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[Abstract] Programmed cell death (PCD) serves as a crucial mechanism for maintaining host innate immunity, homeo-
stasis, and the balance between pathogens and the host. PANoptosis is a novel form of programmed cell death that is pri-
marily regulated by the PANoptosome complex and concurrently exhibits the features of apoptosis, pyroptosis, and
necroptosis. Oral diseases, which significantly impact the quality of life and general health of patients, are a major con-
cern. Interest in the underlying mechanisms of PANoptosis involved in oral diseases is currently increasing. This review
explains the definition, characteristics, regulatory mechanisms of PANoptosis and its potential relationship with oral di-
seases, aiming to offer possible solutions for the detection, prevention, and treatment of oral diseases.
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FADD) FlJjt K F1f (Caspase) -8FJZ%4E KT
Ui SN 0 R AR AR T AR $i8 FL XS Caspase-1/2& 7
WA 328, WA 38 FEARRS Caspase- L2 i 171 241 S
i+ %-1p (interleukin, TL-1B) FITL-18 ) 2 FI14)
W, FHEERFLE D (Gasdermin D, GSDMD),
TEAN MG I BUBEAL , 38— 20 S 5020 e ik o s
24 Tl LR P ) 55 N Caspase-4/5 . [ Caspase-
11, Caspase-3 o Caspase-877 1™ IRFEIER T &
1 22 % TR/ 9 2 BR 25 F ¥4 1 (receptor-interacting
serine/threonine-protein kinase 1, RIPK1) H &
b5 WS RIPK3 S, 5 SR R SEE R T2 A
M, HETT OIS VR Gk R O X SR 1 (mixed
lineage kinase domain-like, MLKL), %4 i i
T 37 AT

AT —F A A IEESE T, R Y fi
KNG, Rz M2 A& (PANoptosome)
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RIE/IMEEAL, OB AAE3E . (R8s
Z-DNA %% & % 11 (Z-DNA binding protein 1,
ZBP1) . HHR ST ANIRIPK3 ., Caspase-1/8. i
T AH & BE 5 FE 25 11 (apoptosis-associated speck-
like protein containing a CARD, ASC) . AT mR4,
G SR WA Z K E 3 (nucleotide-binding
oligomerization domain-like receptor protein 3, NL-
RP3) Fl &L W #% 4> f 41 GSDMD. Caspase-3/7 .
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AIM2) & A1k, RIPKI & & & . & NLR & %
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U Z T8 AT UGS fE i 2 15 14 Caspase-1
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i Caspase-3/6/715 58 1~ ; 1 RIPK 1-RIPK 3 iR
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R FE R, A KM ZBPI R IAE TR
(interferon, IFN) -ByRY7 T B4 e st I
WP R T,
2.2 AIM2

AIM2A E 2450 B8, o HIN-20045 14 38 g
5 W4 DNA (double-stranded DNA, dsDNA) %%
A, T Pyrinh F4 DU 412 38 P 45 26 1T ASCHY 524
WEFERY R B . AEHSVI LA M F novicida 3 Y # [a] ,
AIM2 ., PyrinflIZBP1iiid 5ASC, Caspase-1, Cas-
pase-8. RIPK3. RIPKI fll FADD A H 1§ Fl JE A%
AIM2Z T B AR, 7Sz 08 T R4 i 8
R
2.3 ZUAEAEHIF RIPK ]

RIPK1HAT W TERY IR INRE, RES 5 25 11 W)
A EAE R, AR Yersinia & YL RETEA
WM ZBP1 (14 8 45 F 15 5 42 7 RIPK1 5 Caspase-8 .
FADD. NLRP3, ASC. RIPK37E N RIPK1IZ
TG AR E PR, RIPK1AE!
1L F5EEAZ N F«B (nuclear factor kappa-B, NF-xB)
WNFETHTE (NF-B essential modulator, NEMO)
Z 5 NF-«Bif b, JET75 -5 40 5 Fas A G AL T2
FE A 2R -1BFE i) 25 11 (cellular Fas-associ-



RLAE,GF IR TTE P h B 5T i * 435 .

ated death domain-like interleukin-1f-converting en-

=, L RE A i 5% 4E 1Y Caspase 75 %4 FH. K7 38 7€ 1

zyme inhibitory protein, c-FLIP) AY3 1A FF BH W 4

TR

1AV C. albicans A. fumigatus HSV-1 F. novicida Yersinia Heme+PAMPs
O @ g ¢ @@ - B
TLR2/4
MyD88
ZBP1 AIM2 RIPK1 NLRP12

