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Quercetin Mediated miR-21/PTEN Signal Axis Inhibits the Expression
of ABCC2 in Breast Cancer Cells and Improves Drug Absorption
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('School of Pharmacy, Xiamen Medical University, Xiamen 361026, China;
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Abstract This study investigated the effects of Que (quercetin) on regulating breast cancer cell prolifera-
tion and apoptosis by targeting the miR-21/PTEN signaling pathway, as well as its role in inhibiting ABCC2 expres-
sion to improve drug uptake. MCF-7 breast cancer cells were divided into four main groups: miR-21 transfection
group, Que treatment group, miR-21 combined with Que treatment group, and sh-PTEN transfected group. Cell pro-
liferation activity was assessed using the CCK-8 assay. Western blot was performed to detect the expression levels
of PTEN, AKT, p-AKT, ABCC2, E-cadherin, and vimentin. mRNA expression levels of ABCC2, PTEN, E-cadherin,
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and vimentin were measured by qRT-PCR. Immunofluorescence was used to examine the expression of E-cadherin
and vimentin. Cell apoptosis and rhodamine 123 uptake were analyzed by flow cytometry. The results showed that:
(1) compared with the NC group, the miR-21 group exhibited significantly enhanced MCF-7 cell viability (P<0.01),
decreased expression levels of PTEN and E-cadherin, and significantly increased levels of p-AKT, vimentin, and
ABCC2 (P<0.01), along with enhanced cell migration; (2) compared with the control group, Que inhibited miR-
21 expression, reversed the miR-21-mediated downregulation of PTEN and E-cadherin and upregulation of ABCC2
and vimentin, promoted apoptosis, and suppressed cell migration; furthermore, Que attenuated the inhibitory effect
of miR-21 on rhodamine 123 uptake and enhanced the cytotoxicity of doxorubicin against MCF-7 cells; the regula-
tory effect of Que on ABCC2 expression was associated with the activation of PTEN expression. This study reveals

that Que mediates the miR-21/PTEN signaling pathway to promote apoptosis, attenuate cell migration and drug re-

sistance, and improve drug uptake in breast cancer MCF-7 cells.
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Table 1 The sequences of miR-21 and the inhibitor

miRNAFIZ/NFHRNA FA(5'—=3")
miRNA and siRNA Sequence (5'—3")
miR-21 UCA AGU CAC UAG UGG UUC CGU UUA G

miR-21 inhibitor
NC inhibitor

UCAACA UCA GUC UGA UAA GCU A
CAG UAC UUU UGU GUA GUA CAA
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Table 2 The sequences of gene primer

FR 2R S HI5I(5' 3"
Gene name Primer sequence (5'—3")
GAPDH sense TGA CCA CAG TCCATG CCATCAC

GAPDH anti-sense
E-cadherin sense
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PTEN sense

PTEN anti-sense
ABCC?2 sense
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ACA GGTAAC GGCTGAGGGAACT
TCT TCT TCC TGA CGA CCAACCA
CACACT CTGACCTGC TGC TAT G
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A: gRT-PCR was used to detect gene expression level of miR-21 in MCF-7 cells after transfection. B: the effect of miR-21 expression on MCF-7 cell

viability. **P<0.01, ***P<0.001 compared with NC group.
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Fig.1 Upregulate of miR-21 increases the proliferation of MCF-7 cells
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A: Western blotiEREMPTEN, AKT K& B L AKT(p-AKT) & 1131k, B: L.GAPDH NN ZFPTEN, AKT Kp-AKTEE (TN RIA R . **P<0.01,

ENCA .

A: Western blot was taken to detect PTEN, AKT and p-AKT protein expression; B: relative protein expression levels of PTEN, AKT and p-AKT with

GAPDH as the internal reference. **P<0.01 compared with NC group.

E2 miR-21FIAXMPTEN, AKTUAK p-AKTE A RIEHF N
Fig.2 Effects of miR-21 on PTEN, AKT and p-AKT expression
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A: Western blot was used to detect the protein expression of E-cadherin and vimentin; B: relative protein expression levels of E-cadherin and vimentin
with B-actin as the internal reference; C: qRT-PCR was used to analysis the mRNA levels of E-cadherin and vimentin; D: immunofluorescence assay
was used to detect the expression of E-cadherin and vimentin; E: Transwell assay was used to investigate the effect of miR-21 expression level on the
migration; F: relative cell migration number. *P<0.05, **P<0.01 compared with NC group.
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Fig.3 miR-21 promotes the migration of MCF-7 cells
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NC4LAHEE.

