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PANoptosis: Molecular Mechanism of Action and Effects on Blinding Eye Diseases
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Abstract: Previous studies focused on the unique regulatory mechanisms of different cell death pathways. However,
recent studies highlight crosstalk and co—ordination between these pathways and initiate a new cell death process called
PANoptosis (pyroptosis, apoptosis, necroptosis). PANoptosis is an inflammatory programmed cell death pathway regulat-
ed by the PANoptosome complex with critical features of pyroptosis, and/or necroptosis but cannot be characterized by any
of the death modes of pyroptosis, apoptosis or necroptosis alone. By activating the PANoptosis pathway, some triggers like
bacterial , viral, and fungal infections can cause death of the host. This review explains the PANoptosis—related routes, reg-
ulators and their potential effects on blinding eye diseases.
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HEBEAR S BN RGP | iR AR AR 45 ) 1) 707~ pIL ) o
AR T —Se e gt R BURUBR o BFF 90 R B AR AE ik
KHEBIR M Z25 T K A% PANoptosome 4151 21 i1 7]
T A AR T SRR I TR AR 2 R A 1) R PR AN TR, A%
FT SRR RENE AR R A AE T . £ 40T 2 G W) PAN-
optosome VE R —A4rF A8 ik 3R FET 342 1 Sk 4+
1L [A] 2 5 PANoptosis i ¥ v, 4245 ZBP1 . TAK1 . RIPK1 .
RIPK3, NCLRP3. MLKL. Caspase—1. Caspase—6. Cas-
pase—8 %,
1.1 Z-DNAZ&EER1

PANoptosis (08 T2 A0 MLAE T IRBEPERI 1) A9 45
W2 AE S 2%, AN RERH h — Fh AR IS TR AR RAE W K 3
g A2 1) G SRR AL [ 99T . e B Maliveddi 557 & $5E
KA JE AL RS Z-DNA 455 11 1 (Z-DNA binding protein
1, ZBP1) FufE A= 4 Kl B ¥ I8l 1 (transforming growth
factor beta—activated kinase 1, TAK1)/E 95 JF A S8 G 116 42
KAL & ES 7] LLJE 3l PANoptosome &2 5 W) B 2H %% , i ZBP1
PANoptosome, ZBP1 PANoptosome 1] L A2 #F 41 it [N 7 %
AR T AR S R BRI T, AR 5 A R
MRSl . Fln, ZBP 1N P AL 5B 77 (influenza A
virus, TAV) IR SRS , 8 13 Zoo 25 H4 358 L 52 1A AH B /R T 26 A 1)
T 5. AE H % 7 (receptor—interacting protein homotypic in-
teraction motif, RHIM ) 5 32 /& A0 B A FH 22 A fr/70 & iR 56 1
i 3 (receptor—interacting serine/threonine—protein kinase
3, RIPK3) AR T AE A, 42 #F RIPK3 (19 [ B B AR 1k ; 3 5F Cas-
pase—6 Fl1/5¥, Caspase—8 , i 1 1 Jie 5 41 i I3 T~ £ 11 (apop-
tosis speck—like protein, ASC)£55 I G A% TR ES 5 L R 45
P, w5 R E 2 )T 5 A E pyrin 54938 3 (nucleotide—
binding oligomerization domain, leucine-rich repeat and pyrin
domain—containing 3, NLRP3) . Caspase—1, 3 [ £ i, PANop-
tosome & &), 51 K& Caspase—8 /- 4N HE A T~ : Caspase—1
KA IL- 1B L= 18 Fi (A8 20, e b U Y TL-18 K
1L-18 it A 1 Caspase—8 & I 7K fi# GSDMD (gasdermin
D) ) C 2R Sy, FR IR 125 149 N AR Sy , A5 SR AE/IMAHORS P42 1) 48
AR T T B9 RIPK3 478 52 TR 5 35 22 45 M 30 £ 11 (mixed
lineage kinase domain-like protein, MLKL) Jf-{i¢ #F H i 1k ,
285 B0 RIPK3-MLKL AR P IR 58 P 08 1y % A1 ([
1), HALBFIE B Caspase—6 155 ZBP1 41549 NLRP3 4
SiE /N A 0 T R O M A M BE T (programmed cell death,
RCD) 1, 1fif H. Caspase—6 il & 15 RIPK3 A0 H./E H , LA 34 5%
TAV YL 1] RIPK3 R ZBP1 22 8] (¥ A0 EL AR I 0 TAKL %
A S PR AR B R I B, 25 fisl &2 RIPK1-FADD-Caspase—8 &
G YL %€, BUNLRP3 S AE /MAMRS M Al Caspase—8 4
9 GSDMD 1 /K fift A 20 i £ T 1% K A RIPKT 355 &
RIPK3 A BERR AL , JE 1412 5 30 RIPK3-MLKL AR SR ST 1k
T AR AN TAK R I 2 fih 22 RTPKT AR 451
DR T A 2 ST A P A B DT A0 M T S RE /IMA S 11
FETT RIPK3-MLKL AR EIRSE LI T (PANoptosis) 7',

