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Effects of naringin on the proliferation, apoptosis and immune escape of breast cancer cells through cGAS-
STING signaling pathway

BAI Wenhui, LI Ying, LI Zonglong (Dept. of Breast Surgery, Qinghai Red Cross Hospital, Qinghai Xining
810000, China)

ABSTRACT OBJECTIVE To explore the effects of naringin on the proliferation, apoptosis and immune escape of breast cancer
cells through the cyclic GMP-AMP synthase (cGAS)-stimulator of interferon gene (STING) signaling pathway. METHODS The
human breast cancer cell line MDA-MB-231 was divided into blank group, naringin low-, medium-, and high-dose groups (50,
100 and 200 wmol/L), RU.521 group (cGAS inhibitor, 1 wmol/L) and high-dose naringin+RU.521 group (200 pmol/L naringin+1
wmol/L RU.521). After each group of cells was treated with their respective drug solutions for 48 h, the proliferation of MDA-MB-
231 cells [measured by the positive rate of 5-ethynyl-2’-deoxyuridine (EdU) and the value of optical density (ODux)], apoptosis
status, as well as the protein expression levels of proliferating cell nuclear antigen (PCNA), p53, B7 homolog 1 (B7H1) ,
programmed death-1 (PD-1), ¢cGAS, and STING in the cells were measured. The MDA-MB-231 cells of the above groups were
treated with corresponding drugs for 48 h respectively, and then co-incubated with NK cells for 48 h except blank group. The levels
of granzyme B, tumor necrosis factor-a (TNF-a«), interferon-y (IFN-v) in the supernatant of the co-incubation system and the
killing power of NK cells were detected. RESULTS Compared with the blank group, the EdU positive rate, ODuo value, and
protein expression levels of PCNA, B7H1 and PD-1 in MDA-MB-231 cells of each dose group of naringin were significantly
decreased, while the apoptotic rate and protein expression levels of p53, cGAS, and STING were significantly increased (P<
0.05). The changes of the above indicators in the MDA-MB-231 cells of the RU.521 group were opposite to those in each naringin
dose group (P<C0.05). Compared with the blank+NK group, the levels of granzyme B, TNF-a, IFN-vy and the killing power of
NK cells in the supernatant of the co-incubation system of MDA-MB-231 cells treated with different concentrations of naringin and
NK cells were significantly increased (P<<0.05). However, the above indicators in the co-incubation system of MDA-MB-231 cells
treated with RU.521 and NK cells were significantly decreased (P<<0.05). CONCLUSIONS Naringin can inhibit the proliferation
and immune escape of MDA-MB-231 cells and induce their apoptosis by activating the cGAS-STING signaling pathway.

AESTRE T4 T/ HERHIIN H (No.2024-wizdx-120) KEYWORDS naringin; breast cancer; apoptosis; proliferation;

* (e B EIEE, D90y URMRIIGH oy, B Immune escape
mail : yangkuang05743@163.com

- 2012 - China Pharmacy 2025 Vol. 36 No. 16 HHEZ G 2025455 36 B 16 1



LR R — ol S B A e, R R A
TR LG E I e S — O BB 4E BT, H,
FLIR T B 2R AR 25 YNR YT T ARIBYT BURYT
&, REFLIVERRT OIS T E RIS HEA Tk
105 FL R 28 3 TS J7 T A RCRATIR A R, 4 4
TH , AN SZ 47 ) A 4 P DA S O T o R U i L e
JH (1) T2 i PR 22— A2 ki S LM g UM R Y G
SRR PRI, S 2R 24 W A0 ot g 4 Y 1 B R A 928 10k
i, 75 S e 4B MR T, X TR 1R T R R

il B — A FEEAEAE T S ARG S ACR iy
KAIR Z ST, BA DM, CA BRI , Al
AT 0 2L A G A, S A T (H G TF A
B 2 5 0 7L R 200 L 92 10K 3 o A R e i R R R
CA ISR, B0 20 5 R 17 R 5 1 (cyclic GMP-
AMP synthase, cGAS) -4/t 38 5 X 31138 K] -1~ (stimulator
of interferon gene, STING ) {5 538 f#% ] 3 i:k 1 5 HLIA 1Y
B MR Sae 7, A0 FL e 1 T s i A WE ST SR T A g
T 38 8 2k 7% oGAS-STING {55 538 [t Bl 36 e it 3-8 T
P05 K BRI 408 0 , Ul A I It A AR AR BB, 30
MM T, T, AT T cGAS-STING {5 51l
B, PRIE T AR X L g 200 B R T R B g 1k R
HISEIR , & TE N FLIE AT IR S B R

