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WE: FH/DNREMRETEEVY (bone marrow-derived macrophages, BMDMs) #J% NOD (nuclectide
binding oligomerization domain) #3525 % 3 (NOD-like receptors, NLRP3) # filt /MATHALARAY, R H B A& /KB
A (licochalcone A, LCA) X NLRP3 #JE /IMA R IR AE FH WD HLE]. REZ M (lipopolysaccharide, LPS) Til4b#
BMDMs il 545 T LCA, /5 H4A T =B AR1F (adenosine triphosphate, ATP) FilJE HFIE# & (nigericin) H#il
B NLRP3 #ORE/MAETEAL RS, % H Caspase-Glo® 1 Inflammasome Assay #1 ELISA 4 il 41 jfg 355 5% b3 i b 2k
MER R AR R EAR 1 (caspase-1) KIEM:. AR (interleukin, 1L)-18 AR IASER F-a (tumor
necrosis factor-o, TNF-a) 43; it 46 8 EIiRyk  (Western blot) A&l 40 g _E3& iR R IL-15. caspase-1 1744
KM Z R NLRP3. JET-HISSBI PR (3 (apoptosis-associated speck-like protein, ASC) I pro-caspase-1.
pro-1L-15 ff)#i% . Caspase-Glo® 1 Inflammasome Assay Fll ELISA &5 51K 1, LCA fit &2 3 1t ATP #1 nigericin i
5] NLRP3 #AE/NMEHKEMA pro-caspase-1 Ml pro-IL-18 BIVIELL, FINXFMEMEEA (Lin-Flic) S
NOD 52 A 52 J 2 b K & il S0 S 4 45 #35k 4 (NOD-like receptor containing a caspase activating and recruitment
domain 4, NLRC4) #AE/INMARIE It B AR B F, (EJ2X) poly(dA:dT) 5 KB (KB Z [K 1 2 (the absent
in melanoma 2, AIM2) % i /METE TR . Hu EZEAAS I B 7R LCA X NF-xB /-5 1) NLRP3 8 Ji /)M 41 i
H A NLRP3 fil pro-IL-18 RiATosm . 25 b, WFFE R LCA Rl 1] pro-caspase-1 87 1)), BHIKT caspase p20 /i
FH pro-IL-18 BIBTU) Ak, B AN NLRP3 #AE/IMAS 5 G R R Mo AR 7T 7E o BN RABTRE 28 302 1%
B3 23 A 2 W LR HEAT, U H B LCA BivR NLRP3 J&RE /MR B H At T K4 o
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Abstract: Lipopolysaccharide (LPS)-induced bone marrow-derived macrophages (BMDMs), treated with
licochalcone A (LCA) and retreated with inflammasome inducers respectively (ATP and nigericin), were used to
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construct the inflanmasome model of NLRP3 (NOD-like receptor family, pyrin domain containing 3), to
investigate the inhibitory effect and the molecular mechanism of LCA on the activity of NLRP3 inflammasome.
The secretion of mature interleukin (IL)-14, tumor necrosis factor-a (TNF-a) and caspase-1 in the supernatants
were analyzed by ELISA and the Caspase-Glo” 1 Inflammasome Assay. Supernatants and cell lysates were
analyzed for the expression of pro-caspase-1, pro-IL-15, ASC, NLRP3, IL-15, caspase-1 by immunoblotting.
The study shows that LCA inhibited the activity of caspase-1 and the secretion of IL-1p, and suppressed the
activity of NLRP3 inflammasome. There was also slight inhibition of NLRC4 inflammasome induced by
Lfn-Flic, but no effect on poly(dA:dT)-induced the absent in melanoma 2 (AIM2) inflammasome. Western blot
showed that LCA had no effect on the protein expression of NLRP3 and pro-IL-14, which was mediated by
NF-xB pathway. In summary, LCA can inhibit the cleavage of pro-caspase-1 and suppress the secretion of
IL-15 to reduce the inflammation response. The study was carried out under the approval of the Scientific In-
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vestigation Board of 302 Hospital of PLA.
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RAENMEEERHZHE D TG
# 1 (apoptosis-associated speck-like protein, ASC) Al
R R A AR 5 B IR L AT /& (pro-caspase-1)
M2 EaE A K, 2R EHaHELH NOD
FEZARER AR NOD M2 4R K% 3 (NLRP3).
NOD #F 52 14 52 Ji 2 Db R 4 Bl WO0E 52 42 45 i 3k 4
(NLRC4). M xR =¥ 2 (AIM2) &M
pyrint . 4 41 i 32 B 95 J5 A 5% 2> T (pathogen-
associated molecular pattern, PAMP) B f& [ 4 ¢ 7 1
#i3, (danger-associated molecular pattern, DAMP) i
By, 2Rt 28 5 /MR I 435354k, pro-caspase-l H
LTV =4 caspase-1, caspase-1 BIYJ] pro-1L-15 Al
pro-1L-18, 4k IL-18 Al IL-18 252 % 71, M
M T 2 PRI KL . b NLRP3 4 5E /M 78
NIz, AR ATP. nigericin J2 0% R AR 2 £ fh R &
FRE. BT kBt i R, TR K
HEERROL 2 BB Bh ik ok AR A Ak 1B A g
SRS NLRP3 28 E /M IR 5 0 %5 VI AE 9%