ophage )
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Fig.1 Schematic summary of the activation of PANopto-

sis in macrophages during influenza A virus infection
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ARG R ARG B 25 RG99 B 1 Fl Francisella novi-
cida 1B A A 1) I I 0 HEASE ) P A7 A ) — i S 0E /MR 2
{6 398 Bl 2K 3L [ 2 (absent in melanoma 2, ATM2) . ATM2 &
PYHIN ZEJ5 i 5 (Pyrin G544 380 7 HIN 544 380) 2 — , o)
— N B R AMAAL AR BT LS S R S R A ik
JE A pyrin 1 ZBP1 175 3 R AE 2 I M A 5 PANoptosis fY &
AN AR Z AIM2 (9708 B R R JR Y L2 L (bone marr-
row—derived macrophages, BMDMs) # £ f | ZBP1 A1 pyrin i}
PRI, JERE SN S AR ZE T B 9820, T ZBP1 BY pyrin
BRIk SE AN AE T, $E7R AIM2 2 ZBP1 #l pyrin 1)
b FE Y R fil &% LD AIM2 PANoptosome & 4 W1E R
PANoptosis , {H /23 5 /£ H1 H 4 {L /% HSV1 Fll Francisel-
la novicida JEYe & B,
1.3 PANoptosis iF 7551

BEAEA VF 20 40 M0 T IRV 0 T 5 R 5 P SR AT
TR AT, LB s B3 5 B S il PR G R R
SR s o e S R LI SRFEAE 3 T4 1 57 Nee—1 (necro-
statin—1) , B F 2 DL RIPK1 gV FHE £ 40 ) 20 B R ) 4 30
B, i e i P E B 405 Th AT DUR B — @ B AR Y R
J IR R P AR E P25 . 2VAD—fmk &
R P Az 2 e DR A R A R0 T LA e 4 R A
Caspase [ I 2 100 BEL DT 200 M 00 1, 70O UL AR 1t /P08 3 45 4
H R 2V AD b A7 28000 i 40 ML T B S AE S T, HAT A
SR A AR E M 22 SR S AR

Fiti 5 %o} PANoptosis FETZ 1 #2 S AL TR AT, PAN-
optosis 5 = F LI PCD (4RI T~ AR AE T IRSEETHTS)
—FER RN B2 R4 (Y 40 FE T2k 42, 1T PANoptosis 1)
VAR 32 5 B AR AH G 43 3 (pathogen—associated mo-
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lecular patterns , PAMPs ) Fl45 405 4 5¢ 2 F 45 2 (damage—asso-
ciated molecular patterns , DAMPs VIR .PANoptosome P 2H 2
A, ARAE PCD 3R AR TR T R YRS SR, & WS PAN-
optosis YA 1% Y IH 5 7 [R1#E £ DL PANoptosis {5 51 4% - PAN-
optosome A YR 4 Sy A ZBP1 Caspase—8 2 VE
LiLp=es

2021 4, Karki %577 & A —Fl 5 ZBP1 — R L&A
Lo FER BOITVE T RNAL (9 i i 21 (adenosine deami-
nase acting on RNA 1, ADAR1) , il i3 Al RIPK3 3% 4 M 45 &
ZBP1 1) Zo 25 M A B ZBP1-RIPK3 AH A5 AT, M)
ZBP1 4311 PANoptosis , & /)N B &5 B 9 A1 2 68 208 (1)
AR M TEN FORZ iy A0 7 (nuclear export inhibitors,
NEIs ) ¢A5VE T T/ RS B i A 68 23R B, T LR
il ADAR1-ZBP1 AH H.AE FH , fi& i# DL ZBP1 415 ) PANopto-
sis, 011 b T A0 & SR 2022 4F |, Zhang 2PV 57 3 B
ADARI Fy B 25 23 filt % Z-DNA (9 BUR V5 5 ZBP1 4 311
necroptosis. TNFR1 7] 5 TNF 5531 Caspase-3 #l 8, {2 ilf
Caspase-8 /- S0 PA T IRSE TRV T- SF AM A AL = BliJE
Cui 257} 38 T 58 B4 461 57 miR—29a—3p LA TNFR1 M 1
H0 5, ] FE 520 Caspase—8 W TG , i8E— L4003l Bt 0.1 iz 41
it 5P %) PANoptosis, i 2> 20 Bl 453 403/ 20 P P I 2 38 45 A 1iE
(acute lung injury /acute respiratory distress syndrome, ALI/
ARDS) #4503 .

