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Corilagin inhibits nigericin-induced chondrocyte pyroptosis by interfering glycolysis/ROS/NLRP3 signaling
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[ Abstract | Objective To explore the regulatory effect of corilagin (COR) on Nod-like receptor family pyrin
domain-containing protein 3 (NLRP3) inflammasome activation and chondrocyte pyroptosis induced by lipopolysaccharide
(LPS) combined with nigericin (NIG). Methods Primary chondrocytes isolated from C57BL/6J mice were cultured
to passage 3 for experiments. Cells were divided into control group, LPS group, LPS+NIG group, and LPS+NIG+
COR (low-, medium-, and high-dose) groups. The chondrocytes were pre-sensitized with LPS for 4 h. Then the cells
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were treated with COR at different concentrations (10, 20, and 40 umol/L) for 30 min, and finally NIG (10 pmol/L)
was supplemented for 1 h. Control cells were cultured in DMEM/F-12 medium supplemented with 1% FBS. Cell counting
kit 8 (CCK-8) was used to detect the effect of COR at different concentrations (10, 20, 40 pmol/L) on chondrocyte viability.
Propidium iodide (PI) and Hoechst 33342 staining and lactate dehydrogenase (LDH) release assay were used to analyze the
effect of COR on chondrocyte death induced by LPS and NIG. Western blotting was used to detect the expression of the
NLRP3 inflammasome activation marker cysteine aspartic acid specific protease 1 (caspase 1) p20 in the cell supernatant
and NLRP3, apoptosis-associated speck-like protein (ASC), caspase 1, interleukin-1f precursor (pro-IL-1p), and pyroptosis
execution protein gasdermin D (GSDMD) in the cell lysate. Enzyme-linked immunosorbent assay was used to detect the
level of IL-1P in cell culture supernatant. Reactive oxygen species (ROS) fluorescent probe 2°,7’-dichlorodihydrofluorescein
diacetate (H,DCFDA) staining was used to observe the effect of COR on ROS production, and Western blotting was used to
detect the expression of intracellular glycolysis-related proteins hexokinase 2 (HK2), glucose transporter 1 (GLUT1), and
lactate dehydrogenase A (LDHA). Results COR exhibited slight effect on chondrocyte viability at the concentration <
40 pmol/L. COR (10-40 pumol/L) reduced the proportion of Pl-positive cells (all P<<0.05) and the release of LDH (all P<<
0.01) stimulated by LPS and NIG, inhibited the expression of GSDMD N-terminus domain in chondrocytes, and reduced the
release of caspase 1 p20 and IL-1P from chondrocytes (all P<<0.01). Furthermore, COR (40 umol/L) reduced the production
of ROS (compared with the control group, P<<0.01) and inhibited the expression of glycolysis-related proteins HK2, GLUT]I,
and LDHA (all P<<0.05). Conclusion COR can inhibit NIG-induced glycolysis/ROS/NLRP3 signaling, thereby preventing
NLRP3 inflammasome activation and chondrocyte pyroptosis.
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KT R REREC N B RS B, T
TR FVCB 30300 02 D81 R R UUARRAE, 5 Nod #
ZARF N pyrin 45 #1554 3 ( Nod-like receptor
family pyrin domain-containing protein 3, NLRP3 )
JORE/IMAR B BOE B UIAR S . NLRP3 45 /IMA )
SEE TG S S EURE A RAET (— PR R
FET ), TR R AR e
PR, KT RER T X — i B 2 YRy T A e
PESCTT 9 B H B, NLRP3 J& /e KA iy f 22 4]
R4, NLRP3 4 4 /A & — Rl il 52 16 2 1
NLRP3., JHT-AHCEE SR 1 (apoptosis-associated
speck-like protein, ASC ) #l caspase 1 Fij 4 2H i 1)
MIBRINZ A E 5. NLRP3 JAE /M A 48 8134
HIB OIS S ABOE 2 N8R 51 P R
i1 5l 32 & ( pattern recognition receptor, PRR) i}
o199 Ji R DG 3 AR S s 15 AH G 3 8K, o]
38 2o 5T 4 A P - A5 R NF-xB s H A % 57 H 5
(% 1k, 2 F NLRP3 FlIL-1B Hif 4 () Fik; 5 2
B i AR B 1 NLRP3 & /B SRR AL, JH#H5E ASC
T —A KA FHE S (B ASCBERT ), ZH3E1)
ASC #E— 524 caspase 1 HIA, HZIE R NLRP3-
ASC-caspase | Z45 ), R NLRP3 4E/IMA,
1Y NLRP3 S GE/IMARENS 51 & caspase 1 PJE], ;=4