@ Proil-18 @ Proil-ip @D GSDMD

]

@ L1s @ 1L o

GSDMD-N

Membrane pore

Pyroptosis

L9

Apoptosis

Necroptosis

J

PANoptosis

ANTF B S RS S R T R A R AR

WA SZ T A . TAV: influenza A virus, FEIEEYGEE; C. albicans: Candida albicans, [

IR ; A fumigatus: Aspergillus fumigatus, J#HEE; HSV-1: herpes simplex virus type 1, H4ERIIZHEE 1; F novicida: Francisella novicida, i

VG 2216 ; Yersinia: HF/R#%@; Heme: I412%; PAMPs: pathogen-associated molecular patterns, ¥ A4 F#5; TLR: Toll-like receptor, Toll

FESZ1A; TAKI: transforming growth factor-B-activated kinase 1, #%fbA: KK ¥ BiG ki F 1; ADARI: adenosine deaminase acting on RNA 1, fEfF

RNA 1 (IR FF 5 &0 ; CASP: caspase (Created with BioGDP.com) .
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Fig 1 Molecular regulation mechanism of PANoptosis

T34k, RIPK 1A 1k 25 i 241 Jf 5 T3 P& 25 A7
MRPVEI . mbEmE 40 (intestinal epithe-
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2.4 NLRPI2

NLRP12 R RS —Fl 532 8 12 A 1L e -
W= BL: PAMPAS 7 BEFIE TLR2/4, il T
Jife 38 il # My D88 I i T HL K #7511 (interfer-
on regulatory factor, IRF1) FikFMITE M (reac-
tive oxygen species, ROS) A pl, i#F—%FNL-
RP12% ik Jf 55 ASC. NLRP3. Caspase-8 fllRIPK3
O FHEAER, JERINLRP12IZ 81T AR LI
Iz
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T AR A SR Pz A T A SE B GSDMD
NLRP3, Caspase-1/3, BCL-2, MLKL FlIL-1B %
S P B, XRAZETEAGRMECERTZ
FETET2F TS5 R DG 2L 2N A L A

W 5% 45 H 2 R AP ok B B (Porphyromonas
gingivalis, P. gingivalis) BEW15 5 4 A LM £
Fhan b R Az T X F AR 4E4n il (fibro-
blasts, FB), P gingivalis G818 11 fig 2 1 . 25 1
TR TR R P8 T2 KB #00E 11 (apoptotic pep-
tidase activating factor 1, APAF-1). Caspase-3/955
7 Y K FE T2 M 2 1) Caspase-1. NLRP3, IL-1B,
IL-18. GSDMDZ /) T3R5, MM FEAR 5 3
A LB B RE Ty XTI A AR T A i
(periodontal ligament stem cell, PDLSC), P. gingi-
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AE5 HL L E 1 40 T an s AL IR IR Bl A2 (dif-
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JLFS 2t B0 2 SR BE R PR T, Ak i LR A
[ A & 4> F 453 (danger-associated molecular pat-
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fif9 (cyclin-dependent kinases, CDK9)“J5, gk
TR 2F JR) A R A8 A RE R
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MR RIPKIAN RGN 1 40 sE T, X5 ECEs
F Y RIPK 1 GE 38 2 I8 42 N F-x B i 42 15 41 it A= 17 1 2
REA K; o —SitR &R HP gingivalisi®
PFBfG, ETMCEAMRET ., MRFEHEMA
T-AIEmRNAM FRH T W 25 57, X eliF i 2
i — 25 S 55 o B0 UE LAt 7S R AR DG 22
Stk