B Z , PANoptosis B FHLH EE B ZEARL
G WA B T A T 0 AT AL SE T 10 % T PANop-
tosome [ ELARZH 23 AL 1 B 7, 2 5 i S T R 5 5
HE A EAE RS A AR R

2 PANoptosis /£ 3 & M R % F &

FOE PR8N P 3 H S AT I R i) AR R
9, LA AR AR AR T OGIR 8 PR s AL 9 IS 2
TR P B e it PV VR A0 46
2.1 PANoptosis 524BEZREHRERX

PAAE 2R (herpes simplex virus, HSV) J& — Ff XU
DNAJRFE , B M R 3 24 = R 288 . 1 AU B 2l 6 5 7
(HSV-1) .HSV=2 Fl/K Js 47 IR 9t 92 %% 75 (varicella zoster vi-
rus, VZV)"Yo HSV-1 HSV-27E 2R m BE WA T, F 35331
209 67% F113% . HSV-1 S ERERGRTAHICHET K, £
R A AR . TERIBE S, A5 1 1 A R TE
BN R AL ek e Wi £ 2R Yu Bl He 55 W58 K
PRAE HSV-1 8L 0], Caspase—-8 & SIRSEM:H T- AT/
P RIPK3 BEZ 5 SRSEAE I T (93057, A7 it 4 i 8
T-HIVER o Guo ZEP 78 HSV—1 B YL 7 A8 /] BRI fiti 355 46 0
F) 41 i 98 T FR & W Caspase—8, F5 T-Fr & ¥ GSDMD | Cas-
pase—1, YRALPE IR T-AR 5 4 MLKL 2% 35 BH 838, i 48 A 9

TS FML AR B ATM2 B ZBP1 8K S5 | 3 e 41 i st T~ ik 4%
14 DG AR A ek W i /b , i k) T A T AR T K
WHCHEIR T, B8 T AR T 5 R Y B B B A2 B0 N BRUAE
T HSV-18Ye . Lee 550 % B HSV -1 J& ge 1 i) (1) 15 7
3 F ML 42 il & PR R HSV-1 & v] DU & DL ATM2 77
R A AL A% pyrin F1 ZBP1 A S (R MR 4 BT T, IF:
£ AIM2, pyrin, ZBP1, ASC, FADD, Caspase—8, RIPK3,
RIPK1 i Caspase—1 2 8 17 AR T IR BEPE A 12 19 S A b i
B 2H %% i, AIM2 PANoptosome % 25 [ & &4 , {i¢ iF PANopto-
sis I & A2 . FRLW] DA A HSV LRI H) , 20 Mo T £
T IR FEE I X = FPIE T Jr 2N TR AR R AL, 0 PAN-
optosis T AEFE LA 20N B ME MR R iR EEAE A W 2
HE— 2 SR ST ST
2.2 PANoptosis 5& R

