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ZERIIBA <8 3 (NOD-like receptor thermal protein domain associated protein 3, NLRP3) #5E /MRS 538 B A 78 A T
=1 (total triterpenes from fruits of Chaenomeles speciosa, CST) V% N-FFFE-N-FlFE-N-T i AL (N-methyl-N'-nitro-N-
nitrosoguanidine, MNNG) FlJé HF|IE & (nigericin, NIG) 75 A B & L R aiu i ER LS. 7335 M8 MNNG
A1 NIG #i1 GES-1 gAY, {§i ] CST Al (%) miR-210 mimic. miR-210 inhibitor. NF-kB siRNA. NLRP3 siRNA 4t GES-
1 A0M. SR MTT iEA ARG 77 See 9 el A0 P iG % (reactive oxygen species, ROS) 7K it =41 B A M40
MUAET; ik AN ELISA YRR AN 3G A4 %-4 (interleukin-4, IL-4). IL-1p. IL-6. IL-10. IL-18. FLERMi RS
(lactate dehydrogenase, LDH )+ JIifJ8 YK 3% [Al-F-a ( tumor necrosis factor-a,, TNF-o.) 7K Hu 82460 41 i, 7 3 48 A0 U (catalase,
CAT). &MeH Bk (glutathione, GSH). 7 . (malondialdehyde, MDA). & & LYl (myeloperoxidase, MPO). %
W ALEE (superoxide dismutase, SOD). SHTEAIAEST (total antioxidant capacity, T-AOC) 7KF; X e R Bk 15 905636
iF miR-210 5 NF-xB BRI % 5 R %2 5 6K NF-xB p65 R4 & NLRP3. T M= SR8 E (apoptosis related
spot like protein, ASC) IR & ER K AR IR E (AMF-1 A& (pro-cystein-asparate protease-1, pro-Caspase-1) &1z ; qRT-PCR
ME miR-210. NF-xB. NLRP3 mRNA 3KiA; Western blotting fllffi/fi NF-xB p65. MitZ NF-xB p65. AL 25 ZLHH G 7
(NIMA-related kinase 7, NEK7). BREEE A HAFEE A (thioredoxin interacting protein, TXNIP). NLRP3. ASC. Caspase-1+
pro-Caspase-1. JH %% D (gasdermin D, GSDMD). GSDMD ] N %45 #J4% (N-terminal domain of GSDMD, GSDMD-N).
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Abstract: Objective To investigate the mechanism of total triterpenes from fruits of Chaenomeles speciosa (CST) in alleviating N-
methyl-N'"-nitro-N-nitrosoguanidine (MNNG) and (NIG)-induced human gastric mucosal epithelial cells damage based on microRNA-210
(miR-210)/nuclear factor-kB (NF-kB)/NOD-like receptor thermal protein domain associated protein 3 (NLRP3) inflammasome signaling
pathway. Methods MNNG and NIG induced GES-1 cells model were constructed, and then GES-1 cells were treated with CST and/or
miR-210 mimic, miR-210 inhibitor, NF-kB siRNA, NLRP3 siRNA. MTT assay was used to detect cell viability, immunofluorescence was
utilized to measure reactive oxygen species (ROS) level, flow cytometry was used to test pyroptosis, colorimetric and ELISA methods
were utilized to measure the levels of interleukin-4 (IL-4), IL-1p, IL-6, IL-10, IL-18, lactate dehydrogenase (LDH), and tumor necrosis
factor-a (TNF-a) in cell supernatant. The colorimetric method was used to determine the levels of catalase (CAT), glutathione (GSH),
malondialdehyde (MDA), myeloperoxidase (MPO), superoxide dismutase (SOD) and total antioxidant capacity (T-AOC) in cells. The dual
luciferase reporter assay was employed to verify the targeted intervention between miR-210 and NF-kB. Immunofluorescence was utilized
to detect the NF-kB p65 nuclear translocation, the co-localization of NLRP3, apoptosis related spot like protein (ASC) and pro-cystein-
asparate protease-1 (pro-Caspase-1). qRT-PCR was used to detect the mRNA expression levels of miR-210, NF-kB, NLRP3. Western
blotting was utilized to determine the protein expression levels of cytoplasmic NF-kB, nuclear NF-kB, NIMA-related kinase 7 (NEK7),
thioredoxin-interacting protein (TXNIP), NLRP3, ASC, Caspase-1, pro-Caspase-1, gasdermin D (GSDMD), N-terminal domain of
GSDMD (GSDMD-N), pro-1L-18 and pro-IL-1p. Results miR-210 was a pro-inflammatory/pyroptosis factor, the dual luciferase reporter
assay confirmed that it could bind to 3’-UTR in mRNA of NF-xB. Compared with model group, CST significantly inhibited pyroptosis
and LDH release in MNNG and NIG induced GES-1 cells (P <0.01), reduced levels of IL-1p, IL-6, IL-18, TNF-a in supernatant and ROS,
MPO, MDA in cells (P < 0.01), elevated levels of IL-4, IL-10 in supernatant and activities of CAT, GSH, SOD, T-AOC in cells (P <0.01),
suppressed the NF-«B p65 nuclear translocation and the co-localization of NLRP3, ASC and pro-Caspase-1 (P < 0.01), downregulated the
mRNA expressions of miR-210, NF-kB, NLRP3 and the protein expressions of nuclear NF-xB p65, TXNIP, NEK7, NLRP3, ASC, pro-
Caspase-1, Caspase-1, GSDMD, GSDMD-N, pro-IL-1f, pro-IL-18 (P <0.01), upregulated the cytoplasmic NF-kB p65 protein expression
(P <0.01). The combination of CST with miR-210 inhibitor, NF-kB siRNA and NLRP3 siRNA transfection could further improve the
above indicators (P <0.01). Conclusion CST has a good preventive and therapeutic effect on MNNG and NIG-induced GES-1 cell injury,
and its mechanism is closely related to inhibiting the abnormal elevation of miR-210 and activation of NF-xB/NLRP3 inflammasome
signaling pathway, alleviating oxidative stress and subsequent suppressing pyroptosis.
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R R, R LA TR R #h 45
YRR 2R TP 51 R I8 RO & CAG B T EK
TRALEITS, H AT, N-FREE-N-ASHE-N-TE AR (V-
methyl-N'-nitro-N- nitrosoguanidine, MNNG) f1J& H
PP 2 (nigericin, NIG) I H 4 FAF S48 % 5286
AL B AN AR 10, MNNG 1] DAL I &
NI GEH R BB U &) $3 CAG
T2 B S AR AL . Ik, MNNG @& H T &l
IEW I B R AR, AL B R SRS IR e A
NI HAMBEY) . £B T, XEE SHRIEMN
BYIE NIG 1EHI N W] LU AL 9 LA I, S BN
. DNA it B BRIEN T RAE. 290, 5.
W bR, EE 2 B R R A AR 0121, R
MNNG 5 NIG Bt& a7 % GES-1 416
it sh CAG BRI,

