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NLRP3 RAE/IMATE RIS kit HeaEfk ZDF KB Ry
Pk KPR AT Y+ 1
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(1. Wi E 2R 2 SE Ao Hp oL/ e R 22 F 5T o0 B0 310053 52. # M KA =22 e, 3 M 225009)

[WE] BB WL NLRP3 S /MR & H A1 50 B 76 -5 300 3l bk o B B 16 ( AS) Zucker 4 BRG IE i
(ZDF) K R FEsh Ik i 25k, DL BTHEARABTT (ATV) i FHIfE . ik mls RS/l 2 ST v,
ST ZDF K EE) AS #A FF45T ATV 000 A MR A 385 28 ox-LDL I hsCRP, F:iE47 32 3 bk 41 20 Hl 27
5 #5 Fll NLRP3 (caspase 1 IL-1B Fl TNF-o ZERIRIAARI, SR = l8mM)S ZDF KB IBE 088 R & 2 A0 ox-
LDL /KF-¥1 8 3 TP <0.05) , S VD, J&,hsCRP K P B3 ETF (P <0.05) , F 3 Ik 211 B HA 8 (0 7 4
AS J%574E , H NLRP3 ,caspase 1 1L-1B F1 TNF-o 2R #3583 FF (P <0.05) , 1 ATV 241 ZDF K FUMLAE | ox-LDL £
hsCRP /K-8 N (P <0.05) , AS AR & e , H £ k4l 2 NLRP3 Caspase 1, IL-1@ 1 TNF-o FEF ik
BETM(P<0.05), &8 NLPR3 RIE/MERHNRWRIEHR TS5 T ZDF KT AS B4RE K7, 1 ATV
AN NLRP3 A5 /MR35 ] AS 19 R 5E R
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Expression of NLRP3 inflammasome in early atherosclerosis ZDF
rats and intervention effect of atorvastatin
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[ Abstract] Objective To observe the expression of NLRP3 inflammasome and its mediated inflammatory factors in
the aorta of Zuker diabetic fatty ( ZDF) rats with early atherosclerosis ( AS), and observe the intervention effect of
atorvastatin. Methods ZDF rats models of type 2 diabetes mellitus(T2DM) and AS were established by feeding high-fat
diet accompanied with multiple injections of vitamin D, (VD;). Meanwhile, half of these rats were also given atorvastatin
(ATV). Changes of serum glucose, lipids, insulin, ox-LDL and hsCRP were tested. Morphological changes of aorta
tissues were examined by histopathology. The gene expressions of NLRP3 and some other inflammatory mediators were also
quantified. Results  After feeding high-fat diet, the glucose, lipids, insulin and ox-LDL levels of ZDF rats in the model

group were significantly increased( P < 0.05). After VD, injecting, pathological changes also occurred in the early stage

[E£TH]#LE B AR FI4 (LY12004002)
[MEEBIN] D 2FE(1988 - ) B AR M0 52k  WF5e 7 1) . th 25 25305 AR R 24 E-mail : mqx1025@ hotmail. com,
[BIER IBREAI (1963 - ) , Lo, 384 i, WF5E 07 ) . S8 i 5 He A R 2 E-mail : emli991@ 126. com,,



2 P F A R ARG 2015 4E 2 4525 #4552 ) Chin J Comp Med, February 2015, Vol. 25. No. 2

AS. Moreover, the hsCRP level was increased along with elevated gene expressions of NLRP3, caspase 1, IL-1f and TNF-

