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Effect of mmu-miR-294 regulating its target gene MMP3 on invasion and migration

in mouse lung cancer stem cells

Jin Junyu', Sun Jianguo', Zhang Anmei', Wang Xinxin', Liao Rongxia®, Qiu Jun’, Ma Hu*, Chen Zhengtang' ('Insti-
tute of Cancer Diagnosis and Treatment, Xinqiao Hospital, Third Military Medical University; >Department of Medical English, College of
Basic Medical Sciences, Third Military Medical University, Chongqing, 400038 ; *Department of Oncology, No. 174 Hospital of PLA, Xia-
men, Fujian Province, 361003 ; *Department of Oncology, Affiliated Hospital, Zunyi Medical College, Zunyi, Guizhou Province, 563003,
China)

[ Abstract | Objective To predict and validate mmu-miR-294 target gene in mouse lung cancer stem
cells, and to investigate its biological functions in the carcinogenesis and development of lung cancer. Methods
Bioinformatics analysis predicted that mmu-miR-294 might regulate targeted genes like matrix metalloprotein-
ase 3 (MMP3). The sequence of MMP3 was artificially synthesized, and the seed sequence containing 3'-UTR
was directly inserted to an eukaryotic expression plasmid pGL3-promoter by Xba [ digestion. E. coli DHS alpha
was transformed. Positive clones were identified by enzyme digestion and DNA sequencing, and dual luciferase
report assay was applied for validation. mmu-miR-294 mimics was transferred into Lewis cells mediated by Lipo-
some 2000. The expression level of miR-294 was measured by real-time quantitative PCR, and Western blotting
was used to detect the expression level of MMP3 protein. Results The 5 000 bp and 100 bp restriction frag-
ments were obtained after the recombinant plasmids were digested by Xba I . The positive clones were identified
by sequencing and dual luciferase report assay. Compared with the control group, the expression level of MMP3

protein was significantly decreased in the mmu-miR-294 mimics transfection group, and the invasion and migra-
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tion abilities of the Lewis cells was reduced significantly (P <0.01). Conclusion

Up-regulation of mmu-

miR-294 can effectively inhibit the invasion and migration of Lewis cells through down-regulating the expression

of its target gene MMP3.
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miR-294 ; lung cancer stem cells; lung neoplasms; MMP3
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T30 3 e A 7 S ) PR R G 2% S B
RNA (microRNAs, miRNA ) £ 28 i o BF 55 #4 Bok
BZ I BIFFEUE TS microRNAs 78 iR A& 4E K S b & 4%
FEAE S BRI R Y] microRNAs K 2 2 LU 4 A
SRR, A S B 2 R AR R AR, P
LI %} microRNAs #13E K i AF 5T 2482 microRNAs =4
22T R A . mmu-miR-294 J& F mmu-miR-290
HERY L o mmu-miR-290 FE# ] G, /S A2 2 i
T AL o3 Al B, Fe 9T R LAY mmu-miR-290 7%
FEIRAE T A 0 N 40 0 AT S I8 1 5 37 2, R B mmu-
miR-290 #5758 240 g - 1) 4 5 o b T B4
mmu-miR-294 7/ iR & & PR EEAE L, 7R/ B
G T 4 g ( embryonic stem cells, ES) f4EF % 0 58
H, LD REM K iR (2 28 R ey i s . 3k
LI mmu-miR-294 S} fF 5% %f 42 , i ib TargetScan, Micro-
cosm TELEAMHT B4, T Y 37-UTR X 3 7 #E L R A
MMP3 | Smad6 , Weel | Gpr34 | Cdcad . Hsp110, Rab711 |
Wnt7b Notchd %5, Hrf 48 & [ i ( MMP3 ) 235
RIZETR EEHOIEN . ABITE R 2EX mmu-miR-294
FERE R R AT 00 Sz 9 ik, Ay it — 2B R R microRNAs 2
B It R R TR R LR W D BE B o3 BIL I Y B
fiili

