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The study of screening breast tumor suppressor microRNA in mice
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[ Abstract] Objective To investigate the functional role of 25 microRNAs in breast cancer,and to find new tumor
suppressor microRNAs that may serve as specific targets of new gene therapies. Methods  Twenty-five microRNAs
expression vectors were constructed and stably transfected into mouse mammary tumor cells 4To7 by Lipofectamine2000.
Cells were selected with G418 and sorted by Flow cytometry. The cells in logarithmic phase were collected and 2 x 10°
cells/mouse was inoculated into BALB/c mice via tail vein. Lungs were harvested 14 days after tumor cell inoculation, and
the number of metastasis foci was counted. Results Mice inoculated with mir- 449a-expressing 4To7 cells via tail vein
developed reduced lung metastases compared with mice inoculated with negative control cells. Mice inoculated with mir-
1935-expressing 4To7 cells via tail vein developed increased lung metastases compared with mice inoculated with negative
control cells. Other twenty-three microRNAs neither promoted nor inhibited lung metastases of breast cancer. Conclusions
Two of twenty-five microRNA were identified to be associated with breast cancer metastasis. MiR- 449a may play a tumour
suppressor role in the regulation of migration and metastasis in breast cancer. miR-1935 transgenic over-expression
promoted tumor growth and metastasis.
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miRNAs A % 15 % &, W1 miR-335, miR-206, miR-
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1.1 FRIE miRNA 3Rk S0 2 R ALl &

FRUE miRNA 3R Gk 800K B W B 8t &R 8
( OriGene Technologies) ,25 & miRNA Fij{& £ FR & T
BEULZE 1 (JF%1Z W miRBase) #5417 Sefl F1 Mlul il
IR, B 7E B ) pCMV-MIR /KK CMV 3 3h 1
T, miRNA B 751K 22 600 bp, £17% 60 -
70 nt [ pre-miRNA HH#EHF I 250 - 300 nt (41
B, LI Lo IE B TC R AR I IS, TR/
P& BN JC K S BEULTE, PR 2R B2 TR 1 ng/pl
DI, T 40 2 Ge s g
1.2 ZHAEiESE

JNEUEL I 9 0 ML 4TO7 | 5236 % AT, &
10% BG4 L35 (PAA) (100 TU/mL H & £ ,100 pg/
mL 5% % X I DMEM ( GIBCO A ) 85 3% 5 4F K
4TO7 MRS F2, T 5% CO,,37°C 4l fE 15 3748
PR IR

K g B4 2000 ( Invitrogen 23 &) Yt 4TO7
A ( ELAAR e G 20 R 2 BRAIE B4 2000 #RAE TR ) o
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(AMRESCO 24w ) By K5 35 W i e i i 2 Jal | 18]
%% ( Nikon TS100) T BRBE Lk (0258 b se BEIEAT ™K
Kt ot 2 A B A 4y 3k ¢ (0 58 O bR e B e R ik
MicroRNAs #iiffl, Jf-4" KEF 5%,
1.3 XY

BALB/ ¢ /]NEUI [ b 5 4 38 1) 48 5256 3 ) AR
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SPF) A4 3% 18] ( SYXK ( 5% )2009-0003 ) 1/ 3%, FF A
SEOGHRAERR T 38 280k S0 Sl Wy A 53 BT S 5 Bl )
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2.1 25 7 miRNA RiZHFEHHE

25 Z5FLUE miRNA B (3R 1) #5417 Sefl A1 Mlul
VIO A, B FE B 5] pCMV-MIR A& 19 CMV 5 3h
TRU(E ), e dead b, i R LD eV )
2983 miRNA Hil AR 3k 0 s miRNA |, % 74 3
AR AN = D BEPE . 3X 28 miRNA Fi AR 45 H 2)
AE S5 MR O R B DI BE AT LUy =28 &1
SCER I IE 5 9 AE 5C R UIAY 7 FF miRNA Jp - 40
mir-133a-1 .mir-148a . mir-24-2 . mir-375 ,mir-376 . mir-
421 \mir449a ; SIEFE LR AR MY 12 FF miRNA 731
A mir-1-2-as .mir-466d .mir467e .mir-487b . mir-546 .
mir-568 | mir-654 | mir-668 | mir-682 ., mir-692-2 | mir-
763 \mir-764 A% ; A BT HT &K LAY 6 Flt miRNA 43
F 4345 mir-1193  mir-1895 , mir-1902 . mir-1931 _ mir-
1935 .mir-1940 %5,
2.2 25 7 miRNA KT EF M RA0E L

