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Abstract

Malocclusion is one of the three major oral diseases recognized by the World Health Organization,
and the incidence rate is increasing yearly in China. As a common oral health problem, malocclusion
not only affects the patient’s facial function and appearance but may also have long-term and pro-
found effects on their mental health. Because of this, more and more patients are choosing ortho-
dontic treatment to improve this problem. During orthodontic treatment, the applied mechanical
force can trigger an inflammatory cascade reaction in the periodontal tissue, promoting the remod-
eling and reconstruction of the periodontal membrane and alveolar bone, thereby achieving tooth
movement. The immune system plays a crucial role in this complex biological process and is an in-
dispensable regulatory factor in orthodontic tooth movement and alveolar bone remodeling. Cellu-
lar pyroptosis, as an inflammatory programmed cell death mode, is characterized by the activation
of inflammasomes and the involvement of Caspase-1 or Caspase-4/5, playing a crucial role in main-
taining tissue homeostasis and activating inflammatory responses. However, the specific relation-
ship between cell necrosis and orthodontic tooth movement has not been fully elucidated. There-
fore, this article reviews the relationship and potential mechanisms between cell necrosis and or-
thodontic tooth movement to provide guiding references for related basic research and clinical
practice and to bring more precise and effective intervention methods for patients.
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1. IERF#EIMER

A T Rt S DA GUA R I = K Oz —, HHERE N RRRIZE FTHL]. (ERA—FE
DD 0 (5 I 8, S T AN (S T R0 25 R AT D e AR SE A, S O AR 7= 2R VR 52T o R
R 22 1) B e B TE VAT R i iix — 1) . IE W 2F # 3 (Orthodontic Tooth Movement, OTM) 2 Hi Lk
JIA 51 R TG M 98 RE ORI DO AR, AR I B R SCR i R R P A FH 2] K R i 3R P
OF J LA R SR ARG 7 1) 3 TR A, SR R 7 SO R B B I P FE AR AR, i B 2 L B
A PRI TR 1 90 s S By, RIS 22 P AN A 5 R A ELAE L, SE BT AR R e R S 9B 3] AR G0
SR ER A I R AT B, BRI B A B B B LA R SR B B . TERIARIT L, F
JE LR 2 KB TR 52 BINUAR D 50 R R AR TR AR, VTR 8l BEERE SR B, SR B i
BHZE DL FA v tH IR B B R AR, SF R 3 52 B 2 N A A s B IR AR X bt s B, A2
EEMVAER T, FRBIERLE DI, AR B WS NE M &, RASHEAN
LRVERT B, fEIX — B B A Ui B S AR R I B Mt AU, R AP B ) 22 e M R B IAE A I B FE 1 [4].
i) “sk 77 - IEAEL” YN, FUOER T 0 & 5l 3 B EAS, Rk 23R E S, A
T3 B [F P ED 5 IROSE[2] . SRTT, 12 BRI R R 78 A MRE K 100 o i 2 HE IR 1 Al M Vs s (M B &2
th,  CORUHERR” R DN REX — LG . BUHER N, OTM HPRANES I BL A i o AR
B B AN RN B . 7R AR AR B, TR 100 B RSO s, 308 B 4 R PR A P 304 o PR o i 5
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FEE AR B 3k 0 N R i 4R B A EAT I G 3K — BRI 2 N Re IR A A2 3h i K R
ALEV AN AL T BN 4 T AL A 5] -

2. YHRRZET

ST R IR N IR IR, TR NS 2Pl O E 2. AR = 5 2 31
2, HHARZET R 2 AR 1 40 M A8 T AR e P A A T KSR AL [6]. R MG AE T R AR FEN LA RS
SR, W T 2 RAFETE, AR T B BB PRI T DR AR TS . S AR
(RS 7 PR 4 A A0 T8 5 2 E A SR ZR | A, ELER = B B R A AL .

