 A fig i 1
A4ty 2t GSH & ik % T 3 GPX4 By K V& 4
DA 40 e 9 B e L A R RE IR, R B
AT, AT A A" B, 34
SystemXc- 74 #5 GSH K % 7& GPX4 %4 2% $ 4k b 1=
BB R, CEUTRAETHFE%RRTHE A,
#; BB SystemXc-#2 2 B Erastin A &8 Z b e &
A B,k 75 GPX4 /b 2 F AL & 4 RSL3 | FIN56,
# % GSH & i Wy T it 2 B — T % T #% (buthionine
sulfoximine , BSO ) 225!

EMBEm NRRS A REANTH AR
WEEBT UG HMARAATHAE, EENHA
EALHFA 3T (1) F 4R E B B v 3
Kl 48 & #& & 5/7 (autophagy related 5,ATG5/autophagy
related 7, ATG7) - #% % & 4 ¥ 7% B F 4 (nuclear
receptor coactivator 4, NCOA4) % F B9 4k B " ; 4k 5L

# A 414 B B (iron-sulfur cluster biosynthetic enzyme,
NFS1)/4k %t # 40 % 1K (iron-sulfur cluster asembly
enzyme,ISCU)ﬁﬁ% Wi 2k B 5 (Fe-S) By 4 41 & Ak, A
¥4 % & & (iron regulatory protein , IRP) % 15 1 Rl
2R AHAE X & 818 4% & A % K (transferrin receptor,
TFRC) .DMT1 %k % % & (ferroportinl, FPN1I) | A\ 2% &
B = # & @ 1 (ferritin heavy chain 1, FTHI) 1 A £k &
B % 4% & A (ferritin light chain, FTL) #) 5% 1k , A T %
A AR B T B kT (2) T R R
4n K 4% f5 B4 B A 5 % B 4 (acyl-coA synthetase long
chain family member 4 ,ACSL4)-75 1 Y 8% fig B 25 4% #
B 3 (lysophosphatidylcholine acyltransferase 3, LP-
CAT3)-f& 4, 4 B (lipoxygenase , LOX ) i % , p53- 4%
Jik I i N1- 7, Bt 2 %% % B8 1 (spermidine/spermine N1-
acetyltransferase 1, SATI) -7t £ W # B -12/15- g 4,
4 B (arachidonate 12 -lipoxygenase , ALOX12/arachi-
donate 12-lipoxygenase , ALOX15) 3 # , /> % 20 g JE
' PUFA By £ 6 A E B Rk b T i K £ 5 (34T
BB 2 G0 A 4R 45 GSH/GPX4 By A4 % 1 B
SystemXc- ., ¥ 3% K B B A w42 2, U R K
T GPX4, H# S 5 fiz it ROS K B oy 8 3 , fn 4k L
T W4 & A 1(ferroptosis suppressor protein 1, FSPI)-
B QI0E B = B B 5 T BRI AL K A5 88 1(GTP cy-
clohydrolase 1,GCHI)-T4 & 4 4 # % (tetrahydrobiop-
terin, BH4 ) 7 % fn 9 3% & 4~ % & & 4 1l (endosomal
sorting complex required for transport, ESCRT- Il ) f&
BERARE.

=R 5 HOT SR

WG 7 ] B AR L B 48 4T (jonizing radiation,
IR) /= 4 DNA X W 3%, 5 B2 e A 3 o L A
SR AT R, RT HEH 1 DNA S, IR T
UL G| A B B 0 4E M R . Al A, IR G A AR 4 A
WASFHRB AN L ERAE(ELEH
EfdAMEF), THRELR Fa i,
AT B A MY MR R AR E Z A
F AT DNA 45 J5 o 40 8 & 6 A, DA R 4 L A
o B Bt g fa B bty o 2 B E b,
Bt X BE B AT B B L b R A e A
3 JF B 20 MR AR R T, UK 20 MR oA 3 ek
I7 48 M8 0 ROS LA K & Z SRR, LA B0 ) 4 L 15
SDNAHE MG h &, ARAR TR PR
ROS &4 X WA 5 &5 40 0 Jig L A 0% 5 40
AT, B UREARANZ ARSI T BT
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WA T R E MG A BUR T R, 2
L, RITR TR TR M ROT SR ST R T
KR F RN R AR AT