« in the aorta tissues (P <0.05). Nevertheless, the serum glucose, lipids, insulin, ox-LDL and hsCRP levels in ZDF rats

of the ATV group were significantly decreased (P <0.05). The pathological changes were attenuated and gene expressions
of NLRP3, caspase-1, IL-1B and TNF-« in the aorta tissues also significantly reduced (P <0.05). Conclusions NLPR3

inflammasome and its mediated inflammatory mediators participate in the inflammatory responses during the early AS

development. ATV can inhibit the gene expression of NLRP3 inflammasome, and alleviate the inflammatory responses

during atherosclerosis.
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SIKSRFERE L (AS) AU 2 B IRYK (T2DM)
hRCE UL R4S I RE , 2 T2DM f5 A Bk L
FERYTEERA AR, Bk 2 B 9T A R
A2 AS FIURE DRI 2 7] 1) 995 3L EL il NOD M A2 1A R
4 3( NLRP3) 4 AE /M4 H rp s 2 i i s 17127
NLRP3 #R%E/MA R —Fh R (52 A1 1R 0 A e
PE I T BLLH 3 ASUAE ARAE N T B 45 T CEEVE
I H 28 980 5 5% B 42 . i NLRP3 47
SRR EANE (IL)-18 A1 IL-18 & TR E 1)
{55 % T 10 BB & RHCPL, FIR 1L-18 45 3l ik
SRR LB FaE 340 R, 1 Ry JRE VL 1Y
¥ts ,NLRP3 4 AE /NMATT 8 4 B i T2DM Jf & AS
PEOUHT AR S, FTHEARALTT CATV) R I R H Y
Pt AS 254, B —E P RIEH ., BHATHIEEF
ATV X} NLRP3 & i /& T W4 H 09 i, H
NLRP3 RIE/MATE T2DM F-% AS Sl i v (i
TV o Zucker FEIRIGIERE (ZDF) K B2 H Zucker
B (ZF) K BRI 32 Je A5 31 0 s A o 2, R FH Y
T2DM Bt | HAEA I A28 5 JhE RO
AICRHE N IR BB A 44 F Dy (VD,) H#37. ZDF
KEL T2DM Jf & H 0 AS #2858 NLRP3 48 4E /)
AR R HAY T 10 H DG S PR 7 8 sl Bk gl 22 b 1 3
IR LA ATV (9T T1EN

1 #MEIAEE

1.1 LYK ERINGE

SPF 2 7 ~ 8 JEli it ZDF KB 12 H % [ J& %
FIHEYE Zucker SR (ZL) KEL 6 H, B b ot 4k A4
SEEG S W 4 R A BR 2 A 4R AR [ SCXK (5T) 2012-
0001 ] ;4155 T Wi VL rh B2 25 K 2= sl Wy 52 3 i 2 b s
GRS 2 [ SYXK (#7)2013-184 ], BREE IR FE . (22
+2)°C, FHXFIRE . 50% ~60% , M. 12h/12h B
52K M <50 db; A58 IVC BN FE 2 LR,
HHRE e i e Sc e s Y FH 1y “3R”
FVUES PPN EESE L7 W SR e X T B Wi ) =piis

Atherosclerosis ; NLRP3 inflammasome ; Type 2 diabetes mellitus; Zuker diabetic fatty rats

FFIE LSS,

IR TRRHEC )y E B 1% B ERH 109% &
5 10% 3 SHHER 0. 5% FERIFARL78.5%
1.2 RFSNE

VD, FESHR, W F I 250 B AT B A
ATV 85 R ¥ il 254 BR 23 7] 4 7= s RNA 2 BUR)
BRZCE RN &N A FEY TR(KE)A
B2 KRR C W 2 1 (hsCRP) ELISA {7
B, W A AT I e A R RS A K RS &R
K7 &, I ALPCO 23 w] , 2 Wikl 4
g H BE-1E FE 2 W B R A3 BR 4 FD; CD68 it ik
(ab31630) 4 [ abcam 2], 7020 %4 [ sl b5
M HASH LA R, SERF 8% 8 & PCR X (35
Bio-Rad A Al ) ; Thermo Y61 14 2 T e Wb AL ( 3
[E Thermo 72y A ), STS010 Y& {4 AL ( 8 [ Leica 2>
A)) 801 AHZE A BE ( HAS Nikon 28H])
1.3 zh¥Lie

