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BATH R S Mo E R R I Fe AT AR ARG R % 5 . 72 3 B A% M BE A5 4 T 7% (nonalcoholic  fatty
liver disease, NAFLD)¥, # & @i FMA M 5| K 1=, A dik-F3IE B+ M08 7 AT (nonalcoholic
fatty liver, NAFL)®JE & 1 A8 15 P AT % (nonalcoholic steatohepatitis, NASH)ARAM ¢ 4L &K . B AT
BINAFLDF # AT 4 e B A B B3, 5l T —RIITRE R 2R KN, HFHiEFIFT
YAy AL AL P 2 K 2@ i (hepatic stellate cells, HSCs)%k 5t T A& 45 4 FiIHSCs 4% 1L 4 LR 4 42 4m 8,
BV tm Aok AR (extracellular matrix, ECM)itAR, KAFRLFHAER, RTEALT R ANAFLDA 41k
M e 3 AL T B . AW E SAR T 5 T ANAFLD A 440 & & P 09 30 Z A A VA BT 4F e AL AL AL o
AT ED T b, B AT AL PLE], VAR ANAFLD A 4 ALY Bad 2540 5F K Fo il IR 6 97 32
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The mechanism of ferroptosis in fibrosis stage

of nonalcoholic fatty liver disease

ZHOU Lei, ZHANG Jingjing®, WU Mei*
(Affiliated Hospital of Guangdong Medical University & Zhanjiang Key Laboratory of Zebrafish Model for
Development and Disease, Guangdong Medical University, Zhanjiang 524001, China)

Abstract: Ferroptosis is an iron-dependent programmed cell death that involved in the occurrence and
development of a variety of diseases, including neurodegenerative diseases, cardiovascular and cerebrovas-
cular diseases, tumors, and liver metabolic diseases. In nonalcoholic fatty liver disease (NAFLD), ferroptosis
induces cell death through the Fenton reaction, thereby causing the progression of nonalcoholic fatty liver
(NAFL) to nonalcoholic steatohepatitis (NASH) and liver fibrosis. The number of patients with liver fibrosis
caused by NAFLD is increasing, resulting in a series of adverse consequences. However, recent studies have
found that specifically inducing ferroptosis in hepatic stellate cells (HSCs) in mouse models of liver fibrosis
can inhibit the transdifferentiation of HSCs into myofibroblasts and reduce the deposition of extracellular
matrix (ECM), exhibiting anti-fibrosis effects, suggesting ferroptosis can be a new therapeutic target for
NAFLD fibrosis stage. The review will focus on exploring the dual role of ferroptosis in the development of

NAFLD fibrosis, as well as the mechanisms by which ferroptosis-related targets and drugs alleviate liver
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fibrosis in liver fibrosis models, providing new insights into drug development and clinical treatment in

fibrosis stage of NAFLD.

Key Words: nonalcoholic fatty liver disease; ferroptosis; hepatic stellate cells; fibrosis; dual function; drug

treatment

JH A4 2 th B b A 7 A 32 R i R,
20194 A BRAE T2 2 Gt v v DRI JH R A 17 A8 T2 ) N 4L
i EEN2.4%,  2950% ) AL 5 T AR PORS 1%
Jifi 14 FF 9% (nonalcoholic fatty liver disease, NAFLD)
At B!, NAFLDS 2 Fhig v P 1 S F
BFEIRR BT B AR AEIPRS P I D7 H (nonalcoholic fatty
liver, NAFL). JEIKE NG 7 M % (nonalcoholic
steatohepatitis, NASH). JHZF4Eqb LS 2K B A
AL AN 41 P& (hepatocellular carcinoma, HCC),
RFAIE 2 975 B g 7 S 7 HE LA B 18 o A REIR 2
Pk, AERNAFLDI) IR HRL932.4%, H B
KR TS, SNAFLDA M 538 AHCCH
RIRZEABAE 2RI, FEINAFLD A T AH ¢
BU T 2R A s 2 18 K A DRI BRT 3R DL A RS A 1Y)
R E, PR EY, NAFLDA R HUE & EEK
TR R A A 2 G, T AR NASHIP2H 215
FRAE, BUAEAER S RIAM A 4E1b B By, HIET 2
/NI RE I, I FLBE G 25 4 A4 7™ E1 AR FE 3G 0
o A