Zoad gy GA18 T s & U A0 M A e 3RS

pCMV-MIR

1 miRNA FRZR AR A

Fig.1 The construction of miRNA expression vectors

3K 25 B miRNA B9 G A0 re b, 408 2B
PN B R E , miRNA R AL Al i i B 28 AR Ky
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S, HoXE BE 40 M & = 2% miRNA () B 5 40 i
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F1 25 FERUE microRNAs S35 K e

Tab.1 25 mouse microRNAs and related cancer

i FUE miRNA 6P A miRNA P R iR B AR i 2R ik EHEF#E&?A}%%J&‘E
ID Mouse miRNA Human miRNA Related cffmcer Expression ITIEM/EFH
or cell lines Function
SC400736 mir-1193 - - - _
SC400759 mirl —2-as MIRI -2 - - -
SC400764 mir-133a-1 MIRI33A1  fili 35 A WO AN | a5 0l T FEGPH T AT S )
SC400785 mir-148a MIR148a H WiB T AR R
SC400816 mir-1895 - - - _
SC400826 mir-1902 - - - _
SC400840 mir-1931 - - - _
SC400844 mir-1935 - - - _
SC400852 mir-1940 - - - _
SC400937 mir-24-2 MIR24-2 MCF-7 FLAR S 40 i ST
SC401020 mir-375 MIR375 SLITE E B0 R T Fife 3 o ] 013
SC401021 mir-376a MIR376A1 FEA R AR T G S g )
SC401036 mir421 MIR421 B9 | A 1A Vs PR T
SC401044 mir449a MIR449a opd L R L T 5] 5 S 716 -20)
SC401066 mir-466d - - - -
SC401082 mir-467e - - - _
SC401094 mir-487h MIR487B - - -
SC401119 mir-546 - - - _
SC401122 mir-568 MIR568 - - -
SC401131 mir-654 MIR568 - - -
SC401135 mir-668 MIR668 - - -
SC401168 mir-682 - - — _
SC401182 mir-692-2 - - — _
SC401220 mir-763 - - - _
SC401221 mir-764 - - - _

. -,JG, Note: — ,no.
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2.3 miRNA i ERIAITZL IR E MG R EFRkZEIE

2.3.1 23 Fl miRNA 1 3 35 %5 L R 8 40 B il &% %%

TCH 8 A A ) 2 A

FERT A I (1 2 E R 3K miRNA /) 4TO7 24
JH FIRE fE 223k % FRERAAR 1Y 4TO7 2043 )% BALB/
o /N T B CRERT 14 d J, IREALAE | i) B
W BTl EB g 25 B H S5 SR R B, RN R4
AL, BHE 2 A /0N BRI 20 2 28515 %5 B A B fh 3
T L | ROHX 28 miRNA 1226 58 % B 40 it Y
it 7% JC A S A P sl AR A (T8 3)

ABCDEFGHIJKLMNOPQRS TUVWX
434H(Group)

HA-X 2338 4To7(n=6) \mir-1193(n =3) .mirl 2-as(n =5) |
mir-133a-1(n=3) mir-148a(n =6) ,mir-1895 (n =4) , mir-1902
(n=3) mir-1931(n =6) .mir-1940(n =6) ;mir-24-2(n =6) ,mir-
375(n=6) mir-376a(n =6) .mir421 (n=5) mir466d(n=5) .,
mir467e(n=6) .mir487b(n=6) mir-546(n =6) mir-568 (n =
3) .mir-654(n=6) mir-668(n=3) mir-682(n =6) mir-692-2(n
=6) .mir-763(n =3) fl mir-764 (n =6) ,