BRAEHRT AN, BAEEDTHRSHLA N
G T, BN B T B R 2 B AR A
FEN, TERNARIEL, TP HHE
TEEWAE, i, Ye %73 HT-1080 4 4 A
BampnmEE s R DNRER BHRENR
M MR R R T T
HEERN FRARATHRERRTEA NP
K] T A2 2| B4t 8 GOR 89 1F B 5 Thermozier 2 & 3,
F R 3 A 30 %) 40 fe 76 1= (4% 30 = LB - A0 3 30 A
TOWHY, TURREZBAFNELFBAWNER,
& /D RIT B IEE B AT AR B E R
FERALRWIHA, RAEH RN ATRELE
AARERE, HMEBrH b —Far e, a2 B s s
RIFER T —MATRE, BEHREIENZ, Ll
HRARA BT EHETWEE 45 4115 T 40 2
FTC B W RIR R B T A AL, B K TR BT T
4k 0 & -1 3 IE M A E B 7 N- L Be-L-2¢ Bt & 8. (N-
acetyl-1-cysteine , NAC) % & #J7 J& 40 i 77 7& & 09 1%
S8 B E 0 F| A (caspase [ 35 47 %1 A Z-
VAD-FMK) 78 3£ 3% 8 = #1 ] 7| (necrostatin- 1s) 5% .
KBERMHE A RER, AT RBTFF AR
TR NI E B, B Ak T T AR T 3 B AL
FEARNAR, RERAEGIHRAR, TETH
Ty T I T ok AR R A B KA R B B 4
fig g A% 3N 7 G BR O A

LR GHBOTHE . RALTSWENE
RBEEMLFEN-—FTE, SH5FLHAMNHENL
AREGEH AR, B iF LB EEZLTTD
W, B, %S 5WEANTRTRE LA THEF
ST UE M ERRA LN NG, REKNRE
A1 ROS ¥y J& J& T AR 38 7% A8 i B B & KL B R
Ivanov % 738 34 I fm 4k B F B0 AR R K B A HK 4T
T, URE B TR AR g R, #—F
R R I, K AR A8k KT DU RS 40 3t 2k S
TR, EB A AT BT, F RS T
e B 9B T A A AR P AR RO Y AR K TR A gk
SR E, R B O LT T BT R AT, R
BE T HITWIEZRY, WA, BB TS TF
oy A2 20T DA B OE 0 Y FE ST A . Bl e,
FERAFERLAEREEARTAEAETHN S 4

A B, 7T 8 A4k 98 7 & & 2 (iron regulatory protein
2, IRP2) #1152 4% & A % 1K (transferrin receptor,
TFRC) % 3k , IR 4R & B B0 £ 35, 1 % 0 Bk iR By
VAR 0 3 M B AR R B e, B R ST,
BT L @R T, AT o4 T &0
W % a BRI R AT IR B TR,
W PR A 2 AT I LB 4B R P, ) % 3K B9 miR-7-
5p [ DL 3T 47 4] 22 24 4k & & Mitoferrin [ 55 Fe™ 4%
EEERET, FRAMNEE b EATFREH R
RLE 5 0y 40 B IR A AL B & A AR T R HOT AR 8 3
R, RAGRERFRWERAL T, BD I~ 4&
BARIE . RRA AR AT EEE RNA A
F i KA, O R fe s (LT 7R 1 s 8% )
# CircATRNLI By & 3% B 3 B 1K, 2 & 1% 8 2 %
miR-23a-3p, 41 3 & 35 34 58 0 Ji 88 MOAT R R,
#t—FHE A BTN AL miR-23a-3p 5 TfRI
o DMTI £ #E 6] 45 4 4L &, 38 3T Circ ATRNL1/miR-
23a-3p/TfRI+DMTI % 7 & 3% TfR1 Fn DMT1 % 3% ,
BoE R Ak R R R
BT, BRI R A O O . B, £ A
HEITEER AR NS FREERATHR, R
B R E 40 R 4k BT BURR M R R B R T R
ER:R ol e cl

