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IncRNA MALAT1/ miR-141-3p / ZEB1 axis modulates invasion, metastasis and
EMT of gastric cancer SGC7901 cells

WANG Hui', ZHENG Xiao', ZHANG Lei>, ZHANG Zhu® (1. Department of Internal Medicine, Affiliated Hospital of Wuhan Universi-
ty of Technology, Wuhan 430070, Hubei, China; 2. Department of Internal Medicine, Wuhan Commercial Hospital, Wuhan 430021, Hu-
bei, China)

[Abstract] Objective: To investigate the regulatory effect of IncRNA MALAT1/miR-141-3p/ZEB1 axis on the invasion, metastasis
and epithelial mesenchymal transition (EMT) of gastric cancer (GC) cells. Methods: Thirty-eight pairs of GC tissues (non-necrotic
part) and corresponding adjacent tissues (>5 cm away from tumor tissue) removed by general surgery in Wuhan Commercial Hospital
from April 2014 to May 2017 were collected. Meanwhile, normal gastric epithelial GES1 cells and GC cell lines (SGC7901, HGC27,
BGC823, MKN45 and MKN28) were selected. The expression level of MALAT1 and miR-141-3p in GC tissues and cell lines were de-
tected by qPCR. The effect of MALAT1 knockdown on proliferation, migration and invasion of SGC7901 cells was determined by
CCK-8 assay and Transwell assay. WB was performed for measuring the expression level of ZEB1, E-cadherin, N-cadherin and Vimen-
tin. Dual luciferase reporter gene assay was used to validate the relationship among MALAT1, miR-141-3p and ZEB1. CCK-8 assay
and Transwell assay were used to detect the effect of MALAT1/miR-141-3p/ZEBI1 axis on biological behaviors of SGC7901 cells. Re-
sults: MALAT1 was over-expressed in GC tissues and cell lines (P<0.05 or P<0.01). Knockdown of MALAT1 significantly inhibited
the proliferation, migration, invasion and EMT of SGC7901 cells (P<0.05 or P<0.01). The results of dual luciferase reporter gene assay
showed that MALAT1 directly targeted miR-141-3p, as well as for miR-141-3p and ZEB1. Further experiment indicated that simultane-
ous over-expression of miR-141-3p and MALAT1 or ZEB1 could restore the biological behaviors of SGC7901 cells, which were inhib-
ited by miR-141-3p. Conclusion: MALAT1 promotes the invasion, metastasis and EMT of GC SGC7901 cells by down-regulating the
inhibitory effect of miR-141-3p on ZEBI.
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B Ji (gastric cancer, GC) & % J& T 5L 55 PUAT
T e IRk RO 48 N 2 W 4. GC 4l
M & FEUEF LT E B F Y, GCRERKH
A5 4, H B AR 7 IR A
£ 5% 9FE % i RNA (long non-coding RNA , IncRNA) /&
Z 5 Mg R AR 2R R A R E
MR 18 A% 227K B R AEVE Y. IncRNA HNF1A-
AS1 £ GC L A h ik EiT, MALATI 1E A E0e
IncRNA {i2 1 22 i Ji I8 240 ffa 38 5512, 38 3 4 FH miR -
145 75 TGF-B1 {870 JIF D) & &AL IncRNAs 1] i
I B2 1) 1 4% miRNAs 52 0 it 83 1) % Fé , 1 IncRNA
MIR22HG i@ it 27 F i miR-141-3p i DAPK1 ff)
FAK, AT E N e 40 f S B . miR-141 1E
i e 240 RS B e A AR 2R b 4 A E ™. miR-
14138 it ¥ 1) AUF1 $01 ZEB1 1 3R 3K 7K, BRARHL
Ji e 2, ki L3 b Bz 41 i bR 54 (E-cadherin A1 Ep-
CAMD . I~ 1 8] 78 J5ii 41 Jfd % 75 4%) (N-cadherin . Vimen-
tin. Twist2« ZEBD", {H /&, IncRNA MALAT1/miR -
141-3p/ZEB1 43 F- % GC 4 H &2 F 1R 5200 i A LR
8. AHE T S R IncRNA MALAT/miR-141-3p/
ZEB1 73 T3 GC 40 4= 28 7% #% [« EMT HI§2 0, N
GC 2 Wi SR y7 SR ik vl RE YA I HE &

