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[ ABSTRACT] Aim  To investigate the effect and potential mechanism of atorvastatin on the THP-1 macrophage
proinflammatory cytokines release induced by lipopolysaccharide (LPS). Methods THP-1 cells were treated with
phorbol 12-myristate 13-acetate (100 nmol/L) for 24 h to differentiate into macrophages. The medium was then replaced
with serum-free medium containing LPS and (or) atorvastatin. The secretion of interleukin-13 (IL-13) and interleukin-
18 (IL-18) were quantitated using enzyme-linked immunosorbent assay analysis. The mRNA level of nucleotide-binding
oligomerization domain-like receptor protein 1 (NLRP1) inflammasome was measured by real-time PCR.  Western blot
was employed to analyze the protein expression of NLRP1 inflammasome. Results  Atorvastatin inhibited IL-1B and
IL-18 secretion induced by LPS in THP-1 macrophages in a dose- and time-dependent manner. ~ Atorvastatin decreased the
mRNA and protein expression of NLRP1 inflammasome in THP-1 macrophages. Conclusion  Atorvastatin reduces
proinflammatory cytokines release from macrophages, and the mechanism might be related to the inhibition of NLRP1 in-

flammasome expression.
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sk ik L AE AL (atherosclerosis, As) J&—Fh 5
A G A O 1 JC T P A E PR L I A
HRBRIER TS5 As S4B, Bz Bz R
PRREE AT IR, B S R Z R 1
(nucleotide-binding oligomerization domain-like receptor
protein 1,NLRP1) R4 JE S B4 & LAY R PRI, i
NLRP1 IR A 1 ( Caspase-1) IR TG G4
# H (apoptosis-associated speck-like protein containing
a caspase-recruitment domain, ASC ) ZH W TR Z
B% (lipopolysaccharide, LPS ) %5 Bt /& # 1/ H T,
NLRP1 RUAAPEETE Y, 25 H 4% 18 (inter-
leukin-1B, IL-18 ) F1 1 40 i /- 2 18 (interleukin-18,
IL-18) A, 76 As HPMEOCHE MG fiT2259
HATRENG RIS E BER A H, BEA 0820 Jil 1 A8
oA, Horb BB AT C 8 Z RS W
AP R AN T R TC R4S A B T 1 (sterol
regulatory element binding protein-1,SREBP-1) j& NL-
RP1 RAVEVR [l 2 1 5% s 1) B 9% s BT 4 E
HRABTT AT 5 SREBP-1 335 & 0 As 1R,
IR, K TR TT AR BE T4 NLRP1T R PE AR
Wi A PR 120 0 T A B, A IS LS T BT
FEAAMLTT XS THP-1 ELEAAAE 1L-18 F1 1L-18 J3 34y
i IR T NLRP1 R P /e .

| RS

1.1 4Rk 5

THP-1 28 . B o E FH e Lig £ L 5 2
He £ 5 #F 55 BT 48 B P s RPMI-1640 35 38 2k J 4F
& | LPS . # 3% B8 ( phorbol 12-myristate 13-acetate,
PMA) #Jl B Sigma A ; FT4E& T 45 W 5 K% %
A& AR RN F] 5 A IL-1B IL-18 B 3% %, % A 1]
WAlela £ T4 T8 (EE) Kb A RAE,
RNA $## X 7 B GeneCopoeia 7 & ; Reverse Tran-
scription System & B Promega /A & ;NLRP1 , Caspase-
1 . ASC %3t A —# W # Life Technologies /A 7] ; # 1R
W EABEFRT L F A = B Santa Cruz A 7,
1.2 THP-1 ZHBaEE 5%

¥ THP-1 %1 M # Ff £ & 10% fs 4 o 7% &
RPMI-1640 3 55 % | & F 37°C .5%CO, ¥ KX H N
B, BRETLFERMEEERSL 1.0x10° U/L,
40k 5236 71 ) 100 nmol/L PMA ## & THP-1 %1 i 24
h, (3520 o B v 20 i, # o 7E RPMI-1640 3 35

