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Regulatory effect and mechanism of miR-9-5p on malignant biological behaviors
of breast cancer
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[Abstract] Objective: To explore the role of miR-9-5p in the biological behaviors of breast cancer cells and its possible regulatory
mechanism. Methods: online OncomiR database was used to analyze the differential expression of miR-9-5p in breast cancer tissues and
normal breast tissues. qPCR was used to detect the miR-9-5p expression in breast cancer cell lines and normal breast cells. Based on target
gene prediction software TargetScan, ONECUT2 (one cut homeobox 2) was predicted to be the target gene of miR-9-5p. Dual luciferase
reporter system was used to validate the relationship between miR-9-5p and its promising target gene ONECUT2. MDA-231 cells were
transfected with miR-9-5p mimic, ONECUT2 siRNAs as well as the corresponding control sequences. The protein and mRNA levels of
stemness-associated gene NOTCH1, NANOG and SOX9 (SRY (sex-determing region of Y chromosome) -Box transcription Factor 9) were
detected by WB and qPCR. The effect of transfection on proliferation, apoptosis and chemo-resistance of cells was detected by BrdU method,
Annexin V method and MTS Assay, respectively. The ALDEFLUOR experiment was used to detect the effects of miR-9-5p and its target
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gene ONECUT?2 on tumor stemness. NSG mouse breast cancer chemotherapy model was established, and the in vivo experiments further
verified the effect of ONECUT2 on tumor malignant biological behaviors, such as cell stemness and chemo-resistance. Results: miR-9-5p
was highly expressed in breast cancer tissues (P=0.007) and breast cancer MDA-231 cell line (P=0.0005), and was positively correlated with
the poor prognosis of breast cancer patients (P=0.0016). Compared to control group, miR-9-5p could target and negatively regulate ONECUT2
expression, further increase ALDH" cell population (P=0.0006), as well as increase the expressions of stemness-associated genes NOTCHI,
NANOG and SOXO9. Besides, miR-9-5p increased the anti-apoptosis ability (P=0.0003) and chemo-resistance of MDA-231 cells; however,
miR-9-5p/ONECUT?2 exerted no significant effect on the proliferation ability of MDA-231 cells (P>0.05). Compared with the control group,
the volume of xenografts in mice of MDA-231/ONECUT?2 group after DTX chemotherapy was significantly lower than that in the control
group (P<0.05), and the protein expressions of NOTCH1, SOX9 and the mRNA expression of ABC transporter in the transplanted tumor
tissues were significantly reduced (P<0.05 or P<0.01). Conclusions: The highly expressed miR-9-5p in breast cancer induces tumor stemness
and anti-apoptotic ability by targeting ONECUT?2 and enhances its resistance to chemotherapy.

[Key words] breast cancer; MDA-231 cell; miR-9-5p; ONECUT?2; biological behavior; cancer stemness; apoptosis; chemotherapy

resistance
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1.1 EEZEXFFDE

MDA-231.MCF-7.BT474 fIMCF10A 3L i 4 i
B 1 ATCC A 7, pCMV-6 %% 4 5 KA1 ONECUT2 it
F 3k iR p)CMV-ONECUT?2 ¥ H ORIGENE A 7 ,
ONECUT?2 siRNA[SI04346384(#1) , SI04340049 (#2)]-
X B siRNA (Neg siRNA) \miR-9-5p mimic - X i miRNA
mimic(Neg miRNA mimic) ¥4 H QIAGEN A & . PCR
SV Bl TAM TREAR AR G . JEIEREREIK
95 / B E B A G % R [ /TL-2Ry 3 K] 7l B (NOD/SCID/
IL2Ry-null, NSG)/IN iU 5 1t DUAB A E VI AR PR A 7] [3)
YA FEAES : SCXK (50)2019-0010]. % & BAG It
FIEFIMTS k77 3404 [ Promega /A 7] , ALDEFLUOR
Assay 711 & H Stemcell Technologies A ] , Annexin V
A1 BrdU & 7 &% H BD A #] , Lipofectamine2000 F/1
RNAiMax % 475 [ Thermo Fisher /A 7 , RNA &