XS 5Y 3 B 2 R U B G R A e B ) 2
B HIF I — iR R PCD, Mz 8T 78 2 H 50
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2R T 5 1 R R S [ o A7 7 E SR
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#% NLRP3 il % NLR % ji% Caspase [iff 5% 4 3 & H
(caspase recruitment domain protein, CARD) %444
4 (NLR family CARD domain containing 4, NL-
RC4) RME/NARG], BARPLRA XA, HE
TR ) B R g | 55 4 v Mo 20 L S B 30 93 )5
ARG A EEAEN, IR S 5 T AR
#; C. albicansI&Y 5 G W 7R 40 L AH OC i C Y
HEHE K- 1 (dendritic cell-associated C-type lectin-1,
Dectin-1) 2 MR 5], i 2 CARDOS i 4 Jifd 1)
INFEPEPH T2, DA 55 42 0 22 1Y) 4 3 240 i LA HIG A
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XFFHSV-1, BCHTAT AF5E i IEHS V-17E A F/N
SR X FPCDR 5 45 - AH R, FE/N R4l g
FH 8 85 2 1 ICP6 EL 45 S IR AE R R T, i AE A4
NETRET 8 T AR EE PR T, R R A R 8 4
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U ISR . HS V-1 BB 5 ATM2
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3.3 Z TS IR ARG

VRP. gingivalishh, 5352040 7 2 6 AR 42
JgR R Rz W T . BEBRITE (Fuso-
bacterium nucleatum, F. nucleatum) {F M5 Kk PEHR
S IF Jl S MR A8 v i AN 1 TR R 22—, b
FE Y0 (extracellular vesicle, EV) §E # 13 FADD-
RIPK 1-Caspase-3ii }% 2 SIECH 1=, LA [
RIPKIFIRIPK3, i FIRFEHER 205 TR T AL
JAVBRI , TED B ) 2 2R L 5 A4 i v e i )
ZBP 11 3K Bl I [a] (4 3G g3 hm, - DTS 350 i
GSDMD, Caspase-324ff#t FIMLKLFIBEER AL, 10 #%
FRZBP1JG REMIHIIL R A, X RMFE nucleatumTEHR
23 JE e v ELA T 5 ZBP L2 T A RE 157

A, 2mERE  (Enterococcus faecalis, E.
Jaecalis) TERRARJEAR P LA SIZ M TR EE.
W& HEE. faecalisIEGx i N B E MG63 41 iy H
o 2 B 2 AR R T L BT RIIRSE I T, X
XTHRAIRAS AL S HE BRI s WE. faeca-
lisTIFERES 5 i iz W Tk, BhEk
. R YL &2 %0 (multiplicity of infection, MOI)
(I E. faecalis B YL (1) FLRAW264.7 B W5 40 it 3 oK HY
BT ABET, X e Bl T R A 1 R
FIAERE, 1B MOIBYE. faecalisI& 4 J5 HIHE K I £
YR Rz T AE G AR IR N
3.4 ZPETS5S O A e

Y2 R T AE 1 IS e R b i AR 2 5L
BRI AR AT, H P ] AR L
WFRLW: FTERORFE D, ZRATHRED W
ZBP1. Caspase-8 FIGSDMD ) 3 ik 5 H A f7 Tl J5
SIEADC, JRR M A EOE ZBP1 ] RERE IS U5 5 R
A FIRANMAET; 1T ADARI L — Rl AL 06T
5, HLADARI-p1503F g 5 RIPK 3 5% 4 P45 &
ZBP1, HRZ I8 T 1 A T R T B R Y
AR, MBI B FHIFNRIUZ S s 7] (nucle-
ar export signal, NEI) FEFRH| ADART M 4 1A% A
MR, fEBR X T ZBP1 A I i/ FO 5 502 04
To, EUMIE R D AL B 5 UE
W &G s SR8 I ¥ (tumor necrosis fac-
tor, TNF) -af1IFN-y 0 681 o 4 T Janus 3 i
(Janus kinase, JAK) -{F5 1% S fEE G E A
(signal transducer and activator of transcription,
STAT1) -IRF Lt {53 B O Z A Rz F T,
AT 00 1 e 2

Xf 3k B WK 41 M1 9 (head and neck squa-
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I8 T A 5 5E PR A9 43 B ok BT HNSCC B8 2 I Tl
INFADD Al BB 5 Ik L4552 A2 A7 3¢, ZBP1n] RESZ
5 IR R /INFINIG R A3 409, B X 3k S s 5 P lF
FEFRERE A B T HNSCCHYIR RIATT .
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I ARG 7 9 5 sb 7 BRI ST, AN 550 el 3
R e s fedE, RO 4 A R B — 1R
BRI, E5 4 B e SRS, Rl 2B
A 5 XTI, B2z T e T A X T 4
UK R IR & 17 5 42 B PR ARG, T 2 75 BE A
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