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The Reversing and Molecular Mechanisms of miR-34c on the MCF-7/DOX

Cells with Doxorubicin-Resistance

Liu Hao, He Zhimin*
(Cancer Hospital and Cancer Research Institute, Guangzhou Medical University, Guangzhou 510095, CHina)

Abstract miR-34 played an important role in tumor development and progress, but there were few stud-
ies on the function of miR-34 in drug resistance. To elucidate the function and mechanism of exogenous miR-34c
involved in drug resistance in the breast cancer cells, miR-34c mimics were used to transfect into MCF-7/DOX
cells with doxorubicin-resistance. The expression of miR-34c¢ was analyzed by Real-time RT-PCR. Cell viability
was analyzed by MTS assay. Cell cycle distribution and apoptosis were detected by PI and Annexin V/PI staining,
respectively. The expressions of the drug-resistant related protein MDR and MRP, and cell proliferation and apop-
tosis related protein Bcl-2 and E2F3 were analyzed by Real-time RT-PCR and Western blot. Our results showed
that miR-34c was significantly down-regulated in MCF-7/DOX cells, and overexpression of miR-34¢ increased
sensitivity to doxorubicin in MCF-7/DOX cells. Flow cytometry analysis showed that miR-34c could induce G,
cell cycle arrest and cell apoptosis. Furthermore, miR-34c¢ did not affect the expression of MDR and MRP, but sig-
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nificantly inhibited the mRNA and protein expression of Bcl-2 and E2F3. Our results suggested that miR-34c could

directly target and inhibit Bcl-2 and E2F3 expression, and induced G, cell cycle arrest and apoptosis, which in turn

increased sensitivity to doxorubicin in MCF-7/DOX cells.

Keywords

FUMR A A — 8™ L £ T 4 LA B ) 1 R
JLAERR IR 8 B IR 2 1 M B Lot
g R IR R B AT, A B R E AR, H
B, AT LR IR RV TT I L2572 —, R
DRI T 245 3 35010 g 52 e RN e A 7 o B ol 3 LR
P (PG IR VE YT R -

MicroRNA(miRNA) & — B K 19~25 bplH) 55
RNAZ T, ALl A e A F 5 #Eh% mRNA 3/-3F
BHIEIX (3-UTR) &G &, 1545 5% i /KPR 55 R 3Rk
HEAT R, PECH I mRNA [ B AR ol 2 3 5B 34
il miRNAsZ 54Nt /4. BEALFIH 1255 2
AR IR I LR ], miRNATE 2 F
JiRg AR i ek, I HLAE IR B A . Ak
RBHEBFGIT P T EEN A Y, miR-34
& MR I miRNA S, H miR-34a. miR-34b
HAImiR-34c =[RS T miRNAZ> T2 8. s ARATE
FORIN, miR-347E g« s LRI A &5 s 55
Z B e PSR, A R 2 IR AR ) — A ki
SR, SR, miR-347E FLIYE I 2454 (7 wE
HAZ .

FEATFFEH, BATTR DL, miR-34c/E FL NIRRT 2
# (doxorubicin, DOX)Iii} 25 4 Jft MCF-7/DOXH Ik &
15, 1 FIE miR-34cn] L MCF-7/DOX i 25 7F
P40 B L T AT S5 R, miR-
34 m JE i Y 4 B 5 0 1A D B 1 AR A T A L
i e () B 2 22 245 4E

1 MR
1.1 R 5iRF

FLIR3E MCF-741 i &2 MCF-7/DOXiii} 5 41 i 1
B R B B A R AR G4 4. DMEM
W3 G413 (fetal calf serum, FBS). MR
M H Gibcos 1l; 4 Y4k 71 Lipofectamine™ 2000
8 1 InvitrogenA 7] ; ECLAL 22 KGR PR 71 & H
Pierce’A #]; Quick Start Bradford & [ & &= 145 H
Bio-Rad /A #; Primescript RT reagent Kit /) #% 5171
FAISYBR Premix Ex Tap™i 71 &4 [ TaKaRa /s 7 ;

miR-34c; breast cancer; drug-resistance; cell cycle arrest and apoptosis

MTSI [ Promega’s 7l ; Annexin V-FITCHIl A -
M &5 UL TN IE (propidium iodide, PT)I 134 2
RAEDFARMEGTIT . miR-34cH1H]7) (anti-miR-34c).
miR-34¢/ 7 51 (miR-34c mimics) Al B 4%} i (neg-
ative control, NC)I [ 11 75 F il 25 BORA PRA w6
MDR. MPR. E2F3. B-actinft /4 [ Santa Cruz/A #l;
Bel-2. Snail iy H CSTZyw]; T4t A it Marker
5 H Fermentas /A #i]; HRPARIC LI =EHT B 1gGL 115
ProlgGI F bt E A DR TR A ] .
1.2 #faLESF

