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% 2T (PANoptosis) E—FEG TAIMEEAT: . AT HIRFEIER T2 3 FhFET AR AE AR PR PR AN BT TR iz I T A%
OHLHRPEZ A T-/IMA (PANoptosome) ZHASHIHTE , %l B2 3 LI CHE T—— TR M7 1 (IRF1) | Fefb KN
TFRETEIAE 1 (TAKD) . fEFT RNAT AR ZEE (ADARD) BT, DAKZRANIRS ThREASEM, #0 AH DAL 2T
TZRE T RAROER . BRI RIELE O MR PRI SCHEE N, STz AT A m BRI, IR RZ R T a0
PRV A EEMME . AR T A BRIz M TR S RNES AR OB PR DIURESE O ) R
Wy BUOHRFEAONUR . MESEAEVE A O | OREREERA . SRR RERELL . BRSO . MBS RE AR | A

BRI, A TR BRI O LA BN B BE A BEAIL A BAT H AR PR

KEWR T, DIMERR, RAE, st
FESES R543.5, R392.12

1A B0 928 22 29 SRR 240 L 7 U R A A P Jee e
PG B P 40 ME FE - (programmed cell death,
PCD) i&fe, FHLAVEBRANM AR, HEREAPNT
fig, o, AHMEAETS. PITCRIRSEME TR e HL
TEPERY PCD B, FLAEIAiX 3 Ml it TR Y
MLEHIFX ST, (HRBEETRIRA,, KB
55 Z M AF A e, ik, T
(PANoptosis) HE&BEAEH, XJE—FP i AR
KRG TRE NG (caspases) HIZ A HAEFE M
7 W (receptor interacting protein kinases, RIPKs)
WRal, FHZZ WT-/ME (PANoptosome) 1#7 [1&
SEMEAMIET iR Y, MR RS ST T AU
FEPEPHT 3 FIAE TR ) SRR AE

ZIRTTEZ AR Th ] IO 3, A ffakgy
PRGN . AE . A SR . MR MR
L DA . BB . PRGN . AL
RPN . RN . IRBHERE . RN
S 0L H O MBI R AR R FISE T i
I —Fe, Sz T EAA e AR, R
MU ASEAAfG . R, AR SCERR T2 AT /IMARY 53
FL RN R IR ALE], BT T TR
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a3 o, ARIRERIERAZ LU 1)
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Z AT BB R 3Z 1K (pattern recognition
receptors, PRRs) & 245 1R g I AH 5C 4 F =X
(pathogen-associated molecular patterns, PAMPs)
A0 A 43 F#5 2 (damage-associated molecular
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patterns, DAMPs) % 4l g X J5 306 A A5 5 G bk
Jash e HATHESY & A A% IR AR AL Z-DNA
¢t & % 111 (Z-DNA binding protein 1, ZBP1) .
RIPK1 LI 2 RAERMEIEGS , IR IRES S 454
WUE Fr st AR R )T S AR A5 Az A3

BT
(nucleotide-binding domain leucine-rich repeat and

pyrin domain-containing receptor 3, NLRP3) . it
MR 45 5 RACAT M BRE Z R 3 1 4 (nucleotide-
binding oligomerization domain-like receptor protein 4,
NLRC4) . o % sk = A F 2 (absent in
melanoma 2, AIM2) . Pyrin, NLRC5, NLRPI2
AR (E 1),

= optosome = optosome = optosome - optosome - optosome
ZBP1-PANop AIM2-PANop RIPK1-PANopt NLRP12-PANop NLRCS5-PANop
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Fig.1 Molecular composition of PANoptosome
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ZRTIMER S FAHM

ZBPl: Z-DNAZEAHH; AIM2: BOZREZ NF2; RIPK1: ZWAILAEF & ARETL; RIPK3: SZ20RH A FH 8 H#%A3; NLRP12:
MR R G BREZ AR 1112; NLRP3: B IRSS & E R AL M BRE Z R 113; NLRCS: A% %, & SRS R 2 AR R 1155
ASC: T HHCEESFEM [10T; FADD: Fas AHXCFET 2588 11; MLKL: 1R RIKEELS R 11; GSDMD: 4 %D; GSDME:

