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Bidirectional regulatory role of ferroptosis in virus-host interplay
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Abstract: Ferroptosis is an iron-dependent form of regulated cell death characterized by the accumulation of lipid
peroxides, and lies at the core crossroads of the virus-host interplay, with a bidirectional regulatory nature: viruses may
either induce ferroptosis to promote their own release and spread, or suppress ferroptosis to maintain latent or persistent
infection. This review systematically summarizes the convergent and divergent mechanisms by which different viruses
regulate ferroptosis, including three bidirectional strategy modes of iron metabolism reprogramming, antioxidant defense
remodeling, and lipid metabolism reprogramming. We also dissect the distinct pathogenic roles of ferroptosis in viral
diseases of different target organs: the stage-dependent bidirectional effect of “acute induction and chronic suppression” in
hepatitis virus infection, inflammatory tissue injury and disease aggravation in respiratory virus infection, neuroinflamma-
tion and neuronal injury in neurotropic virus infection, and myocardial injury in enterovirus infection. On this basis, ferrop-
tosis-targeted antiviral strategies are distilled from two directions—inducing ferroptosis to eliminate viral reservoirs and

suppressing ferroptosis to mitigate inflammatory tissue injury—together with translational approaches such as drug reposi-
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tioning, natural product development, and combination therapy, proposing a differentiated intervention principle based on

virus type, infection stage, and affected organ, with the aim of providing a novel theoretical basis for the precision preven-

tion and treatment of viral infectious diseases.
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Figure 1 Core ferroptosis regulatory network and viral intervention nodes

STEAP3: fiif 51 it 75 U 5 W& I J2 Hit JiL 3; DMTI :

T ERE T HIE R 1, ACSL4: BE AT AT A A BB BE R N B 4
PUFA-CoA : Z N AN g 7 R Mk 35 5 i A ; LPCAT3 : ¥ IfiL % i %

JIEL 6 Tk 35 7% RS T 3 PUFA—PL: 22 7 18 F1 I 7 Tk L 1

POR: 4l il {1 % P450 S L8 R ; SLCTA T : I FRRAR KM 7 W 5L 11, SystemXe— 24 ; SLC3A2: ¥ B2k K F % 3 i 2 2,
System Xc— B HEFEAR ; Keapl : Kelch ¥t ECHAH G (4 1;NRF2: B K F E2 MG T 2; HO- 1 I 20 R 4A AT 1;FSP1: £k3E

THIEA 1



AW R < 437 -

5N 5 A AR AE T 0 A R H R
JEOR B HONT W7 A & e I 8 TRIM21, i 1 14 58
SQSTMI1 ) K63 iz & fk. i # SQSTM1-NRF2-Ke-
apl il , il & S804k 1V 38 5 R BE T O 4 e oS BRI
B GH 5 W 2R G AR A 3 (PRRSV) AE 45 /8 85 M
nsp5 W38 o #8 m) p62 #l il Nrf2/HO-1 38 2% 1% 1 , 15
PUfE EPUR RN . H R HINT Y 2 %
ge NS FEIE  R A0 22 4 il NRF2-KEAP1-GCLC
B AL GSH A B 5 SR T 5 1R 9 7 17
(Borna disease virus 1, BoDV-1) &4t JR {2 #F NRF2
7 AL B 3 NRF2/HO-1/SLC7A11/GPX4
BT T A 2 TCARIE T, S 5 BB R 1 KR .
2.2.4  SRALTUE LB B - 2 B VAR R v AL

T3 — 7 10, ¥ 439 2 5 Ak 1 B AR R
PAI 246 T . EB % #% (Epstein-Barr virus, EBV)
J& Y 28 p62-Keapl-NRF2 il # T i Keapl. fa &
NRE2, # 1 8 SLC7AL1 5 GPX4, AR £ A 937 20
JiL Rk B T 1 SRR O A iR R 5 AR T K
U EBV R FR T IR T 2h 25 A% B 4H X 2k FE T
A BIORE . HBx W) 1 9 28 1 0O (R W 3L 5% B8
fitt9 (PRMTO) , fit: fb #4 4k 3¢ 4 11 A8 (HSPAR) &3
R76/R100 o 4§ 2z 12 K A= W A& i, 48 [ H CD44
R FE T, N HBV AH 3¢ T 41 ff 8 F g HBV
B G T MR/MEEAREEWERNT2HFN
PCNA 454 % 1 (PCLAF) 5% 57 32 [ AL N Fe? "
KT B GPX4, 3 8k A8 T 91 T I 9 40 it xR
PrAEJE B 245 X 2B A 3G R SR A SO
I T 5 8 M R R B v G R e, 5 R A A
RS A A 1 2 A O oK B S T
2.3 PERARME pAT R ok