1 HRSH®

1.1 3#Z&A

Amp 1AL 258 HIA R THEA W, BRAIME A DI EXba T,
bR &, B e K PCR 24k 57 &, DNA i 857 &
Supercoiled DNA Ladder Marker,5" it i i 5t 4132457 &, N-Hind 1II
digest Marker ¥JIl) [ K 3% TaKaRa 2\ ), g4 L7 , DMEM %35
FW T3 E Gibeo AT, AR B A5 F A7) & W T
ZE[# Promega 2\ ] ; Lipofectamine2000 ¥ H 3& [# Invitrogen 7%
7] 3 miR-294 #3#14) mmu-miR-294mimics, miR-294 #5304 [ 14
Xf H mmu-miR-294 mimics negative control I~ M i1 A ],
microRNAs #EBGH ) & mirVana RNA Isolation Kit, J7 %% 5% 3857
£ microRNAs Reverse Transcripation Kit, 7¢ % SZ B % £ PCR i,
%2 SYBR® PrimeScript® RT-PCR Kit II ( Perfect Real time) #J

] A Ki%E TaKaRa 73 &) ; MMP3, B-actin —$i lJ 7 Abcam /A #],
HRP #RICH) 50 TAL R b A2 S A RHCA IR A Wl o BURE
TR S 4l pGL3-promoter, pRL-TK X HE 2% (4 X1y [ 3& [#] Pro-
mega 37 o WFRMFFE E. coli DHS o, 5% fir AN Bk LLC
4 A AL RIS T B 73 AT 1 A

1.2 SEEeorik

1.2.1 miR-294 % 3L R T ) i 17 microRNAs ‘& FH 844
{5 BT R 5 000 0 7 1 2% B 3L 52 miRanda (hup://
microRNAs. sanger. ac. uk ) , TargetScan ( http://www. targetscan.
org) AR AL W15 B AT mmu-miR-294 FY#L4>F

1.2.2 miRNA FEJE P9 50 4 45 JE R 38014 B 4 22 R A5
GenBank Hir $k #IL K 3'-UTR B3 531, 7E CDS 3'-UTR [X.
BB F T HITE N AU K 70 ~ 110 nt B HBRIFFIEN H
ML R B, Bt | ke B 4 51 B 20 A SO 3R Tl A i TR 2
PReb JFLARR 7781 S 1) FLBR R AR S 0 B i K% TaKaRa 23
FI T A LA R B : DMMP3 LR 37-UTR X (5'—3") &
IE TR 50 R B, P B TR Xba | BV 5, 5'-TCTA-
GACTGTGTTTTAACTGATGCTTATAGTTCTTCATCTGAGTCTTT-
GTGAAAGGAAGTGCTTTGTTCAGCATGTGCTATGGCAGAACCA-
AACAGGAGCTCTAGA-3";@QMMP3 %[5 3'-UTR X (3'—5") &
BLra - E o0 v B, WA s B T AR AN Xba 1 BEVIL 5, 5'-TCTA-
GAGCTCCTGTTTGGTTCTGCCATAGCACATGCTGAACAAAGCA-
CTTCCTTTCACAAAGACTCAGATGAAGAACTATAAGCATCAGT-
TAAAACACAGTCTAGA-3';@MMP3 F:[H 3'-UTR X (5'—3") fik
KA T F S H R BE, WA i B T VR A Xba T EY) A 5 5
TCTAGACTGTGTTTTAACTGATGCTTATAGTTCTTCATCTGAGT-
CTTGTTCAGCATGTGCTATGGCAGAACCAAACAGGAGCTCTAG-
A-3" DLGL RNA 8, H] Invitrogen Jiz %% siat i) & 047 i %
K, G cDNA, LA eDNA Syt 4T PCR 9744, 38 25 AF 4
94 °C 30 5,55 °C 35 5,72 °C 45 5,30 Mg, 4lifk. PCR P24
H Xba 1 BABGVIE 4N AR IB A pGL3-promoter, ALK
JUFFR DHS o, PRI TERE , $RIBUTORIITH] Xba | BEVISERE . B
YD) 5 A (4 SRR T PP A0 A, D e TE A 104 SBT3 31 i
% 4 : pGL3-pro-miR294-MMP3 ( iF [1] J¥ %] ) , pGL3-pro-miR294-
MMP3 (JZ [i]J551) , ApGL3-pro-miR294-MMP3 ( 2541 .
1.2.3  WHICHBERN TR SERGAH - 84 BOkL pGL3-
pro-miR294- UL P (1E 1] J7 8] ) |\ % HE SR pRL-TK AR 1 )
pre-microRNAs 46 e LLC 40 A, %F BB 4 1. 55 41 Bk pGL3-
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pro-miR294-HEE A (B 18] F7 511 ) % B BORE pRL-TK AR Bz f
pre-microRNAs FL45 9L LLC 40 {0, XF P4 2. & 40 i ki pGL3-
pro-miR294-HEEE A (R 2% 77 51) ) L% B BORE pRL-TK AR B f)
pre-microRNAs 3L45 9 LLC 40 il XJ P4 3. 8 40 i ki pGL3-
pro-miR294-§EFE A ( IE [] J57 51) ) i1 Xof HE JSRE pRL-TK S e 4
LLC 4.,