ZBP1J&—Fh dsDNA & Jdds , 4035 P % IR
N Zo 25Kk Zal 1 Zo2, LA K — 2 ARAH B AE R
H [ %Y A0 B AE 3£ ¥ (receptor interacting protein
homotypic interaction motif, RHIM) #Z5#4is, Hrp
RHIM %5 #3547 5% RIPK 1 A1 RIPK3, Za2 %54
SO TR e 1 OGS Y A, ZBP1AR
S EL TR 1 T A5 IR A, TSIz T
IS ZR AR 15 42 P4 T AR ZBP T2 RIPK T, %
TSR] S5 R BN [R] A O B A G g5 A Ik
a1 BRIZ AN, ZR R IRAG IR T2
T RIEREEAEH . L INTE SR A2 75 1 BRI
S 91 B PG ST BR JER LTI, ATMI2 R 4% Pyrin A1

ZBPl, =35 58 70 M G BE SRR AR
(apoptosis-associated speck-like protein containing a
CARD, ASC) HHEAEMIE M AIM2 Z JH T~ /M,
WM, AL F 4R ™ SIRA
L% DAMPs £ %28 NLRP3, /5% T ZBP1 i S
Mz AT ' NLRP12 &[40 Z +PAMPs 41 (72
U T 9 RE R B () B AN i R L AR ). NLRCS
TEFFERCA (FU45 PAMPS/IILZL K FIILZT /40 ffa A
TAE) MIEMTIKSZMT:, NLRC55NLRP12
Rz P8 T /MR 53 A0 B AE P LA LS8 T8 &
PR G AR AL SR T VR Rz T T/ IMAR B AR 5
PR HESy T 4%, L4 NLRP3, AIM2. NLRC4 Fil
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Pyrin AJ/EH— A KB ZE A B SRR 0, 3K
Gz T LR ERN, T MAR A %
WA et 8, IRt oA BAE AL 4
S R
1.2 &Efc=s

2 PR /IMAR )38 BE 2SR R B R S
i ) AR - B B AL S B As AT
P FIZ W T- . ASC 1 Fas H 0G5 T 25 #4 3 25 1
(Fas-associated protein with death domain, FADD)
JERHE R, RN TSR E R BN
¥, ZHHRZ T /IME, ZRT /MR AR
SRS N [FIRR S AU SS A R A BRI,
20 2% A1 4 caspase P I 55 AE S5 M Bl (caspase
activation and recruitment domain, CARD) . #ET-
ZE Ky (death domain, DD) . FE T= % 45 #4) Jaf
(death effector domain, DED) . pyrin 45 14 1§
(pyrin domain, PYD) #1 RHIM %5 # 5k , JH rh
CARD, DD, DED. PYD #%: L gk WAL T- 47
BBk, LR A TN AR YOG B AE
(K 2),

ASCHEN RERME RS, Rz T/
TREY A h A T EAE ] . ASC & — 1> PYD I

CARD, fF 5% % W], ASC f) CARD %5 4 I
(CARD*C) 5 ZBP1 () RHIM2 45441, (RHIM27*"")
Z [8] {4 A B b CARDAC &5 caspase-1 [ CARD %544
5, (CARD™™™) & ZBP1 f RHIMI %% 4 I
(RHIM17%") 5 RHIM2%"' 27 [a] {2 o3, $27R
BeAJER N 5, ZBP1 A] A1 RHIM27*" fll CARD*
Z I8 SRR BAE FH#R 55 ASC ™, ASC it H [ 74
SR AR PR 40 & PYD B R IR L RS, i
NLRP3, AIM2. Pyrin 5, DI M1 CARD [y
caspase-1, FE( caspase-1 ZLfEFITEAL 0 BLAR,
caspase-8 [) DED2 25 ¥4, (DED2*s*) L ASC ¥
PYD #5493 (PYD™®) {i F[al—4r3%, PYDMH]
AE i o 5 DED2™ 2 [8] (1) 5 A4 A B 4E 02
caspase-8 A '/, FADD J& 1 caspase-8 [ K
WE A A 7. FADD ) DED 45 #)5{ (DED™) 5
caspase-8 M DED1 45 #4 5 (DED1“*™) DI K&
DED2™ 2L [A] /E F XJ T i 1% caspase-8 df # H
2L, FADD [ DD 454495 (DD™) i it 5
RIPK1 () DD Z5#3 (DDM™ ") #H H AF H M 1117 74 52
RIPK1 " 20 #i2 | ASC 1 FADD 1 by X4 1 &
Bogn i, TEIZ IR T /IMA R 20 2 il A v e B A 2
M (E2),

Caspase-8

Fig.2 Combination mechanism of key molecular domains of AIM2—-PANoptosome
B2 AIM2ZET/MEX RS FEREHAA IS
AIM2: BEOZRERZNT2; PYD: pyrinZ5fl; ASC: WTARBLAMEEHBT; CARD: caspaselfifi MISHELS144L; ZBP1: Z-DNA%SH
HH1; RHIM: ZRAAEAREE A FIBAR AR AL s RIPK3: ZAMI AR S A3 RIPKI: SZUAIEAEHIE A ; DD: 3Ero4h

