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Research on the Mechanism of NLRP3 Gene’s Regulation on Inflammatory Response in Non-alcoholic
Fatty Liver Disease Mice

SHAO Yidan, SHI Tingting, XI Jianjun, ZHAO Yanmei, ZOU Xi, ZHUANG Rangxiao*(Hangzhou Xixi Hospital,
Hangzhou 310012, China)

ABSTRACT: OBJECTIVE To study the mechanism of NLRP3 gene’s regulation on inflammatory response in non-alcoholic
fatty liver disease(NAFLD) mice induced by high-fat and high-fructose diet using NLRP3 gene knockout mice. METHODS
Use male homozygous(NLRP3-/-) mice, and the high-fat and high-fructose diet was used to establish NAFLD model in NLRP3
knockout(KO) mice and wild-type(WT) mice, divided into KO high-fat and high-fructose diet(KO-HFD) group and WT high-fat
and high-fructose diet(WT-HFD) group, while the WT and KO groups were also established. The body weight of mice in each
group were observed. The changes of ALT, AST, TG, TC, MDA, SOD, lipidosis, apoptosis rate, IL-1B, IL-18, TNF-a, NF-«B,
NLRP3, Caspase-1 and ASC in serum and tissue samples were tested to study the mechanism of the NLRP3 gene regulating the
inflammatory response in NAFLD mice. RESULTS As time goes on, the mice weight of each group increased gradually, but
the KO-HFD group increased less than the WT-HFD group. Each group’s level of ALT, AST, TG, TC in serum increased gradually,
but the KO-HFD group increased less than the WT-HFD group. The level of MDA in liver tissues of each group was gradually
increased and the level of SOD was gradually decreased, but the change range of KO-HFD group was smaller than that of WT-HFD
group. The results of oil red O staining and Tunel section showed that the degree of lipid deposition and apoptosis in hepatocytes
increased gradually in all groups, but the changes in KO-HFD group were less than that in WT-HFD group. The levels of serum and
liver inflammatory factors IL-1pB, IL-18, TNF-a and NF-kB increased in all groups, but the changes of KO-HFD group 20 weeks
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were less than those of WT-HFD group 20 weeks, and the difference was statistically significant. The expression levels of NLRP3
inflammasomes and related inflammatory cytokines NLRP3, Caspase-1, ASC, IL-1p and IL-18 in liver tissues of WT-HFD group
were higher than those of KO-HFD group. The mRNA transcription levels of NLRP3, ASC, Caspase-1, IL-1f and IL-18 in WT-HFD
group were gradually increased, while there was no change in KO-HFD group. CONCLUSION The NLRP3 gene may be
activated in NAFLD mice model, resulting in increased expression of NLRP3 inflammasome-associated protein, promoting the

synthesis and secretion of downstream inflammatory factors, resulting in significant inflammatory response and liver damage, and

promoting the progression of NAFLD disease.

KEYWORDS: NLRP3; inflammasome; non-alcoholic fatty liver disease; inflammatory response

RS 14 B 105 1 9 (non-alcoholic  fatty liver
disease, NAFLD)J& L) FRA M & P b FH A I A
JH 45 R 2 S O 12 Ve R B o AR 2% A E
NAFLD {350 PH 2R 47 e & 2= kbt L IR B R =
AL A H A SO BT, W]k R F
AT ARG 4 g 5 1 B 4% (non-alcoholic steatohepatitis,
NASH), #1& &R qefb fFifh, w4
SO 08 AT

RNE LI A 20 AR s, AR L R
EEEREAE T GO B //E S i AR N cox
[ SAE N 255 | 2RI ) A5 R 8, 5k A
PR G2 PRI S A A TE PRGN - NLRP3 M/ IMA
JEHNE SO 1) EEEEAH ), o2 i Nod FESZARSETE
#H M 3 (nod-like receptor family, pyrin domain-
containing 3, NLRP3)FIJHT-#EEE R [ (apoptosis-
associated speck-like protein containing CARD, ASC)
J Caspase-1 FiA SAIEHE S, AT LRI
JERIBERAN AT F1°) ) a9 SRR YL 1 B R
B FRERATHEEN | R 2 BOBE PRI 55 2 Mgk
i R EEEAEH, A/ Z 1B (interleukin-16,
IL-1B) 2 —Fl A PEAM ML R, AL L B2 240
P SR, BB M S AE B NLRP3 R/
TRBE S , TR EIL-1B 55 4 M4 M IR 51 K i ™
At