1.2.4 RUPEOLER 2 55 ik ik [A 7 Y 4z i 5 5] Tnvitrogen
/A ) Lipofectamine 2000 % Y izl @ F4T7 , XCHE 0 2 B A
JUREAR IR Promega $RALHYJ5¥E o HUHE 2 BT - IO RE B AR X 22
JERBHEE, L pRL-TK A2 I AR O R MG M = K
WG ER B/ W B 28 B L {E ( Fivefly luciferase/Renilla lucif-
erase) o HLHFEAMT microRNAs X 7€ 628 B P A2 1, I mi-
croRNAs X8 35 PR (K P8 72 € 7, B 1F microRNAs AF #4510 B
Stk , R A AR PG 2 WS AR BT B

1.2.5 WF LEgUIEE MR pGL3-promoter KK F 51,
e 519 7 51 . 5'-TGCGCGGAGGAGTTGTGTTT-3" . % FH 14
TERE RN RHERD T3 ZR P ARAY [E AR LB BE 3R b, [
2H TR K % TaKaRa 2 77, YIS 1A % :10 x Buffer
2 uL,Xba 1 0.5 wL,# 2 pGL3-promoter 3 pL,ddH,0 14.5 pL,
Total 20 wL.,37 CHEYI2 b BUZ B9 10 wl, 1% BOIS Bk,
SHMT T WG BB AR

1.2.6 55gupe &7 mmu-miR-294 mimics (14 it Sy 5256
2, FE LR 5 mmu-miR-294 mimics negative control 4 fifd 7 FH
PESTHRLL (R T HEBR mmu-miR-294 mimics [ B 8B RL N ) , L2
e BT AR A (4 A A S s X BR