1 MR57EE

1.1 A8 . mieF A %K)

S 4K 2014 4F 4 H 422017 4% 5 H iDL BR 2 B 3
AMRFFE AR VIR 1) GC HZI (AEIRFEEL 20D AL X 9 55
HIR EE IR ZA>5 co) Fn A 38 451, B ZI TN R LR
17 o NIEARUE : 5 B 22 W GC, 3 RETARATAE
AT TR TT R A B YR 9T 5 HE B A A < 0 B 2212 W v A
GC. 5 J 2561 Ltk 134, AL FEE 63.6 % . I
R T ~ L1549, T~ IV 23 6o Il PR AR
(3R B 2o A0 B 2 2 01 o ) R, AR 3 3 28 28 G I
=1

1B B 40 GES1 & GC 4 s % SGC7901 .
HGC27.BGC823 MKN45 Fl MKN28 1) - H [F £}
Sl LA . iR L W RPMI1640 £ 77 3 1 H
% [H Gibco /A ], TRIzol regent iR 7fl] « — 2575100 4% 554K
7 % - SYBR Green Real-Time PCR Master Mix i 7]
1 RAPI 25 F 4 i Wi - BCA ik 77 &1 & Lipofectamine
2000 ¥4 1T Invitrogen A &) , HT /& ZEB1. E-cadherin.
N-cadherin. Vimentin 1 GAPDH $t {4 H Abvam A
Al 2R IE M T35 2 R A A, CCK-8 1t B % 3K
E ], ECL AL % & 64 T Amersham Pharmacia
O] KRG FR B A PR R 6 24 FL Transwell />
% 304 1 3% 1E Corning A 7] , Matrigel &) Ff BD A A ,

qPCR 5| %) miR-141-3p mimics &% B 1 ZE 4% H R il b
T FY LR A A R
1.2 fafdsdcfods g

IEH B 40 GES1 M GC 400 & & 10%
FBS. 100 U/ml i % % . 100 mg/ml % % % ) RPMI-
1640 35 7= FE 55 95 F 37 °C 5% CO.H IR 1 F- A B 9% .
¥ SGC7901 41 il 4% 2 x 10° AN/AL B Fh T 6 SLAR , T
37 °C.5% CO,¥i F-FE 1 77 24 h, L IMLIE B 77 3L R 15 57
1 h, Lipofectamine 2000 # sh-MALAT1. pcDNA3.1-
MALATI . %5 3 4& . miR - 141-3p mimics - B 4 5 #% 1F
1% UL S pcDNA3.1-ZEB1 ¥ 4 SGC7901 4t i , 18 I 15
FEFERE IR 48 ho
1.3 gqPCR # ] MALAT1 #= miR-141-3pmRNA 43 %
#KF

{5 I TRIzol 37 5 $& HX GC 2H 23 5 41 Jif w1 i
RNA , NanoDrop fll RNA & & K 25 . SR H— i
390 2 SR ) s 4 B RNA 300 3% 5% 4 il cDNA , 2 18
qPCR R & 1t WK Il MALAT Al miR-141-3p [
IE/KF, LLU6 FIGAPDH AN S . S EE 31K, 5l
VI AR 1 s .