ARSI R, NLRP3 S£F1E NAFLD 4%
iE SN S R R REAHE T AR . AR AT
NLRP3 BEPRRR/INGL, 385 s B R ok 7
NAFLD /MBI F 5y NLRP3 5K 7€ 47
NAFLD /MRS E 527 T4 AL o
1 {E5EF
1.1 X

Mini protean 3 cell HLIK{X(3EE Bio-Rad 24
Al); PS-9 HUFHAX (RIETE L EYBHEA FRA F);
MK3 B CY 2T AH); P AR AR (LR
JR#RANH]); Tanon-5200 WL RS( L Tanon 2
f]); ABI-7300 Real-Time PCR 4% (2 E ABI
2wl TG-16M fIRIELV RS AL T 7 S s
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MULERA BRZA W) 5 K30 BER4R 7 v (i P 7
XA 7); PRO200 2JHAL(3EE FLUKO fUA#YR
vdl)s HI210 ZKIEED . SQ2125 A MEUIF#L .
PPTHK-21B # ;r HL(#% ¥ Leica 23 Fl); ECLIPSE Ni
IEE B e . DS-Ri2 WG REG(H A
Nikon 23 #)),
1.2 R FIFER

D FFEAL WL 1,

&1 AAlFEE
Tab.1 Reagent list

7 2 R "% =2
BN R & AR C009-1
A i RN & AR C010-1
o =R £ AR A110-2
T R e AR Alll-1
AT B AL A ) AR A001
NF-«B 3l & Cucabia CSB-EL015761MO
piiEaNo) R $19039
IIARER BASO 714094
oL iR EZ R 69018961
Trizol Invitrogen 1596-026
SYBR Green PCR i #l £ Thermo #K0223
WG AR & Fermentas #K1622
JBE TR 1l Gibco 25200072
Tunel &5 & Roche /A ] 11684817910
DAB V4 50 & RS A FL-6001
BCA H H@E il & Thermo PICPI23223
A Y Marker Fermentas SM1811
NLRP3 #ifk Abcam Ab263899
ASC $ifk Proteintech 67494-1-Ig
Caspase-1 Hi{A Abcam Ab138483
IL-1B Fifk Abcam Ab25460
IL-18 Hifk Abcam Ab207323
GAPDH CST #5174
FH% HRP ARic — 90 HRR A0208
FH/NR HRP FRic — 40 BRR A0216

1.3 I
THIEY C57/BL6 Mtk BF A= B (wild-type, WT)
1 NLRP3 F:[H filk (knock-out, KO)(NLRP3-/-)/IN
A 12 H, R (25+2)g, T FifFrg il
YR A A RA ], SER s A 7 VP Al e
T BRI 2625 2023 4F 11 J145 40 #8565 21 1]




SCXK(¥)2019-0002, T5% T b RS A= YRk
HAWRAE, SCwsh Y ek .
SYXK(J/)2021-0007., BIRGFEER 12h-d™", PR
JE 20~26°C, FXHEE 40%~70%, H HKAKFIR
1, & R R KK Y 2 i e R
FRALBE

2 HE

2.1 NAFLD A2 /5% R A sr R A ] %
2.1 SrERIEAL VT C57/BL6 HEME WT i
NLRP3 KO /NRA 12 H, sEMmFE sd )5, b
MU N WT 4 6 H, KO 6 K, WT &l Rh
REH(WT-HFD)6 HA1 KO &g s SRk a4l
(KO-HFD)6 H . WT 411 KO 4 45T Hali el A
WIKFH/K, WT-HFD 411 KO-HFD 2457 = g 1l
LRI S R K