FEF AR AE T A R 08 BRfAE, HEAAFMAEBEThRE . filhn, 40 T | gk ZE s
VERNRFE, A BT B 2O0E I N - 4EFR 2L 2RSS MAMIAR TS SRZEAERFE T RIS I . ()2
RAFME, AR R SORE RN, AT BB 2RI AR AT [ 7] M TR T AN B S A AT 52 R (1 4
T30, % B Caspase-3 fil Caspase-7 /1%[8]. T 2, 4ifuSeds, AN IR TN
M, AR IR H AR R AN, XS I S A A R P S T P T /M, R R T MR i 2 AT
IR M B S RN A T B . S AR TR, I AEIE A AN R R (A P B ) 5
I, HERDUONANM 2K . AL 2R, T 5 S0 i N 25 Pt s 21 8 R 2 21, i 5] R 90 Je 8 A
HLFG[9]. BRIET S —Fh A RNk A P R 2 P AR T 7 20, Y el A M1 v 22 AN A0 g i R (40 I
JRI AT 51D o R AT T I R AR e o A 200 S 1% ke ZRR 4 i ok ) AR SBR[ 10] o SHRAR TSP IR T
1992 AR YLAR [CE D 1) E R AR B I, FFRLE 2001 AEBE Al SN —Fi e 2 M R P P4 U AT T
o H 3 BURAAE QAR MM o 20 M B B 2 DA S K iR 46 MR A PR IR - RDRE TS, AT 51 A SR B 48 i e 7
[11][12]. SHPRAET-7EAP R M AR B S 90 B F2 vh BAT BB BR, JUHAE RS RS SORE IR S 8 5
MRAES KRS, RKiEEZRHERENIEN.

3. REET RIS FHLH

MARAETAE N — P RPN ZE T 77 20, AT LA H 22 M 20 B A s 20 &R SR 0T, 36 6 3R P . 378 2 R
W B ULAHIE 4. RO /& B Gasdermin D (GSDMD) S 12 25 A S5 B 40 i AL TR B [13] « 3%
AN R 2 T B R AN AE A R, I AR DR & 2 MR R PR BTG N VA R R -18 (IL-18) FH T4
1A 2-18 (1L-18) . IXLE{E 5 K~ IR i — 20 IS SR I SR SR, A RS S S L B XL o
REVIMMLET R EY 2R 5 2R PR B VIS, AIERRIHEEER . MBI ISR . RT3 R AL
WL o FEIXSERI 20 A T3l 4 o F AOE A G B 1, X PR A A AT R 7 A R ) S D
[14][15]. ZHMfET-R—W I8, —J5iH, EEMMRET A TAIFRE, e aZistt, Bkt
A AR LAORA T E[16] [17]. 53— 71, AHAREE TS A BE AN 1E K], mTREANRIZRE 1) K f&
MNTRETELE A R BR 7~ FF T B AR E S A 15 [16] [18]

RAEA R R E AL, AT AR A £ 2R, 2 M RE MR RS M R /ME IR .
2 PRI/ T Caspase-1 HI0GE, TMHEZ Sk 12 H1 Caspase-4. Caspase-5 £i Caspase-11 fili & [19]. fE
S M AIE/NMAIEAE T, Caspase-1 U0 I8 ¥ 42 18 IR AR 201R 1) 52 44 (PRRs) LA K R A4 AH 9% 73 1 185
(PAMPs) B4 171 AH 5% 7371 U (DAMPS) K SE L [20] [21] -

RAEMEVER—ANHZMEOHRNE S, 1E1E EPEMA LR h1e 2 it mEEM[22]. &t
FRE/MEALFE Nod FES24K (I NLRP1. NLRP3 1 NLRC4)LL K2 AIM FESZ2/K(AIM2)%%, Hirfr, NLRP3 &
WA Z I RAE M2 —, MR RBE RGN EE S )R 7 [23]. NLRP3 [0 & P>
% B4, BEMESH Toll A2 A(TLR) UM RAEMIECAR, BuddekH 1 NF-«B, Mififest pro-1L-18.
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pro-IL-18 #1 NLRP3 fHH &L Hik, BuH(E Tilid DAMPs 5 PAMPs [EH], {3 NLRP3. pro-
Caspase-1 DL K i 5 H ASC (Apoptosis-Associated Speck-Like Protein Containing a CARD)HJZH%, &
TE RIE A I SORE IMA R A 1[23] . TEIXFERZS T, NLRP3 48RE/MAI@E T Caspase-1 FIMELIER, MY
PRHE IL-18 F1 1L-18 (A SR, B RS2 Gasdermin D, B N RImas Mydel. %45 Kyt A\ 40
JEE, TERCALBR, S S04 Y 254 ik, AT ik i 200 B A T2 IR 9 95 S B« NLRP3 RIS HLA -+ 73 52 2%,
W R FPAS R RN 3, XS PR R mT DS R AR B B IE WS (W CIAMNAL. KoM, CaZ i) Vg
RBEIR . AR RERERS . AR L, TEPESE(ROS) A Bl LA f 28 ki ik DNA (MtDNA)RS 55— R 51 701
AR N[24]-[27]0 IXEE IS S A NS SORE /DA ZH 2 ATEE ) OCEE TR R R . NLRP3 #5E/IMATE S
TR AR AR RS A TT T R H 2, AR, HOd FERUE TR g1 R 2 P, oty & Mg
JKSRARREAL S, B SO PR (1 B IR B R 3K [28] [29]. AHEEZ R, ARZR i SRR MAR AR 10T I
AT TLR 554 %, M@ BN ER) BEEEANGIA, #UE Caspase-4. Caspase-5 Y
Caspase-11, XU 5 Z4/% Gasdermin D, SN FLIE BOIF 5] & 4l A2 12[30] [31]-