H®EE/KEH A (licochalcone A, LCA) &—F M
kS H ¥ (Glycyrrhiza inflata bat.) 42 H A 25 8 i
VIR, SR H R R R R sy, R IR
FEEEZE Y, AR B LCA BAT KPR
TR, 75 RAW264.7 41 rh, S8 BT NF-xB 15 5
BEANE] LPS % SR 20 R, AR RIRIE,
LCA AJ LAk 55 /) SR LPS 51 i b i 45 40513080 2
PR B ARG AR T, 4T LCA 75 il i 401 NLRP3
RN IS 1 R BT R AR F R DA GRS . i,
AHH TR /N R ARE BE E R4 (bone marrow-
derived macrophages, BMDMs) 4 Z {4 41 iff 57 A 7Y
RZR LCA X NLRP3 il /IMA T P 1 42 45 1 K 48
MU, CAHIA NLRP3 I B2 vd A6 75 & 1A O35 18 97

OB FLED.

mRERE*®

MARIFIKF  LCA (H3t'5: HY-NO372) Iy H
% E Med Chem Express A &), 4ifE 99.44%; ATP Al
nigericin ¥4 5 3£ [E Sigma /A 7 ; poly(dA:dT) .
ultrapure LPS 4 E 25 E Invivogen A #; Lfn-Flic 4
SRNESIUNSENE ) e VR e i S | e oy B
NLRP3. ASC Fil caspase-1 Hii#A 4 F 3% [E Adipogen
AT IL-18 PRI H £ H R&D A7, BRI ALY
BEEARIC AP0/ R 19G Biddk BRI S AP b 1 2 41
% 19G PRI A 3£ E Santa Cruz A #]; PVDF i (4L
1% 0.45 um) 4 H 2 E Millipore 74 ] ; opti-MEM ¢ IfiL
T R g K HA T 4 8 55 R 2408 1 25 [H Gibeo
A+, caspase-1 KGJEY) (Ac-WEHD-AMC). & [/
RINHIF] (Ac-YVAD-CHO) M H £ [E Promega A 7 .

FEMEF SDSPAGE Hik#4 (£HE Bio-Rad
AF]); FiEEE 0N (32E Sigma 4 #]), Promega
GloMax 20/20 % ytAs A% (3% E Promega 2 ).