B3 23 F miRNA X 7L i 4%

JCH S A o B AL AR
Note: A-X were 4To7 (n =6) \mir-1193(n =3)  mirl 2-as(n =5)
mir-133a-1(n=3) mir-148a(n =6) ,mir-1895 (n =4) , mir-1902
(n=3) mir-1931(n =6) .mir-1940(n =6) ;mir-24-2(n =6) ,mir-
375(n=6) mir-376a(n =6) .mir421 (n=5) mir466d(n=5) .,
mir467e(n=6) mir487b(n=6) mir-546(n =6) .mir-568 (n =
3) .mir-654(n=6) mir-668(n=3) mir-682(n=6) mir-692-2(n
=6) .mir-763(n =3)and mir-764 (n =6).
Fig.3 Twenty-three microRNAs neither inhibited nor

promoted lung metastases of breast cancer

2.3.2  mir-449a #H| R FR KR R A K

W TS AU R 7 e B X6 BR 2R A4 1Y) 4TOT 40
I FNAS E 23K mir-449a 119 4TO7 4535 % BALB/
o /NPT B CERN . 14 d I, BREBALAE | i 5) BL
M GEvH IR R 45 B H . 25 AR B, FOR IR A
AL, BHEZH BRI Fh 2 35 mir449a 1 7L A5 ik 8 40 it
() /INERU T 20 2085 740 8 H 350 /D, B RS R R BRI

(El4),
A . & A .
: §/‘§2’¢ A% 4707
@ “ 6111#-44931

300

B

N W
[=RRY
==

100 P<0.01

Jie 98 45 5 4
(THe number of tumor nodules)
0 O
f=) Lo =]

4TO7 mir-449a

TE A IRAH A F VKRS MU T mir449a 3 323K 4TO7 41 il 2
FRIKES MR ; B 5 X TEALMT LE , mir449a 2635 21 I 45 15 5% H
B4  mir449a i Rk Wi o 55
Note: A, Tail vein xenografted tumors of control

B, The

number of metastasis foci in the lungs from mice

cells and cells expressing mir449a;

inoculated with mir449a-expressing 4To7 cells via
tail vein was significantly decreased compared with
mice inoculated with negative control cells.

Fig.4 mir-449a over-expression inhibited

tumor cell metastasis

2.3.3 miR1935 fE it R E kR AR A K

PR AR DT 2 E R 3K miR-1935 19 4TO7
1 it RN R ek B X B 2R AR 1) 4TO7 41 i 43 531 X6
BALB/c /NERHAT R#FIKEERN . 14 d J5, REBILLIE,
fi R O, Ge T Il R s R H L, SRR, AN
X BRI AH LE , BHAE 4 R4 P 2235 mir-1935 19 FLAR
TAAHRRL A /N BRGNS R H BE R 2 R R
BIn(Es) .

3 itig

JUIRR e s S G P R e R B AR W SR R 2
—, IR FAZ ML S BL R 1 S B0 AIF 7 AN AT RE 5E 4
A NAASHE AL A AR RE 2 58 B, 26 50 7 AR LAY
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4TO7 mir-1935

T A R AN A 1 kRS AR 1 mir-1935 3 33K 4TO7 4if
KRR ; B . X HRZEHAH LY, mir-1935 FIRH MR 451740 B
FHm,
5 mir-1935 RN (LIRS
Note: A, Tail vein xenografted tumors of control cells and cells
expressing mir-1935; B, The number of metastasis foci in the lungs
from mice inoculated with mir- 1935-expressing 4To7 cells via tail
vein was significantly increased compared with mice inoculated with
negative control cells.
Fig.5 mir-1935 over-expression accelerated

