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Abstract: Objective To investigate the effect and mechanism of tetrandrine on triple-negative breast cancer (TNBC) cells, clarify
whether it induces pyroptosis by regulating NOD-like receptor family pyrin domain containing 3 (NLRP3)/cystein-asparate protease-
1 (Caspase-1)/Gasdermin D (GSDMD) pathway, thereby providing a novel therapeutic strategy for TNBC. Methods MDA-MB-231

cells were treated with varying concentrations of tetrandrine. Cell proliferation inhibition was assessed via MTT assay. GSDMD small
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interfering RNA (siRNA) transfection was used to silence GSDMD gene, transfection efficiency was observed by fluorescence
microscopy, and the changes in GSDMD protein expression after transfection were verified by Western blotting. Control group,
tetrandrine (5, 10, 20 pg/mL) groups and tetrandrine (20 pg/mL) + GSDMD siRNA (siGSDMD) group were set up. Cell morphology
observation, colony assay, Annexin V/propidium iodide (PI) double staining method, lactate dehydrogenase (LDH) cytotoxicity assay,
scratch assay, Transwell assay, Western blotting and qRT-PCR were used to systematically evaluate the effects of tetrandrine on MDA-
MB-231 cells from multiple dimensions including cell morphology, cloning ability, pyroptosis rate, membrane permeability, migration
and invasion ability, as well as protein and gene expression levels, and investigate whether tetrandrine exerts its effect through
NLRP3/Caspase-1/GSDMD pathway. Results Tetrandrine significantly inhibited the proliferation of MDA-MB-231 cells in a dose-
dependent manner (P < 0.01), and induced pyroptosis, characterized by morphological changes, membrane rupture, nuclear
condensation, elevated pyroptosis rates and increased LDH release (P < 0.01). At the same time, as the concentration of tetrandrine
increased, the number of cell colonies, scratch healing rate and number of invasive cells were significantly decreased (P < 0.01).
Mechanism studies found that tetrandrine up-regulated the protein and mRNA expressions of NLRP3, Caspase-1, interleukin-18 (IL-
18) and IL-1P (P < 0.01), promoted the conversion of pro-IL-1f to mature-IL-1f. The intervention of siGSDMD could significantly
reverse the regulatory effect of tetrandrine (P < 0.01), indicating that GSDMD gene played a key role in the process of tetrandrine

induced pyroptosis. Conclusion Tetrandrine induces pyroptosis, inhibits cell proliferation, migration and invasion in MDA-MB-231

cells by regulating NLRP3/Caspase-1/GSDMD pathway.

Key words: tetrandrine; triple-negative breast cancer; NLRP3/Caspase-1/GSDMD pathway; GSDMD gene; pyroptosis
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1) 1 F RIEEBT JREAE Y RHCA TR A 7] s RPMI 1640
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EPICS-XL i A4t f1{X (3£ [E Beckman-Coulter 2y
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2.2 MTT AN ZmAREFE HIH 1

¥ MDA-MB-231 #4fiffilL 5X 103 4~/ fLET
96 FLIR HF, Ki 7RI R AIGEE . I & AR
JREWE (1. 2. 4. 8. 16 pg/mL) ¥Bh CHs 5
FRAE, MR NSEARFA SR b7 LB R R,
RHWE 6 MEAL, 75 9F 48 ho BEFLIIA 20 uLMTT
VAW (5 mg/mL), ZkEEEEFE 4 ho Wk BIEWE,
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TS Ao AT BEFMXAE 490 nm P AALN E
FALIERE (4D B, T 3 G 0 R

SHH G TE IR =1— A4 sl e
2.3 siGSDMD #5306

78 6 FLBA LR 1 X105 AN i, (4025
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X siGSDMD  fifs £7 Wi i AT ¥ B, BE J5 ¥ N
riboFECT™ CP Reagent, FF##MFT AR ST
5. IRAEVE TEERFETHE 15min, PUEMK
ARG G KGR IMBITER ) 56 4
FRIEr, AERYNM, FRIFEFETEE 24h. EIIW
MR B S G %, FFRIF Western blotting 4
WFHE Y45 GSDMD & F R iE40 1k .
24 ARSI
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6 LAk, B5FF 24 h 5 A AbE . XTRRAA TN
Vs KB OB A N 2h T AR EIRE A 5. 104 20
pg/mL H)ky B b BB 2B (20 pg/mL) +
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ug/mL Ky Bl OB i B 77 5L . K 2H Ak S35 9% 48 h,
FH 1 B W SR A T A R e 3. SN
Hoechst 33342 Y0867 & 30 min, JIA PI %%
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I R A SR A T R R R, RIA
Image J HAFI ERIR % B IR TR B &% .
2.7 Transwell SLIGHN AR ZERE S

