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Abstract: Objective To explore the molecular mechanism by which
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curcumin ( CUR) and chidamide ( CHI) synergistically inhibit the malignant behaviors of breast cancer ( BC) cells
through the interferon (IFN) — retinoic acid — inducible gene [ (RIG — [ ) — mitochondrial antiviral — signaling
protein (MAVS) pathway. Methods A cellular model was established using MCF —7 breast cancer cells. The cells were
divided into five groups: blank group ( normol cuttured) , CUR group(20 wmol + L' CUR), CHI group (10 pwmol « L™
CHI) , combination group(20 wmol + ™" CUR + 10 pmol - L™" CHI) and inhibitor group (sh — IFN +20 pmol - L

CUR + 10 pmol + L™" CHI). Cell viability was assessed using the 3 — (4,5 — dimethylthiazol -2 - yl) -2,5 -
diphenyltetrazolium bromide ( MTT) assay. Cell proliferation capacity was evaluated by plate colony formation assay.
Cell migration ability was examined using Transwell and wound healing assays. The relative expression levels of
apoptosis — related proteins and IFN — RIG — I — MAVS pathway — associated proteins were detected by Western blotting
(WB). Results Under CUR concentrations of 0, 10, 20 and 40 wmol - L™", the half — maximal inhibitory
concentrations (ICy,) of CHI were (31.48 +2.01), (17.57 £0.65), (7.56 £0.32) and (0.21 £0.02) umol - L

respectively. Statistically significant dose — dependent reductions in ICy, were observed for CHI when combined with
10, 20 and 40 wmol - ™' CUR compared to 0 pwmol - L™" CUR (all P <0.05). The colony formation numbers were
(201.28 £23.96) cells for the control group, (113.43 £15.59) cells for the CUR group, (109.93 £11.64) cells
for the CHI group, (59.57 £6.91) cells for the combination group, and (87.43 +5.04) cells for the inhibitor group,
respectively; the numbers of invasive cells were (115.03 = 13.05), (86.51 +9.13), (77.82 + 6.68),
(39.54 £5.43) and (68.92 + 3.95) cells, respectively; the wound closure rates were (51.29 +5.17 )%,
(32.80+£2.94)% , (31.23 +3.10)% , (16.07 £2.11)% and (26.94 +1.95)% , respectively; the apoptosis rates
were (2.21 £0.16)% , (12.03+0.85)%, (12.89 £0.99)% , (31.62 +2.98)% and (16.85 +1.04)% ,
respectively ; the relative expression levels of Caspase —3 were 0. 38 £0.03, 0.55 £0.03, 0.52 +0.04, 1. 12 +0. 07
and 0. 97 £0. 05, respectively; the relative expression levels of Caspase — 9 levels were 0.33 +0.02, 0.53 +0.02,
0.55+0.04, 1.05 £0.06 and 0.60 +0.05, respectively; the relative expression levels of Bax levels were 0.34 +0.03,
0.52 £0.03, 0.53 £0.03, 1.08 =£0.07 and 0.69 +0.06, respectively; the relative expression levels of IFN - 8
levels were 0.33 +0.03, 0.46 +0.04, 0.53 +£0.04, 1.09 £ 0.10 and 0.45 £ 0.03, respectively; the relative
expression levels of RIG — [ levels were 0.32 £0.02, 0.57 £0.05, 0.65 £0.04, 1.02 £0. 11 and 0.59 0. 05,
respectively ; and the relative expression levels of MAVS levels were 0. 34 +0.02, 0.41 £0.03, 0.49 0.4, 1. 04 +0. 12 and
0.51 £0. 04, respectively. Statistically significant differences were observed when comparing the CUR and CHI groups
to the control group, the combination group to the CUR and CHI groups, and the inhibitor group to the combination
group (all P <0.05). Conclusion CUR enhances the sensitivity of BC cells to CHI and synergistically exerts anti — BC
effects with CHI, and its mechanism of action is related to the activation of the IFN — RIG — I - MAVS pathway by CUR.
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Table 1 Inhibition rate of curcumin and chidamide on MCF -7 cells for 24 h(x +s)
Inhibitory rates( % )
ICy,
Group n Opdmol-L’l 5 Mmol-]_fl 10 p,mol-l_fl 20 p,mol-l_fl 40Mmol-l_f] 60 ;,Lmol-L’l e
mol * L,
CHI CHI CHI CHI CHI CHI "