/N RNA (microRNA, miRNA) J&—2H 5 %
SRS A4S RNA, 52 FRm % UM K.
miRNA-210 (miR-210) & —FHe i T HER, [F
AR RMCEETR T, |22 5 MG 5 M58 A2 B
SR TS, WEERM], miR-210 KI5 HRIES
CAG. B, BIHIYE. S35 s, ULk
AN 28 5E 505 A 14, Zhang 25151 78 & B CAG
KB B H L #% K F-xB (nuclear factor-xB, NF-xB)
TEHE p65 Al miR-210 (MR i, HERNAITE B
Y237 NF-kB p65 1 miR-210 (K315 N . Hbr]
WL CAG &4 K &5 miR-210 Al NF-«B {5 5 8 ¥
FYUMER . 1BHEIAEE CAG MIRA K@ HiEE
HE MO, Hp iZGe. AEHIRE. BEKI. %
P /N IESE R JE S RV R T %%, T 2 AR
FEA P, 51 CAG, 7EIX I RE T JEM KAE
IR CAG BT U, BRI CAG
41 NF-«xB {5 5@ Bis0E, T iF NOD ez ik
R [ 45 M)A 5< B H 3(NOD-like receptor thermal
protein domain associated protein 3, NLRP3) #$%iE/)
AIEART, BEFURIAE CAG HI4H AN B PRy
o, AN B R IR A B b AR RO R IR E B T o
(tumor necrosis factor-o, TNF-a). H4IfI/%-1B
(interleukin-1B, IL-1B). IL-6 S5 28 440 fu A7,
WOE NF-«B {5 5k, #t—P 2t TNF-a. IL-1B
MIL-6 B, SR RAE BRI BhAh, HOE
NF-«B i #0 A] i ifF NLRP3 SLEE A T-H BT s
[ (apoptosis related spot like protein, ASC). -
RE IR R LA BR 5 FHE-1 (cystein-asparate protease-

1, Caspase-1) Fif& (pro-Caspase-1) @i, i
NLRP3 RIEIMETERL, 3k IL-1B F1 IL-18 {2 &
PEARRRIR R, 31— 20 51 S SORE IR BRTBOR, {2
BB R AT, HES) CAG KA K 17181,
A W, NF-xB/NLRP3 #5E /MK AS 5 il 1% 76
CAG RAR G EE M A, M NF-
KB/NLRP3 R JE/NE(E Sl A J1 CAG
BIT MG —

AJNE = M5 (total triterpenes from fruits of
Chaenomeles speciosa, CST) ZAJK Chaenomelis
Fructus " B3GR o RS BT HARH 78 & B
CST X} H 5tz B # M3 A B i T 1B,
A E R AR T R T R A . I sz
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NLRP3 #AE/IMA(E 5l B PR 1) CST #IH 40 A T
MR CAG WITERALEI, 9 CST Bivh CAG HIMLH]
it TR AL SEIR KR -
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AN 2.49%-21.94%. 10.57%- 5.63%- 6.36%- 3.89%:
MNNG (#t5 E015702). NIG (L5 S6653) T H
¥ B Selleck /%) ; RPMI 1640 ¥;3:3E (it 5
621035). fifZFIIE (5 10569-157B). JiERg (it
5 217496). iE 1% (reactive oxygen species, ROS)
KA & (DCFH-DA, #it5 S0019) W H % H
Gibco A A ; — H FH IZ AR dimethyl sulfoxide, DMSO,
fit 5 6120541 ) . MTT C(#it 5 6312745 ) .

Lipofectamine™ 3000 (#it'5 6514209) 1 H 3% H
Sigma /~ #]; Annexin V-FITC/PI Apoptosis Kit (#t5
CA1020) 1 H g FEBAEMIRHECA R A A s XROE
RERG IR & (S E1910) MY H3EE Promega
~E; AERBERE (lactate dehydrogenase, LDH).
A W H K Cglutathione, GSH) - i %A AL Z i ( catalase,
CAT). BEILEMNYIEE (myeloperoxidase, MPO).

AN BALES (superoxide dismutase, SOD). &L
YA LEE S (total antioxidant capacity, T-AOC). A
% (malondialdehyde, MDA) FI RNA %447
& (5508 20251005, 20251013, 20251014
20251019 . 20251018 . 20251013 . 20251021 .

E607402-1000) 1% H e 50 s AEY) TR 58 s IL-
1B+ IL-4. IL-6. IL-10. IL-18. TNF-a 7 & (it
52> B A 20251108 . 20251109 . 20251104 .

20251105, 20251103, 202511060 W EIRYIER N
W AR 22 7] miR-210 mimic. mimic NC. miR-210
inhibitor « inhibitor NC . pcDNA-NF-«B . NF-xB
siRNA. pcDNA-NLRP3 I NLRP3 siRNA (#{t5%
524 20251009, 20251011, 20251010, 20251008
20251023 25251019, 20251017, 20251015) MH
SRR 27 miR-210 5]4). NF-«xB
5145, NLRP3 5141, U6 5490, HimE-3-E i &
i glyceraldehyde-3-phosphate dehydrogenase ,

GAPDH) 5|#J. DEPC 7K. TRIzol (it 535K
A0250915. A0250912. A0250914. A0250912 .