1.2.7 Real time PCR & & &l TERF UL IS 48 h sk an
JEUAE ity RNA (R E IR0 R FH B B e i DK EA TG , AR H K
LEIRWILHIMRE S T, SEA 28O i RT-PCR i {& &
720 wl,37 °C,15 min,95 °C,5 s 254395 °C,30 ;95 C,5 s;
60 °C,34 5,40 M mmu-miR-294mimics,, U6-snRNA ; MMP3-
F:5'-CACATCACCTACAGGATTGTGAATTA-3";R.5'-CATGAGC-
CAAGACTGTTCCA-3"; B-actin-F: 5'-TCAAGATCATTGCTCCTC-
CTGAG-3";R:5’-ACATCTGCTGGAAGGTGGACA-3" [ |~ JH i f7f
AT, mmu-miR-294 744 20 240 Jifd v 4 38 A8 A% B
A2 AL, Hohdr, C (R N A TR 5 3R
BIAVCE B E AT 2 T RITE R, A AC = (Ct HRYRER - CL &
FEER) SIe 2 - XRRZE (Cr B AR - Co R ER) AT E
HSEBG A mmu-miR-294 3K AR F X AL A AR fb A5 .
SEAN PCR Iz o 34 7™ 4% 2 IR TaKaRa 2% ) #2 4L 1Y SYBR Prime-
Script® RT-PCR Kit [ ( Perfect Real time) 77, Lk U6-snRNA 1
KNS E &, BHIRE 3 DN FL, 75 ABIT500 LA &
FYEE PCR LA o

1.2.8 Western blot & [ /K - WERFE YL 5 48 h 4,
G H SE I 2 | [P R BB A | S o R 2 LA B R AT ] A e Ak
R LLC 40 gk 17 240 , SR 4 A B Jf € # . 10% SDS-PAGE
HLPK B, SR AL B 25 pg SR MRAR AN R RS A
PREFAEZR M 1,4 °C 5% AR Wi Ry B P, il T — i &

L h, iR ZHU0EE 1 b, ARG, B, DL B-actin SN2,
FH Image J #RA4%F 25 1K BEAHIEA 150407 o
1.2.9 {RZESE CKHE N 13.7 mg/mL ) Matrigel 5% 1
1:10 HLIRR 5 Bk Transwell /NZ A 12007 ,4°C UKAR 1]
Ja, BFLIA S0 WL JC LG 55 SR, K AL R E I, 37 °C L iR
30 min, £ ANHE R AT ICITE B7 5% 6 ~ 8 h, KERILIE IR,
THALANAE, PBS ¥k 2 ¥k, JCIL % 55 % Ak s, AR 4 M 4 %10 x
10°/mL, 340 B 2 200 wL fif A Transwell /N3, R %A
500 wL & 8% FBS [iEFRAL, HALKEFR 24 h, HIMR A4 2oL
JEE 28 PSRN . SR FH 0. 05% 2 i e ge 8,200 55655 T Bt
B 10 AP A T 145, BOT- 3518
1.2.10 FH5LE IS AER AT MmiEREFE 6 ~8 h, &
B I3 A 52 m . T ARATD, PBS Uk 2 ¥R, JC I g Ry 3R Ak E A,
HANMIACZE 5 x 10°/mL, BRI 200 pL fin A FN #dt iy
Transwell /NS, FEMA 500 wl 3 5% FBS W53k, MK
F:24 h, BB AR AR/ BRI R BRI, R A
0. 05% 2 fh 48 Y 10,,200 £5 65 F BEALIEC 10 A~ WLEF 3E17 315K,
BOFHMAE,
1.3 %itsr*

BAELL x x5 Frn, SR F SPSS 13,0 it 441, 4 1] B
WS E I 2001, BEEIFRGIVER A GraphPad Prism 5 4%
o

2 #R

2.1 Fe A E N

JEHL miRanda , TargetScan 3% P Fh 7732 24 i 00 2] ) 25 R A
HHEBAEFEIEIN . MMP3 , Smad6 . Weel | Gpr34 , Cdcad . Hsp110,
Rab711 \Wnt7b Notch4 45 3L K3 HA vl fE 2 mmu-miR-294 1448
(Y
2.2 W EFBEIER

HLHHAK pGL3-pro-miR294-MMP3 , ] Xba | HARGI) % 5E 5
FL VKU 2% Bl D) 1 45 2R, Xba T BREG VI REFR 13 29 5 000 bp F01
100 bpRGYI B, R A E Mg o (& 1) o