1 ##
1.1 FENES

A ST AT 3 B ERALE BX53 B b g ( H
7% Olympus 2~ Al ) . SpectraMax iD5 Y iff A5 1% ( &
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YHpEIETE T H R
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pmol/L il Jz 11 4 BH 48 h™; RU.521 41 MDA-MB-231 4fiJifi
JH 1 wmol/L RU.521 Ab 3 48 h™; Al 2 1 155 77l F +RU.521
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SR J5 1 0.5%Triton X-100 &L ANME ; B J5 , i H 4" ,6-—
Jok 32 ZE FE M5 W (DAPD) X4 Az b7 42 0, (i FH 26Ok
B A A0 ML RS, JF 1A EdU B MR, BdU FH%
F=EdU FAPELH A/ DAPT FH P40 85T X 100%

K H CCK-87% . 42,117 T J ik b PRl
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MB-231 4 il 75 22 e 4 i 25 ¥ Wik 2 48 h J5 F1-5 NK 41
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231 AL (5X 10"~ ) \NK 4 jg (5X10°4~) . MDA-MB-
231 40 1 (510" 4>, 10 pL 30%Triton X-100 - 5 &b
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52 AL HE, Ml B G b L R i 41 MDA-MB-
231 41 BAU FH R 1 ODwso B2 i B A, L& 5 i
M (P<<0.05) ;i RU.521 4111 EAU FH:R H1 OD o
PR T (P<<0.05) o 5 R 1 7 4 b A, b g
T 5 ¥ 5 +RU.521 41 MDA-MB-231 4l il () EdU FH 4 3%
FIOD s (H I B THE (P<<0.05) , 45 3 ULIKI L FIZE 1,
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LT B T R A0 15 €5 - AR .
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#8)
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DAl R 2 F Al B 1 il i+R U521 21

ik EQUIRER/% ODss AT %1%
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RUS2I4L RHMLLTL 1394012 21£010°
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525 AL e, fl B G b LRl i 41 MDA-MB-
231 4 A i T AR B 2 T 5 (P<<0.05) , T RUL521 ZH 4
LU T S I 3 AR (P<<0.05) 5 S5l e 1 g v e 4 L 4t
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EL(P<0.05), 45 F UL 2 FIE 1,
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523 LA He g, R A% P R 7T 4] MDA-MB-
231 i i v PCNA .B7H1 . PD-1 75 [ &35 /K -1 i B %
i, p53.cGAS STING # H &L /K ¥ 8 ET &, H L
RS A 5 3R M (P<<0.05) 5 1] RU.521 20 4l i rp
PCNA ., B7HL.PD-1 & 4 # ik /K 1 B 3 T+ i, p53.
cGAS . STING # [R5 K3 8 L (P<0.05), 5
e Bz v R A s, R Y s R R U521 4 MDA-
MB-231 Zfi jfi t}' PCNA . B7TH1 . PD-1 & |1 ik /K2
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ps; e— > G —— e D
71 D S s D s 5 D2
PD-l D S w— e P s 0 Da
NIRRT EE—————
STING  we— — — G~ a— 2 kD2

GAPDH -- ---- 37 kDa
1 1 1 I\Y v VI
1228 s I oA B AR 20 5 T o A 1 P A 5 IV b e 4
FRIEEL; V  RUS2140 ; VI Al i 770+ R U214
3 & 44 MDA-MB-231 £l f# F PCNA . p53. B7H1.
PD-1.cGAS .STING EQ RiZRIHKE
3.2 #EEFIEE cGAS-STING 15 & i I Xt MDA-MB-
231 £t B 5 33 W ) 32 i
3.2.1 HMEFHIAR LI UK B TNF-a . IFN-y 7K
PRk
525 FIHNK 2 A, il Bz AR - NK A Al B
PRI EANK 4 R S A EANK A R IR R ISR
FSURLES B . TNF-oo JFN-y 7KF-34 5 25 55y, HAE AR
i (P<<0.05) ; RU.521+NK L0 F A & i v

TEZED; 202545 36 4 161

R2 & H MDA-MB-231 40 ff8 §f PCNA , p53. B7H1,
PD-1,¢GAS.STING EHRIEKF L& (xts,

n=6)
415 PCNA P53 BTHI PD-1 GAS  STING
ZH4 1865017 0514005 1435005 1014004 0784007 0.26+0.02
T IEARA 1624015 0.78£007 120011 0894009 089£007 039+003
4 1314012 099008 0.96+008" 065+0.08* 103£0.09* 0.51%0.05°
LA 0811007 LST0.14% 043+004% 029+0.04™ 136+0.12% 0.93£0.09*