BMDMsHIrEE1EF  SPFZulEtE C57 /M (10~
12 JF#%) 20 A, sh¥& %k 5 SCXK (3%) 2016-0002,
B AL 5T DUAR AR R IR A w3k . A ST AE
BN B 18 4 56 302 BR B AR ¥ 25 01 o>’ 41 T kA7 . HX
C57BL/6 MEFR, it FIALTE o fE i & 23 1 /0 B XU
JBH I FH AT S B DMEM 85 9% 3k o B B 4 i,
REWRE IR E 50 mL B0, FREOE,
% FiE, H 10% A6 1MiE (fetal bovine serum, FBYS)
J 1%X i) DMEM Kt E B, FEmAE
W 4 At £ 9% 7 3% 5] 7 (macrophage col ony-stimulating
factor, M-CSF) i ®IKJE N 25 ng-mL ™, 40 fuks o7
5 K J53k#3 BMDMs.
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CCK-8:AMMmpnEtt Busat & K n
/NECE BB SRIE B4R & (immortalized bone marrow-
derived macrophages, iBMDMs) (4 [ o [E Rl 2 F L
HEAIALAT) Al BMDMs, #:0T 96 FLH . 415 IE
W 2H. DMSO 2. AR EER LCA 4 (1.25. 2.5, 5.
10.20.40.80.120 pmol-L™Y), W7, &L CCK-8
VAW 10 ul, 1537 20 min J&, FERERRAX 450 nm &L
W' FEAE

REARDY W EIR BRI BMDMs, i
filf 5 EDTA BRA WAL G HF T 24 LRk, HH DMEM
R SRR MR R 12 h e, BRI BRI E N
50 ng-mL"' LPS /) DMEM #5773, Fi4b¥ 4 h 5, #
Bk LPS il FAFIREER) LCA 43 1 h 5, FfE
SE AL AIM2 ZERE/IMAEE ) Poly(dA:dT).
NLRC4 #E/MABLIE ) Lin-Flic %3 6 h, sinA
NLRP3 # i /M 5 77 ATP AT nigericin il 4 45 min,
T ] 5 B JS WK

HEMALIE 40 IE LIEWE 3500 romin Tt B
OfF, BETIIAN V4 B =" 8], (TCA), UKH
—20°Cid %5, 13000 r-mint. 4°CE L 15 min, # %
Y&, MK ERYE 17k, 105°C &R IRET R, 15[
Wil 4% /% J5 N 1xloading buffer 40 pl #&3%1E5), K&
B, WEIEIERN SRS . MBI A PBS Ptk 2 IX,
BT ok E, SN 1xloading buffer 200 plL, 10 min
JE A, WA R AR, KA 20 min, ¥
HIJE AR R 20 AR A

ELISA X5 &4 N ARSI &R IL-18
FMTNF-a &2 40 FiEBCR A ELISA 3R &l &
IL-18 Al TNF-a % &, #AE A5 PR4% M0 & v B 45k
17, fJa FIBEARAC BN, J@ it Excel ik ¥ Al
GraphPad Prism 6.0 2 il 1 .
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15 &R T caspase-1 5EMMT 4l IR BB WK
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Figure 1 The cytotoxicity of licochalcone A (LCA) was analyzed by CCK-8 assay. A:
viability in immortalized bone marrow-derived macrophages (iBMDMs).

2

C: Effect of LCA on cédl viability in bone marrow-derived macrophages (BMDMs).
n=3, X+s. ~P<0.01, ""P<0.001 vs control group

H caspase-1 & PEAG 77 &l 2 caspase-1 i&PE, £
D42 B TR & U B B R R 4T, 5 A Promega
GloMax 20/20 At AR I, 183 Excel b3 £ 45
1 GraphPad Prism 6.0 i1 &% .

Western blot MEZERMIFRIE  HUE AR 20 pL
HEAT SDS-5R TR 5 ok M B JI LK, % 8 1 v 43 B8 1) 2
H# % PVYDF i I, 10% /i g4 =544 0.5 h )5,
43BN pro-IL-18. caspase-1. IL-18. ASC. NLRP3.
lamin B [J—$HUEW 4 CHE IR, IMABAR E 1L
VIEG bR G AN, P ERME 1L h J5, H
Carestream A & [i46 22 KGR €, X B 5.