A02500910. 20250816+ 12236879) 4 H 4= T A4 T
& (B A BRA ;s Prime Script™ RT reagent
kit ({15 603516). Tag DNA E&H (L5 602629)
)5 H A TaKaRa A ] ; Jf1fii NF-kB p65. 1% NF-xB
p65. NLRP3. ASC. Caspase-1. pro-Caspase-1. 4l
M 22 5y Z4MH KB 7 (mitotic associated enzyme,

NEK7 ). fii % & & A H /F & [ ( thioredoxin
interacting protein, TXNIP). JH % D (gasdermin
D, GSDMD). GSDMD ) N ¥4 43 (N-terminal

fragment of GSDMD, GSDMD-N). pro-IL-18. pro-
IL-1B. B-actin. GAPDH Fitf4& (#1573 71124 sc-15463 .
sc15748. sc-24175. sc-16461+ sc-3459S. sc-0636S.
sc-3069S. sc-4368S. sc-20362. sc-2541S. sc-3619S.
$c36748S. sc-21547. sc-21568) W H 3EE CST A;
DyLight™ 405, DyLight™ 488. DyLight™ 550 %¢
6 HLHE S 4 N 24053188.2405693S.240156S)
I 1 3£ [E Thermo Fisher Scientific A#]; Hio G
KF (T 20240519) W A AL R EERHLARA
F]; HRP Frici IgG Pifk (35 ab35458) [ 5%
Abcam A F]; B ARG (S P0252).
ECL &GikF& (L5 P0385) MHF & R4
MEARFRAF .
1.3 &5

MAS54 Y L1 R DHER 4T 2 R (i D
HIRAA]; 5427R Bl A HE N (HEEH
Eppendorf A & ); VORTEX-6 i Jie{X (3£ & Aoran
AF)); Infinite 200PRO BIFFHRAX (Htit Tecan 24
F]); HVA-110 BE )k KFE % (HA Hirayama 2
F]); MCO-18AIC % CO, £57%48 (HA Sanyo 2
F]); SW-CJ-2FD M is TAE G (b ik &4
FRAFD; MA200 BUEIE BHEE (HA Nikon A
] ); OLS3100 A0 5 A8 BB (H A Olympus
/v ] ); Nano Drop One %A% BRI %€ X « PIKO-
REAL96 75z %€ & PCR 1% (3£ E Thermo A #));
DYCZ-24A/B. DYCZ-20G 1 DYCZ-40S 7! itk it
(b AN — 4R AR AF ); Tanon MINI
Space2000 B g /i R4t (RilgREEA drEl
FHBRAAD.,
2 FHE
2.1 (ApEIEFRANAE R

GES-1 40 & 10%64- 1% 100 U/mL 5
B 2 AN 100 pg/mL % 2= RPMI 1640 ¥558, T
37 C. 5% CO ¥ FRAa 578 . RRR T # 1 %57
T Ao S 2 K 2 B A A TR, P PR T 4 Mg
AR S, R TR &AL .

miR-210 mimic. mimic NC. miR-210 inhibitor-
inhibitor NC. pcDNA-NF-kB. NF-«B siRNA . pcDNA-
NLRP3 #I NLRP3 siRNA i i H ZHAR A TR A
M, HFFN miR-210 mimic: _FiF514 5-
CUGUGCGUGUGACAGCGGCUGA-3’, Fili514 5°-
AGCCGCUGUCACACGCACAGUU-3’; mimic NC:
3514 5°-UUCUCCGAACGUGUCACGUTT-3’, |
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W54 5°-ACGUGACACGUUCGGAGAATT-3"; miR-
210 inhibitor : 5’-UCAGCCGCUGUCACACG-
CACAG-3’; inhibitor NC: 5’-CAGUACUUUUGU-
GUAGUACAA-3’; pcDNA-NLRP3: Lii#514 5°-
GGGAAGCTTATGGGGTGCCGAGCCGCC-3’, T
W 5] ¥ 5°-GGGCTCGAGCTACTGGCCCCGC-
TGCTG-3’ ; siRNA NF-xB : L iiF 31 ¥ 5°-
CCAUUGCGGACAUGGACUUTT-3’, Nilf5l4) 5°-
AAGUCCAUGUCCGCAAUGGTT-3’ siRNA
NLRP3: _EJf514 5°-CCGCAUGAGCUUCGUCA-
AATT-3’, #5514 5>-UUUGACGAAGCUCAUGC-
GGTT-3’. MRIEVLIABITEAT Y, #F GES-1 4
A K A I 70%~80%I, AETCMIERM T,
i Lipofectamine™ 3000 574 pcDNA-NF-kB.
pcDNA-NLRP3. miR-210 mimic. miR-210 inhibitor &,
AH LA FAPE X I (mimic NC. inhibitor NC) #4545
difarh, Fgy 24 h JEHRGE AR IR AL YA A
W R ARG IE, B a8 h FH T RS
2.2 MTT AN CST 1 MNNG %t GES-1 #Aff5E
pal:EA

GES-1 4HHELA 1 X 105 AN/FLEFPT 96 FLARH,
Rig% 24 h J5, A CST (0~100 pg/mL) 435Hil4b#
24, 48, 72h, B MNNG (0~120 pmol/L) 4bFH
24 h, LI 20 uL MTT W&, HE53 405
F 200 puL BB F#K, LI 150 uL
DMSO, FTHfLkF R LA 500 r/min #%% 5 min,
KBRS AXAE 490 nm SEAKEN EROCEE (4D 1H,
THE MRS

HFAEIE T =A s/ A e
2.3 MTT A CST ¥ MNNG 550 GES-1 48
RaintnrR$P1E R

GES-1 ZHAa LA 1 X 103 AN/FLEFTT 96 FLARH,
R9% 240 J5, NN 20 pmol/L MNNG #EGALFE 2 h,
SRIG NN CST (0~80 pg/mL) JLFEMFEH 48 ho HEFL
BN 20 uLMTT 3R, % “2.27 TR 77 1646 040 i
AR
24 RGN AMEET

FRE A0 BTG 3 e g R, IR PR R IR
(2.5, 5.0~ 10.0 pg/mL) [¥) CST #HATHE— LW T
YA HU R . REACER A X B AR
HAMH 20 pmol/L MNNG FiALFE 2 h, ARG H&
10%fi6 4 I3 AR 5 72 0 & 48h, &S 10
umol/L NIG HI#4 1 hi2); CST (2.5 5.0+ 10.0 ug/mL)

