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B WUGAR . G Em vt . Bk Mm%,
55 At LR R e AE TR B R H A,
TNBCHY G ARIAS AT I ™ IR Pk AR, iR A48 v] 520 A4
Pibr i SR AR TS AL

Wk s} 2 (A FiL A7 B 25 3 1 MO SR % 4 A% A (transient
receptor potential cation channel subfamily M member 4,
TRPM4)J&:—F G 8T 19 VR VE N s i), e i
Jed T e v R DG RIS A P AR R B Wi i #5975 TRPM4
FERTA BRI Th 4 125, HAE AR F13ikoK
VAR AL KR S R AR G, TRPM4 7] 52 micro-
RNAZRIRA IR, TEAER b DO B- 1 P A 1 (B-
catenin)fi 518 B A I B -[8] 5 %% fk (epithelial-mesenchy-
mal transition, EMT)&d#2, HEMMis2m g A K 54
B TEE HUEHeLaZi i, shRNAS S TRPM4TT
R T EUERE A RO -3 B(glycogen synthase kinase-3
beta, GSK-3B)HOMPER-1% PR EE 1R, $01HI B-i% PR A

T T (N SR, B R A . 5 RIS,
TELE B ¥, Chan Wan5 ACKF TRPM4%EE N —A 3%
FH LAk (403 LT 6 TR, TRPMA AT 3 i 4 P Ca ™"

B O A AR A T 0 R E BRI (focal  adhesion
kinase, FAK)UJEKY), -2 i Biis mELEs3- St/ a5
P B/ 7L 2 ) B iR 2 2 2K 1 (phosphatidylinositol
3-kinase protein/protein kinase B/mammalian target of
rapamycin, PI3K/Akt/mTOR){5 52 BiE B 45 5
AR 51248, X — KW T TRPMAE 4
H LW SR T R B A ARG AR ). Ghosh
25 NBIRIE SE TRPMASE BTG T 175 - IR A8 1 & SAA T
I, FZI T luminal BIFL IR, % &£ 684 B T+
FOR AN IR FE R ST . RS AR Rl ST T
TRPMATE IR IAYT P A S o, MR 2
PEEAFRAIRR.

AR R, SR K URE V25 Y Necro-
cide-I(NC [ FFELPEBIGE TRPMA, 51 & A0SR T
L, BRI A AN TN S R AR, IS 1 &
—FPE R A AE T 2, RRAMEE 2R M 40 YR SE (necrosis
by sodium overload, NECSO)"). 1% % 3 Jhy B A AL i 11
AMAEAE T R AR R AL TR, BT B
W, AU EIERGIAS TRPMAETNBCH B3
fit: —JyEIRFTTRPMAXI TNBCAI s . T 512
R R A, 55— MY IENECSOFE
TNBCHRET 91555 S BARBLEI, LIS TNBCHYYR
IT R MR LT A R AR
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1 bRt 5%

L1 AR B

MIEERE KL 41 B % (The Cancer Genome Atlas,
TCGA)$UHE 2 35 HUTN B C 241 21 % 1F  FL IR 41 41
TRPMARImRNAZAEHE. TCGABUEILAL 5226 BilFE
A, R E UG AR R K 2E R R R IR
TRPM4 % A ALY (it ok 19 SIS 1 o PR i el /e
(The Human Protein Atlas, HPA, http://www.proteinatlas.
org). F|FMetabric# & (https://www.ebi.ac.uk/biostu-
dies/arrayexpress/studies/E-MTAB-193)/3#1 TRPM 4335
JKFXFTNBC B 1 T A0 (.

1.2 DhfesEar

i HIDESeq2 Uil I TRPM4 5 K ik 20 5 (% K ik 20
2 [a] ) 2= 5 3R FE K (differentially expressed genes,
DEGs). i {4 4 |Log,FoldChange(FC)[>1 B iF &
P<0.05. FJHRAI“ClusterProfiler”’(hi4s3.14.3)i 1 7 5L A
AAK(Gene Ontology, GO)LJRER H/Hr Mt N5
FEH A H R4 45(Kyoto Encyclopedia of Genes and
Genomes, KEGG)ill %77, FEAE E H 51T (gene set
enrichment analysis, GSEA)ff FIGSEA$k{4:(v4.3.2)iE
17, FETIRAT 2 52N R G0 L HES 1) FiHE ¥
FLHFN . K FIMSigDB  Hallmark(H)#1Canonical
Pathways(C2:CP)SE & RYEE AR A TN, 3 & 4600
BRI SCH LU T B S: el s £1F5
(normalized enrichment score, NES)[>1.5, P<0.05, UL &
i & B % (false discovery rate, FDR)g<0.25.