¥yB; DED: JET-RUNMLEHE; FADD: Fas AHICIET - Z5AI0E .
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1.3 RIS

YR/ IVA PO AR L O T T 2 O
Oz T HET&Z B RIPK1/3, caspase-1/
6/8 = FEM M AN . 5 KM, RHIM 4 &
RIPK1 5 [f] #E & 45 RHIM 45 ¥4 48 /Y RIPK3 48 .1
FH, feE s R AR P RIPKI 5 RIPK3 A .
YEH, TS RIPK3, S #EfR AL A1 AR I
gER IR AE R 1 (mixed lineage kinase domain-like
MLKL) *' . ® @ 1k # MLKL
(phosphorylated MLKL, p-MLKL) J&7Z 8 1= %
FEVEE 2 YT, ZBP1iMSI S RIPK3
S B IR 5 L R 41 RNA, I MLKL 1 RIPK 1
SEAEFRIPK3 2 HAHLHIE, [FAES A RHIM 1
RIPK1 #1 RIPK3 #] Ll 5 £ A RHIM1 #l RHIM2 K
ZBP1 M H fE H, & ¥k ZBP1 2 W 1= /b ik 4l
B 325200 Horh - RIPK 1 5 RIPK3 3545k 5 ZBP1
FHEAEM 27, RIPKI1 I RIPK3 7672 -1 A &
B0 HORIPK 0] LA a4 ORI AS 4K i
RIPK3 [ifsfe, SEAMIET - FARAE

Caspase ZIE W A AES BT T MIRIEHE
T A EEEH . HA, caspase-1i# i UIHITH
2 Z D (Gasdermin D, GSDMD), 740 &
PREMAL, IFEdEH/ &R (interleukin, IL) -1B.
IL-18 EAHTRE L, 5 AMAET: ', Caspase-8 1)
#| N Ui caspase-3 Fl caspase-7, LA R AT 40 i 45
T= 231 Caspase-8 1] Ll Y] #] GSDMD 17 % 2 E
(Gasdermin E, GSDME) i ST M1
caspase-3 WL 6E E # V) %] GSDME fih & 1= ', 42
AN ] 0T e e 2 el [E| P € R RS
Pt . caspase-1 Fil caspase-8 7 72 I T /IMAS il 43+
ARREAZ5ZHTMITZMAELDIRE * . B
W2 AN, WA, caspase-6 22 IR T-/MA ) —
NSy, 7ERIPKIAFAEMIIEOL T, caspase-6 1
5% RIPK3 5 ZBP1 RYAH E.AEH], MATE i#f ZBP1 12
JHT/IMAZH S, HIFBIAE T, caspase-6 45 HIIEL 5
RIPK3 1Y 45 ¥4 3 22 18] £7 76 45 5 PR AH B AE AT, BRI
caspase-6 1% N ¥iig 45 #4 A1 C Uiy 25 #4 3k AR BE 5 RIPK3
(1 N i3 RHIM 45 k4 38 Fl1 C S KINASE &5 k) da AH H.AF
H, HAET A E caspase-6 S 51z 812 /MALH
BEHMER LA HANAE =

B LZ RTS8 A T TR
78 M, {045 caspase-3/7. GSDMD, GSDME
p-MLKL AR A7, 5 SO0 0 R e 1 48 e
FET-. HAIH S ST T e T R

protein,

FUSOFABERT IEAEsET, mimdEz 8 /MR SC
SR AT LASE PR A S TAET BT

2 ZEATHSFEEFX

21 FHHFRETEFL (IRF1)

T2 3 B S S e, X s rh
[ AV E S Sz T I 6. HEe
ZHfE TP R T A F 1 (interferon regulatory
factor 1, IRF1) 2R 450 NIz 08 T/ i
P IRF17E45 W 98 AH 5 1) Jigg A o 7 v
Wz M P, L b, M IR E I F
(tumor necrosis factor-o,, TNF-a) Fl + 4 & ¢
(interferon-y, IFN-y) 3t [&] 1 fii , fih & IRF1/
caspase-8/FADD fli /- 3 7z 1 0, BRI,
TNF-o. Al IFN-y 1877 Janus J{ 815 5 5% 5 % 234
i ¥ (Janus kinase/signal transducer and activator
of transcription, JAK/STAT) il [, %l #% i o
IRF1 153 H R EfE 5 0 IRF1 & —Fpie st 7,
AL DL ) g 5 175 3 8 — AL A & (inducible
nitric oxide synthase, iNOS) 3£ Nos2 3%k,
M= —4 AL A (nitric oxide, NO) Hefil &z 4
T2, IRFI R BRK B 4] Nos2 FINO, A LAfR
A T AET O SR, ANz T
A NO T2 IRFL, e WAE Y i n] e AT
TEYN M R s Y bR S 22 57 8 Beak, £
WF ¢ WE B, IRF1 2 5 ZBP1. AIM2, RIPKI,
NLRP12 2 i T/IMABOE Az i T 1 41 P,
B[] IRF1 A R a2 A T2 i A R R
22 HLERKETFREIEMEE (TAKL)

