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Abstract

The effect and mechanism of Caspase-11 on promoting NLRP3 inflammasome

activation via the cleavage of Pannexinl in periodontitis

Purpose:

Periodontitis, which was regarded as one of the main cause of tooth loss, is a chronic
inflammation caused by bacterial dysbiosis. The clinical manifestations of periodontitis include
gingival inflammation and alveolar bone resorption. The occurrence and development of
periodontitis is regulated by multiple inflammatory factors. NOD-like receptor thermal protein
domain associated protein 3 (NLRP3) inflammasome is a multiprotein complex located in the
cytoplasm. It participates in the innate immune response of the body by activating pro-
inflammatory cytokines such as interleukin-1 (IL-1p) and interleukin-18 (IL-18), and mediates
pyroptosis. It plays an important role in maintaining immune balance and regulating the
inflammatory process. However, the specific mechanism of NLRP3 inflammasome activation in
periodontitis is still unclear. In this experiment, we inhibited the expression of Caspase-11 and
Pannexinl, and detected the activation of NLRP3 inflammasome to explore the mechanism of how

Caspase-11 activates the NLRP3 inflammasome in periodontitis.

Methods:

1. Raw264.7 cells were pretreated with P. gingivalis-LPS, and western blot was used to detect the
protein expression of Caspase-11, Pannexinl, NLRP3, Caspase-1 and IL-1p.

2. Caspase-11 expression in Raw264.7 cells was knocked down using si-Casp-11 transfection
method, and western blot was used to detect the protein expression of Caspase-11 to evaluate
transfection efficiency. Using P. gingivalis-LPS pre-treated Raw264.7, western blot was used to
detect the protein expression of Caspase-11, Pannexinl, NLRP3, Caspase-1 and IL-1p.

3. Pannexinl expression in Raw264.7 cells was knocked down using si-Panx1 transfection method,
and western blot was used to detect the protein expression of Pannexinl to evaluate transfection

efficiency. Using P. gingivalis-LPS pre-treated Raw264.7, western blot was used to detect the



protein expression of Caspase-11, Pannexinl, NLRP3, Caspase-1 and IL-1p.

4. CBX and AZD9056 were used to inhibit the function of Pannexinl and P2X7 receptor. Using P,
gingivalis-LPS pre-treated Raw264.7, western blot was used to detect the protein expression of
Caspase-1 and IL-1.

5. The rat model of periodontitis was established by orthodontic wire ligation. Micro-CT was used
to detect alveolar bone resorption and analyze bone parameters. The rats in the experimental group
were treated with local injection of CBX or AZD9056. Western blot and histological staining were

used to detect the changes of Caspase-1 and IL-1p expression in rats gingival tissue

Results:

1. Western blot results showed that the protein expression of Caspase-11, Pannexinl, NLRP3,
Caspase-1 and IL-1pB in the LPS group were significantly upregulated compared to the control
group.

2. Western blot results showed that the protein expression of Caspase-11 in the si-Casp-11 group
decreased by about 60% compared to the negative control group, and the cleavage of Pannexinl
and the activation of NLRP3 inflammasome induced by P. gingivalis-LPS were significantly
inhibited.

3. Western blot results showed that the protein expression of Pannexinl in the si-Panx1 group
decreased by about 60% compared to the negative control group, and the activation of NLRP3
inflammasome induced by P. gingivalis-LPS were significantly inhibited.

4. Western blot results showed that the activation of NLRP3 inflammasome induced by P
gingivalis-LPS was significantly inhibited in the CBX group and AZD9056 group.

5. Micro-CT analysis showed that the distance of CEJ-ABC was 3.0 times greater in rats with
maxillary first molars with significant alveolar bone resorption than in control rats. Western blot
and histological staining results showed that the expression of Caspase-1 and IL-1p in the gingival

tissues of the inhibitor group rats was reduced compared with that of the periodontitis group.

Conclusion:
1. Caspase-11 promotes NLRP3 inflammasome activation via the cleavage of Pannexinl in

periodontitis.