Op‘mol'L’] CUR 3 0=+0 13.98 +1.68* 29.52+1.56" 48.29+3.24° 67.26+2.41% 74.85+3.33° 31.48 +2.01
10 pmol - L' CUR 3 10.28 £4.01* 31.96 £4.16%* 44.82 +3. 19" 63.52 +5.43°* 81.72 +2.23%* 90. 11 +3.06°* 17.57 +0.65*
20 pmol - L' CUR 3 26.31 £3.92%  45.02 +3.97* 66.59 +3.39" 74.85 +2.13% 88.88 +2.51% 99.43 +3.72* 7.56 +(0.32"
40 pmol - L' CUR 3 48.39 £4. 152 67.56 £2.33*2 78.05 £3.21"2 89.11 £4. 10°2 99.26 +3.26%2 99.89 +5.49 0.21 +0. 024

CUR: Curcumin; CHI; Chidamide; ICs,: Half maximal inhibitory concentration; Compared with CHI at 0 pwmol - L=", *P <0.05; Compared with CHI at
5 pmol - L', "P<0.05; Compared with CHI at 10 pmol - L=", ©P <0.05; Compared with CHI at 20 pmol - L', ‘P <0.05; Compared with CHI at
40 wmol - L™, ©P <0.05; Compared with CUR at 0 wmol - L.™', * P <0.05; Compared with CUR at 10 pmol + =", *P <0. 05; Compared with CUR at
20 pmol + L™, 2P <0.05.

®2 HERAAIH L AR SRR A PR E R

Table 2 The synergistic effect of curcumin and chidamide was calculated by Jin’ s formula

q

Group n

5 wmol - L™V CHT 10 wmol « L~=" CHI 20 wmol - L=' CHI 40 pmol - L= CHI 60 wmol + L= CHI

0 wmol - L=' CUR 3 - - - - -
10 wmol - L™' CUR 3 1.35 1.19 118 1.16 1.17
20 wmol - L™' CUR 3 1.23 1.36 1.20 1.17 1.22
40 pmol - L™' CUR 3 1.22 1.23 1.21 1.19 1.16
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LA T3 2 REAIR (P <0.05) , DL 1, RIG — T Fll MAVS 25 [ A X ik /K -2 | 25 18 (¥
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Table 3 The results of the number of clone formation, the number of transmembrane cells and the rate of scratch repair in each group

(x x5)

Group n Number of cell clones (cells)  Number of transmembrane cells ( cells) Rate of scratch( % )
Control 3 201.28 +23.96 115.03 £13.05 51.29 +£5.17
CUR 3 113.43 £15.59* 86.51 £9.13* 32.80+£2.94*
CHI 3 109.93 +11.64* 77.82 £6.68 * 31.23£3.10*
Combination 3 59.57 £6.91 **~ 39.54 £5.43 « "4 16.07 =2, 11 *#4
Inhibitor 3 87.43 +5.04" 68.92 +3.95" 26.94 +1.957

Control group: No drug treatment administered ; CUR group: Treated with 20 pmol - L~" curcumin for 24 h; CHI group; Treated with 10 pumol - L~! chidamide for 24 h;
CUR + CHI group: Treated with 20 wmol + L ™" curcumin and 10 pmol + L ™" chidamide for 24 h; CUR + CHI + sh — IFN group: Transfection with sh — IFN
followed by treatment with 20 pmol + L =" curcumin and 10 wmol -+ L.~! chidamide for 24 h; Compared with the control group, * P <0.05; Compared with the
CUR group, *P <0.05; Compared with the CHI group, P <0.05; Compared with the combination group, ¥ P <0. 05.

R4 FAMMEATHREARBMHE (v s)

Table 4 Comparison of apoptosis — related protein expression in each group(x +s)

Group n Caspase —3 Caspase —9 Bax

Control 3 0.38 +0.03 0.33 +0.02 0.34 +0.03
CUR 3 0.55+0.03 " 0.53 +0.02 " 0.52 +0.03*
CHI 3 0.52+£0.04 " 0.55+0.04 " 0.53 +0.03*
Combination 3 1.12 0. 07 *#4 1.05 +0. 06 *#4 1.08 +0. 07 *#~
Inhibitor 3 0.97 £0.05" 0.60 +0.05" 0.69 +0.06"

Bax:Bcl —2 — associated X protein; Compared with the control group, * P <0. 05; Compared with the CUR group, *P <0. 05 ; Compared with the CHI group,
4P <0.05; Compared with the combination group, Y P <0. 05.