UXBNAFL ] £F 4 A4 11 32F Jee (o AL 1) 0 456 I i 2
JHanp b ) AR L R R AT, B
W RIEAHMOZ AT A st T, WM. KRR,
BRAETS . MRS [F SR R A B At T Ty SR AR U
FF7 3t Jg 32100 BRBET 201246 1 TR
t, MRV TR A O BT A B A T T
X, BRIREh 2 AmAE IR AR R, 9liE
P4 (reactive oxygen species, ROS)HI K& =
A, FEOCEERIN AR B, B2 5]E
FFET-I A, BRAE T AR T AT 4 A b B XA -
— 5T, BRIET: 2 FEUNAFLD S 1% 14 JH-d 1995 48
N, IEAF4E A, WD ER R R L
FH G (R S8 A B IORT 9 RE S 82, MTIT AT R ek 42 T 4F
Y A0 B B R R, DR O A R Bk SR T N TR T
NAFLDA AL 2 —; 51— J7 1, (ZREEkIE
- AT BE BN TR T NAFLD A 4E 4L AR #E 5. BF A

KW, HEIEME. R HEREERN RIS S
A YA /N BRI P ) B R A1 (hepatic  stellate
cells, HSCs)BkALT:, Wi FA4E4L A, M
2% NAFLD T 454 30 )5 B4R AEL ), ) iR 2k AT
T HIEAE A B T 78 HAENAFLD 2 4E 4k &
AR R T EARBLE], S TT R IR T AR RS i
HEFRR AR

1 SKIET{RHNAFL[E T4 L HHR

FEIPHEIET 7 SRUIA e, T BRAUT5E, e
1% 5| 4 P B 375 P ) 57 AT 5 5048 B N i S
RETI, 53 RORE RS R A, XK BT %%
AU AE S FRAL TR AR, T S IE H 4H 0 S [ 2H
= gom, [R5 RHSCs I e A IR 82
PR BRI, RFEFAMTIESE, fENAFLDM T
Ja AR IR 0, H R R N R, R
I R TR H S Cs 1 303 5 2 40 Mo A 2% )5
(extracellular matrix, BCM)FZEEEN] 5] AL £ 4E4k. 11
BN, &S SENAFLE AR N T 4F 440 AT
PRI, B A L A S I N AF LD AL o % 3
THILTAEAE, FEHBF R R IEIE T2 5] &G
el o T Rt M PN e U= o S W 111 D O o
A, BIET S ENAFLE L 4L ik T h =
AN G, BRI R 2R R 1R 0 A ke £
S L TR 5 5 2 i A 4 1) R o A A A A
R RIR I B 0 2RE S B R AE (I ).

L1 gkd#

JHF R 2 A Bk 1) 32 B A7 0 42, o 25%~
30% 1) 2k UL B B T U A AE I, BRAE
WREAT IR RIS Ao uh, FEURNE RN
ol A E T EE e, SRR
AT B o, W R R s . 2 B SR
Wi EFEFINAFLD, T8 A o 5 80 gkt 4%
2 R R P AR S PO B AR, AR
PRI S NAFLD Z [ /E R AR S| A G, FF H
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TF: #5472 H(transferrin); TFR: #5452 {K(transferrin receptor); Fe’: WALE T: Fe**: BT FGF21: R 4E40fu A K B 1-21(fibro-
blast growth factor 21); HO-1: IM4L 2 N4 1(heme oxygenase-1); PTGS2: M JN4EE2(prostaglandin-endoperoxide synthase 2); NF-xB: ZiJif