A: Western blot was used to detect ABCC2 expression; B: the relative protein expression of ABCC2 normalized to B-actin; C: qRT-PCR was used to detect

mRNA levels of ABCC2. ¥*P<0.01 compared with NC group.
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Fig.4 Effects of miR-21 on ABCC2 expression in MCF-7 cells
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Ctrl: Control; Que 30: 30 mmol/L Que; Que 60: 60 mmol/L Que; Que 90: 90 mmol/L Que; **P<0.01 compared with Control group.
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Fig.6 Quercetin reverses apoptosis induced by overexpression of miR-21 in MCF-7 cells

A1k
2.8 Quercetin] {2 MCF-748 il X} 25 4 i IR Ui
1EF

ENCAMEL, #h QuedL AEME HE Rdm123 f1W
W, 5 miR-212HA1EE , Que+miR-214, Rdm123W i
BN, 9 QuefiEili #4 miR-215 0 25 W e R
PR IIIL S (P<0.01), W EISAFIEISBAT /N, IHhAb, K
F Quet5 doxorubicinik £ 4 BEAS W 41 B & 14, &5 R0
KI8CHT %, Que ] 1 5 doxorubicinfEMCE-74H il P4
29DIE T . PO R A g R — B, X R
miR-2 1123k ABCC23 12 Ji5 4i& iy 248 i % 265 W 1 A4
YEFH, TR F Que kb 3 5 1 20 ffg 25 0 W i i ) 388 5

(P<0.01), 525645 5 WL 8D
2.9 PTENRE{F&FTABCC2ERIERIF M0

£ MCF-740 M /P /% PTENJG , Western blot5Z
U6 45 B R PTENWAK )5 ABCC2 ) ik /K7 _ETF,
1M Que 5 PTENFAK 3L AL B J5 ABCC2 3R 1A /KT [A]
1, P 9AFIE OB 7x . qRT-PCRZE - I 7% 4 fifg
W PTENZIE KV BRAK G , ABCC2IE K Rk KT
&, FEIF E-cadherinFE R R 1K KPR, vimentinkk
PR 235 K F B TF (P<0.01), Que'5 PTENGAR L AL 3
Ji , ABCC2 ) mRNAZRIA K [A A 3 7 46 /K-, E-
cadherinf'] mMRNAZRIE /K V-5, vimentinZZ 1k /K-
TFEP<0.01), WIEI9BHT/~



626 TS
(A) \XQ& (B) L5 @NC
\ 2 291 &2 miR-21
ot @ g | =Que
£ 20 @ miR-21+Que T
ABCC2 £
- — &
£
Q
2
PTEN | e e o e— o
>
2
&
Practin | D S - —
©) (D)

. o NC
- B8 miR-21

= D Que
3 N T _ miR-21+Que
. =
i)
2 =
(=9
% —
< -
E —] %
: M

0 .

ABCC2

miR-21+Que

miR-21

Que

A: Western blotK IIPTENFTABCC2 ) 8 (4 %15 7K F; B: PTENATABCC2AH X} B-actinff] 85 14 K15 /K F; C: qRT-PCRAG M PTENAIABCC2f{imRNA
RILIKV; D: R TOEIER M E-cadherinHlvimentin {215 . **P<0.01, SNCAUMLL, #P<0.01, HmiR-21ZHAH L.
A: Western blot was used to detect PTEN and ABCC2 protein expression levels; B: protein expression levels of PTEN and ABCC?2 relative to B-actin,

C: qRT-PCR was used to detect PTEN and ABCC2 mRNA levels; D: immunofluorescence assay was used to detect the expression of E-cadherin and

vimentin. **P<0.01 compared with NC group; “P<0.01 compared with miR-21 group.
El7 KRS ERIEmIR-215RMMIEARIEKFEEL

Fig.7 Quercetin reverses apoptosis induced by overexpression of miR-21 in MCF-7 cells