EOMRAE LI Am N LPS A () [ A4E R 9T
ATIREER, M4k f3T Bt A % F h — W 4 A
(DMSO) , 7 % 48 [& 7% & 9 DMSO, £ 52 3 %t B 41
fE R,
1.3 FEBBERBEWMIENE IL-18 N 1L-18 £

THP-1 40 0% 5 -6 4 B v 20 e J5 , 3 6 &
RPMI-1640 3% 7= 3£ | 4% P8 5206 5k F DA AR pr 40 72 A
Zh, K E@M EFER,-80CKFELEH, FKX
Ao I BT A KA BT B BE AR, B T E IR IR R K
BB AT, m 4 % B ELISA R 7| & 8 1% A 0 2 IL-
1B Fn IL-18 4 &,
1.4 PEHRFEE PCR 8l NLRP1 R4 mRNA 9
xRix

Trizol FE R B E RNA, B 1 pg % RNA # AT
R R BL, A B cDNA =4y 3EAT B By S B a3
FrE PCREI M ET AN TR(LE) RIAER
N AR, B R, A NLRP1. _EJ## 5'-CCACAAC-
CCTCTGTCTACATTAC-3", T # 5-GCCCCATCTAAC-
CCATGCTTC-3'; A Caspase-1:_FJi# 5'-CCGAAGGTGAT-
CATCATCCA-3', T3 5'-ATAGCATCATCCTCAAAC TCT-
TCTG-3'; A ASC: ¥ 5'-GCACTTTATAGACCAGCACCG-
3", T # 5'-GGCTGGTGT GAAACTGAAGA-3'; A B-actin:
F % 5'-ATTGCCGACAGGATGCAGAA-3', T J#% 5'-GCI-
GATCCACATCTGCTGGAA-3', Roche LightCycler ® 96
KAEENIAT R, RS & R G #ATY 4 b & |
AW RE, XA 2K EE
WA EAE,
1.5 Western blot #ll NLRP1 %4 FE AR IE

R EE A, mNEEH 4xSDS FFEZ
i, & % 5 min, SDS-PAGE ¥ I ¥ Wk 247 B # % &
PVDF J& b 5%t A8 4 45 % i A 2 h, fm N Ff B 3t
4y NLRPI . Caspase-1, ASC fr B-actin %A — T,
4°C 7k 45 172, TBST ¥ 10 min, & 3 %K 5 i A\ Fi
By =4, £E % H 1 h, TBST %% 10 min, E4
34K, ECL &%, % )7 f Bio-Rad Gel Doc™ XR
+ERR GO R R AWK A, AT EENEA
RS EALAFHNREE, —FEHNYENEA
WA RIKE,
1.6 FitFEaH

% | SPSS 18.0 4t vt A 2k 1t 9 AT #0440 1t
AEE LI BT BAE lats R T, WA AR B
BREXA R, ZHAAEHEWLREA T £
#r,P<0.05 XT3 EH AT FE L,
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2 % X

2.1 AREREMEE AT THP-1 E L4 AR 5 i
E F 43 il B 2 0m

THP-1 B 4025 10 peg/L LPS 2 A [a] i
(1,10,20 pmol/L) By BT FE A T 4L FE 24 h )5,
ELISA K45 5 2 0 . 5 % BE 4 %%, LPS 4H 1L-1B8
A IL-18 /KF-H B+ 5 (P<0.05) 5 5 5 7 LPS
2H HEHE, LPS+AN [Al vk FE BT HE A A 7T 40 1L-18 F1 1L-18
IR BT R [ (P<0.05) , H FTFE A% At 7T e B ik
K, I RERET 5 4 75 BT 6 ARt VT AT 22 e B i e
P THP-1 F WA M S0E 1 0 (3R 1) .