13 A& SEERARE

MDA-MB-4684i il 7= 5532 F1%4.5 g/L A A Hi FIL-
R EABHE A DMEME; 3£ 5 (Thermo Fisher Scientific, 3&
), BTS4940M055 55 T 5 4.5 g/LA B FIL-45 24 Wk e
HYRPMI-1640%1%77%3E(Thermo Fisher Scientific). PAFP1%
FEIEPRIN10% G2 %5 (VISTECH, ). Fird 4
TE37°C. 5% COMANREE &1 FEE. MItkAif R
2 ARG YAGI, I C LA T S AL,

1.4 siRNA¥; Y

i FLipofectamine 3000%%4¢i®f|(Thermo Fisher
Scientific), #&MULIH 5 FEXIMDA-MB-468 FIBT549
YA TSIRNAFG YL, 55 Yu8~16 h)m B ARl 5%
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. KiFRA8 W WAL Y E AT IS 4R 30, TRPMA4
siRNA(si TRPM4~1#F/Isi TRPM4~2) K AT B siRNA
(Vector)ll H 5 ¥4 3K (Genephrma, ), HUF5H:
5'-GGCAACAGCGAUCUCUACUTT-3’; 5'-ACAUG-
GAUAGUGUCAUUAATT-3'.

1.5 RNA#S5qRT-PCR

{# FIRNA-Quick Purification Kit(ES Science, F[E)
FHEMDA-MB-468 HIBTS54940 /il £iRNA, #%Hifair®
AdvanceFast 1st Strand cDNA Synthesis Kit(Yeasen,
ENULH G icDNA. X HTaq Pro Universal SYBR
gPCR Master Mix(Vazyme, H'[E)#1TqRT-PCRY 1.
I N GE R A s I G L  TRPMA5 15 1
T: LiE51#): 5'-GCACGACGTTCATAGTTGACT-3/,
TSI 5'-CTTCTCCGTGGTGTGTGCA-3',

1.6 HA%PEEE(Western blot)

el FH DR 28 T TE LA TR I B 11 It R 5 1 it 41D
FI(NCM Biotech, H1 )& HU4HHLEHE . BCAS FIAI
157 & (Thermo Fisher Scientific)ill &K Hk E. SR
HHQO pg)%10% SDS-PAGEEE (Vazyme) ) B 5 i
ZPVDFfE(Millipore, ). AL T H5%/BE 4
WE AL b, 4CHFE —Prid i, VERR S = I & AR i
AR IC P01 h, R R B, bk
FeiA% 2 45 (TianYa Biotech, /1 [E)RE(E S, Fr FHTLIA:
Pip-actin(Abcam, ab198991, 1:20000). HLTRPM4(Pro-
teintech, 21985-1-AP, 1:2000).

(Al DI RS A W 621

K FHCell Counting Kit-8(GlpBio, 3 [F YK 2 it 15
J1. RISALTE: I MDA-MB-468FIBT54941 142 T-96
UM, B5524 ., 48, 72, 96 h, BFLIIA10 uL CCK-8F
100 pLSE 235973, 37°CIFE | hJg PR (Thermo
Fisher Scientific)il 2450 nmW G, IR =K, 45
DI E AR E 22 (XESD) £ .