NFL 9 MCF-748 1. 2 MCF-7/DOXIiif 25 41 i)
FI5 10% 6 4 135 1) DMEMER; 723, 137 °C. 5%
COL S T FE (5 SR TP 15 9% ¥ MCF-7/DOX
ik 2% 440 o 2% R TG00 [ 1/10F0) 2 E i ik i (50%
concentration of inhibition, 1Cso)] B 45 2 4 FF 4l
Jaifh 24 .
1.3 #pmEEE

FRYLRTL d, PP MCF-741 il S MCF-7/DOXIi
2540 T 6FLAR T, 7840 M % L IR 50%1 A BE I 3k
T g s WL IHEIRIE, BALINAT 500 pL5e 48
FEHE . 23 #45 uL 20 umol/L anti-miR-34c( 4K &
2450 nmol/L)~ 5 pL 20 pumol/L miR-34c mimics(%¢
W JE 550 nmol/L). miRNA-negative controlJJj A\ %
250 pL Opti-MEME5 75k, 2235845 S5k, 250 pL
Opti-MEM®; 75344 ¢ 1 uL TurboFect™ siRNA Trans-
fection Reagent, $2F2%2), SR IFE S min; W5 Opti-
MEM-JI§ Jii#4 5 Opti-MEM-miRNA, % 5% 75 20 min,
TE R G 54105 AR5 F IR TR A 0 I 20 41 ks 77
Herp, BERA], 1237 °C. 5% CO, M MO FINE B 1 55
FERIPREFE . T 24 hJn AR 4 gk 4T MTS Al
TS, AW miR-34¢ ) 40 3G GE R TR R
T 48 hJ5 HEELAN S RNAFIE 2R [, Real-time RT-
PCR. Western blotf: MllmiR-34c] BE4H . I T-AH G
SE3Nip- AP
1.4 MTSEH M miR-34c Xt 40 B g 25 1% A9 1E A

e e miR-34c AR, LA 2% 10%/mLA%FH £ 96
FLtR, 100 pL/AL, F5 7 AT A . )il L



XA miR-34cl e 7L MR 24 41 g R MCF-7/DOX} 245 1 i 5 231

IR FE BT R 2., QkERE5 9772 h, W 255 TR,
HIAN100 pL%0.5 mg/mL MTSHIRPMI-1640, 4k 45
F¥4 ho IJa, FHBEARCINE 490 nmiE KT (16 %
(optical density, D){E , FF U1 2458055 41 fa (140 61 %
FI 2 =(1—SE 50 20 DAE /A AL DAE )< 100%..  LABT 27
FIRFEARAR . FDHIZ A AR, 1 B F 90540
il ik, THEICsfH
1.5 SERYAR AR M miR-34c X7 40 B B 2 OB T
#I1EF

WU P miR-34c 40, LA 1> 10%/mLEERN 3] 641
B, F37 °C. 5% COL S MURIE B B 740 h 55 9%
I3 5124, 48 SR Y, 70%0K LB € 14, 50 g/mL
RnasebFH 0.5 h, 100 g/mL AL A IE (PT) T4 °CH
4,30 min, i 2041 M1 (Beckman-Coulter 2y &) )45l 43
A 4 B S 23 A W AR 4 Y, 4% B Annexin V/PL T
For IR R 1 W] K, 565 N Annexin VAP,
WG IR 10 min i, P40 A AR 0 4n B v
T o
1.6 Real-time RT-PCR

% [ Trizol(Invitrogen 2 ] )15t B 45 1 77 vE$E L
41} 5V RNA, % Primescript RT reagent Kit/x #55% ik
& (TaKaRa A &) i3 B 5K RNAT 5% 8 cDNA.
S B T A TREA PR A A&k IR & . 5l
VI AR : Bel-2 B3 514): 5'-ATG TGT GTG GAG
AGC GTC AA-3', NiF51¥): 5-ACA GTT CCA CAA
AGG CAT CC-3'; CCNDI Fii51%): 5'-GAG GAA
GAG GAG GAG GAG GA-3', Rif5|¥: 5'-GAG

(A)
120 —o— MCF-7
100 -~ MCF-7/DOX

80

60

Cell viability (%)
~

40
20

0 - . :
0 2 4 8 16 32 64

DOX (umol/L)

