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Effects of miR-93 antisense oligonucleotides on cell proliferation and

apoptosis in breast cancer
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[ Abstract]Objective : To investigate the expression of miR-93 in breast cancer tissues and to explore the regulative effects of miR-93
antisense oligonucleotide (ASO) on the proliferation and apoptosis of breast cancer cells. Methods ; Expression of miR-93 in 120
breast cancer tissues and their adjacent tissues was detected by real-time quantitative PCR. After transfection with miR-93 ASO,
biological effects of miR—93 on breast cancer cells were measured by MTT assay, colony formation experiment and flow cytometry.
Results ; Expression of miR—93 was higher in 63.33%(76/120) breast cancer tissues than in adjacent tissues(P<0.05). miR-93 ASO
could reduce the expression of miR—93 significantly (P<0.05). MTT assay results showed that breast cancer cells survival rate at 24,
48,96 h decreased greatly after transfection with miR-93 ASO(P<0.05). Clone formation assay revealed that colony formation rate
was significantly lower in miR-93 ASO group than in blank control group and nonsense interference group(P<0.05). Flow cytometry
indicated that the apoptotic index was significantly higher in miR—93 ASO group than in two control groups(P<0.05). In addition,
Bel2 mRNA and protein levels were significantly decreased after reducing expression of miR-93. Conclusions:miR-93 is overex—
pressed in the human breast cancer. Reducing expression of miR-93 can effectively inhibit the growth of breast cancer cells and pro-
mote apoptosis . miR—-93 may become a new target for the regulation of gene expression in breast cancer.
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PCR (77200 miR-93 FEZLHRFRZH L (1 ik 1
B, RIS I A miR-93 ) SUZ TR (antisense
oligonucleotide , ASO ) 1] miR—93 7 FL ik I 41 it
A2 3K, I I miR—-93 X L A Jis 4 Jitw 154 5 A0 i
TR [R5 A LA () 23— AL
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1.1 ##

L1 IGPRBER 4R 2006 4F 1 3 2 2011 4F | ARET™
o = EREFUIR A MR LI KO R S5 20 VT ARFRAR (n=120)
PR bR AR 2R B2 AT 012, ¥ o0 ot s 4R IR 31~68
& A BAEARTTEI AR Z T .

.12 FERH FLRE MCF-7 F1 MDA-MB-231 28 0 1l
[ i ERERE A% ; TagMan miRNA 43R5 & (55 H
ABL A7) ) s DMEM =5 8 8 5 5 (A6 o2 1800 S R B 4 4 BR 2
w1 R4 M8 (3£ E Hyclone A 7)) g 4K Lipfectamine™
2000(ZE [ Invitrogen 22 7] ) ;miR-93 ASO (K FAEH AT ) ;
Annexin V-FITC J8 T4 0R) & (B 9L A A BB H
PR & (ARt RISE ) 5 BT Bel2 FTEREDUA (L E
santa cruz A ), B-actin —HL (AL P EHAH),

12 F#

12,1 ZOGER PCR AT miR-93 (U535 KA RNA I
IRFNFEBURR A LR 57 4T B RNA, e e, -80 Cf
17 12 miRNA 3Bl &AM miR-93 133k, & 5EHL
2 g b RNA RS 3 wl 300 A BRSOV A
F9 20 wl, S 216 °C 30 min, 45 °C 30 min, 85 C
5 min, SOV ZEHE W8 <DNA, K SYBR Green 5 8K
MR8 4514:95 °C 15 min;95 °C 30 5,59 °C 305,72 °C 30 s,
345 AMIEHR B J5 72 CIEAH 7 min, 7EEE MG RN
W . BIE R ON RPN 510 10 bRk 2E , BIEHE
IR Co ARPEARHE RN 55 H A BE 1) mRNA &, 050
K 3W,

1.2.2 miR-93 ASO Wit FRECA miR-93 fJF 51 (hup:/
www.sanger.ac.uk/software/Rfam/mirna ) , 5T H: ASO F731 , iz
FH NCBI BLAST # B 27 LIHEBR TR [REF5 . 540, 1R
BT — 25 T0 ST PR BT, a0 R i . )R X miR-93 11
SI¥F4 .5’ ~AGUCACUAGUGGUUCCGUUUA-3" , FiiF5 14
J5%1 .5’ ~-TAAACGGAACCACTAGTGACT=3" , FEHLIF 4 I i
I .5’ ~-UUCUCCGAACGUGUCACGUTT-3" , R34
JF%1 .5’ ~ACGUGACACGUUCGGAGAATT-3" % L geig
WA NFE