miRNA J #3577 &% H Applied Biosystems A ] ,
ONECUT2 1 NANOG #it #& I H Proteintech 2 #] ,
NOTCH1.Y Z& A i)k 7 [X (sex-determing region
of Y chromosome, SRY) - & # 3% Al ¥ 9 (SRY-box
transcription factor 9,SOX9) A& GAPDH % & [ )i ff) —
PUHi#R B Cell Signaling Technology 2 7] , HRP #71c
W=EPi R 1gG W B h 2 & A w4 B 3 bR AU B
Thermo Scientific 2> 7] , 7500 qPCR & 4t H Applied
Biosystems A ] , FACS it xU4H A% % 5 BD A #] .
1.2 ) MDA-231 @afie# 4 miR-9-5p mimic4» ONECUT2
siRNA

BN 804 K MDA-231 40 1, K o4 oy 4 AN
e, 43 ) e Y& miR-9-5p mimic. ONECUT2 siRNA
PL K % H 1 %) Bt Neg miRNA mimic 1 Neg siRNA
AU Z4A A7 PBS Y MDA-23 1 41 g f 2 (4 %) 1
H.o 530355 G457 Lipofectamine2000 £ RNAiMax
UL BH P EAT 44T , 48 h JE USCER A M, R 3 e JL R
1.3 fhit# s42% it &K ONECUT2 4 B 49 2a e £
MDA-231/ONECUT2

MDA-231 4ff ffi #% 4% pCMV-ONECUT2 i 32 1A it
Ki,24 hJ5 B PUAE 2R e A IR AR, AN NN G418
CHEZRPIM) 2 &R REIKE 6.4 mg/ml, & H E#H# 5
G418 ¥ 77 3%, H & 4 i 1IE 7 A K 5 AU N SR 7
PBS () MDA-231 4l 7= A IR ZH . N FH WB S5
I1F ONECUT?2 %% [4 Jii £ MDA-231/ONECUT?2 41l g
RHRIE K.
1.4 ALDEFLUOR # & # X K # M miR-9-5p #=
ONECUT2 #% i 3 ALDH'MDA-231 %8 i L 45 69 %5 7

B 4% 41 28 Jb B (F) MDA-231 40 g 1x10° 4, 4% @
ALDEFLUOR Assay il & 1t B 45 , SR 5608 I & 0%
1t ALDEFLUOR {55 5 pl, X} & 4 [ I i\ DEAB,
37 °C ¥ & 45 min, ¥ ¥ J5 K H FACS £ R & I
ALDH 41 i i Lh A .
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1.5 qPCR M MDA-231 286, ¥ 48 % & B 84 % 1% K-F

B % 4H 22 kb R ) MDA-231 20 i 131064, 3% ]
TRIzol % #& B RNA, 10i % 5% i ¢cDNA, 73 7] i A
mRNA ¢ 7 519 517 5 W3 1), B qPCR %
P8 H B, K ll ONECUT2. NOTCHI. NANOG.
SOX9 Fl iR =R 45 & %12 8 1 B1.C1.G2 M
B5 (ATP-binding cassette transporter protein B1, Cl,
G2 and B5, ABCB1,ABCC1,ABCG2 1 ABCB5) 3 [X]
()% i5 K F. LL18S rRNATE NN S, Fif 244 kit
HEREREE.