HAMHIA 20 pmol/L MNNG FiALHE 2 h, #R)54 4
FARFIREER CST A4 48 h, HJEMA 10
umol/L NIG ## 1h; CST (10 pg/mL) FlhZA 254
HHIAY ] CST 4bFE 48 h, & MNNG 1 NIG #ll%4 .
WCERAHMY, TN 200 uL 45 & 22 B B A4, A
cleaved Caspase-1 iff, =BG E 20 min; N
A 20 pL PI Al Annexin V-FITC/PI {5 TAEW, 30
min A AR AR B A5 T2 %, Bl cleaved
Caspase-1 (+) /PI (+) (5240l H 55 Lhi2e-28l,

RRAE 2.1 70 J5 ik 4y, FH CST(10 pg/mL)
8¢ 5 miR-210 mimic. miR-210 inhibitor. NF-kB
siRNA. NLRP3 siRNA B & b2 /5, KA =i
RGP EET 2
2.5 HbfSAF ELISA #5N4HBE &&= LDH 0
ZHAEE 7K

GES-1 4Hijffa LA 2 X 10* NMFLEF T 6 FLERH,
9% 24 h Ja, %M 9247 TR 7T HAAL
P, s BIEW, AR U B A I 4 b3
¥ LDH F1 IL-1B+ IL-4. IL-6+ IL-10- IL-18. TNF-
a K.

M 3Z 2.1 700 7k G, F CST(10 pg/mL)
{5 miR-210 mimic. miR-210 inhibitor. NF-xB
siRNA. NLRP3 siRNA BcE& b ER f5, A4 e b3
Wi LDH A IL-1p+ IL-4. IL-6. IL-10. IL-18. TNF-
a IKF.

2.6 RAIREERMAAEF ROS KF

GES-1 4HBLA 5X 105 AN/FLEFIT 6 FLAR
FE3% 240 Ja, #2470 )75 CST(10 pg/mL)
{5 miR-210 mimic. miR-210 inhibitor. NF-kB
siRNA. NLRP3siRNA BXA AP 5, UCEEANM, %
{8 DCFH-DA A It 7] 4 15 B 546 W 2% 25 48 fita v
ROS 7K22,

2.7 Ph@EENIZBAR P R R IERRK

R “2.47 TR AT AN AL 3, USSR
i, 2 AR S, O RIS, %R
R &V Bl %E CAT. GSH. MPO. SOD. T-AOC
WA MDA 7KF .

2.8 NF-xB p65 IR E (LN E

VAR T 24 fLERHR, %I “2.47 TR TS
AT AL TR, F PBS 2GR, NN 4%% %
RS, BEER 0.5% Triton X-100 =JEiEIE 3
min, YEIKEMA 5% MiE A EA, EEE A 2h;
IO A L3 F T BCH| ) NF-«B p6S —t (1 :
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100),4 CHE IR PBS Vel e A il
100), HiEWEHE 2h, DAPI %5, B THOGILE
£ B PSR IIE
2.9 NLRP3 KHENFEER T

F508 “2.47 TR LT 4 AL B, 22 PBS
ik« 4%% W [ 5% + 0.3% Triton X-100 4bHE 5,
I H PBST Bl —3t (1 60), 4 CEE LR
TBST ¥k, MAZIE=H (1:5000), =EFE
1 h; PBS ¥ I\ NucSpot® Live 650 Nuclear
Stain 4O IRIR Ye4lMIR% 10 min, FF2490, FHUELR
WK 53 Ja S BRI oo G KGRI v, BT 06
LRGBS FUEIFH .
2.10 MRS REGREERE KL

WYL IS 1) GES-1 BRI TE 48 FLARH, FHTE
37 C. 5% COx BiFRfa R 9% M &h 1 2R
HAT XU FE TR A LRI, ¥ NF«B HpA7Y
(NF-xB-WT). NF-«xB 5% % (NF-xB-MUT) 4335
miR-NC. miR-210 mimic JEFE 440/, K57% 48h, Ik

LM A 1.5 mL B0 W, FR RO B 2
DR A D00 & 1 B P A, E RN SO NI
150~200 pL MR, ARG T 2R
JE 10 min, 12 000 r/min 250> 5 min, W%HL 100 pL
FIEHRAER 1.5 mL B0 H, A 100 pL $2HT
FC 1) RO B 2 R A U T AR, PRFT VR0 5 S AP
15 HUE R 2 ThREA A A M 28 Y6 (i s HUH AR
B, NN 100 pl %k d 5 Z B I A
W, WATIRA] G LRI GME, Guiifg B ook
Bt/ 5 ' PG B RS YA AT 3 — AL B
2.11 qRT-PCR EHNZBEEF miR-210 NF-xB.
NLRP3 mRNA Fi&

IR “2.47 TR P& AT/ S AIA B, USSR
L, %8 TRIzol 7 & i MBI RNA, H
PrimeScript RT # M ¥ 54 ¢cDNA J5, F SYBR
PIEYkl. Rk PCR BELESLR 58 2 & PCR (X I
BT, UL U6 8, GAPDH {F NN, R 278G
FITHHPRERPERE R, 51075 0% 1042,

&1 514955

Table 1 Primer sequences

I LS (5-3) TS (-3
miR-210 GAGTGTCAGTGGTTTTACCCT GCAGGGTCCGAGGTATTC
NF-xB ACTGTGAGGATGGGATCTGC TCTGTCATTCGTGCTTCCAG
NLRP3 GCACTGTGTTTGGAGTGGGTTTCA CCCGACAGTGGATATAGAACAGA
ué TGCGGGTGCTCGCTTCGGCAGC CCAGTGCAGGGTCCGAGGT
GAPDH GACAACTTTGGCATCGTGGA ATGCAGGGATGATGTTCTGG

2.12 Western blotting # 22+ TLR4/NF-kB/
NLRP3 RiE/MAMESBEBEXEARIE

HMILL 3 X105 AN/ 12 FLERc, 5597 24h
Je, FEHR 247 TURN AT o AR B, R
FR%E, FTA PBS FIBdk 2 Wk, &R /HL
W ARG S U IS, 0 4 B B /e
ZE A, RH BCA ERIE FIKEZ . BL5XSDS |
FEGEMRAN 40 pg B B3 (RFREE 1 1 4) IRAIFE
EIRA MR, AR 10% T iR R M-
WSEER I Bk, #5% PVDF JE, ] 5% le 44
EZEIR THHE 1.5 h, Al ASC (1 : 800).
GSDMD-N (1 : 800). GSDMD (1 : 800). if2Jfi NF-
«B p65 (1:1000). #% NF-«kB p65 (1:1 000).
NLRP3 (1 :1000), Caspase-1 (1:1 000). pro-
Caspase-1 (1:1000), NEK7 (1:1000). TXNIP
(1:1000). pro-IL-18 (1 :1000). pro-IL-1p (1 :
1000). B-actin (1 :1000). GAPDH (1 :1000)