123 4L 7R A ASO #54¢ % MCF-7 Fl MDA-MB-231
LM 40 B P T 10% i 4 155 DMEM K5 33,37 °C 5%
CO, &M I HE3E, i8H Lipfectamine™ 2000 YR A AT
By miR-93 ASO 4k i 4333 Jy 1 50,100,150 ,200 nmol/L
F1250 nmol/L, AR SEHZH i 5t H oA 2T 4 150 nmol/L.,
B L 5 35 SRS TR) 3000 0 24 48 72 h, W) H e A T
[ 48 h, FR#RAEERE 3 K,

1.2.4 %6 i PCR K% 4 miR-93 ASO X miR-93 3%
IRARAY FEYLZHEE S 150 nmol/L ) miR-93 ASO 48 h )&,
PRIUEL RNA 2 R B2 | 303 58 e DNA (I A5 F IR 1.2.1)
M5E cDNA #FE . iz JH microRNA #3013z 7] &A% 11 miR-93
IFeIk (BIRSHER 1.2.1), FREEERSE 31K,
12,5 TEBEJE ARSI RN FLAR I AU A 45 Ll 3
225 AR HRAR, JE SCT R AN miR-93 ASO 41, %% e LRI
MCF-7 Fl MDA-MB-231 Ziiffl)5 , B 4502 < 100 20 B 2
F 6 LI, 29 400~500 4/A4L, B 37 C.5%CO0,, i FFE 2~
3JE RS R SR AN I A R 10, 224 HE B PR MR ] AL ) B e
ANf AR, 2 R ANREREE 00, PBS PR 2 ¥k, [ 20 min,
FE WL, IR A = Y L e 7 30 min, Z 5 R ddHL0 5
PRYL T, T R R G AT R R R T 50 A i i
1) T BN, B B 1 IR = T 4 50/ 12 b AT LK x 100%, 1A
BEEL 3K,
1.2.6  MTT Kl FLAR S A0 A3t 1 . SEaR o 4ilm] 1.2.5,
IAE4-2H MCF-7 F1 MDA-MB-231 Z0ifd, H440ME 75434750,
FEANT 96 FLIGFRMR(6 x 10° A/4L) , 24 h SRR, BEA 6
NEFL, YT 1 RES 4 K AL MTT 5] (e
95 mg/ml)20 wl, 78 5%C0,.37 CLIF FARLEWFE 4 h, 14
FL 3 A DMSO 9L 150 wl, ZEZ IR4T 10 min, ISELTE
fifte MTT 25, MEAFLBOGIE (P 490 nm),, HHER 3
W FTAVATIT AN A KA R (%) A A K %=
(B T34 A gy =X HEEZH T35 Ay )5 B T35 A g X
100% iR ER SR 3 K.
127 AN Fran e R T sEee s dE 1.2.5,
P ZLE AR T 6 LA, 42 miR-93 ASO,48 h JFUk
LA, PBS 30 2 vk, B0 37 LI . feJAiE ] Annexin V-
FITC F3108 T30 0 13 X 40 0 SOG4 2L 200 A ) 100
TR, FREMEES 3R,
1.2.8 H4&ZHANM Bel2 mRNA (835K 52564340 [
1.2.5, £ LA AT A S50, FEHUE RNA, 33 5% 5% 8 ¢DNA iz
JJ SYBR Green Real Time PCR Master Mix 18 1 9¢ Y6 E =
PCR 752460 Bel2 B9 mRNA ik, Bel2 BB 1 M5 4 i .
5’—AACTGGGG GAGGATTGTGGC-3" ; Fil#:5’~GATCCAGG—
TGTGCAGGTGCC-3" . J 44 .95 CAEM: 45 5,58 CiR K
45 5,72 CHEAH 30 5,40 DMEFF . UL GAPDH AE NS, 1
ABI7500 J2 ¥ -5 LT PCR N,
12,9  Kill 45 20 40 Hf Bel2 B RIB KT SEa 44l IR
1.2.5, WA AL FURR I A0, 328 FHB 2 P 3 BB 4 I
1,4 10%SDS-PAGE LK GG e RSSHCAE & 5% BiNg 5
WA TBST 22 ol 37 CHFA 2 h, Il—PiF B 1:600 i
BB Bel2 B FEYIAR, 4 Cik 7%, 1 x TBST ZZ 1l 3 1R
(BHR 10 min) , IR i AL B AR 10 A LU AT SR TG (1
5 000 FiBs), BT 37 CIER 2 h, 1 x TBST 28 ik 3 IR (FFIK
10 min), iz H ECL k2% & 6040 00 B 9 8 (1 47 . LA B-
actin fE NS
13 %itam