% 1. REKREMIE& AT THP-1 4048 IL-18 0 IL-18 %
WEIRME (xts,n=3)

Table 1. The effect of different concentrations of atorvastatin
on THP-1 macrophage IL-1f and IL-18 release (x+ts,n=3)

| IL-18(ng/L) IL-18(ng/L)
xit B2 76.48+1.15  81.52+1.21
LPS 41 119.01+3.83" 169.07+4.55"

LPS+1 wmol/L BFEA AT £
LPS+10 wmol/L FIFGRABLITA 85.28+4.37" 109.24+5.93"

97.34£5.71" 122.14+3.13"

LPS+20 wmol/L FTFEARAMBITZ 75.75+5.93"! 87.82+4.07™

a A P<0.05, 5% B2 Hhd; b o~ P<0.05,5 LPS 4 H# ;¢ i P<
0.05,5 LPS+1 pmol/L FFCHALIT4 L ;d S P<0.05, 5 1LPS+10
pmol/L FATFEAR AT T 20 He 8

22 MEE&MITIEAARER B THP-1 E KA
RAE B F 43 b 9 B2 M1

Pl 10 wg/L LPS }2 10 pmol/L BFEA A 7T kb F
THP-1 F W5 40 A [RGB E] (12,24 .48 h) J5, ELISA
R 2 P 0H . 5 % B 4] b %, LPS 41 TL-18 Al 1L-
18 ZK-F-BH . Tt &5 (P<0.05) 5 5 58 7 i LPS 4H e
B, LPS+BTHEAR AL VT AS [R) B (B 26 1L-18 1 1L-18 7K
SEXA FIE R 6 (P<0.05) , HLBATFEAR At 7T Ak 35 pisf i) e
K, TR 5, 32 7R Bl FE AR A T nT 522 Ao ) AR R 1
P THP-1 FMELH AR 5 i P 710 7300 (6 2)
2.3 P3R4 TX THP-1 EREZARE NLRP1 SRk
mRNA Fi% B0

JA 10 pg/L LPS 5L(F1) 10 wmol/ L BTG fRAh
JTALH THP-1 EWE4NHI 24 h Ji5, 786 E & PCR K
MAHE N NLRP1 R PE1R 4] 4 (NLRP1 , Caspase-1 Al
ASC)mRNA FKiEZ5 R LKW, 55X A L, LpS 4

NLRP1 R PEK mRNA ik W30 (P<0.05) ; 5
FORMAR N LPS £H %, LPS + Bl 4Ttk 7T 40 NLRP1
RAER mRNA 263k 00 (P<0.05) , HE/R PR
T AT LPS 5549 THP-1 E 200 NLRP1 &
PEIR mRNA B9RIE (K 3) .,

R 2. A& MITERAR R R E X THP-1 4858 IL-1p F0 IL-
18 S BIRSME (x+s,n=3)

Table 2. The effect of different duration of atorvastatin on
THP-1 macrophage IL-1p and IL-18 release(x+s,n=3)

i | IL-18 (ng/L) IL-18 (ng/L)
X} i ZH 61.23£2.01  71.20+1.96
LPS 4 126.71+2.65" 158.84+2.43"

LPS+BFGA& AT 12 h 24 101.09+3.99" 119.46+4.02"
LPS+B[ 3G A7T 24 h 24
LPS+FTHEAR AT 48 h 41

a i P<0.05, 55X B4 3 ;b h P<0.05, 5 LPS 4l b4 ;¢ N P<
0.05, 5 LPS+BTHEAALTT 12 h 4 b3 ;d i P<0.05, 5 LPS+BTFER
7T 24 h HILEL,

88.44+5.45" 96.83+6.73™

67.13+4.64"™" 81.05+5.14™"