A B ¢ D
5 3 . ;
10T F2 10° 75 2 10T F2 10° 157 F2
11% 25% 307% |532% 2.1% 6.8% 13% 6.1%
102 102 10 10
= 104 = 104 b = 10+ z 10 ' =
F3 o |F4 3 Fi F3 i |F4 3 o | F4
10° %w 2.3% 10°+79.66%: | 11.95% 10°-| 77,9985 | 13.2% 10° mww*_ 3,1@
b *‘ IRt s P, SR
100 100 100 10° 100 10 100 10° 100 100 100 10° 100 100 100 10° 10°
ANNEXIN-VFITC ANNEXIN-VFITC ANNEXIN-VFITC ANNEXIN-VFITC ANNEXIN-VFITC

1 LA T3 A LA
Figure 1  Comparison of apoptosis rate in each group

A : Control group;B:CUR group; C:CHI group ;D :Combination; E ; Inhibitor group.
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Table 5 Comparison of interferon — retinoic acid — inducible gene | — mitochondrial antiviral signaling protein( IFN — RIG — [ — MAVS)

pathway — related protein expression in each group of cells(x +5)

Group n IFN RIG - | MAVS
Control 3 0.33 0. 03 0.32 £0.02 0.34 £0.02
CUR 3 0.46 +0.04 * 0.57 +0.05 * 0.41 +0.03*
CHI 3 0.53 +0.04* 0.65 +0.04 * 0.49 +0.04 *
Combination 3 1.09 £0. 10 *#4 1.02 £0. 11 **2 1.04 £0. 12 **2
Inhibitor 3 0.45 +0.03" 0.59 +0.05" 0.51£0.047

Compared with the control group, * P <0.05; Compared with the CUR group, #P <0.05; Compared with the CHI group, “P <0.05; Compared with the

combination group, ¥ P <0. 05.
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GAPDH

The relative expression levels of apoptosis — related
proteins detected by Western blot

A: Control group; B: CUR group; C: CHI group; D: Combination group;
E ; Inhibitor group.
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GAPDH

The relative expression levels of IFN — RIG - [ -
MAVS pathway — related proteins detected by Western blot

A: Control group; B: CUR group; C: CHI group; D: Combination group;
E ; Inhibitor group.

i

BC 2 1 A EAT o B S TP (0 R DR LR B
B A S IR P o i PR 55 2 DR A AR SR 52, 7L
JiSeE bR AR A2 A B S RS A, U HAEVR Y P TE IR
GFrEA w2, S BT R ORI R R K R
B CHIJEFLIRE AT T Hr AN Al sk 1946y 254y , {5 M8

A T e R A fR) 42 J R 2, R & S B0k R I
b ko B, i T s IRER 253G YT 1Y SR PR A i
RH R Z 27864 7 2, DA 25 1 Uk, $2 =0
JERURNY . RRFY 2 ARk — HPRE 2 i E
kUi, CUR by 1 R R EU RAR 2, C 9t
PWFFEIE S B B R PRI R 55 2 Fl Ak P 1
PES L 7R BC v S AT DU i £ R AR K IR U
YERL . 140, 5% % B0, CUR HEf%E 1+ 1 (3 23 1%/
GLil B S PR {5 5 3 65 100 o) = 973 44 2L B e 114 42 28 %
U AT DA R R TR 12/CXC fafb e T
1A 4 SR ZL IR R S A % o ADMSCs 1 BC 12
T ) 1 S5 A 3%, 00 188 0 B O B R0 S — TR
FEALARGE , CUR AT LA o 5 AR50 T 8 25 10 1 BC b
FAERKT A, BHE R, R R RES S5 2 MY
MR R LR e 2 W . AR, S
CHI F BB R0 S WL o A 58 4= B . AR 5% B 78
TP 8 KR RENS 38 BC 41 X CHI [ 880,
HAPEARRHIBENLH] . L5 B, CUR BB B 3 1%
fIk MCF -7 Zififgxt CHI ) IC, , F- B[R] 1G5 CHI X 4
RSG5 ERS FIAR 22 A A . e AR I T i, Bk
BHZEE BT T 08 8 1 Bax, Caspase — 9 I
Caspase — 3 935", HOBUR A T 88 245 kb 1, 22 B
CUR BE 242 5 BC 4Ufiax} CHI (gt , 38 3 Hopt
BasE R AR T ER