B ZDF KR 12 H g m s 4 J5, 47
IR FEE ok DA BB, 000 1AL 37 JIEL [ B ( CHOL) | Hi =
fisg (TG ) | Ik %% B g & (1 0 [# B ( LDL-C) | if 4%
(GLU) % B A5 25 (A I 5 % ( HDL-C) , AR 3% 1fi i
A S AR EE, 0 A AL 4 (model group) Fl ATV 41
(ATV group) , 5206 H;BHL6 H ZL K Em MR AL
TR VE A 1E % % BB ZH ( control group) , ATV ZH ZDF
KEEFREOHEM 5 mg/kg ATV, B 20 F1IE 5 %
TR REAT 10 ml/kg ZRIRK . BIRIZH S ATV 41
R ARSI M o g T Ak | IR 28 M8 s 1 5 60 T TU/ kg
VD, (433 WK, BRI 3 d S 1K) .
1.4 3EFRNE
141 MEAEAFE PRI E . 76 B ES VD, 5 2,
4,6 JABE KA K EAEE 12 h J5 4R HE # P IU
1 mL, 20 & i3, 6 4 A sh A U GLU
CHOL TG .LDL-C \HDL-C 7K, I 115 o Jik o3 i i
FFEH(AD) , Al = (CHOL - HDL-C ) /7HDL-C, #|H
ELISA i 7 £, ¥ 1] hsCRP . J§i & Z Fl ox-LDL 4
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1.4.2 EFPORBRA L2 1R ES VD,6
JEJG R AL FESh ), 28 200 2 B PBS ik, B
W5t 3 B0 R 350 0B 2508 O, 7 RIS 4.9% v H i
HE A 48 h i, G H R bR S0 E R
T E S IKARF I 17 T a3, A 8500 5 HLK 30
KSEAVIL 4 wm ¥, JRRZ-PHLL(HE ) Je 4,0k
2 W NS B AR R IR R

K g ALY o 5 ik kD 32 B ik 4l 8 B
MR AR IR, AR Y] A BT 60°C 5 5 A ML kS
1 h, Bl 2K, 3% i AL F I 15 min BH KT PY R
PR E AL, 5 anti-CD68 * —HiF &, & T 4°C 1k
I, MhUESE 5 45 A 15 min, DAB {4, J5
KREEY WiKkE R, BV bbric WA,
1.4.3  FBhkeH2 NLRP3 KA R AE KT mRNA
I ZRIRME - B AE E B Ik 2 40 mg ~ 60 mg, £
HUE RNA JF 3 5% 5t i cDNA, JER 54 il g A
TAY ARG, 5T 0L 1, 4 cDNA
FH RT-PCR AT 2504 s IO i {8 9kt

N

1 Bio-Rad iQ5 PCR {SU4E . BIARZR N 20 ul., £
#5 2 pLeDNA IAW , 10 wL SYBR® |54 1 pL
(10 pmol/L) KUK 6 wL 7K, ¥4 54 . D95 °C Fil g
P£ 10 min,® 95°C7Z5H 15 s,@ 60°C B X 1 min, @
QFEFF 40 X, GADPH &R EEHIE RN S X, H
(3L R G Sk Pt A 2 22 R
1.5 SitEFE

A E R BE £ AR ER (x5 ) R, R
FH SPSS 19. 0 A GE T B[R 2 5 22430 Hr, 411 b
BORH L-S-D Z3H7, P <0. 05 RARA LI FER,

2 GR

2.1 ZEmMEBUOIEAREREMNTL
TS VD, i S RSS2 .4 .6 JEI BEAIZH
5 ATV T4l ZDF K B2 I IR 28 s (P <
0.05) , MAHIZH 5 ATV HZ A1 Z R B EME (P>
0.05), 7£0,6 AN FRIL HbAle KL B &
WIS TIERA (P <0.05) {0 ATV 4 52
ZEZER LR EM (P>0.05) (K1),