2.1.2 HEAGIE  BRREIFWE LA/ NP —
AL, FE5S 0 JEIALTE WT 2HF1 KO 204 3 1, 78
TERE S 8 FARALFE WT-HFD £ 1 KO-HFD 4H/)\
A 3 R, 20 ARG —IHL IR/ N, shiab B
RIZSEE 12 h, DA 3% 865 HEZ-44[0.2 mL- (100 g) ']
RS TS R, FREE, R ShICR I s TG AT
I, BRI FH 10% ik FR S [, ABUTF2H 20 B
SER, HAFHZ1-80 CHRF# A

2.2 IS A AR RN 2H 20 B 2 A

2.2.1  IEAERD 8 BRI, A 2 mL
BRI EP EHEEFE 2h, 627 xg B0 5 min
JE ST, FE UL AR IS Y ALT. AST.
TG Fl TC KA T E .

222 JFHAZABUA TS FRRI  H-80 CIRFERY
JFZHZ7 100 mg A 1.5 mL 9 EP &9, A 1 mL
PBS ¥, FZSIBALAE DK EXF AT 213K,
SRJG 4 °CF 10033 xg &0 5min, HEIEHSRI
AP, =20 CLAAFA o Feik50) & vt B 45 %)
JFHZ5) 38 9 ) MDA . SOD ZKSE#EA T E .
223 JFHLUML O Yl H-80 CLRAFHY
JFLHZ 720 °CAE I 30 min, V) IF A7 G4 |
MRV R MUY 7 pm W R, W F 2 R &t
HOE R B A L, A 4 °C HIYA TR I 2
15 min, F 4% MR FE 10 min, HHZEEKEEE,
M 60% 5 N ERRVE, SRIG ML O Wil gt
10 min, FFH] 60% 5 NEEr AR RO, 221K
EUEIE ] Mayer 73 ARG R Gy, BeJa 7K 05
Ja HH AR o ARIRIML O Yt rEARTE R

R E AN 22 2023 4F 11 A4 40 4855 21 1

B A 2R T DTRG0 o
2.2.4 2 Tunel &zl BOUHZHZR v H T ]
E 48 h, HOBEBEHIKIE, BEATKLERM
RIEABIR AW 2h, JFEALL HR 2h2 1K,
JE AT ARSI, FAE-20 C¥RR>30 min, VIR
Bl 4um U1, BRI CmEEdokie, HBEA
fit iK1k 40 min, PBS %%k 3 ¥, M1 50 pL Tunel X
N 37 CIV 1h, PBS %51k 3 K. Jil 50 uL POD
& 37 ‘C ) 30 min, PBS 5L 3 Y. H DAB Juff,
10 min Ji5 K 0hEE, ABRARRE Y, BRI
K, HZHFEH 2 K, e - ER s 133
Tunel Y] 5, 7RI WS AR IERERE
2.3 ILIE MU LR AE T 2235 K i
231 IMERIERFAKER % “2.1.27 M
“2.2.17 TR 7 ¥kl # ML REAS , $2H ELISA it
7R U B P A RO R REAS A A R, JT AR LA
FEIMEFEA G AT InAE, 37 CI¥E 30 min J5 H
VEVWIEVE, I AKH R bR 50 ul )5,

B ARH B 15 min, SRIEINA L IR A 1R 2
I, 337 BIAE FH RS A 450 nm AR W fi
BB T I35 TL-1B. IL-18 ., TNF-a il NF-kB 7K -
AT AE -
232  JHHBUEER PRI #% “2.2.27 T
T 20 CHFLSUSI R, #ie “2.3.17 T
TR E R RO IR B X 2T IL-1B8.
IL-18. TNF-a F NF-«kB /KF#E4T5E .
2.4 JIF4HZ1 NLRP3 RM/MA R AHCH T H %R
IR KPS