RIG — T 7EA 1 F S5 14 50 K G2 15 ki, il ok
T R ER B IEN — T AT G S 28 40, 76 S 0
PEVRIT R RIEE T EAE MY, HUEI L RIG - T A]
DU IE MAVS FEZERIAR R A, JEMTHE 55 R iz
Sk, P TRF3 IR+ «B 5 K+, fil & IFN FIfig
RANPLDE 1977 A=, BTG Je R e 40 Fn CD8 ™ T 4f
JIEL, He AL R G 8 2 v 8 AR A A BEL T 17
&M MR RIG - 1 - MAVS & & YT B 2= 0 4
IFN 553 [ K Bt e 88 G2, 308 17 1 8 3 2R 32 Ak B
P BC 4R 25k 7= A2 2 L ST B IRE , AFSE



Chin J Clin Pharmacol

65

Vol. 42 No. 1 January 2026 ( Serial No. 447)

IANHMLIFN = RIG — [ - MAVS #li Al G822 iR 7T 25 BC
PV TR S . AN BN , oS CUR 62 CHI
FZGAb B, T DL B MCF -7 4 g p TFN - B,
RIG - [ F1 MAVS [y 383k, 8K A FH 25 19 3005 25
NS A 2 o A — A BRI i I 1 A L, B ST AE
G 2GR T4 T IFN - B 3Rk, 45 R LN,
NE IFEN - B BT LS S IS5 AR TT T N AR
BEMEAE R, 085 0] 40 M 14 58 B A% AR 2RI A ] e
PRFITRON o X HRIR, 306 IFN - RIG — T - MAVS i
P& AT & CUR 34 CHI 41 BC A/E M EZ LK Z —.

AWF5E4ER : CUR REfE I 3% BC 4 XT CHI [y
SR, 2 BRI A0 AT O s R R T RN
PR EIRON , FEHL A T B 5 90 A e ) IFN - RIG -
I - MAVS {553 #§ A K,

Sk

[ 1] BRAY F, LAVERSANNE M, SUNG H, et al
statistics 2022 ; GLOBOCAN estimates of incidence and mortality
CA Cancer ] Clin,

Global cancer

worldwide for 36 cancers in 185 countries [ J].
2024, 74(3) . 229—263.

[ 2] SIEGEL R L, MILLER K D, FUCHS H E, et al. Cancer statistics,
2021 [J]. CA Cancer J Clin, 2021, 71(1) : 7—33.

[ 3] PRZANOWSKI P, LOU S, TIHAGAM R D, et al. Oncogenic
TRIM37 links chemoresistance and metastatic fate in triple — negative
breast cancer [J]. Cancer Res, 2020, 80(21) ;: 4791—8(4.

[4] HUZ, WELF, SUY, et al. Histone deacetylase inhibitors promote
breast cancer metastasis by elevating NEDD9 expression [ J] .
Signal Transduct Target Ther, 2023, 8(1) : 11.

[5] CAO L, ZHAO S, YANG Q, et al

doxorubicin induced p53 — driven cell cycle arrest and cell apoptosis

Chidamide combined with

reverse multidrug resistance of breast cancer [ J/OL]. Front Oncol ,

2021, 11; 614458. 2021 - 03 - 02 [2025 - 10 —=31]. https://
pubmed. ncbi. nlm. nih. gov/33738256/.
[6] DAI L, ZHANG C, GAO W, et al. Molecular, biological

characterization and drug sensitivity of chidamide — resistant MCF7
cells [ J]. Transl Cancer Res, 2024, 13(5) . 2372—2386.

[ 7] FARGHADANI R, NAIDU R. Curcumin as an enhancer of
therapeutic efficiency of chemotherapy drugs in breast cancer [ J].
Int ] Mol Sci, 2022, 23(4) . 2144.