1.8 ey

R I A0 L PN BN S TR B, R AR R R T 96 £ L AR
KR, 29SSBS NAS pmol/L CoroNa-AM
YeR(MKBio Incorporated, H[E), 37°CH%F 30 min, H
Hank’s PAFER S W DE IR IR, i 1] Varioskan LUXZ V)
AEEFHR{L(Thermo Fisher Scientific)fil»¢ YGim i, i

i GraphPad Prism(10.4.2kR)# 1 74545 5347

1.9 5-ZHIE-2- B AR H(5-Ethynyl-2'-deoxyuridine,

EdU)5%5

SR FHEAU 4H A 78 A5 12050 €5 (Beyotime,  H1E)PFE
fhANMIEss. FIELER: FAMILL3x 10YFLE R T
96fLH, £53%24 hj5 A 10 umol/L EdU, 37°CH¥E2 h,
[i] 2 J B s 2 S 7 Y8E DY 52 30 min, DAPI(Beyo-
time, HPE)YA%10 min, 26 MEEFOIRI i Image)
AT

1.10 eI

B LS00 FLEER FofLik, 7E37°C. 5% CO,
ST IR 14 d, B3 df il —IR. 45 A 4% 2 R
[E15230 min, 0.2%%5 52544 {%,15 min.

1.11 4R RIpR e

BEANLLAS < 10°FLIERN T ofLAL, 157724 hE A
R, FALEMLRIE. RRIE207E0, 24 hbfiblik
BUSAN A ] A AT 4488, (o FH Tmage 55 I A R 6 72,
TR R E AN (FAA DR A RS PR R R 1 A/ 5
P AR A

1.12  Transwell 5205

K8 umfLAE Y24 €L Transwell™/N2E (Corning  In-
corporated, 3¢ [E)HEFTIEREAMZZELE. W HE T I
BRI (S 1070 R T B, (RBYK EE
T FE R (Corning  Incorporated), T ZEMIAF20%
FBSHIE; 33500 uL. £57%24 hig Z R EEEE, 0.2%
ghamEEY A, BAETTTHEOT R HImagel 53#T.

113 HALEAR

A AN N NS IR EE, TN ST EDTARY AR
fif{(Thermo Fisher Scientific)iH LN, il HA40 AR
FHank’s A £h 5% (Solarbio, H[E). il AS umol/L
CoroNa-AM#tk}(MKBio Incorporated)37 CHF &
30 min, YEZ PG FHCytoFlex STzt (Beck-
man  Coulter)f5ll, FITCiEE (525/40 BP)KHl #4(5,
FlowJo%{F53#r. AiEAE25 nmol/L NC1(MedChemEx-
press, FEENALHET hfE RN FUREE, HERTRIT R4
TEAL IR 5 T A
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1.14  iRZmiRi%

e an My TR ARG TR L. WS YA S
AR AN SR A SIS, 44825 nmol/L NCI1
(MedChemExpress)Zb#1 hf, A5 pmol/L CoroNa-
AMYEEHMKBio Incorporated)# & 30 min, Hank s F-ff
T (Solarbio) e —U, JFIIAGE BHIZH R T MR
TR RS A RS

115 JrEiae

I BRI LA = B P L B 40 L TR P M4 (IS
R OO R A, DU Y 8% B R T of LAk,
BEJG AT R B R T AW b
17, HPisL s B 2 K H (multiplicity of infection,
MOT)H 78 & 15 32 H M B #E 0, AR UE T 33 b Bl A
polybrene Bl YL TR A LAFE Ry B A0, 55 IR,
PBSTHUEA AN EE TARWL, WFF8~12h. #Hsg st
FEIGFE T2 h, $ G ER FE AR R o A NG 2 R
e, BERACR I, SR MR, s Ak B
J 3% e 38

1.16 Sl FSnEsE

AHFFE R GraphPad  PrismiEf TR 65 LA K2 B
K Z ANOVAZMIT, $0HE 1 LAY bR 22 (X+£SD) £,
JiA WA, A B R R Sy R E D SR,
GER—EL R IR S A AN B E R, P
<0.05M N HA G243 . AR RSS20k
fREREAHE, FTA MABAE AR THERR. 4 & 5
Adobe lustratorffil /E.