%1 RT-PCRB|¥F%

Tab.1 Primer sequences used for qRT-PCR experiments

FEH Genes 5| ¥1F7 51 Primer sequences TR/ Product size (bp)  J$51%5 GenBank accession no.
5'-GGCACAGTCAAGGCTGAGAATG-3'

GAPDH 1,306 NM_017008. 4
5"-ATGGTGGTGAAGACGCCAGTA-3’ ’ -
5'-GCTAAGAAGGACCAGCCAGA-3'

NLRF3 5'-CCAGCAAACCTATCCACTCC-3' 3,857 NM_001191642. 1
5'- ACCGAGTGGTTCCCTCAAGT-3’

1 1,32 M_012762.2

Caspase 5'-GGCAAGACGTGTACGAGTGG -3’ 325 V01276
5'-GCCAACAAGTGGTATTCTCCA-3’

1-1p 5'-CCGTCTTTCATCACACAGGA3' 1,339 NM_031512.2
I 5'-TGCCTCAGCCTCTTCTCATT-3"
INF-a 5'-GCTTGGTGGTTTGCTACGAC-3’ 708 X66539.1
- . 3 Control group
404 Control group 154 * 254
—e— Modcl group " S Modcl group
304 —= ATV group 204 B3 ATV group
E # ~ 104 a
S g E 151
E 20 * * * 3 E
= < £ 104
3 ] £ 10
10+ H H =
0l—r T T T 0
0 2 4 [ 0 [ 0 6
Time (weeks) Time (weeks) Time (weeks)

L HIEFAAMLL, * P <0.05, SEALML,*P <0.05,
Bl 1 KR A 02128 7 A0 I B 5 3R A2 1
Note. Compared with the control group, * P <0.05. Compared with the model group, * P <0. 05.
Fig.1 Changes of GLU, HbAlc and insulin in the rats
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2.2  MmAE5 AS IBHHITK
TS VD, A S RS 2,46 JE I BRI 2
ZDF K UL B CHOL \LDL-C . TG 1 Al ¥J & F1E
WL (P <0.05), 1 ATV 20 ZDF K BUE B W 5
VD, 545 4 .6 A CHOL il LDL-C 7K 33 i 1%
TR (P <0.05) JFTESH 4 I AT W E AL T8
I (P <0.05(1K2),
2.3 Imi% hsCRP #1 ox-LDL BT

ST VD, R RSB ZH ATV 2 RN OE B 4H i
hsCRP 23 L &M (P >0.05), B KEL VD,
J& 2,4,6 JEIE B KR hsCRP 7K 5 2 5
TFIEH 4L (P <0.05) i ATV T i 40 [l 7 hsCRP N
LTI (P <0.05) . EIRES VD, J55E 6
JARERIZ ZDF K EUM T ox-LDL S8 TIEW 4 (P
<0.05) 1 ATV T T4H ox-LDL f 3 K T4 AU 2]
(P<0.05)(F3),
2.4 FEHRRALRREFNEE

WEE ZDF K B3 3l kA &R 67 AS B i Ol .
HE el 7R, 155 41 Z1 KRN B2, J6 W 4
JEFNSEAE A B 3= - WLHE S B 55 A AU 4H ZDF
KR T2 B0 O AR 8 AT Y60 R A4 e I e A SR A
- LA L HE 51 ZE 8L, H8 50 A 5 AR G T ATV T
TOLE A7 /0 5 Y00 TR 40 L A OEL F AAE A, f e A
SRR | IEH KB F S Tk 20 oKk DL E 20
iR A2 ZDF KRR FE Sk 2 b A i 2 B g
YRR, T ATV 41AH b AL = Sl ki 8L
W A LD (1 4 W3 =)
2.5 FEERKAL NLRP3 K18 % & E FF mRNA