GItFEST SLREHIELL X £sFRR, KA SPSS
B R AL R B0 HEAT RO REAR t RGN, WSS R
PI"P<0.05. "P<0.01. "'P<0.001 %~

&R
1 LCA ¥t iBMDMs#1 BM DM s Hy AR S5 4E
JEIT CCK-8 VLAl LCA (K 1A) X iBMDMs Al
BMDMs 4l i & P, #i LCA KA Z5ikE. Wi 1B
M CHR, SxtIRAAM L, LCAZE 20 pmol-L ™ LI AS
S0 iBMDMs Al BMDMs 4i il 4E 77, TiBE#%E LCA i
FETF % iBMDMs Al BMDMs 4 fitd 4= 77 (40
IR, ik, ASHFFE%ESEE 25, 5. 10 pmol-L R4
ZHIRIE, TFRE LCA 4% NLRP3 4 il /IMA & 1 (I BIF 7T
2 LCA il ATP iFESH NLRP3 RFEMATEM
BRI LPS ikt# BMDMs % S 4 Mk
WA R A RILGE T LCA, fieJa P P g ) )
T ATP i 5 NLRP3 2 /ML, W4T ks 7% b
T AN M SR . R FH G BN TR VE G A0 B 7R T
caspase-1 p20 Fl# IL-18 M Ao 24 @ T () NLRP3
RE/MAEA R E A TR, LCA 5 7S AH M i
B caspase-1 p20 7E AR RS IL-18 43k, B
Y i 240 NLRP3. ASC 252K [ %35 J0 B 2 52

Cell viability (% of control)

012525 5 10
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LCA structure; B: Effect of LCA on cell
The cells were treated with various of concentrations of
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(] 2A); #t—2bilid Caspase-Glo” 1 Inflammasome
Assay I ELISA 43 346 I 40 i 37 F caspase-1 % 1
B IL-1p8 e TNF-a 5 &, 455380, LCA &l &
WA caspase-1 V& TE (] 2B) A IL-18 43
W (K 2C), fHXF TNF-o 73 Jisemn (&l 2D). i,
gE R, LCA i@ caspase-1 /5 pro-IL-18
BILE AL, S0 R IL-18 3, HETE ATP S
) NLRP3 % iE /M B o
3 LCA il nigericin i S H) NLRP3 R FE /M TE S
N T PR LCA X HAR R R 775 5 1) NLRP3
RIEPNRBOE I, ARPFIE LPS TiAL 21 i) B Atk
b, AR MR A T nigericin #9E NLRP3 %
i /NS AR B 2 BT VA N 4 s 7R b
caspase-1 p20 H B3 | L-1/8 7 40 i 24 i@ i v () NLRP3
RIE/MAR KR E A, LCA S H B MOl 1k 5w
' caspase-1 p20 ;7 AE R IL-18 40 ilh, Ho6F 4 i
AW NLRP3, ASC S5 & (R IA LI Bizm (K
3A); #t— Rl Caspase-Glo® 1 Inflammasome
Assay il ELISA fa il 4H g% 5% L& caspase-1 &
PEL B IL-18 K TNF-a FI& &, ARSKa R%
i, LCA /KB H| caspase-1 7P (Kl 3B)

AR IL-18 43 (B 3C), HXT TNF-a 2 W T 521
(K 3D). 45 B, LCA REHIH] nigericin 7 S 1
NLRP3 78 i /M, 6] 1L-18 /T 1 g
9 I %
4 LCA Xf NLRC4 KFE/NMEFT AIM 2 ZEFE/NMAHIE
TR0

NVFAN LCA & 7545 5 M Hb ] NLRP3 %8 4iE />
&, AHEFIEN T LCA X NLRC4 #5E/IMAFT AIM2
RIEMEFHER . BRI LPS BXE Lfn-Flic %
NLRC4 ZGE/MATEETI A LCA MIFER . Bl
G955 EJ 20T 2 i 855 7% B35 % 4 P 2R A R R ) A E
AMER R AT, 25 R K8 LCA X NLRP3 %
JiE /A &2 NLRC4 #JiE /M caspase-1 p20 7= A=A )
HEH, HXTapR R+ NLRP3, ASC %HE AR
AR (K 4A); #—5 R Caspase-Glo® 1
Inflammasome Assay H11 ELISA 4 I 2 il 35 55 b5k,
45K B LCA Xt NLRP3 %8 Ji /MA & NLRC4 8 JiEE /N
At caspase-1 ¥ 1 ARG EL IL-18 4 A P VE R, 1Mo
1E LPSEL A dsDNA ZE4Ll%) poly(dA:dT) #5511 AIM2
FAE/MARTE A ) R R I T vk A5 R R
LCA %t caspase-1 i PEFI 3 1L-18 43 s 540 i) /5