HURIPA 2 Ab B IT 850 T A5 (0 20 234 i
W, %4 SDS-PAGE HLJK, &I, #-ATEMHMAL,
ECL fb2 &G a5 25341, Image J 54k
S S K B . AR 4L 410 NLRP3
Caspase-1, ASC ., IL-1B £ IL-18 & HFEIAKFH2 1k,
2.5 JHZHZ NLRP3 K M/IMA KA+ mRNA
12 IR 7K Azl

HL-80 CURAFIIIFHE, Yl isr O K/ H S
Y, BT EP &P HWARTR, 1AM Trizol 7]
LU NTIFHEZL, $REL RNA FEE RNA 4l K ik
&, Pl T cDNA RSy 3, 519751 L3k 2,
At E & PCR AGHEATINE , 43 Hr 4 2
NLRP3. Caspase-1. ASC. IL-1B. IL-18 ) mRNA
LS S Ik o
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Tab. 2 Primer sequence list

S 3 9'%]3?5/
NLRP3 5’-GCT GCC CTT CCC ATC ATA TC-3° 297
5’-AGG CTG CCA CAAACCTTC-3’
Caspase-1 5°-CGT CTT GCC CTC ATT ATC-3’ 159
5’-CAC CTC TTT CAC CAT CTC-3’
ASC 5’-ATA TAA CTG GTG CCG TGC AAT C-3” 284
5’-TAC AAT GGC ATT AGC GCCTTT C -3’
IL-1p 5’-CGTGTTCCAGGACACAACAAG-3’ 210
5’-TACAGGCGAGGTCATCACAAG-3’
IL-18 5’-CTG CCCAGAACATCATCC-3’ 197
5’-CTC AGA TGC CTG CTT CAC-3’
GAPDH 5-CTG CCC AGAACATCATCC-3’ 197

5’-CTC AGATGC CTG CTT CAC-3’

3 %
3.1 RFTEALE

R E P IA &5 4 (KO-HFD . WT-HFD)
AR AL (KO . WT)/IN B 4% I 1k 1 < 3ok o o
P, Al , KO 2158 WT 41/ BUR A I 16 K B
KO-HFD 2% WT-HFD £l /> B A T S 35 4 B2
RS A LA 1,

- WT4H
=+ KO-HFD#H
-+~ WT-HFD#H
- KO#4H

0 I1 I2 I3 éll I5 I6 I7 é I9 1|0 lll 1|2 1|3 1|4 1|5 1I6 1I7 1|8 1I92|0
/&

El1 HEEEMES

Fig.1 Trend of body weight

3.2 T AR AR RN A 4 B 2 A I 2

3.2 AT PRk I 4 S eSS 79

%S /NI ALT. AST. TG il TC /K- 3%

T+ .15 KO-HFD ZH# WT-HFD 41 JH i I 5 /N

GOR K 3,

R3 mAFEENRNE

Tab.3 Results of serum biochemical tests

215 ALT/U-L"  AST/U-L" TG/mmol-L™ TC/mmol-L™"
KO 41 48.86+4.99

KO-HFD #H 8 Ji  60.62+1.75"% 4521+2.17"% 1.02+0.01"% 2.94+0.09"%

28.77£4.67  0.65+0.05  1.83x0.10
KO-HFD 21 20 J&  79.73+4.62" 61.58+2.29™ 1.50+0.02"¥ 4.10+0.04"
WT 41 48.34+3.66

WT-HFD 41 8 J  84.67+11.83% 50.69+2.96” 1.16£0.05” 2.29+0.09%

25324236 0.71+0.09 1.74+0.14

WT-HFD 20 20 J 152.25+1.01°  80.06+2.92” 2.34+0.06” 5.63+0.16”

TE: 5 KO 4lHkg, VP<0.001; 5 WT 44, 2P<0.001; 5 WT-HFD
41 8 A Ik#:, PP<0.001; 5 WT-HFD 41 20 J# lb#s, YP<0.001,
Note: Compared with KO group, DP<0.001; compared with WT group,

2P<0.001; compared with WT-HFD group 8 weeks, ’P<0.001; compared
with WT-HFD group 20 weeks, ¥P<0.001.