AL K F B TS UG 1 (transforming
growth factor beta-activated kinase 1, TAK1) J&
AOE . dEMIAET . RAE AR A AR O A5 A
o BT TAKI fEREE A EZENE, 1529 b iR
H TAK1#I7] (TAK1 inhibitors, TAK1i). {40,
YA PN Y HR R AR HEAL 7 AR T TAK TR TG 8 3R
YopJ ', AEA IR, 15 3 C 4 dk b 2 e 92 5
TAK1 A0, Al g 241258 RIPK1Z JAT/IMA, fil %
AT 1, TAKL ] RIPK 1 (40 2 Ak 2 BEL W2 I
o SCHE . Ak, 4 TAKIL RTER, WA Y)A
Bl LS RIPKT 5 1%, i 1 RIPK3-MLKL
A IK Sz AT 2 E W T A AE T Y
D A FR A A) B 8] SC A2 (clustered regulatory
interspaced short palindromic repect, CRISPR) fiik
G50, W T TAKLA S SET- M W, A
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& RIPK1 B0 55 N F 2 R g X 45 & &H 1
(polypyrimidine tract-binding protein 1, PTBP1) #i
RAVERI (55 —Fh &4 PTB 45 M5k i 25 A i) ,
RAVERI BT RIPK 1 FE R e PEMEBY 4, HIL PR
% AT TAK 11375 5 19 RIPK 1 A5 09 R APEAR I AL
Mz @, s, EHBERREE 6 (protein
phosphatase 6, PP6) 4xfifi il 531 /& TAK1i 5 T2
PRI B
2.3 {EFTF RNAL1 WP ERISEE (ADAR1)

fE H T RNAL ) B¢ 7 i 2 B (adenosine
deaminase acting on RNA 1, ADARI1) #1ZBP1 /&
A PR S Za S5 H RIS E AR, Za
SN DL Z IR 5 R4S G . ADARL AR
() RNA g S H5 08 A RAE R, M ZBP1LA 5
(1) AL 8 TN 25 6 i = 0 JR e AR 9 g 1) B A7
ADARI FH 1E W Z JE 20 dsRNA ST (Z-form
dsRNA element, Z-RNA) 3, ADARI itk a;
AR T Z-RNA FLE I Z-RNA 155 4% ZBP1 (134
6, I 43 BURIPKS A 509 F2 7 PR R A0
ADARI i i} F1 RIPK3 32§+ 1455 ZBP1 1) Za 4514
B, Ok FR | ZBP1-RIPK3 #H 5. E F, M ifi 41 il
ZBP1 AWz 81>, T 7l ADARI-ZBP1 AH H.AE
L, ATLDMERE ZBP LA Rz T 0 Ibah, Fofr
W55 %W, ADARI-P150:i#i i 55 ZBP1 32 S PE 454
Z-RNA, TE-L B LE R T F 9 0E S
ADARI1 4K i 1) it - L (adenosine-to-inosine,
A-to-1) RNA Zaf n] 8z a1 =0, SR, (615
R, B RIR 0 —A R R R AR N S
FEIAGTZ R IEE A-to-1 4%E, BT ADARTEKRZ
LY R, BRI e T Rk TT
A2 P ECHAM AT BEXT IE H A0 A R P A G mi R i
EHBEAMEAER . W, JF & #2500 E
ADAR [Mi A 25 ik ADAR BVAIF v, HA B
FEMH

Zi Bk, IRF1, TAKI., ADARI % b
ARG, ARz BTy i HAg
YEHT, $E RS F IR B IE Je—FMEAR AR 5T
(1) SR

3 ZATHhHEERNER

LAATE AR BT, LRk
fie [ 5 S 2 £k ki /& DNA  (mitochondrial DNA,
mtDNA) B il F1 2k k7 AR 75 P4 2% (mitochondrial
ROS, mtROS) FRE, BiHEFZ T A EEA