2 gL

2.1 TRPMA{ETNBCY#&E LIFS AR G
MR

G TRPMATETNBCH I PRAHSCHE, FRAT13EF
TCGASE EFAT T EWE B ¥ 0. &R ER,
TNBCHE 4 LU TRPM A mRNA R R K 5 T
I E R AL (E (). ATt —2L 3R, TRPM4
R IE YL (n=106) K S A FIY B E TR R A
(n=120), FUITRPMAi=Fi5 5TNBCHEE A KI5 AH
K(E1(b)). R, FATEHT TIETNBCHLIR I B &
TRPM43&3Kk 7K J ] — B HOR R TRPMAFE R K T
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FUBRIE B A A, e E = B S IRE B T, TRPMA
RIS RE BRI KA, L TRPM4 53
ik S 5OR B USROG E BA TNBCHR: mPE(IST). 7
HEEZW, HPAKHE M s B A 45 R A BoR,
TNBCZH 2 TRPMA4ZE [ ()32 1858 I 1 = TIEH 3L
PREALUEI 1 (c)), #2035 TG SRR R . i 7
FIRETRPMATHFIE T ORI B W2 72, AT 1
WA AT T DEGs M (K1(d)). GO& i =W,
DEGs i % & £ T A0 E AL al . 40 gl 4
BETE ) LA K A0 M 2R 4 (Cln L sh 2 45 ) S 2
(Kl 1(e, ). KEGGIH H5rHr iR, X SRR E L5 5
JEUEFEAOC ) E B i W AR, Wi SRE. B
YIF SIS Sl B (K 1(g, h)). FiRg553W], TRPM4
A BEIE A5 20 MG B | 32 B SO B E A S AL
H, 2 5TNBCHY M .

2.2 TRPM4 {ETNBCZHIEFAGShRENPT: Mk
TRPM4 $nRIZMIRIEST

R TRPMALETNBCH Y AE W22 Thfe, & JCqE
MDA-MB-468 fIBT549H FI TNBCH il & rh g IA T4
EMRNAFI R A ACE S R B m Rk (K12(a, b)), KA,
38 2 siRN A% Gy F R TE 3 9 Fh 41 A R s IR TRP M4,
Jf 7 qRT-PCR 1 Western blotdilE T m L &%
(El2(c~h)). TETNAE)Z M, CCK-83246% W] TRPM4R
R AT S 2 PR A S AR TS P (812(g, h)), EAUSE
I BoR: WURTRPM4)S, A TDNAS BRI 40
Ji 91 B R R (PRI 2i~1)), s AT 40 i ] S R R
Ak, AR T RETE L IESE,  TRPMAREIR 2 3
55 T 4K ARG 5E -5 4R T E LAE 1 (B12(m, n)). DAL
ZERIL[E B, TRPMAXT4ERFTNBC AL Y 1451 25 ¢
HE

2.3  TRPM4{ETNBCANR I hRES Br: Sl
TRPMAFRIZNEIERS 51 2%

g ik — VAl TRPM4XF TNBCA LT 7 5 12 28 /g
Jitgsem, FRAT AT T RYR A A S5 Al Transwell
SCHG. RIRSCERES R B, SXTRRAMLEL, MR TRPM4
Al {g FAIELEMDA-MB-468 FIBTS 4941 Jitd Y K A &
FE(E3(a, ¢)). it Imagel A% R A A A IE T8
T, HE—IFSE T TRPMARAR T 4 I 3 A% i 4
TERHI(EI3(b, d). Ait—P 5z 2808 )1, RATHE
TranswellZ]NgS HP 4l 8 5L TR DAASCHULZ0 Jif &/ 2L ot o s