—Pi, 4 CHBELK; FEEE 30 min 5, MA
HRP #ric i =9t (1250000, =FiEFE 1he TBST
Ve 3%, MK 10min, %11 LIRS ECL b
SRGAF A WS B, BAIRIMER L, 1k
FRHE R G RERZZ2), KA Image J F At
XF B bR g K BEAE E AT 2 A, B B-actin BK
GAPDH 1E AN ZHE B ArE A AN Rk & .
213 GitESH
KH SPSS 27.0 AT G b, SLIRLs
M X+ts ®om, ZREAYHLK XM Oneway
ANOVA 43 #7, @il Graphpad Prism 9 #4F4: F .
3 Z#R
3.1 MNNG 70 CST %t GES-1 ZHAfE F1H =20
WK 1-A Fizs, 1.25~120.00 pmol/L MNNG 4k
P GES-1 41/ 24 h, 4477 28 257 B AR O Mt
%, HHA 20 umol/L MNNG & 2 #1011 41 o 7% /7 H.4M
AR E ST 60%, KR A 20 umol/L MNNG i
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5 GES-1 g0fudifsi. 5 3CHrkiER39—3, @& 1- 3.2 CST %f MNNG #1 NIG 558 GES-1 4B
B 7R, 2.5~40.0 umol/L CST #¥E GES-1 41fig 24. 1=+ LDH FZRAE TR0

48,72 h, ZHMIAFIE F SRS A ST & s 1T 80.0. WK 2-A Fion, SXTRRAH b, 1A 40 4n i =
100.0 pg/mL [f] CST 7] 3[4k GES-1 MG F TR EEF R (P<0.0D); SHEAHLILE, CST(2.5.
(P<<0.05. 0.01), Zh5A 5 BIZH Al WA 7t 5 FL019-200, 5.0 10.0 pg/mL) ZHAH M A5 124 i 2 PEAIK (P<<0.05.

#HE CST EH GES-1 4 48 h AT/ 4L 7. K 0.01). Wil 2-B fivr, SXTHRAIELA:, HAY4H 40
F 20 pmol/L MNNG #ll¥ GES-1 4}l 2h J5, 44T  LDH BESCREEFE (P<0.01); SR,
2.5~80.0 pg/mL CST AbFE 48 h A MYHALIE /1, 45 CST (2.5, 5.0. 10.0 ug/mL) 408 LDH B HCR i
R 1-C fron, SHEAIALEE:, 5.0~40.0 pg/mL  FHFFK (P<0.05. 0.01). Wik 2-C fiar, SxtiE4
CST WEHRmAMMAAIERE (P<0.05. 0.01), Hrh b, HEALAH AN FISH T TNF-a. IL-1B. IL-6.
10.0 pg/mL CST fEM &, Bk, RHA 2.5, 5.0, IL-18 /P EFm (P<0.01), IL-4. IL-10 /K°F

10.0 pg/mL CST #EAT 5 4EHH 50 BEREAL (P<0.01); SHAAELE, CST (2.5,
A B C
120 160 120
100}_77#_7;\\{ 140] #24h+d8h=T2h #ﬁ # 100 -
g P = o Co
w80 . @@100?’**' g L8000 1
i -----——------—---————-—}-% --------- "I 1D T
& o N 580 ##‘\;g‘ & 60 ok
60 =
3;5 40 2 0 §§§ 40
20 = 20 20
0 0

XOTJLHﬁ 1.25 2.50 5.0010.0020.00 60.00 120.00 *fH#& 2.5 50 10.0 20.0 40.0 80.0100.0 XPEE FEAY 2.5 5.0 10.0 20.0 40.0 80.0
MING/(umol-L™) CST/(ng'mL™") CST/(ng-mL™")
A-AR[ERE MNNG A3 24 h %7 GES-1 4HLE JI R0 B-AN [ BTEIREE CST AbBE 24, 48, 72h X GES-1 4RI JJ f5EMA; C-AIF BRIk L
FJ CST 4bTH 48 h X MNNG 5 3:H GES-1 4IIE JIRI5Ema; SXSRAALLEL: #P<0.05 #P<<0.01; SRMAHLE: "P<0.05 “P<0.01, FEIE.
A-effect of different concentrations of MNNG treated for 24 h on viability of GES-1 cells; B-effect of different concentrations of CST treated for 24, 48,
72 h on viability of GES-1 cells; C-effect of different concentrations of CST treated for 48 h on viability of MNNG-induced GES-1 cells; *P<0.05 #P<0.01

vs control group; “P<0.05 **P<0.01 vs model group, same as below figures.

Bl 1 MNNG #1 CST ¥ GES-1 fHBE5E HRISMNE (X +£5s,n=5)
Fig.1 Effects of MNNG and CST on viability of GES-1 cells (X £ s, n=5)

A X ) CST2.5 pgmL! B
10° 24 i 210 w4
10: [ T - 21 . 2180 «
10% “cog b Ll = 18 .
102 i . S B 15 . g 150 S
- ; ,1_] - g g 120 T sk
= CSTSOpgmL'CSTlOOpgmL CST Hufiletzh & z 9 L
= N 8 60
pircis ‘ s g ol = 30
i 2 L] ] o
- L i MINGHNIG —  + + + + — MNGHNG— + + + + -—
0 10° 106 0 10° 10° 0 10° 105 CSTAugmL™) — — 25 50 100 100 CST(ugmL)— — 25 50 10.0 10.0
C cleaved Caspase-1
~ 25 oTNF-a o IL-1B __ 70] oIL-6 # o IL-18 . 90j0IL4 a IL-10 i
‘ . < |
— H# 1 60 1 80
s 20 = * = 70 *k
) i £ 50 g 601 e
2 ML - N il 2 50 Eae
‘ 30 N- 40 7‘ 4
" [ * ) £ ##
= S| =2 #e| o« 2 20
Ry ’ D 5 10 ﬂ = oy *3¥ **j F 10
0 0 0
"MING+NIG —  +  + - MING+NIG —  + + + —  MINGHNIG — -
CSTApgmL™ —  — 25 50 100 100 CST/(ugmL") — — 25 5.0 100 10.0 CST/ugmL™) —  — 25 50 100 10.0