1E Transwell /N _FJE ML 12 8 f Lyt
ATHFE] Matrigel i, 37 CH#H 30min. % “2.4”
TN AT oy 25 24, K597 48h Ja, UEE4HNE, DA
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& Transwell /N%E F 2, &FL 400 pL, Transwell
NETFEIA 400 uL & 12%J6 4 MG 58 28 %
B, B3R 24 h 5, H 0.5%45 R Gt I T BB
TR
2.8 Annexin V/PI B ERNMAANTE T Z

247 RTINS 25, 159% 480 Ja,

W SESHA, AN 5 uL Annexin V-FITC £l 10 uL PT %%
W, BFRWE), EFREOLIEE 15min. £ 300 HJE
T eIt g, IR A B ORI, T BRRH 1 4
EL i
2.9 ZApE AR LDH SR
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96 fLAR T, KiFF 24 he $% “2.47 T RHHATHrHANG
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2.10 Western blotting ¥ME X E R FRIL

F “2.47 TR BTS2, R9% 48h G,
WCER B, N5 BRI D ) 26 110 2R A v 2 B B
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2.11 qRT-PCR #&MAEXEE R

Fi “2.47 TURBHT AR 2, K595 48h A,
WCER 4R, {55 A Trizol W{GFIH2HUE RNA, HL4E 15 BH
81 F qRT-PCR 5G4 B —8E cDNA. fiiH 2X
Universal SYBR Green 177 &l 5 mRNA R 1A7K
Ty FERH 2R R . UL GAPDH RN S,
SIYFFI I 1.

&1 514955
Table 1 Primer sequences
B LIESIF (5°—>3) NSRS (5°=3)
GAPDH CGGGAAGGAAATGAATGGGC TGGAATTTGCCATGGGTGGA
NLRP3 TCCTCAGCAGCAACCAGAAG TTGTCTCCGAGAGTGTTGCC
Caspase-1 GAAAAGCCATGGCCGACAAG GCTGTCAGAGGTCTTGTGCT
GSDMD CTCGCCGACTTCCGTAAACT TCCAGCGATCCTGGGTTCTA
IL-18 TTTGTCGCAGATGGCTCTTT ATGTCCTGGGACACTTCTCT
IL-1p CAATTCCCCCAGAGCCAAAG ACACGCAGGACAGGTACAGA

2,12 FiHESR
il IBM SPSS Statistics 27.0 #AF#E4T G812 #r s
IR X £ s KR, ZRAREHLBRA One-way
ANOVA 4347, 183 Graphpad Prism 9 #4424
3 #R
3.1 #BHCHEX MDA-MB-231 4AREE5EA9HIHI1ER
Wi 1 frs, SRAARBERE (1. 2, 4, 8,
16 pg/mL) FIHBH AL EE MDA-MB-231 4iiffl 48 h
J& . KB OB MDA-MB-231 2 BAA 2% 1%

FEANHEIER (P<<0.01), HEFEMME. Hbic
B T MDA-MB-231 412 48 h - BEml ik B
(half inhibitory concentration, 1Cso) 4 10.43 pg/mL.
R, KM 5. 104 20 pg/mL KK BT OO0k AT o 4
3.2 siGSDMD # 3 EREAFRIET
FIHZG RS A RIHE (30, 50, 100
nmol/L) ff] FAM #3ic siGSDMD ({55 Jeih . 451
BN, BEAEREESEN, JRimEEE G, FAM
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& 1 #F ST MDA-MB-231 4BAfATHEE HNHI1E
(Xxts,n=06)
Fig. 1 Inhibitory effect of tetrandrine on proliferation of
MDA-MB-231 cells (X +s,n=26)

A

FAM 30 nmol-L™!

FAM 50 nmol-L™!

FAM 100 nmol-L™!

GSDMD

GAPDH

WREEDN 100 nmol/L B 4% LR34 3 2 S i 2K (1] 2-
A.C). #—5i@iT Western blotting #5:3ll MDA-MB-
231 #fiffd Jx GSDMD Wi 3% 4 J5 40 il GSDMD &
HELE, KIHY: GSDMD J& 4l GSDMD &
H#IEREEMT A4 (P<0.01, B 2-B. D), %
H] siGSDMD #% 4R D) 4% 7 GSDMD 1 H &k .
3.3 #MBCEXT MDA-MB-231 RS54, T80
REMF N

EIEIEG (K 3-A. D). RIJESZE: (B 3-B.
E). Transwell 2256 (& 3-C. F) 458 B, H5XHR
ML, BBy OB 2 A g i e B TR . RIJR A
SHRMMPITER (P<0.01), HEFEMXME, 5
KB OB R A L, K OB+ siGSDMD 4
AL R T AL KR A R A T A 5 5 T
& (P<0.01). FRFHPT X MDA-MB-231 4l

5.3X10%

[ 3.7X10*

X AR siGSDMD

D
150

&

] 100 +

4

s

a 50+

i @ ok
&
— T T T 0

1 1
3050 100 X siGSDMD

FAM/(nmol-L™")

A. C-FAM FRiCH siRNA 44 MDA-MB-231 4 J5 FIARE M6 BB B (X200) KEEaiigsid; B, D-siGSDMD % MDA-MB-231 41

i GSDMD # [HFRIA I SXBA L E: ~P<0.01.