H G caspase 1 pl0 1 p20 2 FilEIE, J535 1T LA
PIEI 2 % D (gasdermin D, GSDMD ) K15 H&
FE K it 4% 44 1% ( gasdermin D-N-terminal domain,
GSDMD-NT ) . GSDMD-NT 5 4 i [l 45 4 T8 1 FL
B, A IL-1B 55 R5E T IR, IFi5 - 9 0E 4
fifET: " . NLRP3 RAE/MARI IS AL ETH
WEARNE, 7EACE AN ARSI E L B AT
S NLRP3 ST /MAAY S8 80 25 3 2l B i RAE
SO, HETTIRR R, B T RN ST 2 i J g
TR R . R,

WHIE A2 —Fh AR P AR Gl R, ZE R4
G 25 A A AE i R rh R A AR . A A
B A o F A 12 85 1 (glucose transporter 1,
GLUT!1 ) Bz sI4niam ™, CpsE hexokinase,
HK ) |l T SR Ul R 9 TR PR Bl 2 = 5 A 4
W A L AR 0 3 A PR Bl . LR I = (lactate
dehydrogenase, LDH ) A i i PR i PR % Ak R LR
BE A, b A ) A HK BB 0% 5 455 NLRP3 % AE
MRS . GLUTI AT #E NLRP3 48 E /M 11
WG, RSE GLUTT WG AR, 32511 B 1 2R
HNPR IR EL ( monosodium urate, MSU ) Sk S0
ASC ZEEALANIL-18 4308, T T IR0 et 72
AR Ry S RS IR T AR
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Wy BT R AL A, TN CH,0 5, T
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Poa AL PP S5 A s v . i 2, 18
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% (nigericin, NIG) Hll ## /9 /)N B PR 4% 05 20 j
RAW264.7 FI/NR_L 572 41 B MLE-12 } NIG H3#4
1K BN B es  B2 4R TEC6 Hf, COR 3 ik 11 il
NLRP3 48 AE /MA IS F40 A A= 70842 /)N Bl 3 Bl
I FVE 135 S 0 B i 4 45 o AR IR A i B AT 5%
P, COR BEH ] MSU fh {417 5 19 NLRP3 % JiE /)N
RIS FE WEAI AR T, 98 RAE - IL-1B 1947
W, MITTZEAR MSU i IE S 105635 400" . COR
X B 20 i 9 NLRP3 S /MA G S B 20 i g2
TR IR VR FH 9 A L PR A0 4

A E R FH LPS BX A NIG 18 08 4 i i 5
NLRP3 4 AE/MAFLE FIAm 21, I3 i COR 1
i, 434t COR XF NLRP3 JAE/IMA | e b 56 2K
M 3% % (reactive oxygen species, ROS) 7K
s, 25 58 HOR 753 1 BEEE A% /ROS/NLRP3 {55
RAEARAPVER], R COR VY7 NLRP3 FH Y&
FEGER R LS IRIKHE

1 #RFnFiE

1.1 XA &4tk COR (175 B20672) W H I
TR AR IR A E] AR R (625
BS164) It A dbnt 2 ARMEHEA AR PLOGES:
P4170) . Hoechst 33342 (%% 5. B2261) #lFBS
5. S8318) Il H ¢ [H Sigma-Aldrich 23 7] 5
DMEM/F-12 }5 3% 3t (1845 : C11330500BT ) . %
BHE-HEZWL (585 15140122) 0 A 3
ThermoFisher 2 #); CCK-8 i& 7] (% . C005)
W [ R R AR A BR A R LDH 40 i s Pk
KR 7] & (585 C0017 ) . RIPA 4 (35 ) (4%
“7: PO013B) ¥ H i3 A RAEYEAARA
Al; BCAHE I E IR & (585 FD2001) . —
e & (5855 FD341) ¥l A
SRR YR ARAT IR b2 RO (B85
P0100 ) 4 A 75N BT P& MR A FR A Hl /N
IL-1B ELISA F il i 71 & (4% : EMCOO1b) I
H IR A YR A BR A 7] 5 Alexa-Fluor 555
AP R 1gG PR 525: 4409 ) NLRP3 HLIA( 175
15101) . ASC#L & (1% 5 : 67824) HI GAPDH