Il ot B 2 200 M RS 5 s R 6 BB 1 245 4 B 4, T R
BRBCT AT AZ O Y o 8 B 38 2o 55 98 g U 1% 14 0
b M A A AR AR R B T BRI
PR
2.3.1 LM ACSLE%

ACSL % 2 3% $2 Mg 105 TR A 5 R S8 T I A% O
i 7, Z Mo 2 2 AN E AL [ ACSL R3is . JEV
Y 22 YAPL/ACSLA Bl 42 3 fig 7 ik Ak, [7) s
il GSH/GPX4 41 E 4k R 4t , WUE 57 1 3K 3l #h 4 0 ik
BT s BRFE T4 77 Liproxstatin-1 1] i # [F AL JEV
SR /N B 20 208 I 2ot Ak K O 55 BT L R 4R
R AT R BUF 4% 8 AS9 Bk (MHV-A5B9) &
NF-«kB # i . TLR4 JE 4R M & 42 [ ACSL1, %5 %
i 20 MR BT T, A2 2E 5 MR TR 15 A E TR Tl
I A TR N < R U R R

(HIV-1) Tat & [ £ F i miR-204 fi# B XF ACSL4 1
B 75 /0N B 40 M R A8 TR R R I T
Z: 5 HIV # C M 2B i 19 R > o oy d
fR 2, T 3 s B 55 ek IR B A 52 ) 40 I 4% (replica-
tion organelles, ROs) 4% B K #i ACSL4 4\ 5 1 i i
P G A, LA ACSLA 88 k0 41 41 0] (2 4% 37 B
Nt A 27 B ) AT I =5 40 o) 22 Aol T O 7 S O IR T
il X — A PR R BT T IR 4 2% v ) i T A
PERR NG HUN R A
2.3.2 JEWITR EA AN 4

i 17 12 25 18Rl 2(F ADS2) i 1k 7o AN 1 1 i i
P A G B A0 B 4 o) SRR FADS2 7] R A i
I e AN SRR T R 5 A A s i S AT 2
& N AL R 95 7 (hepatitis C virus, HCV) A9 42 il
ROR AR R e SE T R HCV &2 i K R B
iU, 5 2 0F N, HBx Al £ b miR-205 U [
ACSLA AL 40 i 0 B w2 55 B B AR AR 28 4R
HBV X ACSL4 A SR I 19 s 1y 1 79 Al E 51 2 R g
E o
2.3.3  NBTH A S0 Z O 1 IR T IR BR B S e
il

FE R 5% 7% (rabies virus, RABV ) 5 ik .0 L2 95 B
(encephalomyocarditis virus, EMCV ) %5 Ig fifi 28 55 7%
28 Y B H Ik I R B B W (DGAT1/2) 42 2 H i
= Hig A& A5 B 3% (lipid droplets, LDs) K& A= 5%, B
A B R T B RS U B AR A U 4 2 (arachidonic
acid,AA) , 3§/ ACSL4-LPCAT3-POR il i 1 ik 4
AR, DT 00 4 4% B T LA 2 AR B G A0 A T 5 0
DGAT Wb 5 T B UG AA KF [0 T IR & BRFE T2
AR AR AR R T A A Dl TG PR R A O B R
(Kaposi’ s sarcoma-associated herpesvirus, KSHV )
2 1 B vIL-6 W] 28 Sirtuin 3 4 5 B9 £F 1 i R TG 9
A -1 mRNA 254 & 1 1(SERBP1) % 4 Bt L,
BH Wr SERBP1 X Hig Bt 4% £ g 2(LIPT2) mRNA #y
P, IR BT T T G R A MR R A X S L
5590 B 175 2 iR 0 i AR AR A SR B L AN L RO AN
[F) 99 B 78 75 2 R S0 T4 R 5 410 A R S T 4 A A
T 22 B] 14 SR W 22 S S LT i o 4 s 1A A A A1) H o

3 KA THEERERSEERFRPHNERUER
meE

9 i SRR XoF K PR T A VR A AR — e, 2
o E M TS AR ) A RO BT R T R LA RO
B H BRI o LUT U O 4 R 2%
Hil ik, ARG EERE T EFHLBEN MG



+ 438 - SRR A - BRBE TR 1 i A v A 0L R AR T

x1 FEEASESETHZKRERER T H NGB
Table 1 Three strategic patterns of viral ferroptosis regulation and their bidirectional effects
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Figure 2 Differential pathogenic roles of ferroptosis in viral diseases across target organs and corresponding

therapeutic strategies
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Table 2 Role of ferroptosis in viral diseases of major target organs
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