A, C-representative fluorescence microscopy images of FAM-labeled siRNA-transfected MDA-MB-231 cells (x 200) and quantitative statistical analysis
result; B, D-effect of siGSDMD on GSDMD protein expression in MDA-MB-231 cells; ““P < 0.01 vs control group.

B2 siGSDMD #EYRKEAREEW (Xts,n=3)
Fig. 2 Transfection efficiency of siGSDMD and protein expression changes (X + s, n=3)

MR TR AR 226 ¥ B B HIE,
FKY B OB AT S8 3 42 1) GSDMD 18 1241 i 18 51
TR iz ZE.
3.4 ¥FFCHEIES MDA-MB-231 RS
R &S5

) BB & BB X MDA-MB-

231 AT, WK 4-A Fiw, SARRKER
B O R 5, AR AR OE AR M BT, 20 P A B
A IEOK, 40 B e BV AR, I R &,
YRR IAVRC BRBORIANTS , AR R AR [, gL ik
GiREE, TERUHT/IME, fERGRME T WS EIEL
MeES, HEFEMKM . Hoechst/PI X HLsh
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0
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R
>
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X5 10 2 %Fﬁawﬁzoug-mrur
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A, D-SE7ESZIHN MDA-MB-231 A SE BT HAE 71 (X40); B. E-RIJRSESR AN MDA-MB-231 ZHAZILFERES) (X100); C. F-Transwell 5&
SR MDA-MB-231 {25866 71 (X200). SXHBALLE: “P<0.01; Sk s flE4 i #P<0.01, FEIFE.

A, D-colony forming ability of MDA-MB-231 cells detected by colony experiment (x 40); B, E-migration ability of MDA-MB-231 cells detected by
scratch assay (x 100); C, F-invasion ability of MDA-MB-231 cells detected by Transwell assay (x 200); P < 0.01 vs control group; *P < 0.01 vs

tetrandrine high-dose group, same as below figures.

3 MBS MDA-MB-231 4G, TBMEEMEM (x+s,n=3)
Fig. 3 Effect of tetrandrine on proliferation, migration and invasion of MDA-MB-231 cells (X + s, n=3)

B (F4-B. O &on, SRAMBPAEESE—, 401
RS EDOG, PLYERINE; SXBi kb2
Jo . AU I RAZ [E 4. Yt figeeE, HLANARE
R FE P BAER BT, ERIEM . Bk
T2 500 5 B8 T A FBE 453 13 0 A ] 48 R AR A A

LDH BjftE (E 4-D) R xR, SXTHEALE,

#r B O LDH B tE 53 FH s (P<0.01), KB
1 L PS03 PR IR B AN B N A, R EETIR
AR CESE . T4 T siGSDMD T, %%
T A9y BT LN 40 R T 2 2 R IS4 A 1R 45 A

(P<<0.01), &7~ GSDMD S FLIE 2 LDH
BRI ML o
35 #B5 BT NLRP3/Caspase-1 & #i #Y
GSDMD SE{LiES MDA-MB-231 REfIEE T
Western blotting 25 % (& 5-A. B) K qRT-PCR
g3 (K 5-0 Son, #HPiciEERET MDA-
MB-231 A 5ET AR EQREREL. 5
KR LEEL, #rBh O Caspase-1 2% [RIA L
(P<<0.01), FRUIHBOE T AMETEF: FI,
NLRP3 ZFEAREHE (P<0.01), 5 Caspase-1 th
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A-representative images of morphology of MDA-MB-231 cells observed by inverted microscope and fluorescence microscope (% 400); B-representative

images of MDA-MB-231 cells after Hoechst/PI double staining observed by fluorescence microscope (x 200); C-quantitative statistical analysis of

proportion of Hoechst/PI double-stained positive cells; D-quantitative statistical analysis of LDH release.
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Fig. 4 Tetrandrine induces morphological changes and membrane damage in MDA-MB-231 cells (X £ s, n =3)
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Fig. 5 Effect of tetrandrine on NLRP3/Caspase-1/GSDMD pathway in MDA-MB-231 cells (X £ s, n=23)
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Fig. 6 Tetrandrine induces pyroptosis in MDA-MB-231 cells (X + s, n =3)
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