2. ] A B IR A A R 3 BOY SR M GSH AR
GPX41E N £ RN EENFAMNKR , LB 5T H15
B AR R B A 2 AR . 383t 3 4| SystemXe-,
W GSH A R AT UF T 5 A 4 & £ %
T, BT BT T DR R A & R AT
R e N & -0 S A C kRl
B = fiF 8 45 7 14, SystemXe- By 32 45 TP 375 i # K
K W& 7 B 5 11 (solute carrier family 7 member 11,
SLC7ALD) R ) B % 4 8k ik B k3% AFRIK,
T A H 2 B 5L 8 A0 B8 Bk ik KR, B B 3 A
SLC7TAII Kk EXF LA /N REH EFTHET &
B2 E o, 4 SLCTALL B B W4 T8 S 5 7
B 5 7 M Y Ao 40 e X AR AT BN BRI S i T
TR BT, D 4R A R B A R 4L AR 4T
Fifr. ET W, — B4 1T1F 57, 40 Erastin A &
B e fn R AR B &, BB SE Bk 4% 3 e £ A
I B ST R M), Cobler 25 % 31, Erastin 2, 22 7]
K V& SLC7AILL # 7 L ZE & W 40 3 An SLC7A1T" t 3,
JiR 5 48 A Xy T S BB M, T X SLC7ATT By 9% 48 A
TE, X — AR 40 8 A GSH By & RO D,
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FlEf #8352 T DNARAE 5, 8 m T R H AN TR
W EEGH T RALIREFLEGEREWHEA
B, mEE T RN T . A X E FUR e iR 0 T
J& /N BB B R, Erastin B 4 7 AR 3 #E 98 ff 5 40
HL P90 A AL 7 GSH 2 31 %] GPX4 1Y 78 M Fn 5k 34 5] 42
BT, RIEBT RN ERAS>, £H0 0, @
SLCTALL ¥ 5 41 | GSH/GPX4 3% 42 W [fl 07 ¥ 5 40
kAT AR — AR, Y X ERAT
TR ANy — R MY B, IR T A A A H W
BB, WEEENL T U R EME LR EAE
%t ROS, X 15 % & 2 % 2 40 L 1 ROS #y 1k
G Am, AT e E A0 e A AR B T, AR —
FIRE . WA, 400 1 GSH/GPX4 A4 A Wy 48 35 7T &
A H AL, A X R e R R R R
T AR B A BRI TR AR FRET
IR E

3. g It e b BT UMy AT AR X & —
WA B b P R ROR A E A T, PUFA E 4%
RTEHAN, B TeMNgg@dthgmERES
CENGHEME, A EE e ERGET R
R, ZEBEEGHNERM T RAE % LB BT
Ay Ap e M Ek g — % 4 g B B (polyunsaturated
fatty acids-phospholipid, PUFA-PL) it & ¥ # it 28 g
TR B0 R G5, dn At IRs% s S S 1L 4 Bl B9 0
fofib Ay B, A F KT, Lang &R, HUT £
¥R IR 6T WOE B CD8Y T 4 ML Tk Fy
(interferon-gamma , IFN-y) #0507 & 35 7 8 25 37 % 9]
M g 3 K R & 3 H (ataxia - telangiectasia
mutated gene , ATM) % 3 W 5 54 5 5% FH0E 71
(signal transducer and activator of transcription 1,
STATI) {5 5 B & ¥ 18] SLC7AII, 3 % it A B
B, R Bt ik 9 A Bt At 4 L A PR R 4E e 09 4R
1, Lei NN, IREV AR 2L TFARER
F M B AL (D)% 5 ROS {3t i it L £ 1L, ROS
[ LA % B PUFA o oy 8, F, 7% s Jig B B B i 25 (fatty-
acid radicals, PUFA") , [ J& &5 7 F &3 K BL 4 B g
Jrit A A B b 2 (lipid peroxyl radicals, PUFA-O0"),
ISR N T REA, AT SRR
it & Ak A (lipid hydroperoxides, PUFA-OOH) ; (2)IR
W DL 1t 3 ACSL4 B3k 35, # Jm T PUFA-PL #y &
# 6 B, 5 ROS —#2 38 3h fig it L A AL Fo 4k F 1= 10 &
£ ERIRZWFTHFACSIA R AR TR,
&, Ye % "E 1E Mg B 4 ¥ oM R AL, B 4t B HT-

1080 A £F 4 1 7 4 i PUFA B 8% flg 1t 1t B 7= 4 15
ek g B Wt , 5 4k 1% 5 A0 ok vk B 3 AT T
(imidazole ketone erastin, IKE) Bt & 16 H 7 DL P= £ &
BERR, AL EARE R RATEDRAR A
R IR o Fe AR A A BB B SR — S,
T R A I BE 4R At XM R AT A Y
¥ 0V 5 40 0 3T T T A B AT B BRI Y TR R SF T
A VS fle £F O B R R B = A DAL F A
o BMHTRE LT HAMEA T HAER, XL
ERTRETRNFEILTHERBEAN TR
T, XMFEHR-FHR, XRFREIR G IE
A sk Bk R A — A, (2R IR B 42 40 M iR
AN TR EEB R APFHGEE T AH, L
HANBIRMAF HRAFELSAFHHART
A DL — 5 B B RATT AR & AR B R A AT
FIRWSA T RENAC SRR,

