#4554 Acta Pharmaceutica Sinica 2024, 59(5): 1229-1237 - 1229 -

B FLIEK *

NLRP3 % E /MR HNEIF N14 3530 R I XUt = D R BETTER

ZHEA, F OB, WEMES, BRIBES, AR, TR, FE
é _& == 3* 7_& /l:tg 2,4,5,6*%

(1. 5 SRR T 20, (LR 758 266042; 2. P [EMEEE K250, A E M E S LR =, LR F

£ 266003; 3. 7R G 0 5 0 XU PR 2 24 F 72 Hp o, T R R IR S BE, LILZR 75 5 266555, 4. [EETE

R BR TR0 1 B A5 2 R b0, LR 7 8 266003; 5. T g PEREEHOR B K LI = E 2 5 AL Wil
LI, AR 5 266003; 6. T BRI AR, 1R E 5 266071)

WE: K1) Nod ¥ %2 1K K [ 3 (Nod-like receptor protein 3, NLRP3) 4 JiFt /> 44 411 ] 7] N14 % JR FZ 44 (mono
sodium urate, MSU) #4475 5 [ JRUIE 2675 48 (gouty arthritis, GA) /N R IIEITAE A o 1 58 % F 40 i i B0 7 (cell
counting kit-8, CCK-8) ¥4I N14 X} /N 5, B 4% B W 4 B J774A.1 3% 7 (5200, F FH 4% BN 28 7%: (Western blot) 46 il
N14 Xt 40 B 75 w24 1 A 3 18 (interleukin 15, IL-15) Bt K & (-1 (cysteinyl aspartate spemﬁc proteinase-1,
caspase-1) i 1L ¥) caspase-1 p20 K 41l i 24 fi# ¢ " NLRP3 . pro-caspase-1 il pro-IL-14 3k 520 . 381 MSU 5 5 14
ZIN BRJR PRUPE G 2 AR AR, A IR DA DR 2 /N BRI AL i A O R B TR K F -t 41 (hematoxylin-eosin, H&E) 4 (4,
HEAT /IS GRS 0898 B 22 A0 2 F 9 28 B e v A I /N B2 35 2H 21 1 NLRP3 .\ pro-caspase-1 l pro-IL-18 (1] R 1% ; Jf % 5%
N 14 %}/ B 3% 7R 48 7 i % (alanine transaminase, ALT) 45 5 4% % fiff (aspartate transaminase, AST) 255 & [ 521
A TR B0 AR B e AR R 25T FU B B AR B R LAl vE (VS0 E-MBWNL-2024-20),  SKEG 45
REIR, J7T74A1 400 5 &R FE T N14 (100 pmol- L) L0 5 5 A UL B & 40 i 8¢ 14, H A R%BH 1k MSU 5 5 ) NLRP3
JEREMEIEOE o £E /I B R G S BIAY ) N 14 32 25 2GE i AR G TT 28 s 20 M V3, T T/ B A
,/\EPNLRP3AT/J‘TZI§1‘99€$EI7K:F [ B % /5 B i i b % AR A SR b 0 3 s, B RIFIN 2 M. 45 1, N14

40 NLRP3 Afh/J‘ﬁSLE%ﬁxﬁl%ﬁﬁ#/J‘rt\fﬂT@'ﬁ?ﬁj& o AH SRR R T3 AR 9T 8 AT B S 3

KRR 4-(( T W R AL ) F R )-N-((1,2,3,5,6,7- 75 A - Bl -4~ ) & 3 I 368 ) R R e 5 o AU ME 4 485 PRI AN &5
fib; S K7 NOD AR SZAR 8 1 3 RAE /M A4l 3:-18

FE 52 S: R67 ERFRIDED: A X EHRE: 0513-4870(2024)05-1229-09

Therapeutic effects of the NLRP3 inflammasome inhibitor N14 in
the treatment of gouty arthritis in mice

JIANG Xiao-lin'?, GUO Kai’, HE Yu-wei’, CHEN Yi-ming’, DU Shan-shan', JIANG Yu-qi***,
LI Zhuo-yue***, LI Chang-gui®’, QIN Chong>***"

(1. School of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 266042, China; 2. Key
Laboratory of Marine Drugs, Chinese Ministry of Education, School of Medicine and Pharmacy, Ocean University of
China, Qingdao 266003, China; 3. Shandong Provincial Clinical Research Center for Immune Diseases and Gout, the
Affiliated Hospital of Qingdao University, Qingdao 266555, China; 4. Center for Targeted Protein Degradation and
Drug Discovery, Ocean University of China, Qingdao 266003, China,; 5. Laboratory for Marine Drugs and
Bioproducts, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266003, China; 6. Marine
Biomedical Research Institute of Qingdao, Qingdao 266071, China)