A ATP B su0001
o
LCA/pumol-L' - - 25 510 g 40000
25kDa - '53 = 30000 4
WP = | Caspase-1p20 SF 20000
15 kDa- £
= 10000 4
Sup. | jskpa.p e | 1p 517 = 04
LCA / umol-L"!
T5kDa -
60 kDa - Coomassie ATP
500 1 wi
O 400 1
45 kDa -|  e—— Pro-caspase-1 ;r;" 300 4
‘“‘_i 200 4
35kDa - L T e
[
130 kDa - LCA/ pymol-L! 5 3
Lys. _-=m-.w ATP
100 kDa - NLRES D 4001
25kDa-| emenasamem | ASC E 3001
=11
(= ara ]
75 kDa - e 200
e | [ amin B & 100 4
60 kDa - =
e
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LCA/pmol-L! 0 0 25 5 10
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Figure2 LCA inhibits ATP-induced activation of NLRP3 inflammasome. A: Western blot was used to assess the expression levels of

indicated proteins in culture supernatants (Sup.) and cell lysates (Lys.).

Lamin B was used as a loading control for cell lysates.

Coomassie blue staining was provided as the loading control for the supernatants. B: The activity of caspase-1 was analyzed in the
supernatant of BMDMs by the Caspase-Glo® 1 Inflammasome Assay. RLU, recombinant luciferase, which is proportional to caspase-1

activity. C, D: The secretion of IL-14 and TNF-a was measured in the supernatant of BMDMs by ELISA.
“P<0.01, ""P<0.001 vs LPS+ATP group; **P<0.001 vs control (DMSO) group.

n=3, X+s. P<0.05,

ns: Nonsignificant
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A Nigericin B ~ 100000 ~ —
—_— T #
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35kDa- Pro-11- 0
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Figure 3 LCA inhibits nigericin-induced activation of NLRP3 inflammasome. A: Western blot was used to assess the expression
levels of indicated proteins in culture supernatants and cell lysates. Lamin B was used as aloading control for cell lysates. Coomassie
blue staining was provided as the loading control for the supernatants. B: The activity of caspase-1 was analyzed in the supernatant of
BMDMs by the Caspase-Glo® 1 Inflammasome Assay. RLU, recombinant luciferase, which is proportional to caspase-1 activity. C, D:

The secretion of IL-14 and TNF-a was measured in the supernatant of BMDMs by ELISA. n=3, X+s. ~P<0.01, "'P<0.001 vs
LPS+Nigericin group; *#P<0.001 vs control (DM SO) group
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Sup. . =~ 80000 1
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Figure4 Effect of LCA (10 umol-L™) on the activation of NLRP3, NLRC4, and AIM2 inflammasome.  A: Western blot was used to
assess the expression levels of indicated proteinsin culture supernatants and cell lysates. Lamin B was used as a loading control for cell
lysates. Coomassie blue staining was provided as the loading control for the supernatants. B: The activity of caspase-1 was analyzed
in the supernatant of BMDMSs by the Caspase-Glo® 1 Inflammasome Assay. RLU, recombinant luciferase, which is proportional to
caspase-1 activity. C, D: The secretion of IL-14 and TNF-o was measured in the supernatant of BMDMs by ELISA. n=3, Xzs.
"P<0.05, ""P<0.001 vs control (DMSO) group. NLRC4: NOD-like receptor containing a caspase activating and recruitment domain 4;
AIM2: The absent in melanoma 2
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(A 4B. C); HAE LIRIFM AL LCA X TNF-a )53
WGz (Bl 4D). HH T AL, LCA X NLRP3 #JiE /)N
S M B BRIEIER, X NLRC4 28 i /MATE
BRI EE T, EX AIM2 2855 MR TE LT 50
5 LCA T &M NF-xB 7+ 589 NLRP3 R FE /MR LE X
ZEH NLRP3 # pro-IL-1p FKik