= BT H AT M

TIY RS AE T8 9T A F F B B BT WAL 44
B REHOT RNy EERE, T AEHOT KA 8 AL
AR B AT W TR R . ST MR BT
WHLF O ERALH B AR D B RER, ZA
FEEZA(DBELEFHRKE FEE: mir-7-5p
AR BT RN AR ERE, CEERT
T ¥ mitoferrin J 2 & R & 7 Fe™, 314 2% 5L 1, 5 4
mir-7-5p Y R L T U FEHE AR BA BT, 7
—FHRMNAA, Pl EE BRI TURKETFRS
EREBERY BEKREMERLANTHELE
B, GSH K -F AR, ik K 4k 3010, 51 R 2R £ 40
BT 40 M 0 R, PR B M A A, ()R
W SR R T 2-A Feked K 2G4 LR A R
0 I 7 T 28 A (glioma stem cell, GSC) & LK 2 A&
T I8 b AR, 3 R 0 B B R RS — R
(reduced nicotinamide adenine dinucleotide, NADH )/
Y B B OBR 'E ¥ — % 4 B (nicotinamide adenine
dinucleotide, NAD") tL 8 7175 , 9828 B % AR 5] A2 AL 1R
7 #E e 75 Fn ROS R, B 3E L GSC # BT 7] Bk 6 K
¥ 1 E % F0 R 3 (metalloreductase sixtransmembrane
epithelial antigen of prostate 3,STEAP3 )11 41 & hn 4,
B 1 (heme oxygenase 1, HMOX1) th % 3k , ¥ J& Fn 5
R4kEE P W Fe, B4R T M AEGSCEA
A B 9D, AT B P Fi g bk X GSC A o B 4R
SEORT . (3) %k AT H & A M IE B R B : Lei
FURI,RARTUFSRAT MK L, BT
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SLC7ALI A GPX4 B9 & Bl P & 3k R T IR 3 0y
ERAAXMAMIABEA LAY & B2
(prostaglandin-endoperoxide synthase 2, PTGS2) #] %
Ik R 3BT I 1R 4E WG R OE , DUBK B T A L Ay
FARHETEHART. F LR, BRI FMHET
2 JL e e R Y KA 4 B 4k BT T R DL AR
ST BB ST JE W AR AR R B BT BOR
WO REER,#—FRFT %A A HOT R
EEWED,

09 4K BT A O B AP A AT R G I T P e ET
LA

LR T EHS B RGFER HE
AR e e B BE R L SLAKE 1R BAT 6 T R F AR
BT BOR B &, BOT T LA A AR JE R D B R
EEFALNBRAE, BREFAREEHKE
By R A FEFET AR, B2 A &3 B R
EHARTEREmMEREIERNEE AL
BRBGMABZRZN ., BAEENTFE A RNER
5 PF 20 A R R R, R E R E MR D R
ST E A IEW AR A R, R, B
A THA BTG AR T =AY, BF
H—-FHRBTHEABRGFNEG Y,

A HARFE T T RAA W IE AT AR
A A RGN EERE, AP R TXA
FANATRERG I RXE,FLEEE MR
G fn M EALNBES TR T WK
%, (1)1 A 4 : Thermozier %' 38 1T B fit = Bk &
SR A T 0 % Rl (JP4-039) | 3F A M E T 31 A
(necrostatin-1) X £k 7t # | 7| ({6 A& 0 % B& -15-Jig
A B ALOXI5 ¥ 8 & 5 %), 7T LA B 5 2
5 %8 5% B 4t (total-body irradiation, TBI) J& /N i B 77 7
= § NS NENNGECE B R kRN
T xS 25 2 o R 3% o B SORRE R B BgACF . R, A
K B R AT AR LT R AR R W A T LR AE
HRW AT A G — KRR, ERT A
TR T Z i, BEANFE LRI, AHE
By 2 S PR AT VT A 4B e B B A% 40 MR 1 AL (L A
# 4 B KT, £ ACSLA ALOX 15 .GPX4 77 GSH,,
FHRATWRE, B2 5 BHIBNE MK TH
R AL 25 E B R R R, 4k 7 9 # A
Ferostatin-1 7] DL 38 3t & ik GPX4 F2 ASCL4 #y K °F,
BWEHAERR TR L EMER, T XA
R O D AN WAl AR VAR AN = [ R