2. The cleavage of Pannexinl leads to the activation of NLRP3 inflammasome through the release

of extracellular ATP.

Keywords:

Periodontitis; Lipopolysaccharide; Caspase-11; Pannexinl; NLRP3 inflammasome



RS SO FH AL

RNGEE T EMREA KRR AR e, RS
PR 55 O B 1 [ A D0 1T b LA E A ¥ SC R 2 BRI AL 1, A
VR SO B D AN Bl s A NI MK 52 AT DURE AR 267 18 SCIR) 4 7
B> ARG ANAT RSB E AT R R, AT LIRS BN L 48 Bl el At A2 Al
FBARAFAL UL G A 218 3

wxXgd: it Ot

SR DR

WX M H: Caspase-11 J# i il Pannexinl i 1E ¢ 12 7 & %
NLRP3 5 /MR I 1E S AL 7

te#ss: 1R WSS 5 it

2023 £ 6 H 2 H



E 0 = 1 =TSPTSRO 1
1.1 Caspase-11 7EF A S I FERERE «ooooivee e 2
L1T Caspase-11 FRBIE ovvevrereeeieiece st 2
1.1.2 Caspase-11 M SFANIBEETTHIHLH] oovovieee e 3
1.2 Pannexinl JEIE S FTE T JH 2 B BT T 00 oottt 3
1,20 PanneXin ] B T B T B 0 e oo oot e e e e e e e e e e e e e e e e e e ee e et e et e et e et e e e eeeee e i 4
1.2.2 Pannexinl I8 2 F T B I BRI TR LI oottt ettt e et e et ettt et et e et e seeeeeeteeeeneenes 4
1.3 NLRP3 R TE R 2 BT T R oottt ettt ettt 5
1.3.1  INLRP3 i /I IR oottt ettt ettt ettt et et ee et et et et et et et e et et et et et et et e e eeeeee e et et et et et eeeeeeeeneees 6
BT RN B2 T TieA N YN ok R PO 6
L 3 e T BB 78 S oottt ettt et e ettt ettt ettt et et et et et et et et et et et et et e et ettt e e e et e en e 7
o I 1 by RO 9
o S R - Sy /iR v | SO RTRRRRRTSRRN 9
O T S S - S 9

R RS 5 IR v TRV 9

T e T e 7 i TR 11
S A b RO TTUTTTTT 11
221 EWEAME (RAW264.7) [RIEEFE L SZIEATZH oottt ettt s et e en e 11
222 SIRNA Bl oottt ettt ettt ettt ettt ettt ettt ettt et ettt ettt etanas 13
T R I IL )i L o 1 TSR 13
R Y (T O M2 - 1 TSROSO 14
R & (A= 1 S (OIS T 14
2.2.6 FPEEITIESEIE CWESLEITI DLOT)  oviereeieeeeeeeeeee e e oot e e s e eeeeee e e e e e e s e e eeeseeeteeereeeseeeseeteesteeseeeseeseeesereaeeanes 15
R A - = R 16
o T A o =TT 17
3.1 LPS /5 NLRP3 7 /IMABEIE MG T Caspase-11...o.ccerveeveeceerereeeeeeeeseseeesessesees s, 17



3.3 Caspase-11 /-3 NLRP3 J&AEMABEE O T Pannexinl JEIE T oo, 23
3.4 Pannexinl & HIEE BN ATP 30E NLRP3 AIE/IMA oo, 26
B ATE TR o 32
B S T AT s 36
BEZE TR oo 37
VEZE TR B AT 2E I BRI I oo 45
B U e 46

Vil



TECHEHE AR

2% 1] JEL AR HSC AR

AR Anchoring protein repeat WEEAEE

ASC Apoptosis-associated speck-like protein  {# T-HH < Bt &S FE 5 H
containing a CARD