Abstract: Monosodium urate (MSU) -induced the gouty arthritis (GA) model was used to investigate the
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effect of Nod-like receptor protein 3 (NLRP3) inhibitor N14 in alleviating GA. Firstly, the effect of NLRP3
inhibitor N14 on the viability of mouse monocyte macrophage J774A.1 was examined by the cell counting kit-8
(CCK-8) assay. The expression of mature interleukin 14 (IL-1f) and cysteinyl aspartate specific proteinase-1
(caspase-1) p20 in the cell supernatant and the expression of NLRP3, caspase-1 and pro-IL-1/ proteins in the cell
lysates was detected by Western blot for the inhibitory effect of N14 on the MSU-induced NLRP3 inflammasome
activation in J774A.1 cells. Animal behavioral tests were used to detect redness, swelling, heat and pain in mice
with gouty arthritis. Hematoxylin-eosin (H&E) staining revealed pathologic changes and inflammatory infiltration
in foot sections. Protein expression of NLRP3, caspase-1, and pro-IL-1f in mouse hind paw tissues were assessed
by Western blot. The effect of N14 on the plasma levels of alanine transaminase (ALT), aspartate transaminase
(AST), creatinine (CRE), urea, and uric acid (UA) was investigated by the MSU-induced gouty arthritis model in
mice. All animal experiments in this paper were approved by the Scientific Ethics Review Board of Qingdao
Marine Biomedical Research Institute (grant No. EEMBWNL-2024-20). The experimental results showed that N14
did not exhibit cytotoxicity in mouse monocyte macrophage J774A.1 cells at concentrations up to 100 pmol-L",
and N14 effectively prevented MSU-induced activation of NLRP3 inflammasome. In the mouse gouty arthritis
model, N14 significantly ameliorated the redness, swelling, heat and pain caused by GA, and down-regulated the
levels of NLRP3 inflammasome-associated proteins in mouse hind paw tissues. Meanwhile, N14 appeared to be
well tolerated, as it did not significantly affect various biochemical indices in mouse plasma. In conclusion, N14
effectively alleviated GA in mice by inhibiting the NLRP3 inflammasome pathway, which is important for both
prevention and treatment of related diseases.
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Figure 1 N14 did not exhibit cytotoxicity in J774A.1 cells. A:

Structure of N14; B: J774A.1 cells were treated with indicated
concentration of N14 or MCC950 for 24 h. Cell viability were
analyzed by CCK-8 assay. n = 3, x £ 5. MCC950: A specific

inhibitor of NLRP3 inflammasome
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Figure 2 N14 inhibited MSU-induced NLRP3 inflammasome activation in J774A.1 cells. A: Western blot analysis of the protein
expressions of caspase-1 p20 and IL-18 p17 in the supernatants (Sup.) and pro-caspase-1, pro-IL-1$ and NLRP3 in the cell lysates (Lys.),
Lamin B1 was used as a loading control for cell lysates. Coomassie blue staining was provided as the loading control for the supernatants;
B, C: Protein expression levels of caspase-1 p20 (B) and IL-15 p17 (C) were quantified by Image J. n = 3, x 5. P < 0.01, P < 0.001 vs
P <0.001 vs LPS + MSU group. LPS: Lipopolysaccharide; MSU: Mono sodium urate; IL-14: Interleukin-14;
Caspase-1: Cysteinyl aspartate specific proteinase-1; NLRP3: NOD-like receptor protein 3
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Figure 3 N14 significantly relieved paw edema and inflammation caused by gouty arthritis. A: Experimental scheme of the gouty arthritis
model; B: Body weight; C: Paw edema measured at different time points after MSU injection; D: Normalized AUC of panel C; E:
Representative pictures of foot paw of mice for 0 or 72 h after MSU injection. H&E staining of the foot paw from different groups. Red
arrows indicate inflammatory cell infiltration. Scale bar: 2 mm, 500 pym and 50 pm. n =4, x £ s. P <0.05, #P<0.01, P <0.001 vs control

group; P < 0.05 vs MSU group. AUC: Area under curve; H&E: Hematoxylin-eosin
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Figure 4 N14 significantly reduced mechanical hyperalgesia and thermal sensitivity caused by gouty arthritis. A: Time course of the

effects of colchicine and different doses of N14 or MCC950 on thermal sensitivity in the paw; B: Normalized AUC of panel A; C: Time

course of the effects of colchicine and different doses of N14 or MCC950 on mechanical allodynia in the paw; D: Normalized AUC of panel
C; E: Time course of the effects of colchicine and different doses of N14 or MCC950 on strain difference in the paw; F: Normalized AUC of

panel E; G: Time course of the effects of colchicine and different doses of N14 or MCC950 on temperature in the paw; H: Normalized AUC
of panel G.n=4,x 5. "P<0.05,"P < 0.01, P <0.001 vs control group; "P <0.05, "P<0.01, ""P < 0.001 vs MSU group
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Figure 5 N14 suppressed the activation of the NLRP3 inflammasome in paw tissue of MSU-induced gouty arthritis. A—F: The protein

levels of NLRP3, pro-IL-18, IL-18 p17, pro-caspase-1, and caspase-1 p20 in paw were measured by Western blot analysis, with GAPDH as

the loading control; G: The protein level of the cleaved IL-18 in paw tissue homogenates was determined by ELISA. n =4, X + 5. "P < 0.05,
#P<0.01,"P<0.001 vs control group; "P < 0.05, "P<0.01, P <0.001 vs MSU group
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Figure 6 Safety properties of N14 in mice. Plasma aspartate transaminase (AST, A), alanine transaminase (ALT, B), AST/ALT ratio (C),

creatinine (D), urea (E), uric acid (UA, F), glucose-G (Glu-G, G), triglyceride (TG, H) and total cholesterol (TC, I) levels in mice treated
with vehicle, colchicine or different doses of N14 or MCC950 (20 and 40 mg-kg'). n=4,x s
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