B4 fn g2 OB E, EHER A —HEENE
SHEBER, BAARAGIRWEEEA LA,
0, 5] R O R Ry R AR R
WHgRERIF FH-EnEmHammN%kRtT,
gl A2 /N BN A o o & 40 B A A e e e B B,
W 3T K45 B9 ROS Fdk & B30 4 7 1= 7 MA4R
BEEADRNFEERD, (2)H RS Xie T
ERFATENF LRI, REEFIILFEREAFRE
(epigallocatechin-3-gallate, EGCG) {2 7 DL % # K
& TBI & 5 /1N B/ b 1% A& 09 28 Hg 78 1= A DNA 43t
1, AR T /0 i 28 B P ROS B9 K F 5] #2 89 AL Bt
W, I HOE T K E T E T E2 48 % B F 2(nuclear
factor erythroid 2-related factor 2, NRF2) N, Fif %
A2 @ HMOXI, [ #f 3 & SLCTA11 GPX4 3 F A~
BRTHAEANEL WHEAFSHEA TR
ELREBAERS . (3) R RGBS M5
1% (radiation-induced lung injury, RILI) & &7 & 7 4t %
NEEARRAEMEFLE,IRAKRATHEEZR
FZROSHER , X 25 L RILIW £ E R H ,
P 7 £k Fb T 9 R VT B 2 96 9T RILL B/ R0F %
2. M RILL 7 7% 4T 1 i 4F 4 14 (radiation-induced lung
fibrosis, RILF) # i 41 8 & GPX4 % 35 T &, 4k b =47
HF T AR B H A& kA, R RILLZ 4 7t T 47 4 7
BT R, R R KR T, it 4 4 ROS K A
i ¥ 3R E 48 i B [P 98 25 38 ] F o (tumor necrosis
factor-a, TNF-u) | & 4 8/ % (IL)-6 1110, %% {t. &
K B F B1 (transforming growth factor-g1, TGF-B1) ]
AT B B, ZERILF A &, 4% 7640 ) 7
Liproxstatin-1 7] A3 34 8 7& NRF2 i % , £ HMOX1
A1 NAD (P)H: B £ ft. & J& B8 1 [NAD (P)H quinone
dehydrogenase 1, NQOI) ] #) & F, 3 % T ROS #
%, TR TGF-B1, AT 8 5 /N B8y RILF ™ (4) 4
BAG MM BERTBTFFE, T2 HIAU
A o g T BR O A BRI B WA
WHEB BT MDA T RHATEEZEL
I, A DLJRUER 4 e 0 S B SRR AR L D R
A T R B A TR ST
T ATE R ORI TR, KRS R A R R
REEERRT ., Hit, £ KK EL RN
ROS ATty 7+ , W g iU AL 4 oy 7= A, T BF
R BOT JE AR T R A K T R R 2 e B AR AT
Br, HEE AT P AR G T 6y BB

2. A BT M RETMRF R T KR
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GmbrEiE Y FREMBRARET AR 62
B R YA R I E R AL, B
WA RETHEECDS TAMM AL, B&
CD8" T % ffg /= & ¥ LA L (R 4k JL 109 O R R 4
MLHOT SRR A B . Wang £V H R A, %
3697 T LA A 38F CD8 4 i, B A IFN-y 3k T A
JREAR K HR 3 B 72 2(solute carrier family 3 member 2,
SLC3A2) #1 SLCTALL By & 3k , & B 40 g M1 At B % #Y
B D HEEMEaE s R A ARE,F R
BRI TR A AT M TR R BT BT R, Lang &3t
— SRR R I, F I 69T 7T DAR IR B 2k T T Y
ﬁ%f%%ﬁ%@ﬁﬁ;ﬁﬂﬁ5W%%%M%ﬂ

EM, BT R EIBET mAEFE T X E-TA ]
(programmed cell death-Ligand 1,PD-L1) 7837 28 it %
M T Mk B 28 8 A8 < & & 4 (cytotoxic T-lymphocyte -
associated antigen 4, CTLA4) 3% 7& 89 CD8" T 4 g, ty
IFN-y, 3 3 STAT 38 8 5 37 %% o ATM 8 8 , 1
[l 40 4 SLC7A11 thy ik , 8 fm 2 0 flg o i A L4117
A5 AR AT . A, Wan A B R 1
EARBANREE R TERE RN ERE B E
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