BV/TV Percent trabecular area B NA AR TR

CARD Caspase-activated recruitment domain 2}t K 24l S 4L 45 1) 458,

Caspase Cysteinyl aspartate specific proteinase & &R H R L RIR

H EH K i

CBX Carbenoxolone HEHRR 4N

CEJ-ABC Cementoenamel junction to the alveolar i 75 J5i Fit 21| 7 #& I Tni
bone crest 1 EE 2

CTT C-terminal tail PRI AR 2

DAMP Damage-associated molecular pattern 145 AH 2 A

DMEM Dulbecco's Modified Eagle's Medium FEORAAR S R By 7 2

ECD Extracellular domain 2 B 4 235 A Sk

FBS Fetal Bovine Serum Jig 2 i

GSDMD Gasdermin D HE R D

HDAC6 Histone deacetylase 6 HEA L OBALEE 6

HE Hematoxylin-eosin IIAKG- BT

ICD Intracellular domain 2 B P 45 A 3k

IHC Immunohistochemical Hoge H 2k 2

IL Interleukin B2

LPS Lipopolysaccharide IEEZ

LRR Leucine-rich repeats B oA R EE T

MTOC Microtubule-organizing center T R A0

NLR NOD-like receptor NOD Ff32 4%

NLRP3 NOD-like receptor thermal protein NOD FE32 R #hil [ 45
domain associated protein 3 FIEAE S E 3

Vi



P. gingivalis
PAMP
PBS
PFT
PMSF
PRR
PVDF
PYD
RIPA
SDS
TLR
TMD

Tris

Porphyromonas gingivalis

Pathogen-associated molecular pattern

Phosphate Buffer Saline
Pore-forming toxin
Phenylmethylsulfonyl fluoride
Pattern recognition receptor
Polyvinylidene fluoride

Pyrin domain

Radio immunoprecipitation assay
Sodium dodecyl sulfate
Toll-like receptor
Transmembrane domain

Tris (hydroxymethyl) methyl

aminomethane

ZF RNk P T
T3 JEAH 2R 73 AR
R 25 22 i
AL R

% AT A

20 s =Rl 32
R L)

pyrin £5 435K

2 o 2R A R
Tt B A
Toll #5244

HE T 15 5 A
= R




1% 5lF

BLIE T

ZFJH 9 (Periodontitis) #2322 il AR W) I G 3 BOF i SCRPALZUR AR IR
ratEAg e 2OEN . Buk g AR TR, B 7.96 (LR EF R EH, B
TR 10%2 . ITERMTI ALY, FE R RmILEI RZAEER, Hha
5 A W2 0 B 5 AR ) SORE S S AT F B A i 0 X e I I T 4 5 £
RIE SRS, X6 PR B [F) 4 AT e 3 8UF A SCRFAH S AR B

(5 G 200 A LA 1 328 S5 87 1) B LA s 4 7 4% A B RN 3 3 e
fods EEEHC, fEFEHL, B HE RS FIB A =Rk, (HE
WiE 40 0 Py ok P SR R RTE AR 2 S HOCT R A 2 510 B4 g ] LUE I Toll #£52
& (Toll-like receptor, TLR) RAELFEEZ i (Lipopolysaccharide, LPS) 7E P[]
5 JELFE 554> T30 (Pathogen-associated molecular pattern, PAMP), Ff7% 4= 4
MR AT, DS RAR A RS 50 &8,

NOD FfEZ R #E AL M X B 1 3 (NOD-like receptor thermal protein
domain associated protein 3, NLRP3) MG -HIE K 2 EEE &K, BWARIE
A, TEYERE G VA 5 YRR SO ERE A5 U T R ¥ B AR A DA BRR 5T
W], NLRP3 SRE/IMA R0 AE 2 J8 98 (¥R A Je rh bt 2 B AR FH 1. fEdg i
FRREF KA ERALT, NLRP3 RAE/IMAR R IL B E 1 =2, NLRP3 458/
R LAY 2 Fh SRS S50, EFE4H B AR EE 0 PAMPs, 40 LPS, 4B RALE
(Pore-forming toxin, PFT) i/t ATP 51131, ATP 240 £ B A REE DT
EAERA—FME SEN R R T ZFhgr i A, @i Msh ATP Rk P2X7T,
ATP B85 5 240 M P VORN 240 B &/ AR O 28 2 RSS20 KPAMU A Na™ iy
M. CHVPFIEH, 4iKN KTHAMZE NLRP3 SR/ MABIE — ML EF &,
BET 0 Caspase-1, FF HAFAR & K IL-1B ATARZK g s ALl