|2 CST ¥t MNNG #1 NIG iF5S4/) GES-1 #Aff£T- (A). LDH (B) F4HBEETF (C) BMAIEN (X+£s,n=5)
Fig.2 Effect of CST on pyroptosis (A), release of LDH (B) and cytokines in GES-1 cells induced by MNNG and NIG
(Xxts,n=5)
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5.0, 10.0 pg/mL) HZHME FiEWH+ TNF-a. IL-1B.
IL-6. IL-18 /KPR ZHFL (P<<0.05. 0.01), b
W IL-4. IL-10 KFREEA S (P<0.05. 0.01),
3.3 CSTi&id TiF miR-210 F1iH%5 NF-kB/NLRP3
KAEMASS B SKINE] MNNG #1 NIG ESH
GES-1 e

it qRT-PCR 5l GES-1 #Hffl K 4% 4% miR-

210 mimic JG I miR-210 mRNA FiL &, K
4L miR-210 mimic Ji5 Al miR-210 mRNA F£iA
25T mimic NC 40 (P<0.01, & 3-A), &
miR-210 mimic ¥ 44Tt & T miR-210 mRNA £
it. N THIFE CST % MNNG A1 NIG 51 GES-1
YA M5 05 (P ARV F R LEALA, 2o ) id i v =U
JaAAT ELISA #:1] CST X} MNNG Al NIG %531

A B it i {5 csT "
@ 1.8 kit 10° ‘ ‘ 35 ok
w16 _I B L, 30
T 14 10 s e S s "
z12 10° [l j o >
1.0 2 Ef E e 1
Zos - - ! £ s i
0.6 ) mimic NC miR-210 mimic ~ CST+ 2 10 o s
g 0.4 miR-210 mimic = X %
S . . 105 S 5
20 ‘ 10* gt = o ||
g Y mimic NC miR-210 mimic 10° | ¥ W B CSTmimicNC miR-210 CST+miR-
Zw—i S— — mimic 210 mimic
107 . a
0 100 10 0 100 10° 10°
cleaved Caspase-1
it D Tt E
270 #ox 9 o 7 'GSH =CAT
240 . 8 6 sk
210 # AN 7 = A+$
2 180 T o Mg ## w0 It
150 o wo K - - e o4
&n = 'rl>‘_<' T i VAV
£ 120 = 4 ok =3 t
= E Z : = # o
= 90 o~ 3 sk =9 p T sk
9] 60 o 2 = e 4 sk 1T I
4 - 1 sk
30 1 1 *‘—1 H
0 = 0 — 0 = —— - g
X B CST mimicNC miR-210 CST+miR- R B CST mimicNC miR-210 CST+miR- R BOR CST mimic NC miR-210 CST+miR-
mimic 210 mimic mimic 210 mimic mimic 210 mimic
F G .
14 i 20 2SOD = T-AOC 0.24 I
~ 12 T ol " an =021 L
%0 10 T T it 0 0.18
5 g # Eo - A g ols w
T : AN
:g p T 5 11 3%5 - 2012 T +
g 5 #H 7 = 0.09 ok
= 4 3 =1 L Ty S 006 - >
iy || [ il I M RIS
0 0 ! 1 || 0 |
YR B CST mimicNC miR-210 CST+miR- X8 FR CST mimicNC miR-210 CST+miR- X B CST mimic NC miR-210 CST+miR-
mimic 210 mimic mimic 210 mimic mimic 210 mimic
301 OTNF-o o IL-IB i 901 6116 = IL-18 i) 907 aIL4 & IL-10
T, 08 Tt 80 1 T80
'—E] ” *% = 70 H#it ’é’ 70 o YN
=920 g 60 | I 5y 60 ft
2 L ## &n S I ok AD g3
15 = T an 250 AN = 50 T PO
N % o T 1T 40 Tk 40 # PR
10 - T 30 - I 30 4 i3
§ 5 ‘h [_‘_‘ =20 ## <'—| o S_J ‘ % 20 i . ’_L .
= 10 o 110 - D
Ml N | SR B B B B B BN BN LB | ,
X B CST mimic NC miR-210 CST-+miR- X B CST mimicNC miR-210 CST+miR- X B CST mimic NC miR-210 CST+miR-
mimic 210 mimic mimic 210 mimic mimic 210 mimic

A-miR-210 mimic #% 4 GES-1 4H/fi™ miR-210 mRNA [J#ik; B-CST %} MNNG Fll NIG #% 5/ miR-210 mimic % GES-1 4 A - IF0;

C-CST % MNNG A1 NIG 53] miR-210 mimic £ 4% GES-1 4Hifiti LDH B iJ520; D-CST %} MNNG HI NIG # T miR-210 mimic %% %% GES-
1 4iffiH ROS ACFHIFZM; E~H-CST X MNNG il NIG %5 ) miR-210 mimic $44% GES-1 4 - &4k N KT IBEIR ;. 1-CST X%} MNNG Fll
NIG # S miR-210 mimic 4% GES-1 4 _Ei5W P41 7K THIS40; 5 mimic NC 5% inhibitor NC 8§ siRNA NC 41F04z: "P<0.01; 5

CST 4tk#: ““P<0.01, FEFE.

A-miR-210 mRNA expression in miR-210 mimic transfected GES-1 cells; B-effect of CST on pyroptosis of miR-210 mimic transfected GES-1 cells
induced by MNNG and NIG; C-effect of CST on LDH release in miR-210 mimic transfected GES-1 cells induced by MNNG and NIG; D-effect of CST
on ROS level in miR-210 mimic transfected GES-1 cells induced by MNNG and NIG; E—H-effect of CST on oxidative stress level in miR-210 mimic
transfected GES-1 cells induced by MNNG and NIG; I-effect of CST on cytokine levels in supernatant of miR-210 mimic transfected GES-1 cells induced
by MNNG and NIG; ""P<0.01 vs mimic NC or inhibitor NC or siRNA NC group; ““P < 0.01 vs CST group, same as below figures.