K FH SPSS 17.0 Gt A b A5 43 #r . THE B LY
B+ AR (v x5 ) Fom I8 BOE5 2HE LLBCR - B RR S «
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2.1 SUBIEZELE miR-93 #9 Ak AL

PR B PCR AN 120 7L AR I 6 A\ B 5541
AU miR-93 (3K, 455K I . 63.33%(76/120) 55 51| FLAR
FEAH 2 miR-93 YIRS o5 T AH X L 9 1E 98 55 A 41 45
BB G X (1=34.66,P<0.05) (K 1),

1.2
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Fig.1 Box plot of miR-93 expression in breast cancer and
adjacent normal tissues in 120 patients using real-time
quantitative PCR

22 % miR-93 ASO J& 3 miR-93 & ik #9 % v

PeIGRE i PCR 7 K i 45 SR & TR . MCF -7 201 s e
miR-93 ASO £ miR-93 i AH%T ik 7 (0.16 + 0.04) 45
X HRZH (0.41 + 0.09) FL YL BEAL ASO 41 (0.43 +0.08) B i [

{5 (4] F=292.43,P=0.000) ; MDA-MB—-231 41l i [7] 4 & 3%
miR-93 ASO Z1 miR-93 M AAXTF ik 4 (0.18 +£0.03) 375 H
XF HRZH (0.53 = 0.07) AL JLBfiAIL ASO 2H(0.59 £ 0.11) I & R
P (418] F=366.75,P=0.000), W& 2,
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Fig.2 Changes in expression of miR-93 in MCF-7 ( left ) and
MDA-MB-231 ( right ) cells after the transfection of miR-93 ASO

MTT Ffr 45 55 % B MCF-7 A0M0: Y miR-93 ASO £1Y
AR S PN R RL YL REHL ASO 2 W S Jai i | 112 %) HR
ZH AL YL REAL ASO ZH AN A= KA L TC I B 2251, U3 1 Fn
%] 3, MDA-MB-231 4Hjifi 5 MCF-7 ZHf4s 5 —3k, W3 2 fi
3,
2.3 Ak miR-93 &9 & ik FUME R 2m L3 5449 %5 vh

TEREIE RS0 45 SR . miR-93 ASO 4% MCF-7 41l
Ja , UBETE % (12.23% ) Ho2s 6T IR 4 (46.25% ) il e
FEAL ASO ZH 21 (47.14% ) B & %A% (P<0.05), MDA-MB-
231 4iifi 5 MCF-7 404 R —3 (miR-93 ASO TEREIE iR
R 11.52% , %5 O RRZE R YL BERL ASO 2053510 43.15%F1
42.86%) , WLIE 4,

F£1 AELIEA MCF-7 HMEEZRN AE(n=3,x £s)
Tab.1 A value of MCF-7 cell proliferation rate in different groups ( n=3,x +s )

20 31 0Oh 24 h 48 h 72 h
25 PG IR AL 0.503 +0.069 1.663 +0.084 2.828 +0.16 5.448 +0.158
BEULFRAL ASO 4H 0.501 +0.081 1.628 +0.091 2.763 +0.141 5.523+0.119
miR-93 ASO 2 0.504 +0.086 0.724 £0.073 1.241 +0.078 1.528 +0.131
F1H 1.162 15.413 43.970 29.192
P 0.876 0.006 0.003 0.009
FEYLBERL ASO 41575 FIXHIRAL P{H 0.774 0.090 0.104 0.436
miR-93 ASO £H5%5 (X R AR LE P A 0.457 0.003 0.004 0.007