IR 3244 (Pattern recognition receptor, PRR) J& 40 ()% 3244k, At
e A B AN EE R AT REAELER “AEE &7 1, R SIWUARBI L], DLk
FARZNBITED) 51 R AH M 1 15190, X R WU SR A P IR e AT ik 32 4 2 208
S EFR LN, PRR A LA4) A% $1 PRR (40 Toll BESZ4AFN NOD K22 44) Fdk
22 PRR (U1 Caspase-11), Hr TLR4 £ & H) LPS iR7E M. Caspase-11

1



e

F1% 3

& Caspase FEFII—ANELIRA, TEZ i 98 v B4 e i 3R 20 St 2R ) 52 44
Caspase-11 [ 3 NZK[FIJEY) Caspase-4 IRHIMLA LPS, 1% My F4 igiin
BszAR TLR4 g7, fEIEL M RAEIRAE Y, Caspase-11 A LLEBIGIIFEE &
LPS SKAZ 3 SRE 7 [ s AUS) . T SS A aEAAR W, NLRP3 RE /M) DU i
Caspase-11 /- F IR BB TSI, FEREH K ATIIot L p e i, 72
i % EVELTURR TLR4 4h, Caspase-11 tHAERS/E NZ AN LPS N3 RIE R
JS2, W& NLRP3 SEME/MARO, SR H T 1 2SR AN LRIT AT 22

Pannexinl 72 i I & [ [¥) Pannexin Z¢J% (Pannexin] . Pannexin2 A Pannexin3)
[f1— i3, 5 Pannexin FEIFHARA G AHL, Pannexinl HIRE 528 P8 J5 2116 1 R
7. Pannexinl JEIEE— SRR EH L NS M IFG K ATP B 2 e, g
4 ATP Wi P2X7 524k, A KA, M350 NLRP3 & PE/IMARIER, A
FURH, RN Tt FEH Pannexinl J83E BT AR #E NLRP3 %85 /MAT)
S 2L,

TEARBFFCA, AR T EF b Caspase-11 1E AU PRR & Qnfa {2
BESIE R AR IER) e BATN ] siRNA 0 BN AT I B R R U8k, S FH 40
A 7R 20 B P A DG B 1 A ThREEAT HK, G8Id P gingivalis-LPS HII E Wi 4H i
¥ 75 SAAEH I JA) 5 I RO AR BDIRZS , D€ NLRP3 S8REMA IR KT, 3R 5T
Caspase-11. Pannexinl i1 fl NLRP3 J&RE/IMAZ (B IEC R, SNIRPR b2 F 4 (1)
HRIT IRALE R L

1.1 Caspase-11 77 B & F KIBF 7L 2

Caspase-11 /& Caspase FKJEH ) — 1, EWR4HMIETT Caspase-11/4 1A
W LPS, FFH izt #Ehar T TLR4 il fEJEL M AREI&12H, Caspase-11 7]
PAE SR IF 255 LPS KA 4 5E K1 1) il AU ARBUK M Caspase-11 B0
HA 4 A T AL 7 TR AT 2708

1.1.1 Caspase-11 FJBUE

2013 4, Nobuhiko IE &I Caspase 7] LIS T TLR4 iRHI4HE LPS F4r
S SRR S R AORE R T4 W24, Caspase-11 F1 LPS FIHR: 5P 1R 148 it

2



PLEAB AR SRR TS, AW RSB —FEHNE.
BERREE4A, BiH: https://d. book118. com/71811605706
7006042



https://d.book118.com/718116057067006042
https://d.book118.com/718116057067006042