ATG GAA GGG GGA AAG AG-3'; CDK6_L-iii 514 :
5'-AGA GAC AGG AGT GGC CTT GA-3', Niif5|4:
5'-TGA AAG CAA GCA AAC AGG TG-3'; E2F3 L
514y 5'-CCC TAA ACC CGC TTC C-3', FiE5|4:
5-GTT CAC AAA CGG TCC TTC TA-3"; NCOA L
51%): 5'“TGC AGC AGA ATG TCT TCC AG-3', N
5147 5'-“AAA GTT GGC CTC ACC TTG G-3'; TAF4B
514 5-AAT CTT TCT CCG ACA ATG CT-3',
FUE514: 5'-GAC TGT GAT CCA CTA CAT GC-
3'; GAPDH L 51 : 5'-GCA CCG TCA AGG CTG
AGA AC-3', Fii514): 5-TGG TGA AGA CGC CAG
TGG A-3'. Real-time RT-PCRJx W4A & I 5415
SYBR Premix Ex Tap™ia7 &, 2“7 S mRNATK
XA E, LA GAPDHIE SN S . ALK A ER
3K
1.7 EHIZEFIWestern blot5

WS 4 i, & PBSYEUS i H = 275 RMf i [50
mmol/L Tris-Cl(pH8.0), 150 mmol/L NaCl, 0.2 g/L&
2, 100 mg/L Aprotin, 100 mg/L PMSF, 1 g/L SDS,
10 g/L NP-40, 5 g/L 25U AN 128, 2.0 5 Witk
3%, M BradfordVEN & 8 MK ; S5 8 R A
2 10% 1) SDS-PAGEHLUK 73 55 J5 , ¥ E1 & PVDF I
I, 5% MR WKy =R B 42 h, MDR. MRP. Bcl-2.
E2F3. B-actin—Hi¥JLL1:1 000ELFIFGRE , 4 °CHF &
. ZPBSTYES)S, A HRPARIC IR 1 bt
PA1:5 000 L ke, =i ¥ &2 h, &5 FIECLAL
RAFDS X0 W5, i .

B) 5MCF-7

1.2 § MCF-7/DOX
1.0 -
0.8

0.6 -

0.4

Relative mRNA levels

0.2 -

0.0 -

miR-34b miR-34c

A: MTSYZAG M B 25 55 A MCF-741 fig fIMCF-7/DOXIfi 25 28 i 1 39 5 4 45 FH; B: Real-time RT-PCRAZMImiR-34a. miR-34bHImiR-34c7/FMCF-7

4 FAIMCE-7/DOXi 245 40 it v i) 05

A: effects of Doxorubicin on cell viability of MCF-7 and MCF-7/DOX cells were measured by MTS assay; B: expressions of miR-34a, miR-34b and
miR-34c¢ in MCF-7 and MCF-7/DOX cells were measured by Real-time RT-PCR.
1 miR-347EMCF-7/DOXTi 2540 ff o B 3%
Fig.1 The expression of miR-34 in MCF-7/DOX cells with doxorubicin-resistance
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A: effects of miR-34c on cell viability in MCF-7/DOX cells were determined by MTS assay; B: effects of anti-miR-34c on cell viability in MCF-7 cells
were determined by MTS assay.
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Fig.2 Effects of miR-34c¢ on cell viability in MCF-7 cells and MCF-7/DOX cells with doxorubicin-resistance
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A: effects of miR-34c¢ on the expression of drug-resistant related protein MDR and MRP in MCF-7/DOX cells were measured by Western blot; B: ef-
fects of miR-34c¢ on cellular doxorubicin concentration was determined by flow cytometry analysis; C: the expressions of miR-34c targets in MCF-7
and MCF-7/DOX cells were measured by Real-time RT-PCR; D: the match sites of miR-34c on the 3'-UTR of Bcl-2 and E2F3 were predicted by Tar-
getScan; E: effects of miR-34c on the mRNA expression of Bel-2, E2F3 and CDK6 were measured by Real-time RT-PCR; F: effects of miR-34c on the
protein expression of Bcl-2 and E2F3 were measured by Western blot.

E3 %% miR-34cxIMCF-7/DOXT ZH M 25X ER . EESATHXEAREMZIN
Fig.3 Effects of miR-34c on the expressions of drug-resistant related protein, cell proliferation and apoptosis related
protein of MCF-7/DOX cells with doxorubicin-resistance
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A: effects of miR-34c¢ on cell cycle distribution of MCF-7/DOX cells were analyzed by PI staining; B: effects of miR-34c on cell apoptosis of MCF-7/
DOX were analyzed by Annexin V/PI staining.
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Fig.4 Effects of miR-34c on cell cycle distribution and apoptosis of MCF-7/DOX cells with doxorubicin-resistance
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