#*1 qPCR5|¥F3
Tab.1 Primer sequences of qPCR

Target Primer sequence

miR-141 F:5'-CTCAAGGCAACCTACCGAAAAG-3’
R:5"-TATCGGACCCATCACGGAGTGG-3'

IncRNA F:5"-AAGATGAGGGTGTTTACG-3"

MALAT1 R:5"-AAGCCTTCTGCCTTAGTT-3'

U6 F:5'-GCTTCGGCAGCACATATACT-3’
R:5"-GTGCAGGGTCCGAGGTATTC-3'

GAPDH F:5'-GCACCGTCAAGGCTGAGAAC-3'

R:5"-TGGTGAAGACGCCAGTGGA-3'

1.4 WB % 34 | ZEB1. E-cadherin. N-cadherin #=
Vimentin & & 89 & & K-F

FIFH RAPT 22 fft i £ B 40 i vh 1 5 8 (1, BCA iR
FlEA I E AWK E . 10% SDS-PAGE 7) 5 , B
Bk H 4617 5 82 25 PVDF JIE _F, 5% i g ook =
A b, S8 JE IR 4 (1) —H1.(1:500) , 4 °CHiF
BRI ZHi(111 000), FIEWEE 2 h, fJa AT
ECL 4Lt , Bt 5 AR £ A Image T 43 #7 2K
o SLIEE 3.
1.5 CCK-84: M SGC7901 m e 38 74 f 7y

A B Ye g1 i 2 2% 105 AN/FL 1K) 25 B b T 96 FLAR
o BT EFRER PR R $10 WAL N CCK-8 15,
G FRFE R TR 2 h 5 AR B AR O EAS D BEFL 450 nm ALY
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HEE(DEH. ESARNS do LI EE 3R
1.6 Transwell 5% 3 4 ] SGC7901 #m i it 4% A= 13 £
A&

KA LA 8 um (1) 5 ik B2 16 J5 1) Transwell /)
FHATSLEG . 12 28 5256 F Matrigel Fi4b 3 Transwell
INE B YRR A B S R BT I A T TR
T BSA G I 75 35 57 R 5 40 i %5 FE 9 1< 10° A/
FL, FEMp T Transwell /M= % 5 F =M 500 pl 7
20% FBS 1) RPMI-1640 5 R AT R 77 59745
Ja, TEYMA 1% 45 58 g 0, IR AE S ABE T ik E.
SIS HEE 3R,

1.7 MR A& F 8BRS A BB IEmR-141-3p 5
MALAT1.ZEB1 Z A # ¥2.15) % %

¥y 7 MALAT1 A1 ZEB1pmirGLO %4 )t % il % ik
AR, 3543 MALAT1 5 ZEB1 B A4 4% 4K (pmirGLO-
MALAT1-WT/pmirGLO-ZEB1-WT) , 3% ] 3 [A 58 4%
Wk E N AR 3K 15 MALATI 8% ZEBI1 %8 38 AU 4% 14
(pmirGLO-MALAT1-MUT/pmirGLO-ZEB1-MUT) ,
¥ MALAT1 5% ZEB1 B 4= # 3 /& .MALAT1 5% ZEB1

A

Relative MALAT1 expression

52 A5 71 3% /K Al miR-141-3p mimics.miR-NC 5 Lipo-
fectamine 2000 V2% Ji5 %% 4 HEK 293T 4iifd , 48 h J5 H
XU 2R 4 5 25 TR ARG N0 9 0 A I % o 3R i
.
1.8 %itsgas

K FH SPSS18.0 ¥ 4T #0454 it, v & £ 4is DL v £
R, A 1] B3R H Student's- 45156, 22 28 8] ELACK:
PR R T 20 M. PLP<0.05 8% P<0.01 #oRZERAH
GuitEE X