15 F-xB(nuclear factor-kappa B)

El SR T{RHANAFLEIFT AL REE

9 A% P IR0 A L ) T 22 AR A R Y R 1
(human homeostatic iron regulator, HFE)FRAF T3
PR T 2R 23 s B A DA S BRI U i, AE 1 iR MR IR
(high-fat diet, HFD)ZM T, mibR/N R HfeHEF 2
T B 7 B ) P 7 AR AR LT AT 4R AR R R
AR FE AR, BERNEBEARS
NAFLD &5 R £ IEAHSE, JF HEINAFLD 3%
A I L E R AR KT I R R AT S ], R
B DA 5 3 O BRSE T AT BE S NAFLD IR A2 K Jié
A RPH Yo P RO, RN R R A AT
) L L7 U B R I A I A R R, S B AT 4E
CHITE s 1 — 20 R R V8 o1 3R KR 39 1k 51 14
(solute carrier family 39 member 14, SLC39414), f#
FHERBET-HH -1 (ferrostatin-1, Fer-1)R] %% /N iR
JHAF A IR R A o Bk 5 B 1R 19 I 2 5% 0 i 977
FRIHENFIA ), BREE A 7 258kl (deferoxamine,
DFO)RE 1 22 it HF D175 3 1 JE R 5 A 8 53 5 0 JH- 45
B R AER L #th S I ENASHI R, 16
JER S =« #D 7 26 & R (deficient in choline and

supplemented with ethionine, CDE)IX &7 51/
INASHAE AU, DFOT] PAZEMFNASHH (121 i 5t
TEARIERINE . FGF212&FGFZ I (1) A 43
B, ERRBARE T R E AR, Haeegdd
EBEHO-19Z 24k, INEEHO- 1/ M, M FAR I
AR ) L A S i R ey
B, JRERAINHIRIET, AR h AT e I kA
SEI /N BT 4L, B, BERER, DR
JF 40 BB 4 5 1 R e C 45 A & A 1 [poly(rC)binding
protein 1, PCBP 12 m] 4% fin -2 . 1 337 25 AR
2, HENIENAEM, MENAFLDREHEF, 1
TNAFEF AL R L,

1.2 FRHFAE I E &

BRBET 5 5 P20 Y ROS B8 25 RN 284k 7 38
77 A, 2 5 B0 R AR B RN 41 ffa 5 25 i o i 4 fk
(Rrr=A, 51 i P K 4 A T e B i 2 4
JAET:, WANAFLIJSRERT, A3 m i 2 FLF
b RS, BRI, NASH B 1T P i i ot
JIET/ B8 g P o Tt M LU AR A0, Tt I T L /s s
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T Ji B AL P AR R 5 BURF 40 Mo 457 35 R 4 0E 1 7
4=, JNENAFLDH)RBEL#EFE, AIRE 5 EIL T
(¥ JR it SR A AR 2000 R T A A T
(malondialdehyde, MDA)MI4-5% 3 T 4 & (4-
hydroxynonenal, 4-HNE)tH4%H {EfIlINASH &35
MIERAE T dr . Ak, 40 P AR R TR 2
SHFE TS kL H AW EE4(inducible
glutathione peroxidase 4, iGPX4)HJr=4:, iGPX45
GPX4{1 24 815 5% F= ) (canonical gpx4, cGPX4)#H
BAF R It cGPX4 AR (5 1) B A MR R (IE
W), AT Pt RGN R, iIGPX4E Y
AR AE T I I EENAFL B - 4L BE I R A K
JEBO L PRR F BB 4E AR REXTNASH R 2 1
ITRIT, R UM SR UL AR A, R
Pabric P L i E il o =Y
1.3 RIE