*2 AE4IEHE MDA-MB-231 HIEER AE (n=3,x s )
Tab.2 A value of MDA-MB-231 cell proliferation rate in different groups ( n=3,x +s )

21 51 0h 24h 48 h 72 h
25 6 R ZH 0.527 £ 0.071 1.629 + 0.094 2.753 £0.157 5.376 +0.169
YRR ASO 41 0.544 + 0.085 1.613 +0.083 2701 +0.137 5337 +£0.123
miR-93 ASO 2 0.547 £ 0.073 0.695 + 0.093 1.113 £0.178 1.346 +0.169
F1i 0.060 30.437 18.951 15.219
PAE 0.921 0.002 0.005 0.007
EULRHL ASO 415575 (XS RR4L P (E 0.432 0.220 0.104 0.431
miR-93 ASO 2575 (X RRZHAH LE P {i 0.900 0.007 0.230 0.004
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Fig.3 Growth of MCF-7( left) and MDA-MB-231 ( right ) m ‘ ;
after the transfection of miR-93 ASO e :
Annexin V Annexin V Annexin V
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23 I R ZH miR-93 ASO 4]

4 #:# miR-93 ASO J§,MCF-7( Lt ) #1 MDA-MB-231( T )
RETT PR AR A R AR
Fig.4 Significantly reduced colony formation rate of MCF-7
(upper ) and MDA-MB-231 ( lower ) cell after the transfection of
miR-93 ASO

2.4 A% miR-93 49 F A xd SUR R 2 I8 04 % vm

FUIRERANIE MCF-7 544 miR-93 ASO J& , Wiz 40 {3
AR T A 25 R BN . miR-93 ASO 4T HE%0(39.12%)
2SN R (9.26% ) FIE L BEAIL ASO 2H (8.84% ) B i 3 i
(F=43.67,P=0.005), MDA-MB-231 Zififi 5 MCF-7 4ifitus
— 3 (miR-93 ASO AT HEEN 40.32% , 75 1% L Frf
YLBEHL ASO 415390 11.429%F1 9.1%) , WIF 5,

5 VAR miR-93 ASO FLfERI MCF-7( L ) #n
MDA-MB-231( T ) HALA TR
Fig.5 Apoptosis in MCF-7(upper) and MDA-MB-231(lower)
cells after the transfection of miR-93 ASO detected by flow
cytometry

2.5 4K miR-93 #9 £ ik 3+ Bel2 mRNA F2 Bel2 & & £k 84

miR-93 ASO ¥4 MCF-7 fll MDA-MB-231 #ijii)5 , #I
JHFE 6 E & PCR 1 Western blot #5288 55 2HZHifd 7 Bel2 mRNA
1 Bel2 25 AR K, 45 58 & B miR-93 ASO 41 Bel2 mRNA
1 Bel2 2 AR 218 7K B AR T 25 1 X R 2 RN % B
HLASO 41, WL 3,15 6 & 7,
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=) a 9
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a. P<0.05

E 6 Bcl2 mRNA 7Ed5# miR-93 ASO HJ MCF-7( & )#A
MDA-MB-231( 4 ) Bl RIET N
Fig.6 Expression of Bcl2 mRNA level in MCF-7(left) and
MDA-MB-231(right) cell after the transfection of miR-93 ASO

& 3 &R miR-93 [F& A4 Bcl2 mRNA R EBHRIZIEMR (n=3,x£5)
Tab.3 mRNA and protein expression of Bcl2 after miR—93 down-regulation in different groups ( n=3,x +s )