T OGHR S —Fh DLIR TR 4 g DL ol 458y 3 R AR A
DLECH PSR , h IR T A bR 96 v 5 | 76 A9 400 o et 2 ke
Bifi J5 b P PR 73 351405 (ischemia/reperfusion, I/R) , 0 9] fl5E ffe
NPT A 0047 76 7 DG R P 82 ke o 4, 0 D0 v
27 Y0 (retinal ganglion cell, RGC)REFMALT IR IRIES
R B A5 1 BB T Y. Dvoriantchikova 2554 W 9%
S UR 55 RGC I T AR SENE I T, A o — R IR SE4E
T 7] Nee—1 A & 2 01 il RGC 1 RIPK1/RIPK3 38 12 3
% VR B2 A PR R o sl i — 25 0F
T, Qin A5 R AR 0o e o, PV S T AT T L
FIT IRFEEIH T ERFE T RRAE , 760 9 15 1/R 45473 1
(8], B e & 4 RGC I PRFEME A 17, R SE R J A= 4 ML il 7,
BRI T 0T, BRI HAR DG e T i A2 (1 B AR 1
RIP3 . Caspase—3 . RIP1, Pro—Caspase—8 %5 # iAK Ik 1. & [
PH o A, X OGD/R O AU 45 B 4 i e 1t ) 32 05 J 1) st
PERGC AL Tk A R 40 SE T4 4 58 (FVN : Fer—1, zVAD
HI Nec—1 LA )IRTT , AEVRSMRIAR P 347 L Sl fff A o] —
A 500 22 B B (0 RGC AP AR , IR FR AT 1A S 4L 19
FECJe 1PV VR JS RGC FET- A 7E 2 Rl A2 FLAH B 4
Chi %577 % B Caspase 1E A 41 I 7 Y 56 S bR 64 , 18 7T L)
i JE 2 PEFF 6 IR o NLRPI/NLRP3 48 Pk /IMAIT AL A1 TL-18
A O RSEYE AT . Chen 255 & B YGHR A 772 /M IR
FRAHAE A 5 89 RGC R 12, I Hod i NLRP12 NLRP3 FI% H
TREE A& F R, B & AR E LTI Caspase 554
ey APy 4(nucleotide—binding oligomerization domain, leucine—
rich repeat and Caspase recruitment domain—containing 4, NL-
RC4) T RIEF, IKH T Caspase—8—HIF-1a & 15 1 5 2175
FIL-1B A M AT, 53 4b Caspase—8 P 5 % e g
LIS AT Caspase— 11559 GSDMD YIFIAYFET- . XL
FRFET AR 2 [ AH L BRI, A7 76 2 2% A B AR I e
TS A B 2 PE = HR K (acute ocular hypertension, AOH)
FOUL 1 FE ke 1L P9 S RGC AR T \RGC I/ INBE 5 40 L/
(S )il 287 N o A N G 1 VA ER v N w32V
3% A i FE T 25 A A5 25 ) NLRP3, ASC, Caspase—3/7/8 , GS-
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DMD. MLKL ,RIPK1/3 Fik38 0, S fiff AR M5, Bk
HEFIE TR, Y TR RGC /M T 41 i A H w40
M, % 4% — 5 B BT PANoptosis 7E ™ . LL_E 5% 24 2 B IR
FEF 8 AT DU Bl i 2 % A 2R e X, i g T Ak
T IRFEMEPA T S ER 1 A /A AR R 3, 2R B
PANoptosis 78 R & i ML il b e 224 F L {5 i LA
PNAoptosis 41 5 i #1245 41 L FE T 78 75 OGIR i B4R 27
B AT £

2.3 PANoptosis 5 ## bk 5 1% 41 ) BR 5 22

BT 5T AR B PR s 4L 0 JIE 72 (diabetic retinopathy,
DR) "4 PANOptOSiS[”:o 5 WA/ 2 (streptozotocin, STZ)
55 19 DR K B 2h W45 8 A1) /1N B I 40 Bl o Bel-2 B 7= 43
T8 /0, RIP1 RIP3 #1 MLKL %3k B § 715> 7E STZ
55 A DR AL I B A (DR ) K R A5 80 (1 15 1 4R 1
4 DKK1(Dickkopf—1) 7] I BRI STZ 175 5 K AL I 2
ZUHE T 3% 42 7 A2 Y Caspase-8, Caspase—3, PARP, ASC,
Caspase—1, RIPK3, p-MLKL /) & [ 235K 7, BWR & 7E DR
B 55 DKK L AT LI T T RFEHEIE T (PANopto-
sis ) 1T (A AN B0 T, 2 T U2 AR D) 2L 2 45 495, ik 2D A
MAETE R, W0 DR R,

AR Ah S 58 e BRI & P R R 48 i (human retinal
pericyte, HRPC ) ] 4 /& 75 49 475 3 i A= A ML Al T, R B
Caspase—1 Fl GSDMD 1 I M: 24 % , 1L-18, IL-18 Fl LDH [
TEHL, M Caspase—1 JF 1% W15 1k , % BH Caspase—1 /511
FET7E HRPC R AR 40 I M 2845 41 S (retinal ganglion
cell, RGC) FIFE =Ml A& AR SRFE R T, IRl B BE T T
AT PSR FEAE I T30 i ) Nee—1 #0460 s DDK1 4 H T DR
Jei S M T A 4 LA 4 GSDMD | 40 i I8 T4 25 4 Cas-
pase=3 FIIRFEMEVA T-AR &4 RIP3 (il k080, LI _EWFSE
AT LA H P B R 2R S A DR G 4 DX S A 46 423 WL o
I DN i e Y1 e A L S S S D s
PANoptosis 21 i s 10 X B 05 722 rb 08 o Ri 2 2L 48 B BT T2 11
FEIZ L, {HLL PNAoptosis /i3 (1 HL P I 41 B SE T-7E DR
(453 F AL B TR R — s FR R
2.4 PANoptosis 5 W B& & il 55 i# iE 355