WEFRIL, BRICT-HA LR, SAERINE
SESER T HORERR, SIEHSCsHIEIE, 12
BERFHEFFECMIL EETAR, I HAERIET - #ENASHAIY
B AT 51 R 41 BB T 3R R A e e AT R —
FRIEA AL TR, SRS 5 UL R
351455 #H 552 X 4 T+ (damage-associated molecular
pattern, DAMP)E/i i A A=Y n4-HNE . F ALk
g AUSIRRERE2. H=J@B4IRE I, 5 EHSCsH
s, P RNAFLDZF4EAL 1 7= £, gk g psd
IR T M 2 2R 1B 1 (high mobility group box
1, HMGBI), i i 5080 5 40 28 7= s S v 52 4
(advanced glycosylation end product-specific
receptor, AGER), Z5NF-«xBill 15, NF-«xB
CL Bk UFE B FENAFLDAR 58 AR £ 4 A4 h % 5 B 22
PERPS . hAh, RBET AR g 5 i A= 4
HNEH2 —Fe /i, 2 5NF-«BIg1E K7 AT
MEAH ML 2, FEAHSCs S 5 M4 4 b 1 ik
JES, T, R B A SRR I S5 S IR
A T PN AFLD E F& A i 1 45 2 4L 1) X
ReP7 o B T8 I R BOIR B A A B 5 R
5T, AHMERIE T R IR R AR N R AR A R 1
V) E R, PRSI R BLERE. A=
W5, H%ES 5 RIERBL, I £ 4E 0 i KA
oy 191

2 BRIETIELZRTLALELIHTE

BRAE T om0 5 | R 230 S R B AR AL R
B A, 3 SO T 2 P AN 20 R R 2 401, gk —
A INENAFLD 2REREfE,  JO0E A7 (Rl 2
HSCs f¥#0E ANECM I HERL,  in s JH 21 4k 4 1) K
Ao AR A B B AT AT A ™ B IR B k0 B
R, PERERICTAE 2 4 b 1y 3 e b 15 2R
FAUO . BF 47 AL I % O T SR HSCs s b oA 72 26
R AF L 40, FE 1S BRHSCs i N A 2 13
BT AR 4ER G T iR BOE Rt R R, =
45 F 3k B F 26(tripartite motif containing 26,
TRIM26). ¥R 451385 H (bromodomain-containing
proteins, BRDs). T & BEiG S5 Ae0s 7 2 i A 5h
Yok i SR A HSCsBRAE T, HIHIHSCs#e 7348y
WU dEdm i, i 2rdedh, H 2 A RIGI7
) ),
2.1 HHXDF

TRIM26 & =45 #4385 H (tripartite motif-
containing proteins, TRIMS)FKEM A2 —, %K
WRIVF 2 R VE NE3Z R /E . TRIM26
TR E B RB S S T R R Rk
o725 R PR AR U 45 2 B A ek AR B R
W], TRIM26iHidZ 5L T HCCAATHY IR 7455
HA(CCAAT enhancer binding protein delta,
CEBPD)/#4A.175 T [ -F-- 1a(hypoxia-inducible factor-
lo, HIF-1a)AH5C RAEME il B8 A — AL B 5 g2
(nitric oxide synthase 2, NOS2){5 515, Mt
NAFLD™ il AF /1, 38 1M 22 1T i o3 A2 1
NASH A K IR 4L 104, 76— 5 R R TRIM26
VEF TR AR 4L RMLEI Y, ZhoZE MR I, 77N R
VU &ALk (carbon tetrachloride, CCl4)T£F 2 {455 7Y
i, TRIM26TELF4EALFHZA T i, i e 55
it FRIETRIM262 75 FHRROSFL R, FHUIEILH
HSCsRAZIET:, /N LTS A #% 2 B (alanine
aminotransferase, ALT). %5 & [ (aspartate
aminotransferase, AST)FIFE il &R 197K F &35 B¥
&, SLC7A11. o V¥ NUNLE)E H (a-smooth muscle
actin antibody, o-SMA)FRIFEE A I FIRIET
M, TRIM26 AT 5 5 8 5 7 i 5 11 (solute
carrier family 7 member 11, SLC7A11/xCT)#H H.AE
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F1 SREATERIFAECHBXREIREGY)