3 CST X MNNG #1 NIG iE589 miR-210 mimic ¥ GES-1 BT LDH 5. SRS SR MmmE Tk

FHIFNE

(Xxs,n=5)

Fig.3 Effect of CST on pyroptosis, LDH release, oxidative stress and cytokine levels in supernatant of miR-210 mimic
transfected GES-1 cells induced by MNNG and NIG (X £s,n=5)



- 4670 -

F8 B 2026F68 $£57% B12H  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

miR-210 mimic %% GES-1 4l 1281 LDH F&ii
URCNE . W] 3-B. C o, SRR LR, BV

YA FE T2 LDH B URE s (P<0.01); S5
RIZHEEEE, CST ZHA1 CST+miR-210 mimic ZH 40
FET-3M LDH B FFFL (P<<0.01), miR-210
mimic ZLZ0 AL TS LDH B G—51n (P<
0.01); 5 mimic NC ZHE%:, miR-210 mimic ZH4H
FLEE T3 A LDH B 34 (P<<0.01), CST+
miR-210 mimic ZH 2 £ T2 F1 LDH B 50U 35 P
(P<<0.01) o S A0 RLBFE b A0 A0 it PR 55 52 O G 45
UK 3-D~1 Fion, SRR LR, AR 7Y 2H 20 g
ROS. MPO. MDA FI4iiffd Fi&# + IL-1B IL-6+
IL-18. TNF-o /K2 ZE w5 (P<0.01), 4Hffirh
CAT. GSH. SOD. T-AOC F4if L iE+ 1L-4.
IL-10 /K138 2 FAK (P<<0.01); S#8AYZH HL4sE, CST
ZHAT CST+miR-210 mimic 414+ ROS. MPO.
MDA FIZHf_ & W b IL-1p. IL-6. IL-18. TNF-a
KPR 2 PRI (P<<0.01), 41 CAT. GSH. SOD.
T-AOC FIZH M _LiEW b IL-4. IL-10 KV EE T
(P<0.01); miR-210 mimic ZL4Hff1+ ROS. MPO.
MDA F4ifig_ L&+ IL-1p. IL-6. IL-18. TNF-a
KFFE—H T E (P<0.01), 4iffirh CAT. GSH.
SOD. T-AOC F4Hf FiFHH IL-4. IL-10 7Kk
— B (P<<0.01). 5 mimic NC 41H#;, miR-
210 mimic Z4HEH ROS. MPO. MDA FIgiffl_Ei&
W IL-1B TL-6+ IL-18. TNF-a /KPR ET 1 (P<
0.01), CST+miR-210 mimic 21411+ ROS. MPO.
MDA F4ifig_Ei&E W+ IL-1p. IL-6. IL-18. TNF-a
K RZFERFC (P<0.01).

NTERFA miR-210 £ 55 7 CST % MNNG
Al NIG %S/ GES-1 4t ta Ry 1E/H, #t—
M B4 miR-210 mRNA Fik .tk 4-A fir
N, SRR TR, BRI miR-210 mRNA
FIEACERETHE (P<0.01); SEMALLE, CST
1 miR-210 mRNA FIEEZEFK (P<0.01); 5
mimic NC ZHAH L, miR-210 mimic 2H miR-210 mRNA
Lkt (P<0.01); 5 mimic NC HH#,
CST+miR-210 mimic #1 miR-210 mRNA Fik &%
B (P<0.01); 5 CST #lE%, CST+miR-210
mimic 2 miR-210 mRNA K& &3 75 (P<0.01),
ZEH] CST %} MNNG A1 NIG %5 S GES-1 414
B4R B -S540 miR-210 FKIEA K.

NF-kB/NLRP3 % /NMAAE 5l % 2 4 M A T

WO, ZIE B S FERIEN . RO
IRl K A A B A T 2230, e 5 25 31 () 4-
B) IR, fAIZH NF-xB p65 A48 i (P<<0.01),
miR-210 mimic ¥4 4] i — X NF-xB p65 1%
£7.(P<<0.01); # )2, CST 4 F1 CST+miR-210 mimic
2 NF-kB p65 ZBALH B &M (P<0.01); b4k
5 Western blotting 45— (& 4-D), BRIy
% NF-xB p65 KA T M)t NF-«xB p65 &
FIE PG, miR-210 mimic ¥ 4L m] 3t — T m M
NF-kB p65 H HEIE . FFILH T NF-xB p65 HHH#E
ik; CST 4HA CST+miR-210 mimic ZH i k% NF-xB
p65 B HRIA R EF(L. fLfi NF-xB p65 & FH#RIA
BETHE, R miR-210 7] LUK %1% NF-«B (1)
YEH .