4. WRRETSERTBIXHR

NLRP3 7 RE/IMA 1305 5 40 M0 £ 1 F IE W ZF R 3 (OTM) AU R e b e S 2 A . Cheng 250
FRW, PRSI RE0E B 7 5N OTM AU Al =5 i A2 v AR T AR DGR B R IA [32] o 38 3 1 45 41 e
TP R I, X PR OTM FlE BCE B s A7 76 35 22 55 M BHLIT o i A Al B ) AR o, P D08
BN O R A ARG SR M A T A R T R AR, XSO A AR TR R R
HPEFEERFEEH. PRI, SEERVNEAL, Caspase-1 FE [ ki (Caspase-17) /N f
OTM i & B E /b, [ 444 Caspase-1. GSDMD. IL-1p )33k 7K T A & 40 g 5 15 W S
i XKML /115 T 1 Caspase-1 MM 4 o 4 Tk 4 #1500 HAT XA i Thg . — 5 1h, AETimad
LR RN I B A T RE s D — T, JOREA T I A S el T R SCRB B TR, AT i —
AL EE OTM FUF R B ekt . 28U, Han Z5HF 70 5 NLRP3 3 AR (NLRP37) /N R ) OTM i 25 1
SEARRT, OF FE A3 R A A S S i A 3 TR ) SRR K P B B D, I E— B3R B T NLRP3 %
i /MATE TE W R BT o R o 990 rp ) SV E B [33] - SR, 4B T2 It P I 7T e S B R AR 1 ik
FE SN, HEE GRS A HSHASA R G H . Zhang S50 70 & BUAE R RBERS of, 3sk 58 ) T IR g vl s 5
YA ) NLRP3 Z8RE/IMAS, AT FEBUF AR R A2 [34]. HLM 115 S NLRP3 SUE IBLEI B R 2%,
Y B B IE AT REAE B AR T R IEME . b, TRPVA & —Fh iR U UGB E, CEMT R &Y
HBC I AR TR SR B UIAH O [35] [36]. Sl IWFFLRIN, TRPVA 25 T HLR /1 51 & A i AR 20 i
BT, FrTREE (I Car iR, T BRI P A R ROS, S 7 NLRP3 Sk
Zid R . T TRPVA $IFI G, M5 T A AR B FRIA M A4, [FIRS Ca2* ik, ROS 2B sz 2
HIHI[32]. LA, TRPVA HIFILIS e T WU 15 3 IR A AR, FFR T biigs it . RA
WEFCIE 454 RNA I R 31, B TLRA/NFxB/NLRP3 il #1755 (1 NLRP3 0% il S 8007 g A2 1,
AT DA FE AR A A 20 P T i DA S A AR UL [37]

KRR, NLRP3 4 i /INMA RN AN A AR T 10 AH LA FH AT e IE BT RO P AR PRI 52« NLRP3 2
NGB T A2 98 P DR (o IL-18 R IL-18) FRUREI, s S A W AR B g s R T ie i 24 PR ASEFL B (0 T2 A
ARAEAE T BB, RS 40 MR R SRS AR T L BRI . DRI X I S LR ) gk — i A B
b e R WA TT ORI IR F S A8 R 1R T HE R

5. IMGEERE
FUAT, 6T A T T 2 B 3 (O SRR AL M R s 4 . 4817, 75 OTM Jfe
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PR R AR, FEBRESE AT T, AN S B TG R B R it A R DA R LR B .
AW TR DU RN L0 77 (R B 2 R B, LR A B N A LR S B 2 T, X — IR R IO
BT RS B R 7 AN AR [38]. XL RN, AR RE RN A AL T e S AR AR T IR O sk
SPAEE T B Y 2 75 2t S OAE S N B AR T A5 SRR AR T, A Rridt— PR, (AL,
ARG ELRANRR RN S BT Z RGBSR, DR EAE OTM AU R Bod v (94 A
BU], R I IR IG5 S AN A8 T SR B2 {3 B 2 ) B AR A A
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