=1 qPCR3|¥IF75
Tab.1 Sequences of primers used in qPCR

Target gene Sequence

ONECUT2  F: CAAACGCCCGTCAAAGGAGAT
R: GCTCAGATCGTCTTGCCACTT
NOTCH1 F: GAGGCGTGGCAGACTATGC
R: CTTGTACTCCGTCAGCGTGA
NANOG F: CCCCAGCCTTTACTCTTCCTA
R: CCAGGTTGAATTGTTCCAGGTC
SOX9 F: AGCGAACGCACATCAAGAC
R: CTGTAGGCGATCTGTTGGGG
18S rRNA F: CTACCACATCCAAGGAAGGCA
R: TTTTTCGTCACTACCTCCCCG

ABCBI F: GCCTGGCAGCTGGAAGACAAATAC

R: ATGGCCAAAATCACAAGGGTTAGC
ABCC1 F: AGTGGAACCCCTCTCTGTTTAAG

R: CCTGATACGTCTTGGTCTTCATC
ABCG2 F: CAGGTGGAGGCAAATCTTCGT

R: ACACACCACGGATAAACTGA
ABCB5 F: CACAAAAGGCCATTCAGGCT

R: GCTGAGGAATCCACCCAATCT

1.6 WB # | miR-9-5p mimic /= ONECUT2 siRNA
3 % 3f MDA-231 #® 2 F ONECUT2. NOTCHI .
NANOG % SOX9 & & % ik 49 %

HY 28 AT ) % 2L MDA-23 1 20 it , 24/ 2 b $2
SR E L, BCA L E & , IUEE E FF 5 1T SDS-PAGE, #%
JiE, BSA 1, 40 51 I N ONECUT2(1:500) .NANOG
(1:1 000) \NOTCH1 (1:1 000).SOX9(1:1 000) FlI
GAPDH(1:1 000) —JiflF i &, IG5 WE 5 & — bt
(HRP #ric th £ 30 % 1gG, 114 000) , /5 ¥E 5 52 13
Jto A Image J 1.49 8473 A 85 1 2% K AR, R
FIARN Rk &84 H M H 5 N2 8 E (GAPDHD 47
IR AR LR
1.7  Annexin V & X R4 M miR-9-5p A= ONECUT2
3+ MDA-231 @ it 8 = ) % o)

B 2H 2 ME P ) MDA-231 400 1} 1054, e Ja
HAAS pl Annexin V #15 pl PLAF , #5651 E 15 min,
1 h PR FACS HE A I T2 240 i 1 B £51]

1.8 BrdU 4% A ik # ] miR-9-5p #= ONECUT2 % &
3+ MDA-231 m it 38 58 &) %5 of)

B HA M MDA-231 41 131054, #%
Brd U 2 B 2770 6 U B 45 A, JERE R 45 RAT 12 hAT
BrdU# A\, FACS A Wl 386 56 40 it L 7]

1.9 MTS %% 36 4% M) miR-9-5p mimic *f MDA-231 g
RAALTT it 25 1 69 B

B4 4403 (1) MDA-23 1 40250 T 96 FLAR
43 9 FH £ P4 3% (DTX) 10 nmol/L K % &t A (DOXO)
500 nmol/L 4bHE 48 h Ji5 , BEFLANA 20 ul MTS/PMS 7,
37 °CALEE 1.5 h, BhR ORI 490 nm KAk % FLIG %
(D) . dHBEAHXIE J1=D 4.0/ Dypgs 0
1.10 MDA-231 NSG /> &AL 77 #2 A 547 ONECUT2
3t b 98 T 28 FEAL BAL ST AR A 09 35 o

L 7~8 JE S NSG MEME/NER 8 H L, BEHL 7 2 4,
404 K. ¥ MDA-231 flMDA-231/ONECUT? 4 fifg 44
2X10°AN R 53 RN T 55 4 FLIRNE 785U, e 2k
KA2)300 mm’ 5, SNEFF ARSI AMIPREHICEHEE S -
PN AR THE H DTX 572 15 me/ke , 57
— IR 3R 1BIT A IS FHETER FVEAL B8NS,
HUCA R 221 46 o K 2 ALY T RS R 24 B
T A HHR SN, H1]2%% RNA S8 AR5 WB AR
Il ONECUT2 .NOTCH1 .NANOG .SOX9 1 GAPDH [
Fik,qPCR K5l ABCB1.ABCC1.ABCG2 F1 ABCB5 %
IR
111 R & & B R & 5% B 9 #7 miR-9-5p 4=
ONECUT2 #3216 % %