WA NF-xB Al {23k Fi#H NLRP3. ASC.
pro-Caspase-1 @7l NLRP3 #fE/METEEL, 5l
& IL-1B F1 IL-18 S5 2 4 M PR 7R s in . i —
5| S RORE RO, S EUE R R A R
T2, HEHES) CAG KA KRR8I, 4] 4-C Fios,
X2 EL i, #7120 NLRP3. ASC. Caspase-1 %
SRR R EAN (P<<0.01), 3 Fhadtd Ny £
KA, BT E A miR-210 mimic 41 NLRP3
RIE DRI E A BN (P<0.01), £
MNNG+NIG %51 miR-210 mimic ¥4 it T
GES-1 41 /i{s NLRP3 #AE/IMASLE N7 . #Hf, CST 4
A1 CST+miR-210 mimic 21 NLRP3 48 JiE /MA L 2 fif
W L ZENH] (P<<0.01). Western blotting 45 % (]
4-D) IR, HXTHRAEL, B GH M TXNIP,
NEK7. NLRP3. ASC. pro-Caspase-1. Caspase-1.
GSDMD. GSDMD-N, pro-IL-1f. pro-IL-18 1%
KB ET S (P<0.01); 5 mimic NC 4 EE,
miR-210 mimic 41 TXNIP. NEK7. NLRP3. ASC.
pro-Caspase-1. Caspase-1. GSDMD. GSDMD-N,
pro-IL-1B- pro-IL-18 &5 R A #— B4 n(P<<0.01);
LRI AT mimic NC 41E0#E, CST 241F1 CST+miR-
210 mimic 241 TXNIP. NEK7. NLRP3. ASC. pro-
Caspase-1. Caspase-1. GSDMD. GSDMD-N. pro-
IL-1PB. pro-1L-18 £ [ R IA /K 23 PR (P<0.01),
2 5 4 b3 A R T AR — 3. BA
g RERW, CST wl il FE K miR-210/NF-kB/
NLRP3 %45 /MAEAE 5 iE B A IR R A R0, i
MM MNNG #1 NIG 5 5 1) GES-1 40 il 4 hE K 1
Iy RN AT
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Eis 1t 2100 s
QL6 i i NF-kB p65 90
= 14 qg 80 »
12 #t ﬁ 70 i T an
=10 o 28 -
<l ;
Z 08 T30 o
z 82 o R 30 [
i i
0
H X B CST mimic NCmiR-210 CST+miR- CST  mimic NC miR-210 CST+miR- X B CST mimicNC miR-210 CST+miR-
mimic 210 mimic mimic 210 mimic mimic 210 mimic
Caspase- 1......
120 9pr0-Caspase-1° NLRP3 . gg 3
= R E'H id
= 30 i #T# . an :R 60 1 i
K 50 : T il *‘I B0 *k *x
# sox *F x¥ &40 T
e 7 407 5301
o Q
WA 2
Merge] 0 3 X ; N
X El % CST mimicNCmiR-210 CST-+miR- X #R CST  mimic NC miR-210 CST+miR-
X B CST  mimic NC miR-210 CST+miR- mimic 210 mimic mimic 210 mimic
mimic 210 mimic
P 097y oMUR NF-kBp6s oLl NF-«B p65 1.47 sNLRP3 & ASC w i
*%
1 o g 12 *
T p— 06 “‘TAM ey
NF-KBpéjgl. —— “650><104H-E 05 *s L’k *_’20.8 /\; “
ot E03 T go¢
N s e e - -‘65())(]045311 H %1{04 B
02 ’
0A1
NLRP3| — —-."‘l.mxloS 0 D . .
A KPY ST mimic NCmiR-210 CST+miR- A M CST mimic NCmiR- 210CST+m|R-
ASC|- — e s -‘2 20X10" mimic 210 mimic mimic 210 mimic
Caspase—l| L e e e - -|200><104 127 oOpro-Caspase-1 @ Caspase-1 .H 1.0 oNEK7= TXNIP Tt I;
EE
# 1.0 kil i 0.8 L
NEK7|— . E—— --—|350><10.;ﬁ I; ) 4 o
08 A an
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GSDN[D-Nl-- -~ -- -I3.00><104_;:u 06 . L o g y ., o HF
Fo4 i w = L ¥
GSDN[D‘—. —_— -|5.30><104HH 02 ﬂj ‘ ’—‘ ¥ 0.2 T] ﬂ
prO-IL-18‘ R — '--luox 10* ATE  HE CST mimic NCmiR210 CST+miR- X B CST  mimic NC miR-210 CST-+miR-
mimic 210 mimic mimic 210 mimic
pICrlL—lﬁ‘- — ~~---|3.]0><]04 i+
:
’ l4) 0GSDMDN  ©GSDMD = 1.2 cpro- = pro-IL-18 T+
&aclirl- e, amen c=ED == -|4.50x10 » 12 " w10 IL1p o
10 wh s, M08
S — 150X 10" 0.8 ## 40 #
7;'06 sk ks ;* _% 06 AL *_*
Caspwi— — — — — -|450><104}§04 = m 0.4 ‘
02 ’ ’J J o2l "‘
GAPDJ-----—PJOX‘O* 0 L e — o — m
TR — i g A CST mimic NC miR-210 CST+miR- R R CST mimic NCmJRZlOCSTﬁmR-
X B CST  mimic miR-210 CST+miR- mimic 210 mimic imic 210 mimic

NC mimic 210 mimic

A-CST %t MNNG #1 NIG % Sf) miR-210 mimic $44% GES-1 401 miR-210 mRNA Fi&HIF0; B-CST X MNNG Al NIG 755 miR-210 mimic
B GES-1 20l NF-xB p65 MALIIRAI (X200); C-CST % MNNG 1 NIG % 5 miR-210 mimic $44% GES-1 40l NLRP3 #JiE/MA St e i

4N (X200); D-CST % MNNG F1 NIG %51 miR-210 mimic #%¢ GES-1 i1 NF-«B/NLRP3 45/ MA(S

TR R A RIE IR

A-effect of CST on miR-210 mRNA expression in miR-210 mimic transfected GES-1 cells induced by MNNG and NIG; B-effect of CST on NF-«kB p65
nuclear translocation in miR-210 mimic transfected GES-1 cells induced by MNNG and NIG (x 200); C-effect of CST on NLRP3 inflammasome co-
localization in miR-210 mimic transfected GES-1 cells induced by MNNG and NIG (x 200); D-effect of CST on expressions of NF-kB/NLRP3
inflammasome signaling pathway related proteins in miR-210 mimic transfected GES-1 cells induced by MNNG and NIG.

4 CST % MNNG #1 NIG %5 #) miR-210 mimic %% GES-1 405+ miR-210/NF-kB/NLRP3 XAE/ MK ESBIEHEXE

BFRIEBNEM (X+s,n=5)

Fig. 4 Effect of CST on expressions of miR-210/NF-kB/NLRP3 inflammasome signaling pathway related proteins in miR-
210 mimic transfected GES-1 cells induced by MNNG and NIG (X £ s,n=5)
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Fig.5 Effect of CST on pyroptosis, LDH release, oxidative stress and cytokine levels in supernatant of miR-210 inhibitor
transfected GES-1 cells induced by MNNG and NIG (X £s,n=5)
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Fig. 6 Effect of CST on expressions of miR-210/NF-kB/NLRP3 inflammasome signaling pathway related proteins in miR-
210 inhibitor transfected GES-1 cells induced by MNNG and NIG (X £ s,n=5)
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Fig. 7 NF-kB was direct target of miR-210 (X £s,n=5)
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Fig. 9 Effect of CST on expressions of NLRP3 inflammasome signaling pathway related genes and proteins in NF-xB
knockdown GES-1 cells induced by MNNG and NIG (X £ s,n=15)
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Fig. 10 Effect of CST on pyroptosis, LDH release, oxidative stress and cytokine levels in supernatant of NLRP3 knockdown
GES-1 cells induced by MNNG and NIG (X +s,n=5)
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Fig. 11 Effect of CST on expressions of NLRP3 inflammasome signaling pathway related genes and proteins in NLRP3
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