Pu & (48 5. 2118S) ¥ 1 32 [ Cell Signaling
Technology 7% ]; caspase 1 p20 $T {& (1% 5. AG-
20B 0042 ) I A%+ AdipoGen 23 H]; caspase 1 $iTiA&
125 NB100-56565 ) 1 [1 3 [E] Novus Biologicals
7y Hl; HK2 Bk (48 %5 66974-1-1g) . LDHA ¢
& (1845 66287-1-1g) I F i =& A Y H R
A BRAF; GLUTI $iik (585 : HA601071) g H
BN AR A FRAF]; GSDMD Hifk (1555
ab209845) . B- WL 8l [ (B-actin) Piik (525
ab8227 ) Il [ ¥<[E Abcam AF] .
12 BBARGBA AL 4 8~10 A HEE
C57BL/6J /NER [ W 7 v = 2 K 2 S 50 sl 4y v
Ly, AFEFATIES : SCXK () 2018-0085 ] £k
WEFE ALY, H 75% L BEIRE 5 min, 7EJCHHEE G
A TR TDHE U RS R BRI FF, TS T 85 XU A%
HREE, SIEREFERLA . 0 FOE T 2R
2, FEs R w s (R Sk AR ) R
TP ACE 1S FH PBS TH PR R AU S 2 1K, et
6 E BRI LR B A 27, AR5 R B R
BRI 1 mm® A4S
13 #Hp@miais s HRNEENRE
HAYEEFH 2 6 em FiFEMLH, A 4 mL 7% 0.1%
1T U i i ) DMEMV/F-12 35575, SR8 137 C.
5% CO, HF-FMNIEAL 4 h, Hal4pE 1 h BOR A+
TILRE SRS, Al 1R R s A 2 e A
flr, THALEE S 70 wm 4 I A 2 PR AR, IR
SRR, 200X g B0 5 min, B JFACEHCE 40
FE T % 10% FBS Fll 1% 558 % - H 5 £ WL
DMEM/F-12 5¢ & 15553, & T 37 C. 5% CO, K%
FRAATIESE, B 48 h L | RIGFHAEL, Kk 7 d,
AN A A Rk 90% i, 08 1 @ 3 LBk fifE
o WA N WS A A AR L, B 348
YRR 5250 . BGE 1 ARANARIEA T AT i e (0
1T AU S e e g (A 4
1.4 A% SN 6 41 WHRZE . LPS 4 .
LPS+NIG #{ &% LPS+NIG+COR (. . 77
) 2. F LPS TREUEHCE AN 4 h, 5855051 H
AR EE (10, 20, 40 pmol/L ) [ COR 4bH 2 iy
30 min, #H¢Ji A NIG (10 pmol/L ) #li# 1 h, %}
HEZH 41 B A 7 1% FBS ) DMEM/F-12 1573 3t
T CO, FiFeftirh g
1.5 CCK-8 i #ml 2m o7& b O I A 450 41 i
B E R N 1X10°/mL, L3R 100 pL T
96 M, B FIHEIRFAMEEL R, AR (0.
10, 20, 40, 80. 160 umol/L ) Yy COR 4k B % &



° 850 -

WFELEER AR 20254E7 H L5 46

4l 24 h, ZJ5EFLANA 10 pL CCK-8 TAER, 7
HRA], e R PR AR, 37 CIFR
4 h, ff I EEFRMUAE 450 nm K ALIDEERE (D)
Ho MPATER (%) = (LBRADE—FHH
DAH) / (XA DME—=HADE) | X100%.