322 A BUEASR bk 45
2948 .
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WEHS T /NEITFHZLN MDA FHi&, SOD KT
F, HERAGIT¥E L, MDA /K¥AE KO-HFD
ZH i WT-HFD 21 = i £ 5 /)N, SOD 7KFE-7E KO-
HFD 2H "% WT-HFD 21 T R FE s /N 2 S LR 4
F4 FASRALEALNER

Tab. 4 Results of liver antioxidant index tests

205 MDA/nmol-mL™ SOD/U-mL™
KO 4 5.00+0.45 102.1+11.9
KO-HFD 4 8 J& 9.19+1.08"% 70.95+5.48"9
KO-HFD 41 20 J& 12.93+4.3799 58.46+1.94V9
WT 41 4.99+0.30 106.44+10.33
WT-HFD 4 8 J& 9.77+0.54% 37.32+4.407
WT-HFD 4 20 J& 19.79+0.20% 27.87+1.11%

. 5 KO @Ik, "P<0.001; 5 WT 414, 2P<0.001; 5 WT-HFD
41 8 FELk#E, YP<0.001; 5 WT-HFD 41 20 JELL#, YP<0.001,

Note: Compared with KO group, "P<0.001; compared with WT group,
2)P<O.001; compared with WT-HFD group 8 weeks, 3)P<0.OOI; compared
with WT-HFD group 20 weeks, ¥P<0.001.

3.2.3 JHHZUMZ O Jeas5 R el O Juash
on, WT-HFD 411 20 g o O AR B 2 1 A el
[B] Y ZE G2 %, T KO-HFD 414 JI5 BT R Y
FEEEAO R, S5 R ILE 2,

KO% KO-HFD# 8J& KO-HFD# 20/
o somm i som o sm
200 - 200x 200x

WTZH WT-HFD4 8J3 WT-HFD4H 205

50 pm S0, ' 50pm

e e el P00x7 A P TIR 200%

2 IO LEs

Fig.2 Results of red oil O staining

3.2.4 JHZ4 Tunel VIR RINEEE  Tunel YIH 4
Image J FRPFACPREE R o, FE EAN TH] 19 SE
KO-HFD 41 WT-HFD 41/MNEUF4IIa -5 )5%
Wik, H KO-HFD 41JAT-%{K T WT-HFD 41,
LI 3,

KO# KO-HFD# 8/3 KO-HFD# 20/3
50pm . S0Rm: St s S S0 m
TR 6.98% 200x - JHTSH:1024% 200¢ WD 29%% - 200x
WTH WT-HFD# 85 WT-HFDZH 20/#
Sopm 50'pm R R
FI-: 5.26% 200% AT 18.62% 200x mt?é:éu.bm - 200x

B3 Tunel 1 A& 5
Fig.3 Results of Tunel slice
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3.3 I FHLH LT A Rk ARl 45

ELISA & & 45 2R /8, KO-HFD 41
WT-HFD 41/ BRI H i 28E 7 TL-18 . TNF-a
H1 NF-xB 7K V-84 BN [ FR B 15 5, 7656 20 S
J& £ AL IS 2AE /K T4 KO 41R1 WT 4119

25, WMEAGAE . R, KO 4Mtk WT

A9 R F KPR B B g . fEIFAZih R
THOS MG EM, HESTE hEE, 45810
K 4~5,
34 JFAZH NLRP3 RYE/IMEKA KA FHHA
FIR KA I 25

Western blotting 5% M H: Image J AbFEZE B i
7~, NLRP3, ASC. Caspase-1. IL-1p il IL-18 &
1 #3A7K 16 KO-HFD 44k, 7 WT-HFD 4]
WP i o 3 A S () 8 i T i, LT 2 A R
sESHASRITFEL, ZRILK 6,
35 P42 NLRP3 & M/MA A 56 K 1
mRNA 5 5% /KPR 25 51

Real-time PCR AW EZ R 78, KO-HFD 4
) NLRP3,ASC ,Caspase-1.IL-1B.IL-18 ) mRNA
e ST th BB 284k, 1 WT-HFD 4R it
BEESS (] A A4 H B 34, B Y Caspase-1
mRNA P EAGIEE X, 458 WA 7,