£. —J71H, mtDNAJERIRGIERGRA B0
# o, ¥ GMP-AMP 4 fff (cyclic GMP-AMP
synthase, cGAS) -T# 2 3 [F 357 (stimulator
of interferon genes, STING) {7 HlJ&iIH 5 mtDNA
1 5 2 DNA &8s Y R8BI cGAS-
STING 3 %, JNJEIZ 98 T2 4H G 4 sE 1 %
ZBP1 Al f3E mtDNA, Jf i 4l 7 cGAS . RIPK1 #lI
RIPK3 (4 41 Jifl i 52 5 1A A%, AT 7% cGAS-
STING #&f ™. ZObiAS 51 LbE bR
B, B mtDNA #475 ZBP1 A Sz A 1 0,
A, AIM2ALA] LS mtDNA, Al #E AIM2 72 4
T/MEIIE R, Bz T P, mtDNA {2 #FH
Ki 20 Bt Bt A0 B BF - (neutrophil extracellular traps,
NETs) JERL, @ifik AIM2 7] ji5 BR NETs 175 5 (1172 ]
-5, B—J7, mROSYERZFT-HHEAEE
ER. AFE R, T /MRS ZRRI e,
1 mtDNA #5432 0T ]S 2R Py B HL 7
W ] A% 3 A mtROS B, I Hfil i 306 ) % 36 A =
() mtDNA Ak, wTLApHNZ T B2 [EER, 52
BE, mtROSZ 5 Tz MT /MRS, E
mtROS ] i AWz T = I AR T A
Zeoepi R TR, AT DA SRR DA A
TR A, BEhEFAMEEH 1 (dynamin-
related protein 1, DRP1) SRR s) )14 55
Z 5 CIRL W B pR 225 di Rz T Y RS
e 7 i e S R DY) s S SN ES o TR N
ZBP1HS I i b Bz Az A T, LA o Bk
T LR 2438 i ZBP1 7E Cys327 17 i ai R4k
M5 mtROS 74, IS8z M ', (EEE
IR, GORARTEC AR Th B EEAEH
D] S ) SRR G2 2 R T — R T O LS
(P TE A

N SR N R I BTA . LA AR &
Jp A 15 M R S B PR SN I R 7y e i
N AR R, 2 OB R A 1
(malate dehydrogenase 1, MDH1) FlRFrE RIS
fiff 1 (isocitrate dehydrogenase 1, IDH1) nJjjjlH &
PRI B I Az 8T, HAIL I AT RS2 1 P o ) 7
WG TR R IEER, SR N ez A T F v
FIRERFEEEAEN, A — PR

VA AR A A L AR A, I
N, METTE S R ARAR AR AL 1 2A (Tysosomal-
associated membrane protein 2A, LAMP2A), #£:
JCLAMP2A - BHAIEAR 10 58 B A s
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AR 2B, X IR 12 P T IR AR AN 2 RN )
Wi F R K, [FEHE S0 S FADD, RIPK3 Fl
MLKL b, £UEHRSRIES S5z

4 ZHETHEOCDERRFHIER

o L 2 4 B g 07 HH ) AT e
PCD 70 LA B o B A H A 7 AR5

LefiEOL T, Bl B — R A AL TR AR AN REIX
B NIRRT TRCR [0 ORI T 2R TR
FRAL OGN AR IZ B0, P DI B
H T REAF A — N IR PR PR R 45 17 iz AT
— BT A B ARAE TR, BRIk TR T T
FIRFEPEIAT, SR T A EAE TR 2 2 e ANG
JroL A SRR BT R A (1813).

3"' MR T

P o LR I/ FEEES A L HLBSE 0 S
BULERREEOIE  REREASIONUE LIRS

& & &

K6 BB AL

AR

JICE) e A B el P

Fig. 3 Role of PANoptosis in cardiovascular disease

=3

4.1
4.1.1

10 EAE K R TR
O WUERIA/AERE (UR) $idh

Lo LR I /A5 7 (ischemia /reperfusion, I/R)
0% o T (K W SR I A 2 =1 N (K =2
RS, BT s JUL i Ak 1 7 J et ] R
52, SXf i O L ™ R . PR B
M, FEVRBEFET, ZRET/ MR EZ R
NLRP3 .,
GSDMD. RIPK1, RIPK3 Fll MLKL [ 3 ik 7K - &
= LW, RAEURCIEN A TEZMET, Hrh
caspase-8 JE T U WLAH A 08 17 1Y SR LR oS
T AR, X /RS RO LR I B T 2
210 mRNA W5 5387 & B ZBP1 45 24> 25 5 ik 5
o ZBP1 BN #E80& (Ad-Zbpl) F 4 KBS,
CHUVEESETR ARG N, O WIH VR B W, 1yE

i caspase-8. caspase-3. caspase-1 .