3 g

AR, RIMEE VI 2 (Que) BB & i
PERE FU AT 235 R o A D A R U ) R 2 AL
G, Quett 9 E Ik K i I8 B v A3 ) 2 7
i 4 A e B R ) 24 3 AR R 1 PO Que
o /E FAREILAE . H0H R A 1R 28 %, 0
il 40 A7V A TE A R IR 5 40 T RIS, 4
9 O AT ] SRR, ek PR ) AR, a0 B
I 2 H i 25 112 AR P el d o R 4 RS S L
R 1) B0 P SR S T S B, 5 T A B R R i 1R
5 BAX/BCL-2 R4l PI3K-AKT 8 % 1 42 3L s 41
fIMCF-7. MDA-MB-231 {1111,

Jieh 96 24 PI3KCI S 5 YA A3 A 1 B 5 e 9
i B R PTEN) SRR, 3 115 3 PISK/AK TIE I
WIS ABCHG Iz B 11 I, o 25488 ot i 8 &40 e )

MR 24504, B 502 B, 30% 0 iR A 1k L ek 8 A1125%
() 7% 1 FUIR I 5 PTENT B R 5% PTENZ —
FRR ISR 7, 25 2 PfE Sl ek a4, 160 R
21 ()T B (CELEE 245 W A sk 2 R 25 43k H 8 ) A
PUAT S RE P R E AR 11, miR-21/E N —2K
HIEPAEGIDRNA, H8 058 B AN 177 5K,
TE G 5% Ja KPR 2 FL IR 18 3 11135 PTENHE R () 3R
1%, miR-215 PTENI K £ 2 WL K I, miR-21F¢E
BT 454 PTEN)3 UTRAN G HF IR0,
AT, FRATTHI P 4 i 4 G R 2R 98 miR-
215 K : PTENH mRNA K& & A #ikKF T,
p-AKTHE FI/KF ETF; bR 40 ds &4 E-cadherinf)
FILIKF B, [ ARICY) vimentingR I8 K TH 5
MCF-74i TR R 7135 . SR, 2 21t 254
HABCC2/KF-Fiti % miR-2 1 {id ik i A & - iX 1 A,



BRBACSE: M E St FmiR-21/PTEN(S 5 441 i FLARE 41 I ABCC2 3R IA i3 25 MW i (K 7t 627

1.5
(A) (B) ©)
o = = Doxorubicin
% g 8 60 pmol/L Que+Doxorubicin
>
320 81.0
% o 8 ‘5 * %
215 # z
o _QE) B . 2 s
NC £10 T z ”
o '50.5 o
a % sk
2 0.5 3
2 g o
S
N () < B
1 E% & .g? S \x°° fz§\\ 0770 1 2 4 8
miR-21 7 $ & & Doxorubicin /pmol-L !
] (D) NC & miR-21 Quercetin
50 pm
<
0
Quercetin 4
N
oo
. ] miR-21+Quercetin Verapamil 8 50 00
QuetmiR-21 | E
] 8 40 00 H%
5
2
E 30 00 sk
o : :
— ey 20 00
al
Verapamil _ 2 10 00
E
=]
= < > & & %\\
100 100 10> 10° F NS
RGO
&

A B: a0 AKE MIMCE-740 6 9 2 PR 123 1 i e C: CCK-84llQue 5 doxorubicini & /E HI X MCF-741 i 34 58 i5 M4 1) 2 1, D: % 1%
BH123/EMCE-TAI A I ZEEAE . **P<0.01, SNCALLLEL “P<0.01, SmiR-2121 k.
A,B: flow cytometry was used to analysis of thodamine123 absorption; C: CCK-8 assay was used to detect the effect of quercetin combined with doxo-

rubicin on the viability of MCF-7 cells; D: fluorescence detection of rhodamine 123 absorption value. **P<0.01 compared with NC group; “P<0.01

compared with miR-21 group.