{5 1M - 1 (ischemia/reperfusion , /R ) #4552 I IR | &
U F 5 B A B R, R A AE AR AR AR B A b, O
T JEFIE R 0 S 45, 14 2 0 5 2 W AR e e Al A TR AR
FE B IDE o0 DR M PR DO A Al it VR A A 5 ke R AR
FHOS B X AN AE TR AR OB oY KR RO AE T
& PANoptosis [ &I, WF 58 A BLIT U F B IE i 1/R $443
MR VR B0 PR T RCD (AN T A g T IRAE
PEJAT) o A — AT IR AR A R T R =
T4 i A T~ 38 A2 AH A T (PANoptosis )

PR /R 53405 7] B RGC b AT PR E T, 774 TR
B UL T 995 v, ) 0 A0 e 25959 7 ' IR A0 I
P 5 08 PO ES 1T 57 BEL S, A B 52 6 B, 76 Sl o P 3461 405

A BRIt R v, SR BB B SR S By e A A AR Y, (R kA
M LA T AU AR T SRBEE PR TSR L RS
2% B HE 28 43 0] DL [R] B 98 15 PANoptosis 11 A9 9 A4~ 41 RS
5o Wan 557K B IncRNA H19 A LAE R R 1/R 451 193 v [+
] 96 95 NLRP3/NLRP6 4 fiE /IMA A 5 () 5 iE K GSDMD
TN AT A2 T K Caspase—3 1 Caspase—8 415 [ #
ST ML PR T o 3E A X R A W IR 1/R 953 4% 1 4R R A
ai AT AR S AL A3 AT A IS 5 A0 I R 1/ 45 114 OC B BE TR
TR GG ZICH T IAFEEA TS DI ARG .
5% /0 Rt L P A R (I 5T, e IR R SR AR MR
R RIPKT A R IRFEHE P T2, 38 7T LLid i 417
kel Caspase—3 il Caspase—7 B9 3% At R Y Caspase—3 4 i P
ARBIE T b RS L WA I P L0 T R T
TSR T AP A R o X (5 AR, H B il 75
HEEBG TR T BT MR IEM R T T R R R A2 5] T
FORMPATT . F 3 Yan'™ 4560 F R28 41 (— i 00 9 5 Ry 4
20 ) ST AR OGD/R Ol 53 35 8 1A il ke 111 ) B A AL/ B
2 IR R (acute high intraocular pressure ,aHIOP ) # Y | /¢
/I BRI ol 26 A0 B v i SN L T2 35 2 1 Caspase—
3 ETAR A [ GSDMD, JRFEME JH 147 4 45 1 MLKL 3£ 35
W S 38, AN TRT 265 00 200 R A T 20 B R T R R SRR R T
(RCD) M FIXF OGD/R JiF R28 41 iy {7 1 i A3 Fir 222 531
B A — P P AP RCD 003500 T AS B3 ] OGD/R 8
) A0 O IS ot 2240 A LB T, = RCD #0570 156 & ek R %
R28 20 i ORAP A PR R o 5 235 SR 8 IO A e 1t 2 2 v
IR ik 2 71 B AT D) R e P08 3 460 40 v [v) BT A2 R T
BT LIRS TSR T AL SR 5 P B G R e E 2
P BR HR AR, A0 I R4 22 50 1 e ot 798 Y A 45 P A A
PANoptosis FEAMIAETS

ARIFFTES L T AEUE ST A I JRE B 1 PR 3 45 4 Th A A
PANoptosis SE T 19 51U s, (H X T 400 19 ot 22 56 1) e 1f 7
T 15 H PANoptosome 22 85 11 52 & W) B 41 2 R 2L 45, 4
T AT M IRTEE P T 2 ] AR R E R R A AT
HE— B RAWIIE

3 %

BOE TEIR A (o 2 P A0 8 75 DGR AR PR s A k4
9 74 25 ) 4 0 0 AL T 5 R e 4 0 D A T (R M O L 4
M AT IRBEAE A T2 ) B VA ¢, B Al 92 4 A 5 6 7
il DR 9 T A0 0 S5 78 vl /0N I J5 400 45 B A L BE T, T
JEHR o 22 AL T . KRR W X SE A0 A TR
BOF VR Pl BB 9 FEEE A BEFEA 2R T
Je— BN A, G B UUR Y AR PRI T X AR YR R
Bl R E R R R SR RN A — &
SRR SN UY Ay W N W 7 & 5 R 73
FETZ A AT LA 24 ik 1240 i 0 B8 i DAMPs g R AIE , £



580

HlR AR 2 (R A2 )