ZRTECIE R P RER

O WL T HE, [FIRERY, FEIRSMSER H Ad-Zbpl
TR N T O AR SE T i . ZBPL S
FADD, RIPK3 #f H.1f H % cleaved-caspase-1 .
N-GSDMD. p-MLKL %515 85 [ . 2 L, M
fib A AR B O WL A ARz T, $&/RTE VR
P ZBP1 Az AT R AR 7
412 O

Lo AE 2 — ™ E A O S, BTG
FOCREERR, HAME R ZE RSk, #I
ST OO SN 1 7/ i a2 o = QN e 1
BET- o SARAARTN IR O WP i 7 v & 4% o A
L EUNZR AR D) BE RS RN SEAE T 15 R
AT, PORTECNUESL AR T AT REAAAEZ PR T
TR, FHYE ERRB LN, fErtrdk
%) (NLRP3/cleaved-caspase-1/N-GSDMD) . i =
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Frai®) (cleaved-caspase-3) FIXRAEME I TR E W)
(p-RIPK1/p-RIPK3/p-MLKL) & & %, 0l
NLRP3/caspase-3/ RIPK1 41 Y32 8 1738 [ o] LLidi
D WUEAE S R L 7 7
413 OJIEH

O I B H S A2 A A5 A LT R
S TR AR IRFARAE A IR Z IR IREE AR, &
RATLONRGAR A ARIIRI, FURHRZE. 5N
Gene Expression Omnibus (GEO) %4 2 4 h # i
N2 ot A S 08 A U 25O WU S 1 5 PRI 20 5080
R GAR N AL, TR i Ze0 % O RA
iz J TR R, X Rz TR AR A
K, I HTAHOC RNA 455 8 18R R 30k 22 Sk
R R 52 T A G RSP
PR, EOESRY, T RESEER, R
HARFNEBE TR h A R 23— D I T 9k
Bk
414 FLOERFEIEOIUR

R E O IUR & — s e o s,
G A Y ORL AR 1 0 BRI S AR G . MR BE R
(desmoplakin, DSP) J2fCFRMEMIMRER, Fif
R EE 55 ] 22 20 B 0 I 2% DA R AR I 4% 3 4z
o 7o, DSP R 57 5 Y 200 AR O L
MAVRFAE ARG Y R BERERS . OILEF 4L
20 ML ZE TR R R, BRSO B RLBE AR 0 L
g T BIRSE R B, AE DSP R O WLAR i
T A PG T A AR &Y (caspase-3.
caspase-8) . RFEME A T-AH AR E Y (RIPKI
RIPK3, MLKL) £ -4 Hr 5% (GSDMD,
ASC) 34hn, H7EDSPSEERY.CIET, ZBP1 %Kik
W R A, RS R B, B BB
(B-catenin) X AFALEE SR 1.0 WA 75, FLAERZ
W TSR AIEIET: T, B2, ZTE
FoOERE O IR T A AR 7
4.1.5 JREERES .0 U

WRFEIE TS S A O WU J2 I REAE A T AhE , AR
TR A EWAR TR, A SN O E R
Ui ) AE FE TR L MREEE T B i P XU
A 2R W 20 PR KR 5z R T AR R Y
WAL, T IRZR AT R A AT LADsU e e O LA
B, SETERAE SIZ TR, WIPHREZ
PR T 5 MRERE VS 3 0.0 U LA A DG ) — T
KT MBS T O NUR TGS IR s, TS
Z AT AR, BAOHURTE RIS 1%