% 3. ZEYA NLRP1 Z14& mRNA MEXRIEE (v45,n
Table 3. Relative expression of NLRP1 inflammasome

mRNA in each group(x+s,n=3)

il NLRP1  Caspase-1 ASC

pagisE| 0.50+0.08  0.2320.05  0.12+0.03
LPS 4 1.56£0.23"  0.72+0.11* 0.37+0.16"
BB £ v T 2 0.47+0.11  0.26+0.10  0.13+0.04
LPS+FIFEARMITAL  0.88+£0.17" 0.48+0.17" 0.19+0.08"

a }j P<0.05, 5XFB4L & ;b A P<0.05,5 LPS 4 i,

2.4 FHEMEAMTX THP-1 EMEZRARN NLRP1 28 M4
EARIENF

PL10 wg/L LPS B{(F1) 10 pmol/L FIFEAALTT
AP THP-1 B WEZH M 24 h J5, Western blot 46 | 2
M NLRP1 % 1 & 24 43 ( NLRP1, Caspase-1 I
ASC) I RIBLE R KM HXT A L, LPS 4
NLRP1 RAYEREE AR BB ( P<0.05) ;5 Fa
USIN LPS 41 AL, LPS+FlFE M fth 7T 240 NLRP1 48
TR 1335 350/ (P<0.05) 42 /R BT E 4R Al 7T ]
I LPS i 8 THP-1 E W40 NLRP1 S PE AR
HIZRIL(E 1Mk 4)
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E - NLRP1
Caspase-1
| — o — ASC
— e S wm—— f-Acln

B 1. FiE& M5 T3 THP-1 EZHA NLRP1 % EEE O R

o= Al 1 X HAZE 2 S LPS 41,3 R BT4EARfbiT 41,4 K
LPS+PFEARABTT 4 .

Figure 1. The effect of atorvastatin on protein expression of

NLRP1 inflammasome in THP-1 macrophages

xR 4. REMI NLRP1 X MEAEEBREXNRIEE (v2s,n=
3)
Table 4. Relative expression of NLRP1 inflammasome

protein in each group(x+s,n=3)

A : | NLRP1 Caspase-1 ASC

X 2 0.60+0.04  0.50+0.03  0.32+0.05
LPS 41 1.0620.09* 0.92+0.20° 0.74+0.18"
FTFEARABTT 240 0.56+0.12  0.47+0.08 0.31x0.14
LPS+BTFEARAMITLL  0.7820.17" 0.70£0.08" 0.47+0.16"

a i P<0.05, 5% R4 LL#s ;b A P<0.05, 5 LPS 4H L4,

3 3% i

UEAER BT AR T BT RAE 51 T AT
Pz, ARWESE L THP-1 I 20 i o 4550 A
LPS JCH 73 W5 58 9 PR, P WL 43¢ Bl G AR At 7T %)
LPS 55 B AAE N T B 520, 45 5% K B, BT+
ARATT AT 52 e JBE | IF [F) A9 50 P 4000 <) L W 240 i TL-18
FIIL-18 B 5304, 3% R BTG AR A 7T A9 BT 28 2000 4 it
T—E ISR, MIATZ BT LA $E IL-18 Al
IL-18 AL 4, FEIR N R 55— 1L-18 Al IL-18
5 As XRE®E, 1L-18 7553 N 40 (endothelial
cells, EC) F1°F-# L0 L ( smooth muscle cells, SMC)
G3 IS T ARAE K T REAE#E SMC 5T 4 Ja 25 11 il
ek, FEEEHE 2R A TE A S TL-18 & ik
JTEZAFTE T O NUISE B v, HLS BEH AR e PR A
e AR A R R B IR DG ™ 5 = TL-18 Al IL-
18 R RMEAR Nl EE AR YT, HEAL, BT HE faft
TTIRRE T T R F o T 3R 6 R 48
A2 8 AF S PR I A B (H S 8 i P
SRR HOARAITE W A

R K & — 25 L NOD £ %Z 1K ( nucleotide-
binding oligomerization domain like receptors, NLR) 24