4 iR
AL F FH = IR = R IR 25 S NLRP3 KO
JNERAT WT /NEJE L NAFLD, XF HeBFSE NLRP3 %
PHITEIE i NAFLD AHE R AGE R R A VE R
FERFEE 20 JAMBEFE Y, 25 41/ BRI 5T
I3 TG F TC 7/KF-3 i g , {H KO-HFD 2ﬂi§a
WT-HFD A 38K IR EE RN, #8718 NLRP3 FEH A
EI=E S ) /l\l%%ﬂilﬁﬁi&T/J\EﬁMW\m@Hﬁu%
%?EE%T%HHEHBE’J FHERL, SR SR T A
WK, M NLRP3 SR RFR, nIREekE T/
A ESL
[FImE, I HFZUMLT O Jemmsh i, vE—
AEAIEB] KO-HFD 20 F1 WT-HFD 41 19 J1 i Bl Jo 32 ¥
HiZ, H WT-HFD 4105 Bt FUR B fe B e, i
KO-HFD 4 7] fE T NLRP3 J:H e, —E
JE 10 T RFE P N R
B /N BRI IR T ) A BE SRR, JF414Y MDA
IKF- T i F1 SOD KRR, 7 4 L oA s o 4
REKE R R, i R BTE L) SOD Y 4r4E
THFEFIEAL I 0™ ) MDA BHR 22T, vl RE TS K
T FF I 5 i 7K S 14) - v 0 200 it %) R 2452 0 A
T2 M NLRP3 B H Rl , 22 T A2 b MDA
TR TR AT SOD K1Y R, 78 NLRP3 $E 1A

300 o) 500 - 2000 2000 -
- 2) - 23) 4o T 2
£ 2 200 g T, 400 #E 711500 % 711500 )
g2 £ 300 L g 21000 : S 21000 2
5 2100 = 520 . % 500 B 50
=R £ 100 g ¥
0 0 0
«&6&}%& WQ@ éﬂ‘%&oﬁ’\ q’Q@ *9‘%"&%" ,\9@ é{&%;’é Q‘%’\ g\ Q@ qgg "g\ Q(%X ‘&’ ®‘{(§\ Q(%l‘gg “%% éf\
P S FF S i S
F& S F S oﬁsoé @3 & és & és &
< O & & O & & & & qﬁ&
B4 mERERTFAFER
5 KO #Ik#, YP<0.001; 5 WT 4lLhEr, ?P<0.001; 5 KO-HFD 4 20 ALk, YP<0.001,
Fig. 4 Results of serum inflammatory factor levels
Compared with KO group, "P<0.001; compared with WT group, ?P<0.001; compared with KO-HFD group 20 weeks, *'P<0.001.
300 y 2D 500 y 2500 w o 2500
& ) 400 %} 7,2000 2 27,2000 L)
g éénzoo 80300 & Tl 500 y D g el 500 y D
= 100 200 % 1000 2 1000
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9 SIS 0
S& I £ O @3 &@ é‘ & S
o O &7 & % @
& & @ L & &
5 FMAELARERTFAFE
5 KO 414, "P<0.001; 5 WT 4lH%:, ?P<0.001; 5 KO-HFD 41 20 &4, YP<0.001,
Fig. 5 Results of liver tissue inflammatory factor levels
Compared with KO group, "P<0.001; compared with WT group, 2P<0.001; compared with KO-HFD group 20 weeks, ¥P<0.001.
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Fig. 6 Results of liver tissue inflammasome and related factors protein expression levels

Compared with KO group, "P<0.001, ?P<0.01; compared with WT group, ¥P<0.001, ¥P<0.01, ¥P<0.05; compared with KO-HFD group 20 weeks,
9p<0.001, P<0.05; compared with KO-HFD group 8 weeks, ©'P<0.05.
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Fig. 7 Results of liver tissue inflammasome and related factors mRNA transcription levels
Compared with WT group, "P<0.01, ?P<0.05.
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