B4k

HEJRE N, S BV A RS . BRAE BRSO iR AE

ToR AR B HO g
9T R & R IE TR 12

ERER .2 NS RRER (DO VA o o
% 2 [ A AE A H SR A, 0

?m:ﬁPANOptOSISL ST A, R PR e R R ek R
JRYL [H 15 T 1) PANoptosome & & W 1 5 B9 H 2 [ b7
)(fEE(T“EPQlHﬂﬂ{FJE\,.\E\%ﬁﬁﬁnﬁtlﬁlﬁﬁﬁiﬂ’ﬂfﬂ

%

R o 4 B R MR A0 B AE T =2 TR AH L ER A A

S Sk

(1]

(3]

(6]

(8]

Malireddi RKS, Kesavardhana S, Kanneganti TD. ZBP1 and
TAK1: master regulators of NLRP3 inflammasome/pyroptosis,
apoptosis, and necroptosis (PAN-optosis) [J]. Front Cell In-
fect Microbiol, 2019, 9: 406.

Guo H, Koehler HS, Dix RD, et al. Programmed cell death—
dependent host defense in ocular herpes simplex virus infection
[J]. Front Microbiol, 2022, 13: 869064.

Lin JF, Hu PS, Wang YY, et al. Phosphorylated NFS1 weak-
ens oxaliplatin—based chemosensitivity of colorectal cancer by
preventing PANoptosis [J].
2022, 7(1): 54.

Malireddi RKS, Kesavardhana S, Karki R, et al. RIPK1 dis-

Signal Transduct Target Ther,

tinctly regulates yersinia—induced inflammatory cell death,
PAN()pt()sis[J]. Immunohorizons, 2020, 4(12): 789-796.
Banoth B, Tuladhar S, Karki R, et al. ZBP1 promotes fungi-
induced inflammasome activation and pyroptosis, apoptosis,
and necroptosis (PANoptosis) [J]. J Biol Chem, 2020, 295
(52): 18276-18283.

Yan WT, Yang YD, Hu XM, et al. Do pyroptosis, apoptosis,
and necroptosis (PANoptosis) exist in cerebral ischemia? Ev-
idence from cell and rodent studies [J]. Neural Regen Res,
2022, 17(8): 1761-1768.

Song M, Xia W, Tao Z, et al. Self~assembled polymeric nano-
carrier—mediated co—delivery of metformin and doxorubicin for
melanoma lherapy[]]. Drug Deliv, 2021, 28(1): 594-606.
Karki R, Sharma BR, Lee E, et al. Interferon regulatory fac-
tor 1 regulates PANoptosis to prevent colorectal cancer [J].
JCI Insight, 2020, 5(12): 136720.

Yu X, He S. The interplay between human herpes simplex vi-
rus infection and the apoptosis and necroptosis cell death path-
ways[J]. virol J, 2016, 13: 77.

Ye D, Xu Y, Shi Y, et al. Anti-PANoptosis is involved in
neuroprotective effects of melatonin in acute ocular hyperten-
sion model[ ] ]. J Pineal Res, 2022: ¢12828.

Xu X, Lan X, Fu S, et al. Dickkopf-=1 exerts protective ef-
fects by inhibiting PANoptosis and retinal neovascularization
in diabetic retinopathy [J]. Biochem Biophys Res Commun,
2022, 617(Pt2): 69-76.

Yan WT, Zhao WJ, Hu XM, et al. PANoptosis—like cell

death in ischemia/reperfusion injury of retinal neurons [J].

Neural Regen Res, 2023, 18(2):357-363.

THLH G AN -2 WA, OF L3 % 8] A I8 B9 2 1A AR

WA,

5 A OCHE T 15 5 18 3% 10 400 48 700 F 5 R B R

Pk PRI, A ST EOH PRI 08 T AR T IR SR
AT (PANoptosis ) 2Z [A] B AH B 0C & , 3 2 AR 9E K 3R 0 3
e HE T I % 2 B R LA I A A T O R R, R
HR A 1) Wi R 3 97 i BB L Al R 836 77 SR

[13

[15

[17

[22

[24

] Christgen S, Zheng M, Kesavardhana S, et al. Identification
of the PANoptosome: a molecular platform triggering pyropto-
sis, apoptosis, and necroptosis (PANoptosis) [J]. Front Cell
Infect Microbiol, 2020, 10: 237.

| Wang Y, Pandian N, Han JH, et al. Single cell analysis of
PANoptosome cell death complexes through an expansion mi-
croscopy method[ J]. Cell Mol Life Sci, 2022, 79(10): 531.

| Kuriakose T, Man SM, Malireddi RK, et al. ZBP1/DAI is an
innate sensor of influenza virus triggering the NLRP3 inflam-
masome and programmed cell death pathways [J]. Sci Immu-

ol, 2016, 1(2): aag2045.

| Zheng M, Karki R, Vogel P, et al. Caspase—6 is a key regula-

tor of innate immunity, inflammasome activation, and host de-

fense[ J |. Cell, 2020, 181(3): 674-687.e13.