5I1E W 41 e, B A4l ok R 3h ik 41 4
NLRP3 ,caspase 1 . IL-1B8 #l1 TNF-a B mRNA Fik I
FEPH(P <0.05) ;1 ATV T4 % F 4 -k
FEHMFEIE(P<0.05), WK S,

= 204 =
£ £
g £ 104
51 Control group 9
E 107 —e— Model group a 5]
== ATV group -
0 T T T T 0 T T T T 0 T T T T
0 2 4 6 0 2 4 6 0 2 4 6
Time {(weeks) Time (weeks) Time {(weeks)

T SIERAML, *P<0.05, SHEBAMLL,*P <0.05,
B2 JKRUMAE LDL-C I AT 8§ %0251k
Note. Compared with the control group, * P <0.05. Compared with the model group, *P <0. 05.
Fig.2 Changes of blood CHOL, LDL-C and Al index in the rats

250 1

200 4
E 150 -
::JJ
2100 -
3
50 o Control group
== Modcl group
=a= ATV group
U T T T T
0 2 4 6
Time (weeks)

ox-LDL (ng/mL)

# =3 Control group
mm Model group

# = ATV group

=

E: SIEWHMIL, * P<0.05, SHEAHEMIL,*P<0.05,
B3 KB hsCRP 5 ox-LDL 254k
Note. Compared with the control group, * P <0.05. Compared with the model group, * P <0.05.
Fig.3 Changes of serum hsCRP and ox-LDL in the rats
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= control group

%

14

NLRP3 mRNA (fold change)

Caspase | mRNA (fold change)
ot

0

mm model group

== ATV group
154 104

104

1L-13 mRNA (fold change)
TNF-0 mRNA (fold change)

ol

A HIEFAAALL, © P <0.05, SERAMLL,*P <0.05,
5 REEBIIKHL NLRP3 5HIZEIAEN Bt mRNA )1k
Note. Compared with the control group, * P <0.05. Compared with the model group, * P <0. 05.

Fig.5 Expression of NLRP3 and related inflammatory mediators mRNA in the aorta tissue of rats
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AS & T2DM Hvas UL R A8 I &RE | &9 % 5
K 70% ,EFET2DM BE T EEFEAT ) B
HIE SN2 H ZDF K BE A58 T2DM KA 9
RAERI SRR ZDF KRN B 5 B 41 i 3k R 5%
S RE B BT 5 U RHCHL, 16 16 ~ 24 BT,
23 B 5 IR 3 Ik AN 2 S ik P9 Bz 4N i o e R A
Wit 2K 3 R 58 1 AS'®)H R ) & 1 55 VD,
AR AR 2, 2 5 P ] e I B A I B0 K R D e
(R SETEE DT A A T It 3% I I 45 BE (R 005 47
AFULRL, AL AS BEB | H VD, i REHE LT ML
PRAISERAE S Sami o Ik, MR RS VD,
TSR H AT ST KR AS BEH k™ AR
53 1 A M 5 B R RN B ZDF K R T2DM ) 2 9
R, A 4 J8 )G B Bt v E ST VD, D2 HE AS TE
B, AT R AS B, SEERZE R R ZDF KRR
NN 4 J 5 IR R AR | 0B R & 2K T8
BF ETF, R B A T2DM SER, Beit, EFT
VD, SIS S IR 6 JE S AL R 2] ZDF KRR
2 I R T P 8 T A 94 VA 240 R I 4 L £
A/ [ P RO B, 95 43 3 4 o B Ak 3
B, LB EE BRI ) AS,