450 MCF-74fit mRNA ~ MDA-MB-2314fi/li mRNA MCF-741Mi8 T MDA-MB-23141/{i& 1

RS POisti:) 4.20+0.34 5.23+0.24 0.73 £0.04 1.00 + 0.00

HULRENL ASO 21 3.92+£0.08 5.43+0.32 0.88 +0.61 1.08 £0.19

miR-93 ASO £ 1.03+0.11 1.44 +0.06 0.15 £0.02 0.12 £0.74
FAY 73.805 112.663 38.680 141271
P 0.005 0.004 0.001 0.000
FLULBENL ASO 41575 FIXTRRAL PAH 0.261 0.445 0.441 0.280
miR-93 ASO £ 575 [FIX REZHAH L PE 0.006 0.474 0.007 0.005
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MDA-MB-231( & ) iR HIFRIZ T
Fig.7 Expression of Bcl2 protein level in MCF-7(left) and
MDA-MB-231(right) cell after the transfection of miR-93 ASO
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F9E B 2 F 92 miRNA J&— 285 B9 55 DR 3
F, HAE G A g AR e S T S R T
rh AR HEME®, BEE miRNA 1A
PRULSGBEBE ARG, 5T K& B miRNA 5 9% AE
(1) & Mo 28 5 # G K10 [ b miRNA A3 7]
BB LA 12 W I J88 1 0~ 2 R U ek e 12 28
R KT 04 F 5, A miRNA 7855 5% 5 7K
SR I R A 23, 0K B A Bl TRAE 1Y R
RI FIN2 WA FE T e B R R RE
A RO FH AT 5

FURRIE R Lo PE e w UL 22— HATE
25 1A T TR R ] 2 O B RN G B A e A A Y
PR, BRI LR AT S BRI A5 5 RS  IF iliA s b
INEEHR T LIFLRRE K PR B TR AR R RCR
FCHAR ) DRI, 30 M R E T i R b i ok
iE— 2 E FUR I I RS W ORIk BEE
miRNA WF5ZHHE 2 R A W5 B U SE 1R £
SR I miRNA 0] LU o 4% H AR L R g9 2=
T 1T 91T A0 45 LRI TE PN B 22 ROl s 0 % AR
KR W R IR (14) i 16 S e 4 A R & e aod
o ) S IR miRNA K A2 A9
KE A4 AT R R S AR T, R Ba oh S LR AR Y
IR IRAE T A, FEHGE miR-93 fE £
T g 2 U R A i b SRR 3 Ry, {H miR-93 7EFLAR
FETRIVER HRTIE A2,

ARSI B SR F A2 ¢ B PCR Rzl PR
FLIRIEBRAS TS L A9 1 H R 55 4140, 52 k0 miR -
93 TEMR Ll ZUh B B S R, i 2 S B A it
X, X R miR-93 TEFLIME KA & b &
HEEMEH, BHRiA KEIFEEN B miRNA %11
AHIE ) ASO S AFSY miRNA 78 20 it rp i A= 24 3
fiemn. R T B0 miR-93 XL MR 40 U T BE
(A5, AR S0 1 SE il i % 4 miR-93 ASO FEAILEL
Hgea U sh miR-93 (3K, [RI A MTT J5 346
DIFEAR miR-93 (19335 )5 ZLARIE 40 i AE KR O, 45
TR miR-93 ASO PRI 40 A7 50 i

FEAIG . Bb oz I Se R TR il S 56 LR 21 4% YemiR —
93 ASO Jii , L W95 40 B 5w P P B3 LL 25 1 6T 2
HTC ST PR B asib . W] miR-93 7EFL AR 41
M A b B G AR EEVER

F T AT AR miR—93 2831k % L I g8 4
LI T LA 2 | AR SI2 56 328 FH 9 X 20 e SRS DN 240
MEPH T O, 25 5 % BUEE Y miR-93 ASO ZH 4 e
TR FRAL A 340, A Bel2 S4MIEI TR
BY) . AIESE miR-93 X L AR R 40 AR T 0 5 2
55 Bel2 AHC, AR SZE M A I miR-93 ASO ZH Al
X HEZ Bel2 B9 mRNA FIEE FARfk , 45 50k BG% Gy
miR-93 ASO ZH Bel2 mRNA FI8E [ 7K B i PR A
X FEH] miR-93 AJ AEIE £ 71T Bel2 (1432 1K 1M 52 M
YA PR T, DT 1 — 20 SR 21 X 2 4 i A R
AR

ZE B rid , miR-93 78 45 2L R 9 40 AR 0% 34 5
ATy 1 R R AR, HAR v RE A — 2L AR
TR S RTARIC A , S ZUR R I RS BRYR Y7 B
(A AT
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