(a) (b) (c)
® - TRPM4 ~Low —High
= 1.00
150 4 d
P <0.001 6 =
2 0.75
Qo
[
= 0.50 Normal
5100 3 P=0.02 orma
; g (d)
5 3 0.2 I I
& g | |
I 50 Q 075
. 3 0.00 2 I I
@ 012 3456 7 8 9 11112 . 5.0 | |
. ) Time (Years) % oo I
Number at risk 2 e 8 ot
0 3 -|10373 58 47373120169 6 5 2 —.'2-5_%5! :_ ,
o
Normal Tumor -6 625 3930201195332 0.0 S
Logz (fold change)
(e) Cell-substrate adhesi (f)
ell-substrate adhesion{ TN " M
ExtExtralcl‘,elllulatr m?trix organiza:ion I Ame"’%‘gﬁl_‘sa' setrca?g ";"['j ‘:stlig?r ¥ |
racellular structure organization, . : -
External encapsulating structure organizationd IR Regulation Ez(targtclgImlaaT?et\trli’fg?da?\Ii’ggggz
Regliation gf ﬁell—sutpbs t_Tate adhest!on _- & Extracellular structure organization
Amet?o%ga‘le—nty' g c%r| ;?;;ngt’igﬂ "1 External encapsulating structure organizations =
Endothelial cell migrationd —— Endothelial cell migrationd
Connective tissue development{ [ Connective tissue development
Regulation of actin filament-based process{ INEG—_—_—— Regulation ggl(l::g;iuf?bsrtﬁac}?ggﬁizeast;gg' Count
Coll —cont: B S;jbs"ﬁ't?]und;qn | Cell-substrate junctions @
R g A e e —————— P value Collagen—containing extracellular matrix [ B
Cell leading edge IEG—— Focal adhesions @
Rufﬂe = 2.5x10°* _Cell leading edge ()
Basement me%n? ] 5.0x10° Endoplasmic retlculéjg;l gg:teer; ' 8 Pvalue
icrofibril{ Il i
Endoplasmic reticulum lumen+ 1 7.5x10° Adherens ju'r?(l:jt'i:gi' ‘ 7.5%10°
Adheregse |u 23:{2;‘ _— Basement membrane ] 5.0%10°
: § Microfibril{ @
Extracellular matrix structural constituenty{ TR o = 2.5x10°
ECHatuirsl constivent for tenAsiIte Sg'eﬁgth ] Nucleoside triphosgrg;g:g ?g‘gtﬂ?g 33:5:%’
ctin binding{ I a3 FIgE acotiv
Phosphatidylinositol binding{ I Phosp%ollp]d bllnd.nngr
Platelet-derived growth factor bindingq M E Phosphatidyli Ac‘ttml %l"?,[-ng,
et b *%&mall GTPase binding]
GT%mall GTSlgse binding I Extracellular matrix structrr:ta; ;r?r??')tlﬂé?r? PY
ase regulator activity{ I . ) ’
Nucleoside~triphosphatase regulator activity{ jG—G— | | ECM Stfgg;g Iaelthg?it\I/t:deztr;%f?aS(I:ItZrS&?\Z?r:gQ
0B R 0:01 0,02 0,03 0.04
GeneRatio
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Regulation of actin cytoskeleton. _ Focal adhesion e | Count
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ECM-receptor interaction - 0.02 cGMP-PKG signaling pathway ° valus
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Bl 1 (M%) TNBCH TRPM43635 I S5 R AU M E. (a) TCGABRAE 1 IEH# L S TNBCAHL I TRPMAKI %K F-. (b) Kaplan-
Meier/E7HIZE R, TRPMAEE KA TNBCHE MR RENR. () HPARURE HIE % FLIRA S5 TNBCZH L TRPMA G RE 48 1k Yt (o A0k
EHL. LupiiR=200 um. (d) DEGsZMT. (e, ) DEGsINGO & &1 M AU 5B v 9 k45 3. (g, h) DEGsHIKEGGIHE fif & 40 AR IE Rl 5
A AT A R

Figure 1 (Color online) TRPM4 expression is upregulated in TNBC, associated with poor prognosis. (a) Expression of TRPM4 in the normal tissues
and TNBC tissues within the TCGA dataset. (b) Kaplan-Meier curves revealed that TNBC patients with high expression levels of TRPM4 had a poor
survival rate. (c) Representative images of immunohistochemical staining for TRPM4 in normal breast and TNBC tissues derived from the HPA
database. Scale bar=200 um. (d) The analysis of DEGs. (e, f) GO enrichment analysis of DEGs and visualized bar charts and bubble charts. (g, h)
KEGG pathway enrichment analysis of DEGs and visualized bar charts and bubble charts

PR, TRPMAGURRE W/ T omBE R ait  E RS (E3(f~), 4PREVI TRPMATRARRER A2
B (El3(e)). Llmagel RAFRHTR Sz 22 Mg T HITNBCHMAYITRS 5122808 7).