E8 RS ZEENE fHA1237FEMCF-748Ra MR U 1E A
Fig.8 Different methods for detecting rhodamine 123 absorption in MCF-7 cells
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Fig.9 The effect of PTEN knockdown on ABCC2

I, Z3Piliesiih gl iR, SxTAmit, £
24 i 243 £ 1 $0 157 verapamil A8 5 2 /2 #E Rdm 123 1
WA, T Quedh B A MCE-748 o %+ Rdm 123 B W AL fig
JIAH R IR, F 8 H miR-21 52U MCF-741 i
X RAm 123 ISAE F BEIR LS o X B R Bt miR-21
e ABCC2f1 3214 7T -5 B4 M6 Rdm 123 19 i
PERM, T Quetl Rl Ab B f5 X —VE M, $&F+ T X
RAm 123 (KW i e 1. AR, Quett 5 doxorubicin
MCF-741 e B, FRARAN A ys o, 6 A M B2 2 mT
RE LA 3 9 AT 24555 T8 40 I (9T R0

AN, i A MCF-740 i Hh f¥) PTENTR 6 1%
KILABCC2FKIA K- ETJt, 1fi E-cadherin® ik 7K °F
T AT vimentinF ik K _ETF ;) @K PTENG 40105
QuedbAb¥f5, IRER ARIANAR W HE0H . XIER
Quen[JHIL HIEPTENIE I MM ABCC2 K IA

2 b PTA , Quel#s miR-2 178 AL B 16 7 b A
AEEE . PRI gE 7, i E miR-
21, QueRe % A 2k 55 FL IR 4 M & 14, e 340 a7
To. TERRARMT 258 (K& L, Quer] F i miR-21, {2
# PTENAFI E-cadhering 1A , 72> ABCC2# vimentin
& 7K F. E-cadherinfll vimentin/2Z 41 fg b 7 —[H]
JREAL I B B 1, E-cadherin 4 Jfd [7] 34 #2 A1 4H i
SEREMESRAL T SCHE, HmRIA A B T4E R i B
ZEN 5IhRE, AT 4Y8RE. XM ERBRES
miR-21/PTEN{E S Hli & A A 7. BFFER W], PTENTE

SRR, T PISK/AK TAE S/ 2% , (i i3k 4t g
JAT-IEANEI I E , PTENFIAR R 0 5 i 4 e i 265
BEAMSE, AR, miR-215 PTEN ¢ & A2 IL W 1K
[ 2020 miR-2 140 PTENZ ik, )98 A0 DB,
8055 MCF-740 B 259 e /7 Quesid ik #1fi miR-
213K, /b FHXTPTEN 4, AIPTENZR i /K ¥+
&, EOHTEOE PTENAY S (5 5 I8, i3
FUMRE A PRI T I 25 8 BRI, TR FE XS
FUBE AP IR R . RS BRI, Que B &R
T miR-21I R 5 7 EH A RIAMEE T, A%
W miR-2 138 39A 51 K B FL I MCF-7480 i 4 25
RISZEEL, AR TR AW EEE . B> Mg
W24, BAA 3 B h MR 253 AR .

SE MK (References)

BRAY F, LAVERSANNE M, SUNG H, et al. Global cancer sta-
tistics 2022: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries [J]. CA Cancer J Clin,
2024, 74: 229-63.

PARK S, KIM J, CHOY, et al. Promotion of tumorigenesis by
miR-1260b-targeting CASPS: potential diagnostic and prognostic
marker for breast cancer [J]. Cancer Sci, 2022, 113(6): 2097-108.
SARHANGI N, HAJJARI S, HEYDARI S F, et al. Breast cancer
in the era of precision medicine [J]. Mol Biol Rep, 2022, 49(10):
10023-37.

GUO J, HUI B, GONG T, et al. Overexpression of C190rf48 cor-
relates with poor prognosis in breast cancer [J]. Afr Health Sci,
2023, 23(2): 274-82.



BEBRAC AR MRS T miR-21/PTENAE 5 Al 411 i1 7L e 40 M ABC 234 e 35 25 i O 7 629

[3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

LI, At —, BEREH, &5 . Wi R E I B0E PTENSI I
PI3K/AKT J INKAF 5 3 175 5 A FLIs i 0 T2 ], 400
5 A E(ZHU S S, YU WY, BI L W, et al. Quercetin
induces apoptosis of human breast cancer cells by activating
PTEN and inhibiting PI3K/AKT and JNK signaling pathways [J].
Chinese Journal of Cellular and molecular Immunology), 2022,
38(8): 714-20.