Malireddi RKS, Gurung P, Kesavardhana S, et al. Innate im-

[l

mune priming in the absence of TAK1 drives RIPK1 kinase

activity—independent pyroptosis, apoptosis, necroptosis, and

inflammatory disease [J]. J Exp Med, 2020, 217 (3) :
€20191644.

| Rathinam VA, Vanaja SK, Fitzgerald KA. Regulation of in-
flammasome signaling [J]. Nat Immunol, 2012, 13 (4) :
333-332.

| Lee S, Karki R, Wang Y, et al. AIM2 forms a complex with
pyrin and ZBP1 to drive PANoptosis and host defence[J]. Na-
ture, 2021, 597(7876): 415-419.

| Karki R, Sharma BR, Tuladhar S, et al. Synergism of TNF-a
and IFN-+y Triggers inflammatory cell death, tissue damage,
and mortality in SARS-CoV-2 infection and cytokine shock
syndromes[J]. Cell, 2021, 184(1): 149-168.e17.

Degterev A, Huang Z, Boyce M, et al. Chemical inhibitor of

i

nonapoptotic cell death with therapeutic potential for ischemic
brain injury[J]. Nat Chem Biol, 2005, 1: 112 - 119.

| Geng F, Yin H, Li Z, et al. Quantitative analysis of necro-
statin—1, a necroptosis inhibitor by LC-MS/MS and the study
of its pharmacokinetics and bioavailability [J ]. Biomed Phar-
macother, 2017, 95: 1479-1485.

] YuL, Alva A, SuH, et al. Regulation of an ATG7-beclin 1

program of autophagic cell death by caspase—8[J]. Science,

2004, 304(5657): 1500-1502.

Sakthivel D, Bolivar BE, Bouchier—Hayes L. Cellular autoph-

[l

agy, an unbidden effect of caspase inhibition by zVAD-fmk



o5 434

581

[30]

[33]

[J]. FEBSJ, 2022, 289(11): 3097-3100.

Herbert A, Alfken J, Kim YG, et al. A Z-DNA binding do-
main present in the human editing enzyme, double—stranded
RNA adenosine deaminase [J]. Proc Natl Acad Sci U S A,
1997, 94(16) : 8421-8426.

Karki R, Sundaram B, Sharma BR, et al. ADARI restricts
7ZBP1-mediated immune response and PANoptosis to promote
tumorigenesis| J |. Cell Rep, 2021, 37(3): 109858.

R R . PR G HRAE A T 050 A AT 30 30 1 IR 1) R
[J]. IRk, 2021, 36(6) : 389-392.

Zhao JL. Current status on the change of glaucoma as the first
irreversible blinding disease [J]. Eye Sci, 2021, 36 (6) :
389-392.

Zhang T, Yin C, Fedorov A, et al. ADAR1 masks the cancer
immunotherapeutic promise of ZBPI-driven necroptosis [J].
Nature, 2022, 606(7914) : 594-602.

de Oliveira Pinto LM, Garcia S, Lecoeur H, et al. Increased
sensitivity of T lymphocytes to tumor necrosis factor receptor 1
(TNFR1) — and TNFR2-mediated apoptosis in HIV infec-
tion: relation to expression of Bel-2 and active caspase-8 and
caspase—3[J |. Blood, 2002, 99(5): 1666-1675.

Cui Y, Wang X, Lin F, et al. MiR-29a-3p improves acute
lung injury by reducing alveolar epithelial Cell PANoptosis
[J]. Aging Dis, 2022, 13(3): 899-909.

Farooq AV, Shukla D. Herpes simplex epithelial and stromal
keratitis: an epidemiologic update [J]. Surv Ophthalmol,
2012, 57(5) : 448-462.

James C, Harfouche M, Welton NJ, et al. Herpes simplex vi-
rus: global infection prevalence and incidence estimates [J].
Bull World Health Organ, 2020, 98(5): 315-329.

Karki R, Lee S, Mall R, et al. ZBP1-dependent inflammato-
ry cell death, PANoptosis, and cytokine storm disrupt IFN
therapeutic efficacy during coronavirus infection [J]. Sci Im-
munol, 2022, 7(74) : eabo6294.