M1 1 2 3 M2

<2000 bp
<750 bp

«—100 bp

M1 ; \-Hind T digest; M2 ; DNA A7 (DI2 000) ;1 MMP3 iE %] 531 ;
2:MMP3 B %) 7 ;3 : MMP3 %k % J3- 5
1 AEFSIRMETBKER

2.3 MR KA EEAN

HZH A pre-miR-294 JLHYL LLC 4SS 48 h )5, 43l
RSN A 2 1) 2 R O 3R g N B DO RO TG M. 45 2R
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TIN S 2 3550 R ZH P AH X 9% Y 2K R A S M TR [ S
U5 2H R B8 ZH () Firefly/Renilla b (B 43 51y (6. 43 £ 1. 03) |
(13.75+2.61) (13.59 +1.67) . (11.90 +1.49) |, %2 H 5
HeEE X (P<0.05),
2.4 Real time PCR # | MMP3 £ K /K-F

41 mmu-miR-294 (1) 3235 7K, mmu-miR-294 54514y 52 5
ZH AR RREH 25 0 BRZH 43301 R (22.59 +7.26) (7. 90 +
0.31).(3.01 £0.74) , 252l vt IR ek B B 98, i X R
HIATC W] B 4 it 22 5% (P > 0.05) , mmu-miR-294 K& ]
MMP3 )R IA7KF , mmu-miR-294 54009 52 56 25 | B 14 %o 20
ZXEANTIR AL 4 2k (1. 87 £0.40) . (2.63 £0.83) . (1.72 =
0.53) LB HBN A T H BRIt EF(P>0.05), K
mmu-miR-294 #7127 T LLC 40 i mmu-miR-294 {1y
FEIK, XTI HEL ) MMP3 (2% 35 TCR4 0
2.5 Western blot % MMP3 & & /K-F

mmu-miR-294 A5 451 4 5256 4 | Pk X BB 2H | &5 X IR
LLC %FHEZH , MMP3 & 5 /K43 51 24 (0. 16 £0.09) | (0. 60 =
0.15) .(0.60 £0.24) . (0. 69 £0.25) , MMP3 75 [ 7E BI04 5%
Pt hRBHI W FIE (P <0.05) , R Y mmu-miR-294 F2 T HH
FER MMP3 R EKTF, ILE 2,

1 2 3 4

MMP3 > quns s s—  —— <5/ [0}

B-actin— - 1) | °
1:miR-294 A4y T 34052 . A MEAT 4053 . = & *F 4134 . LLC x40

[E2 Western blot #illl& 48 MMP3 & B IR E

3 b

NG

N
T

R AL

2.6 #F miR-294 #d e LLC m iz &4 i 45 48
18 AL
YL A8 h T, ST IR A 25 0 IR A L A S g 4 2 0t
N T IR ) 240 M 508 B & 80 (P < 0.01) , 28 U0 R4 5 B
PEXS HRAH LE TG 2 22 5 (P > 0.05) o BEW] %% miR-294mimics
J& LLC 4l %53 54 Matrigel AN FN f transwell 4 g £ 05 22
Wb LLC 4iMRZEFIEBRE ) PR (R 1.8 3) .

£1 HF miR294 EHYERMIBERMBNTL (n=3, 2x5)

415 1REEA %L TR A AL
LA 108.33 £3.51 109. 00 +3. 00
BRI X B2 165.00 +2.65* 177.33 +2.082
250 B 4 168.67 +1.532 190.33 £3.05°

a: P<0.01,5 53520 b 4%

3 g

microRNAs J&—7E 1% 2242 B 2 vl 81 2L 7
YERRAE SRS RNA 23+, 7E 25080 microRNAs J&
Mt 5 EE R 37-UTR X A 5¢ 4= 1 4 45 4 3 41 il
mRNA Y BHPE , 2 55 4i A Fa 10 e s T 20 i ok
W A 3 A (TR 1 22 25 T 26 ) 45 i A il R T
AR, B A FE R B microRNAs 55 A2 1 11y
R S AT TR A5 2 UIAE G, ¥ % JieE 4 A
G4k BETE A T AR 2R R S5 2T ZE MR WA
T R EE EEN A T H, microR-
NAs AN HE 13 52 5% 90 45 4 X5 A SR g 97 = A T