R4 miRNA ZE W) (5 & 2% % 34 TargetScan Chttp://
www. targetscan. org) Til il miR-9-5p A G (1) #L 5 K 2y
ONECUT?2, % #TmiRNA 5 ONECUT2 Z [A] (1 H )7
Hl. ¥t ONECUT2 )3  UTR 41, #% psiCHECK2
9N R 2 # Ak . ONECUT2 ) 3" UTR Jii i 5§,
psiCHECK2 7 Jit I Bk & miR-9-5p mimic B¢ X Hf
miRNA mimic # 4% MDA-231 41 /1 , 48 h J& N F XU 5¢
O 3R g A R i DRI 0 3K 7 6 T 5 A B O 3R R S
P TR B K R R A RO R A .

1.12  Kaplan-Meier Plotter £ £ %~ #7 $L B /& 20 42 +F
miR-9-5p & ik 2t % # OS 49 %7

7f Kaplan-Meier Plotter { #i& 7 #71 °F- & (www.
kmplot.com) H1 45 Z W5 T TCGA #ds = b 1 062 il
LRI B miR-9-5p [FRIE 5 OS 1L, XA 731 K
S RAMBIRE . miR-9-5p &AL RIAE S i (i=538)
FMK (ni=524) 7 21 , 1| F Kaplan-Meier ' Log-rank f5
T, -5 A B PAE K AU B (hazard ratio , HR) o
1.13 %its it

K H GraphPad Prism 7.01 34 1E4T 4047 IR 53
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i R R L ks RN, B TR ELBCR H ek e, 2
2H 18] B 2 K FH One-way ANOVA K656, 4= 47 73 b 22l
HE A7 i 28 9384T Log-rank K636 , DL P<0.05 5% P<0.01
TR EFABGUE L.

2 # R

21 miR9-Sp AR EFEIFHALAEES
R A *
N H OncomiR 7£ £ 24 P A5 2 573 miR-9-5p

TE 13 PANE R 5 I H AR RIS Z 5, 45
RAH1A BoR, 5 1EF R H LA L, miR-9-5p 7E 5L,
JigE 4 2R A S R T (P=0.007) . qPCR G 45 5 (&
1B) L7~ , MDA-231 4f ffl 1 miR-9-5p ik & 2 5 T
1E H FLOIR 41 2 MCF-10A (P=0.0005) , [A 1t % F
MDA-231 40l AT J5 2ERF 5T . Log-rank £ 5 73 41 45
R E10) IR, miR-9-5p (= Kk 4H /B # OS Bk KA
YH AR B AR (115.37 vs 131.54 A, P=0.0016)

A mm Normal = Tumor B C
T %o S B 4 100 HR=1.69 (1.22-2.36)
ag 15 g 48, 3 i o 80 Log rank P=0.0016
v O 3 o= o ¥4 [ a,
32 IL18 L &3 s e N
g & 10 I 2 g Wby
E g & 8 =
£ g 5 [ 1 20 Low
S8 = 0 High
2 ol o LLLLL S Oc@““ W (o 0 50 100 150 200 250
+ g&c\’g\%%ﬁ“‘g%%&{p %&Y\%P‘%\%& Ll Time (t/month)