i PR R, HEAIL TR ] ZBP1 51 r) iz
PR ™,
4.1.6 CNEEEMERID

P75 % (doxorubicin, DOX) J&—FhA R A
WIAIT B 254, (Ha] 5 RO LSS FA e A8 Fors
METhRERERG, RS EGRI O NIRRT E L S
iy, Hfe RAar e O R E R T DOX 1
I RN 154 Sk (451 0155 S 0 LA R FE T2
INNJE DOX D IEREPE M E B R, FUN14 Z544 35,
f1 % % H 1 (FUN14 domain containing 1,
FUNDC1) J&—FZhifhiiiE i, 2 549hkoeH
PERITET, BFSE & I FUNDCI BN T DOX 75
ST RERERT . SRR RO LAE R PR T
W52 F W], FUNDCI 4] mtDNA fi4 fits J5 B¢
JICFZ PR T /MBS 20 55— T DOX 5%
AL WU IS HIE , ZBP1 1T LATH I 32 3 26 b 1A ¢
JH mtDNA, i35 ¢cGAS. RIPK1 I RIPK3 144
WG, % cGAS-STING # %, SEuLlLgn
MIRFE 5, B 1 mtDNA ¥4 75 ZBP1 A S5 (172 1
T2 AIM2 39 mtDNA, & i AIM2 32 i T/
i, sz AT o, Rz E T 5 8RR 2
[EAFAEIE AR R, B2 R T 02 DOX LR B 1
—MMIBTERE L S BR T 25 n R D ER A A1
WG ey s n R DI T . BB, Tk
SRR IR B8 R T2 A T A S SE R RN R (T
ik, FEUNRERZEFLOIEES 2 Y,
4.2 IMEBEXER
421 BhfkilstEaEfl (AS)

K FERR AL (atherosclerosis, AS) & —ffr
LABh Tk PN S8 i TR A R AE 08 1 S i PR 5
SR AP I e 1) T B HL AL . HRT R,
PCD Z: 5 AS WIRAE W o Z AT AR R —Fhogr Y
1 PCD L, 7EAS L A AEAE R . — I Xt
AT AHDCIE R () RIS AT 25 5 S e 128 43 BT R
M SrHT, TRVEH 2 AS IS BREIN . FRIETE IR
fiti 5 (acid phosphatase 5, ACPS5) FIIMLZLZE N4 1
(heme oxygenase 1, HMOX1), ‘Ef1n] Ggid L /45
EMEAMZ T, 2 5ASER ™, H—TEr Xt
AS M ESRIFERNWAEYE LR, 25
ZRT-ROCHEIL N ZBPI, AIM2 ., K& A 1R
1 (dynamin-1-like protein, DNMIL) Fl 5% 3F J
5, RNA (long non-coding RNA, IncRNA)
SNHG6, 5 ASE UMK ', REAYE B4
Wit s ZFZ TGN 5 AS A 56, HZFET
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MR ZH S 1 ARG BIHIESS , 20— 2L OB
IZ AT AS HEIFER 1
422 JEESKE (AAA)

f& F 3 Bk J% (abdominal aortic aneurysm,
AAA) JEFE I8 SO AE R 5K, B IE R
M AR 50% ., Sl Dk i 2 i JC BH bl R SR 2L
— HEI PR, BHIET AL F] 85%~90% .
A AAA B R IG R FEA | I B K R 1T
(angiotensin II, Ang II) % T 09 AAA /)N UL A1
Ang 1175509 1004871 T LA A4 S SR 5502 i 12
FRIE, &ZILZBP1, AIM2ZE40ififar- . JAT-HIRIE
PEJH T2 AR SCAR W I R G5 W] B T+ & . TNF-a I
IL-1p B4 Ab B AT 34 1 ZBP1, AIM2 A M FET- . 4
ToASRFEPE I TAHDCHR A ik o 4] TNF-a 11
(30) IL-1p ATk AAA /N IS, /b Ifi
BRI 2, AR ZBP1 A ATM2 DL 4R
MOAET . BTSRRI T AR DGR S R . 6L
Z, ZHTZ5 AAA YR FE, 0] TNF-o Al
IL-1B Al sz P T2, T AAA IR IR B2 48 1T Y
g
423 JESRKEAI)Z (TAAD)

Jifg =& B ik J28 13 )2 (thoracic aortic aneurysm
and dissection, TAAD) J&—FPESLIECo MBS
BB R AR AAE TR Y kb 2 i
V- VAR R R A 7 25 2R B 2 s Dk e J2 e 2L
M OCHERRIE o BFSE K B, 7E TAAD /N,
ZBP1 FyZ A T- A FE R A ik LI, Ang T1H
i TN FE Sk g N0 ZBPL &1k, 48
F+ 7 N-GSDMD . cleaved-caspase 3 #1p-MLKL f97K
Vo, FRARZ TS . A, 7E TAAD FBF R F
KA L P L B ZBPL A Sz T, W20
IZJHTHE TAAD KL iy AR s
4.2.4 IMEFVER

15 QL IR 4 JE AR S SE L O, T HL B
T A B, AR AL AT B8 A S i vz
T BRI, OB R A  [m] 2 R Al
TR ERAE, B0 e 2 4E, SBUNE-F
T8 JLA AR 25 2 R0 A PR R, Hevb it 81 L4
M = Az ok Z2 1435 14828 (reactive oxygen species,
ROS), HMLZRIIARTIRE, i Az P8 T2/ MR 2%
PRI TSR 7, B2, IR LA E
O M, HAEFPLEI Sz T,