B3 miR-294 Bl LT LLC MEERIHENNEIE (485 x200)
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s, R E— 2 Z IR IR R e 2L E Y 5%
2 :

AR A BRTT T, 75 B R 20 PR ) 2 ) o R P
FIEE L R A9 A S microRNAs BH g 34 22 n] DL 7E A=
Pyt A v ) v BE DR ST A HE B Ry SRR E A AL B
# 5  BE#E % microRNAs BF 5T (9 A W iR A, H Al
55 fii e A OC 9 microRNAs §8 35 R 58 15 76 AS Wi 42 4
zH,

HFF R, miRNAs 2 5 1 240 il 5L ot 2 1 S &
T4 B AR A 50 B 42 TR 2K A G ( MMPs ) 3
X ECM g 8 figk i A1 12898 200 Jt o) J) BBl 2L 2R it
W& f ECM i B2 i s mg' " o 2 0 4 8 78 (1 -3
(MMP-3) 7EAL 45 it 6 76 N 091 22 0 b g v i i 36
IR A 225 M e It S8 IR 7 R ORI BE T 1Y 3 28 it
PRI, MIMIP3 e HL A o 0 4 20 o 4 i 1l ) o
-3 (TIMP-3) () 3%3k 5 NSCLC bk 455478 2% UIAH G,
HEER A 40 M MMP-3 (1% 3 35 BH B2 5, TIMP-3 1) 3%
KB 5 R [, MMP3 AT A Ay I PR 4 Wy NSCLC S8 1 7%
KA R EE S H AR R, 'ATRA
AYNE B 2FH R BN mmu-miR-294 W] & % MMP3
FKiko Kk, Afgdt— 2RI microRNAs J& 75 7] 38 i)
PEFE MMP3 2% 35 117 52 0 [ 72 240 it 1Y) 1= 28 10 7% 45 40
AWEEAT R DT SRyl DR IR TR T B o SR e

Hanina 25" B 58 30F 52 miR-294 3 3o 9 45 c-Myc
I DR %) 746 RN 22 e AR DG AL A9 L8 T DUIE 1 2 fig
P, T 7 Feb g 4B 1 ) 2R Atk PR B A
ARSI o, AT B A mmu-miR-294 455 7 51 (1)
MMP3 2[5 37 -UTR Fh— ¢ 51l 22 1] o e 55 BUA% 2 18
#L pGL3-promoter H1, 4 7 B A% 3% ik 5 4H k7 pGL3-
pro-miR- 294 -MMP3 , % {k. K i 41 1 J5 352 Ot 2 g
W25 F mmu-miR-294 5 MMP3 () 3-UTR J$9454 , &
O ER il i X B2 B, 52 30 20 A X 5 't 0 i B
R, X — 45 LR mmu-miR-294 W] H ] 9 5
MMP3, FIF A& S8 A= 4 B LLC Jili 6 40 M AR 47 mi-
croRNAs #4144t | iz F Real time PCR fz West-
ern blot Kl HE A , 43 51| A EE PR 71 RS 7K 7o e
PR 2 TRV ) 3] 1 4, 45 SR 3R W mmu-miR-294 7] )
ELHE M MMP3 BE A, {45 1 19 3R 38K T, (]
ff, 3 3 Transwell S25IE ST #58 miR- 294 GEA 45040
il LLC ZZ81 TR0 1 . AAHSE45 RAE7R , mmu-miR-
294 W] I P4 MMP3 5 P FIER 1A 238 7P T 1 49
ik &4t . 1) 4 22 A RE 7, DRI T A Sk i s 7 A= 0
AT —ASBTEAR
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