3257



M4 EF LB O2006E58 F71E L1488

(a) (b) (c) o 4l (d)
@ *okokok “
L, i —— 4
=< 4 1 4
e o Ec 5
b M =
59 AP e O\X“\% £e %é
@) A\ o
83 TRPMA | B S | 13440 g9 29
S T ©
x [0} [0}
£E SRR
Wl
e\“@ é\'«\
MDA-MB-468
A a2
(e) W (9) (h)
O MDA-MB-468 BT549
rrews (B0 B B | 340 159~ Con
2.0 —e— Con
g 1 ~ 8, !
MDA-MB-468 £ Si TRPM4-1 gk = si TRPM4-1
A 2 < 10 <&
(AP < <
f W
0 @ & g = so
© 05 ©
S : 3
v a 00 T T T 1 a 0.0
F-octin E 42kD 0 24 48 T2 9%
BT549 Time (h)
i .
® MDA-MB-468 (1)] 87540
Con si TRPM4-1 si TRPM4-2 si TRPM4-1 si TRPM4-2

EdU

DAPI

100 pm| 100 pm| 100 um)

Merge

Con
100 yrh|

100 pm|
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= — 2 —_— T o
g B z .
0 T T T 0 T T T =
o ?\‘\N\ \&"{L oo \\N\ \¢\°‘"L - MDA-MB-468  BT549
\4 L \4
& N & 0

Bl 2 (4R () TRPMAETNBCAN ML (T EE T R TRPM4IMHI AN AL HGTE. (a, b) MDA-MB-468 FIBTS4940 i H1 TRPMAAE % 5% 7K 1 Bl
PRAKERIFIE. (c, d) #idqRT-PCRIGINFEYtsi TRPMA4JGMDA-MB-468FIBT5494M I /i TRPMAMI IR, (e, f) #id Western blothilfFE Yy
si TRPM4/5MDA-MB-468 HIBT54940ifs 1 TRPM4[1 43k, (g, h) CCK-85L 50 /R s IRTRPM4INHIMDA-MB-468 HIBT5494H 194554 (i, j) EdU
SEBG 26 W B TRPMATNHIMD A-MB-468 FIBT 54941 i (U858 . e 5 =100 pm. (k, I) EAUSEZES (192 T, (m, n) SEFETE i SEE R SR TRPM4
HIMDA-MB-468 FIBTS49N I AYREFH, LUK LI 25 A2 B AT, #*P<0.01, ***P<0.001, ****P<0.0001