FEBSMEZEAZ G, S5 200 g 5w 1)
RAE I, NLR 7E ASC Wy PR IRIVE A, REN &
Caspase-1 W4k A2 #F TL-18 F1 TL-18 A= it ™', 4tk
5 As BUIME, 2 AT RYS & R AL ]
FESZ K 1 3 ( nucleotide-binding oligomerization do-
main-like receptor protein 3, NLRP3) R PEIAB A K
& As WEES 5% | HaZ M0 EEs s, vl
BEH PN E ST {HIRAG 2 45 ) NLRP3 R
PEARIEARTE As BRI BEE I TR A, NL-
RP1 RYERAE As HITERZE AL I NPT, 4ME )
Jik %9 ( peripheral arterial disease,PAD ) J&—F % Ul
() As TEPR , WF9E K B, PAD H#% NLRP1 /K &
EHE, S EC IREEE LSS AE S AHOCHR , JF 2
5B B R R Wz B R NLRP3 JCHA .
ARt BRI CAR AT E > PAD B ) EC A4k R
e P9 B T REZE ELAN L/ IR R S S R Y AR
BB SCHR [ 21 ] 4168 , PAD S35 7 T B =] DAk
J&i ,NLRP1 235 i 25 T I, 3 $2 7% Bl ) DCAK 7] i
I NLRP1 RER R . A 1E A
AR i Y 2L S T, SREBP-1a 25 LPS
A0 E VRN TL-18 £, H NLRP1 7F H e 56
HEAEH; 24 SREBP-1a # i B J5, NLRP1 3£ ik,
Caspase-1 J76 F 1L-18 A= %A g/, 1 NLRP3 3%
KIF TR EERDY ) MH, A WFSIESS THP-1 41
FRLA S S I I A T NLRP3'™ | 55 bk g5 i1
AT, AW 5T R 48 LPS R3S, THP-1 [ 105 40 ffg
A NLRP1 KB @390, NLRP1T R APEK 55 489
YRR Caspase-1 Fll ASC kR % FiF, X
Ses G aE FI I NLRP 1T RYEIRTE As S5 RAE Y
TG (5

AR FATTHE A B8 THP-1 5 I 200 i 28 BT 46 A At
TTARH S, LPS 55 9 NLRP1, Caspase-1 Fll ASC
mRNA J 8 H/KE 58 8 8, $2 7R B o fth 77 w]
i NLRP1 RPEIAZRIL, HET NLRP1 RAYEIATE R
iE 430 A T BTHE At 7T AR A AT B2 38 i
FEARE W 40 i NLRP1 58 M AR & 3k, /b 1L-18 AN
1L-18 B, I R BT RAE . {HJE, & T NLRP1
SR A5 09 B 7 B FE AR A TT R 4T R R R
PEFEAEFH DL K BT 4 A% A 7T 2 5 3 ] b g A2 4 T
NLRP1 Va7 E— 058, Lo, A%
FEH NLRP3 2P A 2 Bl FT AR 7T 5T 2 %007 1) s 7E
VERIRE S HET, TR R i £ %
VEFH BANR) R AR 22 ]2 A5 A7 78 38 SR FERLH, 4
ANFEEE

L5 LTRSS AR ALIGAE T BT R AR TT 4t
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R, BPFLREH0 6 E VA M TL-18 A1 1L-18 433 5
1L, FRATTIE 43 724 1 B 8 &, 85T T BTG AR At
/Thxﬂ’)iliﬁﬁs*?m%u B H: AT BEs# 44 F % NLRP1
RMERFE IR D TL-18 FIL-18 B, 746, i3 E A
TG RYERS As BN F 2R AT NLRP3 &
P, 1M 56T NLRPL SR PEARTE As i FH A B 58 I AH
XFELD . FATHIFZELL NLRP1 KA YA S, 78
FIHT BT FC AR At 7T BT 5 ML Y R I (R4 R T
NLRP1 RMEARE As B FR, B2, KRR B A
FERGFAWIRALTR AR As AL, AT, bR¥0 2R A
B -, S0V g A OG0 IR T Al R BT
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