Ve S ‘i 2 5L 275 30k
TRIM26 ;ﬁ%ﬁgﬁgﬁggﬁﬁéﬁﬁ%ﬁwmﬁ%ﬁ@;5$£mnm§¢ﬁ,ﬁﬁﬁﬁ[MAMH
e RS ;%%?:%%E’{Jgf%%ﬁﬁ%%ﬁﬁ%%% R HEp53 5SLC25A28 I HAE T, 1R [45]
ZNF36 FEATG16L1 I mRNATEAS, il [ Wik 2 Y A1 BEL W [ WA 2k o 1 e fe [48]
MSC-ex A SBECNI#IHISLCTA11/xCTUK ] ({1 GPX4F 1K [49]
2hER iEEHI;H}%ﬁ/TSéFC;?U% NIHZFP36I1H% % HIFELAVLI/HuRE Y ; L iHHSCsHBRD7 [45.48.50-52]
iﬁ?ﬁfﬁ%ﬁi% CHBR  EIEFGFRGETIIXCTHE R4 [53,54]
FHFERE  LIRHO-1MRIE, HHIGPX4FIDMTIER L [14]
FRWNT  FIHZFP36HIEE T [48]
R ?vIEHSQsEPATG&MATGS\ ATG6/beclinl. ATGH] EFIp62. FTHI. NCOA4H] i, [13]
AT i 2 % B 1 1 e
MAHHFE MHIPDGF-BBYE A S HSCsiEl, EIANCOA4HIRIE [55]
5 U iﬂngpz'QSTUBlEﬁéﬁé‘ﬂ%ﬁ%ﬁmmﬂ@&%m R4 N IRP2EE H AR B R ipS3fk [56.57]
WM S M ERAE T
MEEERE  H0HIPRDX BT S R M R (L HSCsHTHO- 1R IA [58]
rh 2l % g T Yl ﬁi&VAMPz?I%EIWﬁ%?ﬁ‘fkiﬁiﬁ*ﬁ‘]ﬁ%ﬁ@,‘W:%UFPNW%T&%?@@%?UEH%, EL b7 [59]
D% SNAREE G¥IITE L, 5 EFPN 5 fr FI4H A A ki 2
INBER JMHIHSCs i F HE-TERE IS 12, iﬁgﬂuémﬁ’@mlzgsﬁq;ﬁi, I vz % - A AR N [60]
HSCsH LR KR, AT 75 5 T 40 A Py SI0 2K 5 13 %
S E {RIEHSCs Y 4 1, ﬁ@NCOAﬁnFTHl’E%%E’\JB&%; I £F 446 Hh (I CXCL12/ [61.62]
CXCRA4EHHh, B 1IEHSCsiFAL
ZRFEW HITGF-B/Smadfs 5 il B [63]
I ER F#IRGPX4/KF [64]

M, ez x, BIKSLCTAILERIL, Mg
BEAR UL EAL S RRAE TR R AR, MBI HSCs g .«
BhAh, BRFETHIH] 7 DFO AL 2 AT )1 TRIM263d 3=
&, GELF eI, R TRIM264E [SLCTALL
FIK TR AT Al 167 48 25

BRDs /& R 41 8 11 45 507 L (1 L B = R iR
TR, AE e R e kA 4 op R 4 AR O R
CkiE, 453 5 1 7(bromodomain-containing
proteins 7, BRD7)iiFRe=H I M AR BT R AR #E5T
KIL, BRD7IEIL 5 Mg 41 &5 53 (tumor  protein
p53, p53)ING L SRUE A I E RS S, et
pS3LKLAA Gy AL, AL 5 R SRR SR 25 1 5128
(solute carrier family 25 member 28, SLC25A28)#H
BRI RE &Y, HEESLC25A28/ G, 5l
LA ER A RN TR RS BE R D RETUE, i
KHSCsERIET:; Ff 5 MEBLITHSCIBRD7-P53-
SLC25A28%l ] LM R % $i7 17T (erastin) i 3 1