Dvoriantchikova G, Degterev A, Ivanov D. Retinal ganglion
cell (RGC) programmed necrosis contributes to ischemia—re-
perfusion—induced retinal damage [J]. Exp Eye Res, 2014,
123: 1-7.

Qin Q, Yu N, Gu Y, et al. Inhibiting multiple forms of cell
death optimizes ganglion cells survival after retinal ischemia
reperfusion injury[J ]. Cell Death Dis, 2022, 13(5): 507.
AL, A M, 5% 1 AR AEHE R A ) 5 2 o
AOFEH B L) ], IRA4, 2020, 35(3): 192-197.

Gu JY, Zhu MH, Sang AM. Research progress on the role
and mechanism of melatonin in diabetic retinopathy [J]. Eye
Sei, 2020, 35(3): 192-197.

Chi W, Li F, Chen H, Wang Y, et al. Caspase—8 promotes
NLRP1/NLRP3 inflammasome activation and IL-1f produc-
tion in acute glaucoma[.]]. Proc Natl Acad Sci U S A, 2014,
111(30): 11181-11186.

[38] Chen H, Deng Y, Gan X, et al. NLRP12 collaborates with

[41

[46

[50

]

[

]

s

—

NLRP3 and NLRC4 to promote pyroptosis inducing ganglion
cell death of acute glaucoma [J]. Mol Neurodegener, 2020,
15: 26.

Shi Q, Wang J, Cheng Y, et al. Palbinone alleviates diabetic
retinopathy in STZ-induced rats by inhibiting NLRP3 inflam-
matory activityPalbinone [J]. J Biochem Mol Toxicol, 2020,
34(7): €22489.

Yu X, Ma X, Lin W, et al. Long noncoding RNA MIAT regu-
lates primary human retinal pericyte pyroptosis by modulating
miR-342 - 3p targeting of CASP1 in diabetic retinopathy[J].
Exp Eye Res, 2021, 202: 108300.

Gao S, Huang X, Zhang Y, et al. Investigation on the expres-
sion regulation of RIPK1/RIPK3 in the retinal ganglion cells
(RGCs) cultured in high glucose[]J]. Bioengineered, 12(1) :
3947-3956.

Xu CH, Wang JN,
AZD5423 alleviates acute kidney injury by inhibiting necrop-

Suo XG, et al. RIPK3 inhibitor—
tosis and inflammation [J].

112: 109262.
Del Re DP, Amgalan D, Linkermann A, et al. Fundamental

Int Immunopharmacol, 2022,

mechanisms of regulated cell death and implications for heart
disease[ ] . Physiol Rev, 2019, 99(4): 1765-1817.
Shu J, Yang L, Wei W, et al. Identification of programmed
cell death-related gene signature and associated regulatory ax-
is in cerebral ischemia/reperfusion injury [J]. Front Genet,
2022, 13: 934154.
Osborne NN, Casson RJ, Wood JP, et al. Retinal ischemia:
mechanisms of damage and potential therapeutic strategies
[J]. Prog Retin Eye Res, 2004, 23(1): 91-147.
Wu MY, Yiang GT, Liao WT, et al. Current mechanistic con-
cepts in ischemia and reperfusion injury[J]. Cell Physiol Bio-
chem, 2018, 46(4): 1650-1667.
Wan P, Su W, Zhang Y, et al. LncRNA H19 initiates microg-
lial pyroptosis and neuronal death in retinal ischemia/reperfu-
sion injury[]]. Cell Death Differ, 2020, 27(1): 176-191.
Mitroshina EV, Loginova MM, Yarkov RS, et al. Inhibition
of neuronal necroptosis mediated by RIPK1 provides neuropro-
tective effects on hypoxia and ischemia in vitro and in vivo
[J]. Int J Mol Sci, 2022, 23(2): 735.
Dojo Soeandy C, Elia AJ, Cao Y, et al. Necroptotic—apoptot-
ic regulation in an endothelin—1 model of cerebral ischemia
[J]. Cell Mol Neurobiol , 2021, 41(8): 1727-1742.
LT, WA, FUAE, A5 R S P RELIBT S Nec—1 X #U 100 e
PP A5 A AL /N BUOR B8 1 0 T 5 e B A 0] MR
ROBTIERE, 2017, 37(10): 914-917;+921.
Peng Y, Hu M, Kong L, et al. Effects of Nec—1 on necropto-
sis and retinal ganglion cells in mouse model of retina isch-
emia reperfusion injury[J]. Recent Advances in Ophthalmolo-
gy, 2017, 37(10): 914-917;+921.

(8 & #)