Figure 2 (Color online) Functional analysis of TRPM4 in TNBC cells: TRPM4-knockdown inhibits proliferation. (a, b) Expression of TRPM4 at the
transcriptional and translational levels in MDA-MB-468 and BT549 cells. (¢, d) TRPM4 knockdown efficiency in MDA-MB-468 and BT549 cells
transfected with si TRPM4 was detected by qRT-PCR. (e, f) TRPM4 expression in MDA-MB-468 and BT549 cells transfected with si TRPM4 was
detected by Western blot. (g, h) CCK-8 assay showed that knockdown of TRPM4 inhibited the proliferation of MDA-MB-468 and BT549 cells. (i, j)
EDU assay indicated that knockdown of TRPM4 inhibited the proliferation of MDA-MB-468 and BT549 cells. Scale bar= 100 um. (k, 1) Quantitative
analysis of the EDU assay. (m, n) Colony-formation assay indicated that knockdown of TRPM4 inhibited the proliferation of MDA-MB-468 and BT549
cells, and quantitative analysis of the assay. **P<0.01, ***P<0.001, ****P<0.0001
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Figure 3 (Color online) Functional analysis of TRPM4 in TNBC cells: TRPM4-knockdown inhibits Migration and invasion. (a, c¢) Cell scratch assays
indicated that knockdown of TRPM4 inhibited the migration ability of MDA-MB-468 and BT549 cells. Scale bar=250 um. (b, d) Quantitative analysis
of Cell scratch assays. (¢) Transwell assays indicated that knockdown of TRPM4 inhibited the migration and invasion ability of MDA-MB-468 and
BT549 cells. Scale bar= 100 pm. (f-i) Quantitative analysis of Transwell assays. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001
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Figure 4 (Color online) Validation of NECSO in TNBC cells. (a) Live-cell imaging showed the baseline level of sodium ions and the changes of
intracellular sodium ions in the wild-type and the TRPM4-knockdown cells group with NC1 treatment. Scale bar =10 um. (b, ¢) Quantitative analysis of
average fluorescence intensity in MDA-MB-468 and BT549 cells. (d, ¢) Flow cytometry indicated the increased intracellular sodium ion concentration
and the quantitative analysis of it in MDA-MB-468 and BT549 cells with the treatment of NC1. (f, g) Microplate reader fluorescence detection indicated
the increased intracellular sodium ion concentration in MDA-MB-468 and BT549 cells. (h, i) CCK-8 assay showed the viability of wild-type cell group
and TRPM4-knockdown group cells under the action of NC1. *P <0.05; ***P<0.001; ****P<0.0001; ns, not significant
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Breast cancer currently represents a significant global health burden, exhibiting the highest incidence and mortality rates
among malignancies in women. Within this landscape, triple-negative breast cancer (TNBC)—defined by the lack of
estrogen receptor, progesterone receptor, and HER2 expression—accounts for approximately 15%-20% of all cases.
TNBC is clinically distinguished by its aggressive biological behavior, substantial heterogeneity, high propensity for
visceral and brain metastasis, and an extremely poor prognosis. Due to the absence of specific therapeutic targets, patients
have limited options beyond conventional chemotherapy, underscoring an urgent need to identify novel molecular drivers.
Transient receptor potential cation channel subfamily M member 4 (TRPM4) is a calcium-activated non-selective cation
channel that is impermeable to calcium but critically regulates sodium ion influx. This channel modulates membrane
potential and, consequently, the driving force for calcium entry, which is pivotal for cellular signaling. While TRPM4 has
been implicated in tumor migration and invasion across various cancers, it also mediates a unique, necrotic-like cell death
mechanism driven by intracellular sodium overload. Given these potential outcomes, a systematic investigation into the
specific functional role of TRPM4 is warranted. In this study, we leveraged bioinformatics approaches to analyze the
TCGA and HPA databases. Our analysis revealed that TRPM4 is significantly upregulated in TNBC tissues compared to
normal tissues. Kaplan-Meier survival analysis further demonstrated that elevated TRPM4 expression is positively
correlated with reduced overall survival, establishing it as a potential prognostic biomarker. Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses indicated that TRPM4-associated differentially
expressed genes (DEGs) are primarily enriched in multiple oncogenic signaling pathways, suggesting that TRPM4
orchestrates a complex network favoring tumor progression. To elucidate the functional implications of these findings, we
established TRPM4 knockdown models in TNBC cell lines. /n vitro functional assays demonstrated that TRPM4
knockdown significantly inhibited cell proliferation, attenuated migration, and suppressed invasive capabilities.
Mechanistically, this suppression is likely due to the disruption of sodium ion homeostasis, which impairs the
downstream calcium-dependent signaling cascades essential for malignant phenotypes. However, a critical paradox
emerged during pharmacological testing. We treated wild-type TNBC cells with NC1 (necrocide-1), a small-molecule
compound specifically targeting the TRPM4 channel. Treatment-induced NECSO (necrosis by sodium overload) is a novel
form of regulated necrosis. Strikingly, TRPM4-knockdown cells exhibited marked resistance to NC1-induced death. This
finding highlights a “double-edged sword” effect: while high TRPM4 expression drives malignancy and metastasis (the
oncogenic role), the functional presence of the channel is simultaneously a prerequisite for inducing sodium-overload-
mediated cell death (the therapeutic vulnerability). In conclusion, our research identifiecs TRPM4 as a critical regulator in
TNBC. We propose a model wherein TRPM4 knockdown suppresses tumor aggressiveness by disrupting ion homeostasis,
yet concurrently confers resistance to sodium-overload necrosis. These insights provide a comprehensive scientific
foundation for precision medicine, suggesting that while TRPM4 is a valid therapeutic target, the strategy—whether to
inhibit its function or exploit its presence to induce necrosis—must be carefully tailored.
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