[ 8] ZHANG W, WANG G, XU Z G, et al
suppressor of RLR signaling by targeting MAVS [ J/OL]. Cell,
2019, 178(1) : 176—189. el15. 2019 -03 -30[2025 - 10 - 31 ]
. https://pubmed. ncbi. nlm. nih. gov/31155231/.

[ 9] Buite, R0, a4 . 35 PE AL ERIER A R BA5 5 NK/T 20 Ha itk
CURAM MR F T pEsE (1], R EE 25 90k, 2021,30(4) -
243—249.

[10]  EFH, WL ISR, . 3 - RNEIRR - HH [ EEER s FLIR
TR M X A5 E ST U I E [T ). R RS B2 53672,

Lactate is a natural

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

2023,28(10) :1093—1100.
LI M, GUO T, LIN J, et al. Curcumin inhibits the invasion and
metastasis of triple negative breast cancer via Hedgehog/Glil
signaling pathway [ J/OL ] . J Ethnopharmacol, 2022, 283
114689. 2021 - 09 - 28 [2025 - 10 - 31 ].
nchbi. nlm. nih. gov/34592340/.

ARELLANO — RODRIGUEZ N C, ALVAREZ - QUEZADA O A,
BENAVIDES P Z, et al

https : //pubmed.

Curcumin ensitizes 4tl murine breast
cancer cells to cisplatin through pard secretion [ J]. In Vivo, 2022,
36(6) . 2767—2773.

FERRARI P, SCATENA C, GHILLI M, et al. Molecular
mechanisms, biomarkers and emerging therapies for chemotherapy
resistant tnbe [ J]. Int J Mol Sci, 2022, 23(3) : 1665.
TURAJLIC S, SOTTORIVA A, GRAHAM T, et al. Resolving
genetic heterogeneity in cancer [ J]. Nat Rev Genet, 2019, 20(7) :
404—416.

CHEN Z, LU P, LI M, et al. Curcumin suppresses metastasis of
triple — negative breast cancer cells by modulating EMT signaling
pathways: An integrated study of bioinformatics analysis [ J/OL].
Medicine ( Baltimore) , 2024, 103 (8) . €37264.2024 - 02 - 23
[2025 - 10 - 31]
38394486/

JANG B Y, SHIN M K, HAN D H, et al. Curcumin disrupts a

https : //pubmed. ncbi. nlm. nih. gov/

positive feedback loop between ADMSCs and cancer cells in the
breast tumor microenvironment via the CXCL12/CXCR4 axis [J].
Pharmaceutics, 2023, 15(11) ; 2627.
CAO X, LI 'Y, WANG Y, e al. Curcumin suppresses
tumorigenesis by ferroptosis in breast cancer [ J/OL]. PLoS One,
2022, 17(1): €0261370.2024 — 02 - 23 [2025 - 10 - 31].
https://pubmed. ncbi. nlm. nih. gov/35041678/.

SHARMA T, SINGH D, MAHAPATRA A, et al. Advancements in
clinical translation of flavonoid nanoparticles for cancer treatment
[J/OL] . OpenNano, 2022, 8. 100074. 2022 - 08 - 28
[ 2025 -10 -31 ]
article/pii/52352952022000366.

LIY, WANG Y, YU X, et al. Radix tetrastigma inhibits the non —
small cell lung cancer via Bax/Bel — 2/Caspase — 9/Caspase — 3
pathway [ J]. Nutr Cancer, 2022, 74(1) ; 320—332.

XIE Q, CHU Y, YUAN W, et al. Activation of insulin — like

https://www. sciencedirect. com/science/

growth factor — 1 receptor (IGF —1R) promotes growth of colorectal
cancer through triggering the MEX3A - mediated degradation of
RIG - T [J]. Acta Pharm Sin B, 2023, 13(7) : 2963—2975.
THORESEN D, WANG W, GALLS D, et al. The mol ecular
mechanism of RIG — | activation and signaling [ J]. Immunol Rev,
2021, 304(1): 154—168.

YIJ, WANG L, HU G S, et al. circPVT1 promotes ER — positive
breast tumorigenesis and drug resistance by targeting ESRI and
MAVS [J/OL]. Emboj, 2023, 42(10) : e112408.2023 -03 - 15
[2025 - 10 - 31 ]
37009655/.

https://pubmed. ncbi. nlm. nih. gov/

(AX4E W WikBEH 2025 -11 -27)