1.6 PI#f= Hoechst 33342 & # &, # 0| fm Jo 50 =
ol AR i A PI (2 pg/mL ) A1 Hoechst
33342 (5 pg/mL) , 7EE I FAEDCYLE 10 min, 2K
J&i 5z B Bio-Rad ZOE™ 95641 il il A% 2R G ML
B2 Fr, T PLIPEAAR A 40

1.7 LDH mpt P ml X 7 &l tm e Ak e
IR FE, 400X g B0 5 min, B 120 pL
FIER 60 pL L1 LDH TAEBIA 96 FLHR,
BT KRR LB EIEE 30 min, 1 EAR 0]
it 490 nm AR D (H, & REBL 1155 LDH &
Jilt

1.8 EGRPIE RN E G RE B2 mLKE4
JL B LA AR FL 2 X 107/mL % FE R R T 6 FLAR, 7E 85
FERA TG RERL B, FROATMZ) ke 1.4 75 . Rl4oE
RUR AR AR 37, B 800 uL 401 3% L3, A
5 FIFSARR R BB 14 A0 ZIRS, M
VKZEES DML 4 °C L 16 000X g B0 11 min, 45053
T, IMAGEARBI R B T R, IR, R
JEE T 55 CaJmmhinik 6 min (& 5E 4T,
FERAFER I 35 pL FCil47 i) 2 X SDS-PAGE I
FEGZ PR, RIZUR G L0 0 i . Ak, B
A 120 pL SR VK E24# 30 min 5, &)
BRI N RN, WEAN RS ROk B O
HL 16 000X g B.0> 15 min, I 3, fdifH BCA &
FRR &l e R R, TR AR, ¥ LE
W 4 B 1 A R R A 0 S B G RIR S R
TEWR K P2 6 min i85 A8 Ve, Bl S R AR sk
17 SDS-PAGE, #RJ5 ¥4 408 LA & % 28 PVDF fi
(90 min) , HH 5% “F W5 & P A 60 min, 4% i 15 B
F5 eI BC# NLRP3, 424 GSDMD., GSDMD-NT,
caspase 1, ASC. IL-1BHijf£ . caspase 1 p20, GLUTI
LDHA. HK2. B-actin Fll GAPDH #i {4 %5 — 41 7% B
W, 4 °C R E LK. KHIEWR—bT, H TBST
PEPVDF fIX 3 K, AR 5 min, 2 iR/KF-RERBFH
TH0 1 h, TBSTPERE 4 ¥k, BIK 8 min, )5 H I
TR AE 4 A Sk ZOLEG A Hr L (155,
5200 ) FAREIEIRAF WA EE R .

1.9 ELISA &4 IL-1B K -F  WitdE bk 40 i i 5
F: 13, 400X g B0 5 min, HL 100 puL b3 S5 e
A B & LB bR AR 25 N, 37 C I E

Tanon

90 min, AR 5 KA, B0 30s. AIA 100 pL $7i
BC i ar ) 1 X A Z bR TAEWR, 37 °C i
B 60 min, ek S WS, B0 30s; LA 100 pL 4
FIFCHIAF I 1X BEZS 59 TARW, 37 C #OLHE
30 min, PEAR 5 KJE, B0 30s; AEFLATA 100 puL
WY, 37 CROUIFE 15 min; &5 mALINA
100 pL S W2 IR, 1R FHEEAYAE 450 nm
AN DA ZeilbriE a1 IL-1B K-

110 SRR 2.7 - —R =A% E TS
(2°,7°-dichlorodihydrofluorescein diacetate,
H,DCFDA ) #7269 ROS 7 Zil Jifd 1% 57 A PN il B 3%
B F, B 0.5 mL #CH 40 i LA AL 2 X 107/mL %
FEEAD T 24 LA, #2088 1.4 95 A 40 2 AL P20
LA 10 pmol/L H,DCFDA ¥4 {4 30 min, Z/J5
TIA 4% 2R PR E R EE 15 min, H PBS Ut
3K, BK 5 min, #RJ5 H Hoechst 33342 = i ikt
7 400 10 min, PBS ¥k 3 K, iMoot
WCE R, 5 SRR A I AR s R, R
Zeiss A w) P HOGILRAE B (2145 LSM 800
with Airyscan ) WMELIFHAE,