HSCELAET:, #Miilerasting| L i/ U £F 44k 24
EAEHWT,

¥¥4E 1 1136(zinc finger protein 36, ZNF36)Zwt%
RNAZE A&, fEdt'E & HRnE s Al JR 8 i (adenine
and uracil, AU)JCEMEZAEM, ZFP36H]iE
53 AERI PR X R E S AU T4 & S 80E R
R EE K161 1 (autophagy related 16 like 1,
ATGI6LI) mRNAZEAS, M ik i [ 6 2k 1% 7 BEL T
FIWR ek 8 A PR fE, I AT T XTHSCsE AL T 4K
PLAIU . ZFP365] AT 1 [ I AR A K BT T AT AR A
I A AL R AT, 8T FIMZFP36HIER
BT FHSCsHIBR AT, A &M I 48 4k 40 1
FE Al

N J At 18] 78 51 T 41 g (human  umbilical cord
mesenchymal stem cells, hucMSCs)Z) ¥ K74
(MSC-ex) ] LA/ S5 & 1 (beclin 1, BECN1), #fI
HISLCTA11/XxCTIKZN IGPX4KIE, ek N E IR
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AL ARROSTE K LRRiIAThRERERT . Fe* BB iR
A, MG KHSCsERAET:, F ki HMSC-
ex it PRAK T CCLAZL 58 /)N BRL AR 440 I H 1 R
B E IR,

22 ImRZY R EWHIF

Z 7 3F JB (sorafenib) & —Fl 2 BEG 55, 2
B S0 W 300 4 i g 1 4 - S 1 24 b — 3RS 36
EemmagyEsRmftEnr iy, e /ERT
HSCs B IEPUITEF 4EALVE Y, XFsorafenib & %41
HHEAAE - DLRIBEAT R 7T, K IAEsorafenibib
BRI 2 ARG (HSC-T6)H, fFEBIET-HIR
4, WISLCTALL. GPX4HE J5 B 43 bk H ik
(reduced glutathione, GSH)HJFE{K, #:. ROSHI
MDA &, [E ] sorafenibifs T B FE T I AR 1E
FFF 401 it 5 5 4 A A 0 8000 o B T A
FFer-1MIDFO W] LLYH Bisorafenib 3| & FTHSCs#k At
T-MECME /L, KB sorafenibilid & 7 ik T
HSCs BRI TR R AE PLLF 410 AE PO Be4t,
sorafenibift A] | HIF-1a/SLCTA 115, F#HSCs
H1GPX4. GSHIHAEFMROSA it &; {#%RNA
455 HELAVZEE H 1(embryonic lethal abnormal
vision like protein 1, ELAVLI)/ AZE$i/HER (human
antigen R, HuR)iHE, HU&HE S A B WML
HSCsIERAETP, Ak, 26 H 2645 B R fL ik
M THCCHEE M — 2697 49 &8 Je Lk ik iE
T8 I R A A A B A K R T 32 AR 4(fibroblast - growth
factor receptor 4, FGFR4)FZMiISLCTA11/xCT#;iz
ARG, HIRYPSTIRA, MR AERT 2R
IR T EH s JF HFGFR4 CL IR SL RE 48 (R 37 AT
E G2 F 4i Ak, SARE Je 72 4 4 I 1 F A 15
BB 7,

FENHE 254 (bile duct ligation, BDL)/NERT4T
e ALY, sorafenib A e/ IHVH R & AR 51 A2 I I
WA EEI T, CFEH4E IR A0 I 7 AR 1t A 58
SE, FEARH A 4Eb A R R Rk, BFENEE
Halpha 2. I )55 Halpha 165, 25 &8Ik
(matrix metalloproteinases, MMPs)FITIMP 4 J& Jik
B #0711 (timp metallopeptidase inhibitor 1,
TIMP1), ZEf#RF44 K A FECMA BB,
SorafenibfF F 5 HSCs#k AL 1 5 B 1) JH A £ 20 iR
R R TR B WAL, b5 H el

i #% A0 2E K [R-F-B1 (transforming growth factor B1,
TGF-B1)7E FF 40 o i 02 98 T2 M 4 44 /R A
SN ¢al )7 R S € | Y ER P R
KT A 4efe B N AP 4E e br K1, I b
W 7 BFHHSCsHBRD7IK Y-, R 4EAL B
WHSCsIERIET:, AT R BT EAAE .