BESRE

ZIHT A THET . T RRIEERE T 3 Fiot
TR SRR, A DAL 2 T/ A 2 2%
TG o ST 3MBET M B, i —
FIFET-HLHI 25 AT AR, Rz T
MBI R TAT 56 . 2T /IME B L2450
TIP3, WIRF1. TAKI Ff1 ADARIL, #2001
MRS, ILAh, ZRaiigi b 5Ez
PAT/IMA, 42385 FIF AN S D RE S T —
GRS . SR, H RIS T2 T 7RO L R
IR R . B, BUA TR & B0 g0
JHE R 0005 V- T LA B 2 9 12 R A O ML 980
F1E e NS W s 2 D o T R v R B
A5 G2 AN AT A TR AT LS SO M A
EAR . HWK, ARG kPR b A7 7E 2 Fl
PAMPs Fll DAMPs #7672 S T-/IMAS, 0o ML 80 50
HOETF IR AR AL . eah,  Jna s O i
EPIRHZ T/ IMA B 2 2% DA S ST 37 PR T AR T
X, HERCUFEABIRIL, AT RO
LS, AR DRI IO L5 26 o A5 e P A EL A T T
YER, ARE—2058, B2, WRIZET RO
EEIRTPEIER, JERE T 2590 A& (38T 8L
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pathways, pyroptosis, apoptosis, and necroptosis represent the most characteristic forms of PCD. Although
initially regarded as mechanistically distinct, emerging research has revealed significant crosstalk among their
signaling cascades. Consequently, the concept of PANoptosis has been proposed—an inflammatory cell death
pathway driven by caspases and receptor-interacting protein kinases (RIPKs), and regulated by the PANoptosome,
which integrates key features of pyroptosis, apoptosis, and necroptosis. The core mechanism of PANoptosis
involves the assembly and activation of the PANoptosome, a macromolecular complex composed of three
structural components: sensor proteins, adaptor proteins, and effector proteins. Sensors detect upstream stimuli
and transmit signals downstream, recruiting critical molecules via adaptors to form a molecular scaffold. This
scaffold activates effectors, triggering intracellular signaling cascades that culminate in PANoptosis. The
PANoptosome is regulated by upstream molecules such as interferon regulatory factor 1 (IRF1), transforming
growth factor beta-activated kinase 1 (TAK1), and adenosine deaminase acting on RNA 1 (ADAR1), which
function as molecular switches to control PANoptosis. Targeting these switches represents a promising therapeutic
strategy. Furthermore, PANoptosis is influenced by organelle functions, including those of the mitochondria,
endoplasmic reticulum, and lysosomes, highlighting organelle-targeted interventions as effective regulatory
approaches. Cardiovascular diseases (CVDs), the leading global cause of morbidity and mortality, are profoundly
impacted by PCD. Extensive crosstalk among multiple cell death pathways in CVDs suggests a complex
regulatory network. As a novel cell death modality bridging pyroptosis, apoptosis, and necroptosis, PANoptosis
offers fresh insights into the complexity of cell death and provides innovative strategies for CVD treatment. This
review summarizes current evidence linking PANoptosis to various CVDs, including myocardial ischemia/
reperfusion  injury, myocardial  infarction, heart  failure, arrhythmogenic  cardiomyopathy, sepsis-induced
cardiomyopathy, cardiotoxic injury, atherosclerosis, abdominal aortic aneurysm, thoracic aortic aneurysm and
dissection, and vascular toxic injury, thereby providing critical clinical insights into CVD pathophysiology.
However, the current understanding of PANoptosis in CVDs remains incomplete. First, while PANoptosis in
cardiomyocytes and vascular smooth muscle cells has been implicated in CVD pathogenesis, its role in other cell
types—such as vascular endothelial cells and immune cells (e.g., macrophages)—warrants further investigation.
Second, although pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns
(DAMPs) are known to activate the PANoptosome in infectious diseases, the stimuli driving PANoptosis in CVDs
remain poorly defined. Additionally, methodological challenges persist in identifying PANoptosome assembly in
CVDs and in establishing reliable PANoptosis models. Beyond the diseases discussed, PANoptosis may also play
a role inviral myocarditis and diabetic cardiomyopathy, necessitating further exploration. In conclusion,
elucidating the role of PANoptosis in CVDs opens new avenues for drug development. Targeting this pathway

could yield transformative therapies, addressing unmet clinical needs in cardiovascular medicine.
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