1.11 %3t 5 42 )i H GraphPad Prism 9.4 {4
WAPEEE T . THRETORI X £5 3R, 240 e
KB E I 2081, KR/KHE (a) 4 0.05,

2 & R

21 DREXFRRZ B @OV EFHIER
Bk FER U TSR EIN B G B A i 5 R
¥, &I TR, KNy —, BARITErE.
POH AN MAE 12 h P TN BE, 48 h Py KR 434
WiEE H 5 = MIE . ZMICEEMMIAENLR; 48 h)5
I, 20 LR R A S PR, A AR st PR A
PhREFES A B4 56 5 RIDME R AEKE
B 7 RANEILF] 90% flA %, MiR=Ew, MR
W5y, #ORmE, AR wHE, 2 A R
W, SERT R A A 1A LA 1A, B 1R
RRRER S IN, 3 AR LUS 42 8434k A T 4k 4
J, P I R R AN SRR O AR, AH TR S AR,
AR TR, BORSCI A 3 R4 TARC
HLHIFSE

B 1) BT i e 0 2 R R, BRPE SR BE S K
WM PR SRS SRS A
(EI1B) o Mzt agi R BN, HEtn
E R R 8 R IR (B 1C) o PL B4,
O B R B A A 5 A
2.2 COR #E4m 'V NIG Rk a9 %7 4 fiese. = CCK-8
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A I 25 B R, ¥k BE<<40 pmol/L Y COR Xt 4f
MG PE R A/ (& 2A ), BRIILBESE 10, 20,
40 pmol/L ] COR H F&4h5C 5, H PIFl Hoechst
33342 ALY (A6 I COR X AU M AL T 1 5, 45

(2B, K 2C) &~ NIG RE WS ] 34 55 15 40 i 4t

3d

|

i : ‘ i

Alcian blue

WA Fo%c G

1 MRETHRE

5d

T2, 10, 20. 40 pmol/L COR YJREFFAR PI B4
A (¥ P<<0.05) . B 7h 10, 20, 40 pmol/L

COR REI/ D H 4 1% 77 3% - LDH ARl 4
P<0.01, K2D) . LI E&55F W] COR REMWS Ik /b
NIG HIJ A5 e sE T .

7d

.

Hoechst 33342

MR AEMBR R BIREDEE (100X)

Fig1 Morphological observation of mouse articular chondrocytes and identification of cartilage marker (100 X)

A: Cell morphology maps of chondrocytes on day 3, 5 and 7 in vitro culture; B: Alcian blue stained chondrocyte matrix; C:

Immunofluorescence staining of collagen 1T .

*%
| — |
*% **rﬁw
. 50r ok 30,
100 < L =
. 2 40r ©
< 75 g 3 20f
) g 30 b
F 2 S
g £ 207 =
3 g 5 10t
8 25 ; 10F —
3 mil
0 oL = 0

10 20 40 80 160 L
COR/(umol * L7 COR/(umol ilé_ _
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10 20 40 COR/(umol « L™y — — — 10 20 40
+ + + NIG— — + + + +
+++ cC LPS — + + + + + D

LPS+CORI10+NIG LPS+COR20+NIG LPS+COR40-+NIG

-----B

HRETET

Fig2 COR reduces NIG-stimulated chondrocyte death
A: Cell viability was detected by CCK-8 (n=3, x=%s); B: Cell nuclei stained with PI and Hoechst 33342 (100X); C: The percentage

of Pl-positive cells (death cells) relative to total cells (‘P<<0.05,

"P<0.01. n=5, x+£s5); D: Cell culture supernatant was taken to

detect the release rate of LDH (" P<<0.01. n=3, Xx+s). COR: Corilagin; NIG: Nigericin; LPS: Lipopolysaccharide; COR10: 10 pmol/L
COR; COR20: 20 umol/L COR; COR40: 40 pmol/L COR; LDH: Lactate dehydrogenase; CCK-8: Cell counting kit 8; PI: Propidium

iodide.
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2.3 COR #& &% 7 4] NIG #| % #9 NLRP3 ¥ & /N &
BE AT mie B R ELISA i) & il 4
MasEFR L, 45 B 5 LPS+NIG 41 Heig, 10,
20, 40 pmol/L COR FE AR 4H At _I- 3 H IL-1B 1y 7K
- (¥ P<0.01, F3A)