T2DM (R REAERE IR A [a].O0 P AR IR, AR 7 2 28
Bl E W A0 R A R RRE A T, IL-1B
TNF-o 55 RE R F-XF & B 40 i A 25 AE 1, in el
TRE DRI AE 1 G AL 5 R, 3 2 5 RE PR T R
MR, %t 35 30 ik P9 Rz 40 i 132 493 , 35 % 20 ik o
PEREALBEHL A = 22 1 26 R | AR A A A
VD, HOBE R AE R B &, (F 1ML 7E hsCRP & & A 5,
RAE LY A EE, HIES VD, 5 2 JER, M E

hsCRP 7K (1) TV 4 i 27 R e 5 Bk o 1 £k
BACHLIZWT LT, S IE AR G, $278 T2PM
()R AE S N S5 K sh ik RERE AL I B & 4
T ATV Ji ,hsCRP 7KV I 25 FEAIK, AS FREEAA —E 1Y
W, UL ATV A BL 9 0E SN SR 1 AS IE LY
ER,

T2DM 5 AS i 4R 4E W 22 NLRP3 A 5E /MA
JEE . NLRP3 SAE/IMASE G4 /2 th U 2 AR B 1T
PAT A OCBE SRR I R e R SR 4RI ( ASC)
F caspase 1 ZH A, 7T 9% ZFh K730 . NLRP3 3
TS 2 2. e, EAL B Y LDL 9 5 v 40 i 1)
Toll #f3Z A FNTE I8 R Z MAHAN , 406 NF-«B 18 5, B
Ji TNF-o 1 IL-1B BIARSESAE R -, Bl , AS Ji A8
A 4 R L S AR T2 DM Hp = A S e R &2
JIK (TAPP) B 3 9 9 15 0 4400 7 v, 5 | e 1 A/ 1
24 RERCAL VR (g, 22U (IR VT R NLRP3 Y
PG Y 22 TR, 7t A TL-1 8 R B a4,
AT fof 6328 200 T ) SR B, 5 1S 4 1 T AS Bk
B ) . Duewell 2510 75 ApoFE k[ /N B &
B, ox-LDL 5 CHOL REFIE NLRP3 A IE/IMA , BT
IL-1B, {23 AS P ; Jourdan 2517 F| ] ZDF K B
W) AR T LT A A G NLRP3 SE/IMAS , AT 7= A=
— RN S BN T SR A R T, ARSI
MELE, BERIZ ZDF K BRI ' ox-LDL 5 CHOL
TR LI, Feh ke 4Uh NLRP3 5 caspase 1
LR B, T NLRP3 S5 /IMAA S T 1 9 9 1
IL-18 Fl TNF-o 5 RIEE L, 278 ZDF KR4
JE% S5 M7 ox-LDL /KF ETF, 33 T IL-18 RijA
5 INF-o 1 77 485 i TNF-o0 5 3 80 ik 28 21 b iy
CHOL fy A ] #4036 NLRP3 RAE/IMA, 1 caspase 1
A, fEBE IL-18 | M BT BE T, in i 4 i i
A AS AR TR BE #E— 25 IR, 1 ATV T 15 fg
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W 5 B A1 ox-LDL 7KF-Jf T 8 NLRP3 S HAH G 48 hE
SRk R, ATV 1] g i FE A% LDL i1k
1B S B ATI ] TNF-o (7242, Ik /0 T sl k4l
Zirh CHOL &R B B, 9| NLRP3 2 5E/MA F 3L
T, PE T REARAI LR E RN, J8EE AS [ AR R
i TR SR IKEBES VD, IS ZDF KR
A7 T2DM I & AS BiAY iz BRI ff NLRP3 R
i /MR R G R 45 1 R DG 9 0 A T R R ik B
1,257 T2DM 5 AS W RAE RN ; [AlAf ATV fig
Pt ZDF KEL AS W B BEARALAAR i 2 5E S 1, W]
5 T4 NLRP3 JAH G RAEA BT A & BRI, i
RIA] HF T2DM 5 AS B9 % 9 AL 0F 55, s
NLRP3 4 /MAHE [1] 25 4 i 155 1 BEAR B A8
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