tumor cell metastasis

B S N I 96 2l e R AR o S o /D BB TR
TXORAIT S 96 1) e R ML ok A B G T AT
B, Pl ¥ ol Wy B 45 e M 1 A nl o ML TE b
A RS B W R BRI O T8 M S R S M R,
TR AR LR V] 53y o e B IR e B S D A Y (e 7%
L 70% ) TR 7% Mg 74 78 Sh BT AL (5578 %
8T 30% ) . Z=/INGIAED X = ke R M bR I 1
/INER LR A0 ML /N B P A K R e R R AT LUK
98 & BER IR T BALB/ofC3H /N B ) % 7L 400
BRI 4TO7 ARHAL RE ) b A5 B ERIKEST 14 d, 15
P n] LA 22 e 4519 B e AL AL RIS 22 DR b
TG 2 R BEWET, AT AR B ST IR e A 1Y
PRARANMOBIRY R, AR S B R e 1 AR Y
ATO7 YL i BT Y% 5 22 Fh B miRNA %
ik, BEEAF R miRNA (Y 3RIK 2 B X 4TO7 40 5%
R KRR
FI, © 24 Hid 1000 FiAZE miRNA #4 30,
miRNAs 25 ZF Y2 I6E, il 4k & o
1k W65 JET-45 . —28 miRNAs 7E0R0E & 42 K B h
RAEVER, Horp— 28 miRNA 30461 i 98 % 28 Bk Ry
tumor suppressor miRNA ( TSmiRs ) ; 5 — £ miRNA
{2 3 Bpog & A=, W FR AR oncogenic miRNAs, Efl
oncomiRs, Tavazoie SF 2% & miR-335 .miR-126

F1 miR-206 HA 9 % & 10 i 58 77, H b miR-126
RERZSZ I A0 B Y32 sh A5 . miR-335 T3 4o 10 1
B IR F SOX4 1Y R B FL IR 55 7 . i ml
WL, ZERRE e R B P i miRNA R R ZHERY,
1M H miRNA & 4% /9 98 95 /9 4 BE 7T DL 3E i — 4>
miRNA K #% 2 A~ FE R G 2 ik, L n] DU i LA
miRNAs FZLA RS 40 P8 1 AN JE R i ik . R
TSmiRs 43T HA 143 EE W I R A, & E
Z 53R IR 5 RS A OC miRNA K R FLER IR A9 3R
7 PR T 22 A

mir-449a ¥ 2 Ffr [ 1A g 0 e 4 it R P Ik
SR, A3 A R R, R, M R g
Noonan 25" 438 miR-449a 78 Fi 51 I IR 263k
TR 25T 115 51 e A8 20 e v 2 2 1 06 2 7 35 -1
(histone deacetylases, HDAC-1) i %3k | i HDAC-1
MRS XK R T mir449a 1] fEJE —Fh
MR, KRB RE R SEIEREAX, &
A1) 49 5E mir449a 7E 3E /NI TR ( non-small cell
lung cancer, NSCLC ) ZH 2L 40 il 58 th 323K R 4, A1
IR LS5 5 R RIMIR AR A7 3840 G, ZE AR A1 52 55 vh m] DL
i c-Met #E AL AN I B iR 28, 124 R ik, if
A mir-449a 5 FL MR IR 55 B A G I HGE , AR B
T, mir449a 13 K/ 4TOT7 40, A0 HE 40 i AH
Vb, R DK S A Bt A B RE T B 48R mir-
449a X FLIR R MR R A MEIEN . 526
FHI 2 mir-1935 , 76 A i 38 o 3 90 LR A2 o i
FeWOVE R, H AT PR b 3d B 2 LY 4, s>
X RE A T , PR AT G I o Jeg 2 A% 1 38 1 AL
WFARA RIS

25 L TIR A 5T B UCGE o R KRS AR /N B
BRALNE B miRNA 3o 3 8 Xof 2L e Jie 983 5 4% 1) 52 i
YEREA TR KB ik, B ki b g, M
25 Ff BRI miRNA Hr ik 21 2 Fl 55 L8 b 3 5% B
AH2E 1Y miRNA ; mir-449a 4101 i & 5 bk B2 A8 4 K
mirl 935 fiE #F B8 # Bk A% P8 AR 4, Hodx 23 b U
miRNA Xt /IN ERPL B T 200 B 7 % B TG I 1 £ a0
HMHIER, Rl TeA T8 4k 22 BT T4, LI 3
VLS5 L R H miRNA, miRNA J7 7%
A T RERCH IR YT FLIRE A 207 X, & F miRNA
FTDRE IR 1 R ZLBR IR B3R IT I e — he BT B K
I, M FLE B R A,
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