5 H B R B (magnesium  isoglycyrrhizinate,
MgIG)VE S VA I 25 I 28 v 5 4% 2508 T 2 e A
M. #7 LB, MglGHE FiHHSCsHHO-1/1)%
i, AmI R R SRR B BB A A
Ak A #E 5% 1 (ferritin heavy chain 1, FTH1)4E
B, fRHEFe™ B 1L BRI Hi GPX 43K 1A il 1Y
MESREARZREKN - ME&RE THBIKI
(divalentmetal-iontransporter-1, DMTI1)[J 3
X, HFROSHE, SIEHSCsEIET:, ML
S AR 444700,

FEBDL/) B b, BRBE T 4] 7 erastin {2 7
HECGE LA AL E R, 3E— 0 AR 4EAL i
e EAR AR BN I SE N R 4
(liver sinusoidal endothelial cells, LSECs)f1HSCs,
K Blerastinif J7 B I IN 1 JFEACHSCs AR SE T HR
SHYIPTGS2M#KIE, (BT 4. LSECsHE
WEA A H% A, R Werastint] B R R MHIES
HSCsERFET R Bt IF AR 4E L™, [ B sorafenib
erastinfIRSL3 1% 3 (32 Z P AR ol LR A ZFP361
Bk, BEMREHSCs g R B B W, 302k
AN &2 TS
23 PHREFEERS

Hh 24 K E I o AR TR B AR T T AT 4R AL D5 T
AR HTT R B kB B R R AR TR R AR
FUSIATO 5 PR (artesunate) 1E Ny — R 21 44k
25, FIHEA/NRHSCANME. AR R %%
AT R I, OB AEGSH. R PIE T AR
EVGPXAMPTGS2 5 £ A br E W o-SMA L E
fi, FIFEFe” B, ROSH EMFLAIAE 1Tk,
SEAEFR S AT A HSCsAET T, /N R
CCLAMF LT AR R, I s v 6 7 T R R B ) /)
U BOE THSCsERIE T, 235 FRAR T 4 4k 4L
AP AN, T BRI T 5] ALHSCs H AU A G
T B3 HWRAH ISR 3 (autophagy related 3,
ATG3). ATG5. ATG6/beclinl. ATGH] L i F1
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p62. FTHI. #%32ILHIE R 1-4(nuclear receptor
coactivator 4, NCOANHI N, MiifitkZkEHH
Wi s 388 3oV Tl A M A 75 S R 2k 2 5 RIDF O f
FePEIHI R E R, W ER TR IR R AT 4E
HTife, RYIFHE IR FHSCsER A T2 Pier
YL T 06 75 )

i 2 AT AE PO TS 1 2 (dihydroartemisinin,
DHA) A] #1fi] fi. /MR 42 K Kl --BB(platelet-derived
growth factor BB, PDGF-BB)if 5 /&4 HSCsig
. ERNCOA4IRIL, SHEBRILT AR LM
B AR 4EA6 s I8 f i S DHA L3 K BRUFF A 42
S BDL 5|5 05 AR E, DHAVR YT B35 008 1
JHIEH S AR, FEAS S A0 L7 H TNF-a
HMITL-6 (7K, #1152 3 A8 P9 0 7 BT
B, EERT AR, 5 H i (artemether,
ART) i@ ik # i1) 8k /e B2 Jc #F 45 A& 28 1 2 (iron
responsive element binding protein 2, IRP2)5%
STIP1[AYE#IU-HE S 1 1(stip] homology and U-box
containing protein 1, STUBI)¥J&E & K E(KIRP2[]
ZFEA, RS A IRP2E F AL SR, AT IS AN
BRI, WA BRIOAE AR A e, B I A Bk
IR E Nt Z FIROS B, 15 FHSCHRALT:, 7Efk
PN Ah SIS P8 R P RAF R P AT 4 AE PO i
4t ARTIE AT LA #Ep53i5- S I BR AL TR AN HIHSCs
WAk, AT AR 4 A br 3 5 R Rk A B DT,
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