HRTRF e 22 00, 44 NLRP3 4 JiE /MA L il R
1 NLRP3 1 pro-IL-18 13155 NF-xB {5 = il %
P08 Sy A LCA 2 753 3 1 7% NLRP3 48 i /M 20
B A (2655 k4] NLRP3 20 AIMABOE, AHFF
¥ LCA T4t ¥ BMDMs 30 min j&, Bt4 LPS 3L [A
Hl 3 W szIG L H, 78 2.5~10 pmol-L K,
LCA %t NF-xB /S NLRP3 4E/MAL K&
NLRP3 Fl pro-1L-1 {13 1A Jo B S 52m (&l 5).

LPS

- 25 5 10

LCA/ pmol-L1
35kDa- - —— Pro-1L-1§
130 kDa -
N — — NI_R[)3
100 kDa -
75 kDa -
- ameemeassase | [ amin B
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Figure 5 Effects of LCA on LPS-induced NF-xB signaling
pathway in BMDMs. LCA had no effect on LPS-induced
NLRP3, pro-IL-15 expression when BMDMs were treated with
LCA for 30 min before 3 h LPS stimulation. The results
showed that the inhibitory activity of LCA on NLRP3 inflam-
masome was not dependent on NF-xB pathway

it

4 7 25 20 B 52 3 A1 SR B A 4 IR e T B R T
015 5 )BT, NLRP3. NLRCA Al AIM2 %5 % il 48
JiE /AR BE B O, a0 vb T A B HE R R T BOE
NLRC4 #iE/IMAPY, Sk (9% 85 1 08E DNA AT LK
W OAIM2 g MAERY . o R E RN ATP
e SN I ERS e A2 (R (P2XTR) 454, i
SN P KM, 0% NLRP3 4 E /MAR2 2, [
ANJE MBI T nigericin W RE I I £k A 55 40 s
NLRP3 % i /MAR, SR1, NLRP3 J8E /M A i 4
WO, TR S B 005 AR L, Ik, #0
il NLRP3 & i /IMA (5 AL A R T B 6 M i B
ARWFFE R, H R BB ER2E 2 — 2P . Pl
B Ry, TR TR R B AL B
P B A&, SR E H R AR KA
197 NLRP3 4 /MA A S B A 90450, B
EEE N NLRP3 4 /M2 1 MRL/pr /) BRIR RS P

B 2 A B R T A P, AW ST B, LCA AT LA
AR IH] ATP 1 nigericin i% %) BMDMs
NLRP3 # i /MA 1305, &AM caspase-1 i 1L
PAS U 1L-1p 55 980 R T IR BRI, 1X R B LCA X
NLRP3 % AE /N 3 FE S0 91 78 1) 5 9% AH o8 28 9 B
AEERIEITER

28 LI NLRP3 48 /MA S 4k 75 B 9 R (5 5 18 %
PP, (5 545 A F K TLR (toll like receptor)
Bkt LPS &5 f& {5 5, WS NF-«B i % b i
pro-1L-18. NLRP3 & [ %A%, R — 4k, 1
IR b, 45T (55 (W ATP. nigericin) #ill ¥
i, NLRP3. ASC. pro-caspase-1 4135751k, 2 1F pro-
caspase-1 H I H V)l H A VE 1K) caspase-1, BI Y]
pro-1L-14 F 7 WA st T8 B M 4R, % 5402 6 AR
F o o, NF-xB I B 7 505 /MR B3 A0 72 v R 45
HIEAVE, AT 5 JORE N 2 U B R IE,
NRARE R TEA TR AL AL . AT FE I LCA Xf
LPS A~ 51 NLRP3. pro-IL-1p5 [ [R5 T W 5
M, $E7R LCA ] NLRP3 4E /M 30 A 1 45t
NF-xB /5 NLRP3. pro-IL-18 A KEZX, M2
JE I P caspase-1 3& 14, #EIBE T pro-1L-18 KB 1)
AL, AT BEAIE NLRP3 %8 14 /MR R 7 28 5 A 7 1L-18
IR, IR G R NE ML, 9 LCA Biive NLRP3
RAE BRI IR IR T S K
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