AN, FHER P 5T e ok A 0 44 f 355 % b3 ik
45 NLRP3 RAE /M T bR 54 caspase 1 p20

D % 240 L 2% 0 T NLRP3 48 /IMAC2H 4325 1 A 4
i £ T P4 T & 11 GSDMD Ry ik, 455 R 10,
20, 40 umol/L COR HEMI il LPS-+NIG Ab 3 %) #F
A 35 b caspase 1 p20 By 15 M 4 i 24 @i b
GSDMD-NT. NLRP3 i % ik (¥ 3B, 3C) . M
- 45 5 R B COR RE il NIG 41 3 ) NLRP3 4 i
IS R AT

ok
L LPS —+ ++ + +
1000+ il NIG — —+ + + +
COR/(umol * L™") — — — 102040 M (X 10%)

IL-1B/(pg * mL ™)
[\ B D oo}
(=] S (=3 (=}
(=) (=) S (=) (=)
i
SR —

GSDMD-FL {e = == f | 53
GSDMD-NT { WM 32

caspase 1 p20 20 | Supernatant

NLRP3 { — g o o — — | 110

caspase | N 1 45| Lysate
pro-IL-1p{ s} 37
ASC {ame® —=="=1 2

COR/(umol * L™ — — 10 0
NIG — — + + + GAPDH - asesaseseses 37
LPS — + + 4+ + A B
- == e
25 o — -
5 . —— a B NLRP3
< wx PPLE
o 20 — —
=]
5 T
[}
= 15F L
>
°
<
g 1.0f
2
&
2 o5t
E ﬂ
&, C
P PGB D SLBOGL RS
C ooy O oI C oIS
SR SR SR
S RS S
%X %X G">< Q,X %X G)>< %X Q,X %><
SRS SRS SRS

3 COR ##l NIG #I##) NLRP3 ZE/MEBEMZR S ML T
Fig3 COR inhibits NIG-stimulated NLRP3 inflammasome activation and chondrocyte pyroptosis

A: The level of IL-1P in the supernatant of cell culture was detected by ELISA ("P<0.01. n=3, X=*s); B: Western blotting

of the expression of related proteins in cell supernatant and cell lysate; C: Histogram of grayscale analysis of blot bands (‘P<<

0.05, "P<C0.01. n=3, x%s5). COR: Corilagin; NIG: Nigericin; NLRP3: Nod-like receptor family pyrin domain-containing protein 3;

IL-1B: Interleukin 1B; LPS: Lipopolysaccharide; caspase 1: Cysteine aspartic acid specific protease 1; GSDMD-FL: Gasdermin

D-full-length protein; GSDMD-NT: Gasdermin D-N-terminal domain; pro-IL-1B: IL-1 precursor; ASC: Apoptosis-associated speck-
like protein; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; COR10: 10 pmol/L COR; COR20: 20 pmol/L COR; COR40:

40 umol/L COR; ELISA: Enzyme-linked immunosorbent assay.

24 COR %t %% # ¥ NIG & % % 3 & 48 J& ROS
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A: H,DCFDA-labeled intracellular ROS (20 X); B: Quantitative analysis of fluorescence intensity ( P<<0.01. n=5, x*s5).
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Fig5 COR inhibits NIG-stimulated glycolytic signal in chondrocytes
A: Expression of HK2, GLUT1 and LDHA proteins in cell lysate detected by Western blotting; B: Quantitative analysis of the
grayscale value of the blot bands ("P<<0.05, "P<C0.01. =3, x*s). COR: Corilagin; NIG: Nigericin; LPS: Lipopolysaccharide; HK2:

Hexokinase 2; GLUT1: Glucose transporter 1; LDHA: Lactate dehydrogenase A; COR10: 10 umol/L COR; COR20: 20 umol/L COR;
COR40: 40 pmol/L COR.
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