"P<0.01 vs MCF-10A group
A,B: The expression of miR-9-5p in 13 kinds of cancers including BRCA tissues and breast cancer cell lines; C: The prognostic effect
of miR-9-5p in 1 062 breast cancer patients. BRCA: Breast invasive carcinoma; BLCA: Bladder urothelial carcinoma; HNSC: Head and
neck squamous cell carcinoma; KICH: Kidney chromophobe; KIRC: Kidney renal clear cell carcinoma; KIRP: Kidney renal papillary
cell carcinoma; LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; PRAD:
rostate adenocarcinoma; STAD: Stomach adenocarcinoma; THCA: Thyroid carcinoma; UCEC: Uterine corpus endometrial carcinoma
E1 FLBRFELALA P miR-9-5p MEFRIA S BET RIGEEX

Fig.1 High expression of miR-9-5p in breast cancer tissues was associated with poor prognosis of patients

2.2 miR-9-5p x+ fUAR/E T AL 69 18 4=

WB NS SR (K1 2) 8o, 5FI1 2 ERHRZHARLL,
miR-9-5p it FiA4 MDA-231 ZHg-h T4 A NOTCHI1 «
NANOG 1 SOX9 £ 1 R IE 7K 45 4. 3 T 1y (P<0.01
8 P<0.05),ONECUT2 1A . Tl (P<0.01).
2.3 miR-9-5p 5 ONECUT?2 # ¥e. 15 % &

A TargetScan HITGIIAE (B 3A) 7R, ONECUT2
AJ A AZ miR-9-5p [SEIE R . XU ) 2 Bl S0 A I 45 S
(3B, S Yu7s (b L, EF£ 4 ONECUT2
3" UTR [JFURE K miR-9-5p mimic ZH 3 K 198t /it
B e R EUE B2 T (P<0.01), 1M $% 4% psiCHECK?2
7 EBURLZE I TG B AR
2.4 ONECUT2 % 5 miR-9-5p * it 78 F P AL 4 42 8%
pEEE

WB il 45 5 K 4A) &R, B Y ONECUT2
siRNA 24 MDA-231 4f i 1 NOTCH1. NANOG Al
SOX9 & H IR /K P87 F B R HEZH 33 2 25 T
= (¥ P<0.01). FACS(E 4B FIWB (K40 45 R &
7N » miR-9-5p mimic 41 MDA-231 4l s F ALDH 41l g
bt 1 A 0k B/ 2 B 3 FF s (P<0.01) , NOTCHI .
NANOG 1 SOX9 & [H R IE K1 T 15 (35 P<0.01) 5
7 MDA-231/ONECUT2 41 ffii ' , miR-9-5p mimic 21
ALDH" 41l g bt %1 5 %f B 41 06 & 3% 22 5% (P>0.05) ,

NOTCH1.NANOG F1 SOX9 & [ #& ik /K L i &
ZE 73 (P>0.05).
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Relative protein expression

*P<0.05, "P<0.01
2 miR-9-5p i FKIAF/ N MDA-231 4R h FHEEE
RIBERNRIAKTE

Fig.2 miR-9-5p over-expression regulated the expression

level of proteins encoded by stem genes
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Ttemn Predicted consequential pairing of target region (top) - | miR-9-5p binding site
and miRNA (bottom) Position of 'UTR ONECUT2  ACCAAAG o Pt
Position 1273-1280 of ONECUT2 ' UTR  §' ..GAGAAAACACAGCACACCAAAGA... i [LLEL : : ]
1l hsa-miR-9-5p veGruLe LI I 1 7 aw)

hsa-miR-9-5p - 4 AGUAUGUCGAUCUAUUGGUUUCU
Position 1296-1303 of ONECUT2 ¥ UTR  §'  ..AGCAGAAUACUGCAAACCAAAGA...