RUS2IA 200018 026003 1794013 1524017 0512005 0.11£001°
MEFEFERUSA 1362013 0914007 093£0.08" 0681007 099£0.08° 0.54%0.05¢

a: 5728 FIULHEE, P<0.053 b Sl B #7670 B4 Hedie, P<<0.055c:
Sl bR 4 g, P<<0.05; d - Skl B A He A, P<<0.05,
RFEFRY B EREL(P<<0.05) . Shl R FENK
ZH P, Al e v A R +RULG21+NK ZH AL B R & 3
WA TR bR BRI (P<<0.05), S5H L3,
+3 FHAEMEEZR EFERPEMEB. TNF-o IFN-
vKEREWEXRZRNKABMF G AR (x+

s,n=06)

Eib] TREB/ (pgml)  TNF-of(pgiml)  [FN-y/(pgimL) NKAHEAGi A%
AHNKA 193£0.14 B44E121 115£0.09 8.66+041
MEFIEAENK 4 2814017 20861143 1612012 1563172
Mg T ENK AL 4185021 3TT6E185  253%0.04° 3691114
Mg F Al ENK AL 7561032% 48851236 AITHOI9N 40381211
RUS21+NK AL 075£007 11534054 043£0.04 3655178
WA BRUS2NKA 4331019 3065+ 158! 2684012 271£108°

a: 525 HANKE LA, P<0.05; b 5 Ez 1) R +NK 4 8
P<0.05; c: 5 All B2 A HE+NK 2 H e, P<<0.05 d: 5l iz 5 25 7
TEHNKA A, P<<0.05,

3.2.2  JUFE R ER H NK LA 71281k

525 (1 ANK 2 LA Al R IR - NK A A R
PR HNK 2 AR e R NK 2 NKC A A 13
TR, HA BT (P<<0.05) ;1 RU.521+NK 21
B NK 40 i 5% 405 77 5 3 PR A (P<<0.05) . S5t K s 7l
HEENK AL P, il B2 i R R UL521+NK 41 NK 4 i
FMi 1 B RAR(P<0.05), 45HILF3,

4 it

H AT FLARIE TR YT R M Ay 7 RO, L ee 11 =5
1RZEVERNIGTT A S BN K , o R85 951 AT T I A
PRI FEFLIRE SRR kb AR B %
HBUEVE R BOR T & RIVE R A R ZLRIETRY T
i 255 1) EE R YA

TR TR 25 i iz BRI ELAT B v
AHGE IR UE R T L v A A A R 38 RT3 o L
JiE MDA-MB-231 il it 58 , 757 HH T, PCNATER L
ZAEE 1, 7 DNA B il Fiie & pld S /e L o] HF P4l
40 g B4 fE S pe3 MR Tk S e 2 5
B AR AR BN AR SR AR Y R A
MDA-MB-231 Zfifffi Ff PCNA & H (3635, FiH p53 85 A
By RiE . XN A KE _IEB T H#h B2 £ X MDA-MB-
231 AN s A I HIVE R XA ga T A SR

T 7L MR I S B BE i 2R G0 R R0 A B, R
JENK A, A7 38 40 4300 F0k7 i B\ TNF-o  IFN-y 5201 fifg
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AT BTHL S — it IR 1, A iR 4 £ ik

R B OCHE E AR PD-1 Al dE i i T 40

PRI, 5 Bl e 40 B b R S R ST R AR

WFFEEE R Won AR | 7R Al B2 5 24 )R 9 MDA-

MB-231 4fiffirf* BTH1 .PD-1 £ (9235 s [RI B AR e

FUH2 Al Jz T 34 7T $2 785 MDA-MB-231 41 fitd 5 NK 41 fifg 3

0P 7 1A 22 L U Hh ORI B TNF-u  IFN-y 7K F- & NK

AR TT o 3B B2 R0 ) L 8 200 0 A e

cGAS-STING {5 5l ¢ S T i H i iod i v Je K
B SN B4 FE LR 4, WS cGAS-STING 553t i vl
) 7L B A R AR . AR R R, cGAS )
7 RU.521 fEfEIE MDA-MB-23 1 i fifd Fr) 44 11 738 ik
SN 1S5 1 S 20 W N AN S B 1) s )
] |3 MDA-MB-231 #i/itl ¢cGAS . STING 3 H i £ 1k,
SR A Bz 17 AT B8 3 S cGAS-STING {5 538 B 4
il MDA-MB-231 4 g 57 | S e kil , V5 LM T-.
T IR UF SN AHIE ST RU.21 #E47 T 111 42 5256, 2551
IR, RU.B21 365 1 8 71 Al B 1 %F MDA-MB-231 4
I ) 448 5 G i i % K T R S e TR T I B S
PP,

LR LTI A B H AT i S S cGAS-STING {53
HEARAM ] MDA-MB-231 2 4% 58 | Sy kit , 75 S H A
Too LA ERZRRE M B AT BE B I 7 FLIE 5P 7
AR Z—
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