WANG Y, GAN X, CHENG X, et al. ABCC2 induces metabolic
vulnerability and cellular ferroptosis via enhanced glutathione ef-
flux in gastric cancer [J]. Clin Transl Med, 2024, 14(8): e1754.
Wil BERAL . miRNA-21 5 R AR SR SE 3t e (1], o [ b
IR (YANG S, KANG C S. Recent advances in the research
on the relationship between miRNA-21 and cancer [J]. Chinese
Journal of Clinical Oncology), 2011, 38(6): 357-60.

MENG F, HENSON R, JANEK H W, et al. microRNA-21 regu-
lates expression of the PTEN tumor suppressor gene in human
hepatocellular cancer [J]. Gastroenterology, 2007, 133(2): 647-
58.

ZEg, JRvb VD . M 2 U Y TAK2/STAT3 5 5 1 % % 5 Jp %
KBRS 2 SRE SN IR S [T H 40 2R A 2 4R (LT Q,
ZHANG S S. Effect of quercetin on immune inflammatory re-
sponse in urticaria rats by regulating the JAK2/STAT3 signaling
pathway [J]. Chinese Journal of Cell Biology), 2024, 40(3): 499-
505.

YANG Y, WANG Y Y, JIANG Q C. Research progress on phar-
macological effects of quercetin [J]. Spec Econ Anim Plant,
2020, 23(5): 24-8.

CHAN C Y, LIEN C H, LEE M F, et al. Quercetin suppresses
cellular migration and invasion in human head and neck squa-
mous cell carcinoma (HNSCC) [J]. Biomedicine, 2016, 6: 12-4.
HASHEMZAEI M, FAR A D, YARI A, et al. Anticancer and
apoptosis-inducing effects of quercetin in vitro and in vivo [J].
Oncol Rep, 2017, 38: 819-28.

DUO J, YING G G, WANG G W, et al. Quercetin inhibits human
breast cancer cell proliferation and induces apoptosis via Bcl-2

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

and Bax regulation [J]. Mol Med Rep, 2012, 5(6): 1453-6.
CRETALLE D, DIGIACOMO G, GIOVANNETTI, et al. PTEN
alterations as a potential mechanism for tumor cell escapes from
PD-1/PD-L1 inhibition [J]. Cancers, 2019, 11(9): 1318.
HUANG F, ZHANG L, WU D S, et al. PTEN regulates
BCRP/ABCG?2 and the side population through the PI3K/Akt
pathway in chronic myeloid leukemia [J]. PLoS One, 2014, 9(3):
€88298.

GAO X, QIN T, MAO J, et al. PTENP1/miR-20a/PTEN axis
contributes to breast cancer progression by regulating PTEN via
PI3K/AKT pathway [J]. J Exp Clin Cancer Res, 2019, 38(1):
256.

ALI S A, ABDULRAHMAN Z F A, FARAIDUN H N. Circula-
tory miRNA-155, miRNA-21 target PTEN expression and activ-
ity as a factor in breast cancer development [J]. Cell Mol Biol,
2020, 66(7): 44-50.

IR 4>, FRFT, VEFS, ZF. Wnt/B-cateninfs 5 # B /E miR-2141
IR Al /N 20 A s g8 DGR 24 e v £ R (0], 7 22 A8l K
SR (222 )(ZHENG C H, LIN L, WANG X, et al. Role of
Wnt/B-catenin signaling pathway in miR-21-mediated cisplatin
[J]. Journal of Xi’an Jiaotong University, Medical Sciences),
2026, 46(2): 238-48.

AMAWI H, SIM H M, TIWARI A K, et al. ABC transporter-me-
diated multidrug-resistant cancer [J]. Adv Exp med Biol, 2019,
1141: 549-80.

XU X, TANG Y'Y, LIANG X, et al. PTEN suppresses renal cell car-
cinoma proliferation and migration via inhibition of the PI3K/AKT
pathway [J]. World J Surg Oncol, 2025, 23(1): 42.

TER, RIE, #hFE, 25 UM RNA-325-3p S5 105 46
s R 555K 77 R (R B T R IR B 18]/ R 1 VR B R
FRULER OB K A T FUR B 2 R 25 pL ] (0], e sge b
B E(WANG HL, WU Y Q, SUN J, et al. The mechanism of
miRNA-325-3P regulate PTEN/AKT/mTOR signaling pathway
of doxorubicin resistance in breast cancer [J]. Chinese Journal of
Experimental Surgery), 2025, 42(7): 1252-6.