LILLLT] ok ns . 2 5
hsa-miR-9-5p 3 AGUAUGUCGAUCUAUUGGUUUCU o 15p 7 1 ©Neg miRNA mimic

= = miR-9-5p mimic

Position 1671-1678 of ONECUT2 ' UTR  §' .. AAUUACUUAGUCGAAACCAAAGA... &= 10

LILLLL] )
hsa-miR-9-5p 3 AGUAUGUCGAUCUAUUGGUUUCU 5 5
Position 2033-2040 of ONECUT2 3' UTR  §* A.ACUCAACAGCUACAAUA(I:(]_‘AlAIAl(iA.“ 0 :
hsa-miR-9-5p 3 AGUAUGUCGAUCUAUUGGUUUCU 6;§ &0
Position 2450-2457 of ONECUT2 3'UTR  §' ...CUCCCGAGCCACAGMCCAAAlGA... CQ'\I ;}Cz

[LRNN

hsa-miR-9-5p 3 AGUAUGUCGAUCUAUUGGUUUCU O$) <

"P<0.01 vs Neg miRNA mimic group
A: ONECUT?2 was predicted to be the putative target gene of miR-9-5p by Targetscan; B: miR-9-5p negatively regulated
the expression of ONECUT2 gene
3 miR-9-5p #L[E] F21FE ONECUT2 EE KX
Fig.3 miR-9-5p could target and negatively regulate ONECUT?2 gene expression

\sd
A \ &"’ B
°o %
‘8’ ¥ O 5 s © PBS 3 Neg miRNA mimic
7 - Neg siRNA = miR-9-5p mimic
onecun2 [(EES=d] 5 v R -
g 3 g 2
S 2 + (|
e, o 1
soxo [N o 1 : Ol
GAPDH [ = 0 0
2 &S $ > S
&Q § &Y v
& S XY &
L
C P
MDA-231 MDA-231/0ONECUT2 §Y'
g g
&4‘ R 6‘\° @\6‘ \ e\c =
ax \ PBS
@Q? er‘s& Q\- 9-'8@ Bl Neg miRNA mimic

mm miR-9-5p mimic

5 ONECUT2 NOTCH1

NANOG SOX9

onEcur: (I S EN S |

NOTCHII““-“ - -o]

NANOG | e = e e = == |

Sox9 [T e= o= em o= ==

GAPDH | s e s s e s |

Relative protein expression

'P<0.05, "P<0.01
A: Knock-down of ONECUT2 in MDA-231 promoted the expression of stemness-related genes (NOTCH1, NANOG and SOX9);
B: Effect of miR-9-5p or ONECUT?2 over-expression on the proportion of ALDH™ MDA-231 cells; C: Effect of miR-9-5p or
ONECUT?2 over-expression on the protein expression of ONECUT2, NOTCH1, NANOG and SOX9 in MDA-231 cells
&4 miR-9-5p/ONECUT2 2 5B LA MDA-231 B9 F ML HFE
Fig.4 miR-9-5p/ONECUT?2 axis regulated cancer stem-like properties in MDA-231 cells

2.5 miR-9-5p/ONECUT2 #h 3 MDA-231 @ J B ==, A /KI5 3% 2 5% (2 P>0.05).

378 AL TT it 2 6 RS el MTS SE 56 46 Il 45 5 (B 50) &R, £ DTX Al
FACS il 45 5 (B SAB) B, SN AR DOXO T F , miR-9-5p mimic 21 MDA-231 4 g i

A EE , miR-9-5p i % ik 4 Al ONECUT2 ik % i& 4
MDA-231 2 ff i) 30 T /K 7 35 5 28 R P& (33 P<0.01),

JIRON W 2H 2 T i (3 P<0.01) .
qPCR A5 I 25 5 (& 5D) & B, miR-9-5p mimic 2
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MDA-231 il i 1 ABCB1.ABCG2 2 ABCBS5 ] mRNA
ACPREEBHRALE 2 FI (P<0.05 8L P<0.01) .
2.6 ONECUT2 * NSG /s R #7 /g Al 69 % ofs

WB Al 45 5 (] 6A) .7k , MDA-231/ONECUT2
40 - ONECUT2 £ H 3 15 /K 1 5 MDA-231 411 i

% P B A R MDA-231 41 B F% A5 98 1 /N BRUOAR L,
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