2 & R

2.1 MALATI /£ GC e g fetm it & ¥ 3 % ik

qPCR #6145 3 & 7R , MALAT1 7E GC 2 41 1)
TS KPR & T 9 55 4 K (P<0.01, B 1A) ;
MALAT1 7£ GC 20 il F v i 2R 1K 7K ¥ B & = T 1R
B b Rz 40 GES1 () P<0.05, & 1B) , H.LA SGC7901
4 Jf R R I KV s, BRI 3% 3 SGC7901 4t fifd ik
17 Ja 855

w

151

1.0

05F

Relative MALAT1 expression

0
£ o (A @R 0 0P
R

“P<0.01 vs Adjacent tissues group; “P<0.05 vs GES1 group; *P<0.05 vs SGC7901 group
A: The expression of MALAT1 in GC tissues and adjacent tissues were detected by qPCR;

B: The expression of MALAT1 in GC cell lines and human gastric epithelial cells were determined by gPCR
1 MALAT1 7 GC HAMM A FETRIE
Fig. 1 MALAT1 was up-regulated in GC tissues and cell lines

2.2 &% MALAT1 49 4] SGC7901 #m i 3% 78 i 4% |
12 & % EMT

qPCR SEEG Rl 25 R o, W % MALAT1 3% T
I MALAT1 7E SGC7901 41 i h 1) 3 ik, H 78 #% Y
MALAT1-sh1 Jii ¥ i} ik 7K P 5 A (P<0.05, B 2A)
Al T JE 8520 . CCK-8 VE K 45 B 875, il %
MALAT1 & 2% #1] SGC7901 41 g 8 55 7% 71 (P<0.05,
K] 2B) ; Transwell 246 46 45 B 2R, w4 MALAT1
J& » SGC7901 4t jfa 3T F% A= 28 B 77 BH {2 52 | 4111 (P<
0.05, B 2C.D). WB siu A il 45 R 27w, 5% 40
FH L, 5 B MALAT Ji5 » & B2 b5 &%) E-cadherin R 1A

A, 878 AR iC ) N-cadherin A7 Vimentin 7% K i
(P<0.05,F2B). FiRSE R IR, % MALAT1 fef%
I SGC7901 4H MU 3458 L # 1728 )X EMT.
2.3 MALATI ¥& & F 18 miR-141-3p *F ZEB1 &) 4 %1
1 R

R4 Starbase £ % & Tl MALAT1 5 miR-141-
3p LSBT 55 W 3A . XU E R o JE Dh 45 S 8
7K > miR-141-3p mimics & 3 ] 7 MALAT1 B 4= %!
986 R 1 (P<0.05, &1 3B) , 1 X 9848 714 5% ), 2 il
TEPETCRM . qPCRAES I 45 S B, il % MALAT1 &
# i miR-141-3p IR IE KT (P<0.05, ] 3C) . H
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I AT %0, MALAT1 2 [7) 455 miR-141-3p ] 3’ -UTR,
N miR-141-3p IR IEKF.

A% Starbase 4% P 711l miR-141-3p 15 ZEB1 [
e RULEI3D. XU FR R S HE R 45 R R,
miR-141-3pmimics & 3 Il ] ZEB1 ¥ 4= B % Ot 7 g

1.0r

0.5¢

Relative MALAT1 expression
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51 (P<0.05, &I 3E) , RAZ Y % ' F B 17 5 0 2
Z RTG53 L (P>0.05) ; WB &l 45 3 8w, i
Fik miR-141-3p & Z | 7 ZEB1 (3R 1A (P<0.05,
K3F) . BT %1, miR-141-3p 7] %8 H] 45 4 ZEB1 [
3'-UTR, H N HEIEK T,

B

2.0
- -~ NC-sh
Qﬁ ~#- MALATI1-shl
\; 1.5¢+
=
=
<
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& 1.0
& -
— 0.5
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0 1 1 1 1 1

Time (t/d)
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»

s
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251
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1.5
1.0f
051

Relative protein expression

0 : :
s > S
Q},ofb&\ $’¢;a&@ R

"P<0.05 vs NC-sh group;*P<0.05 vs MALAT1-shl group
A:The transfection efficiency of SGC7901 cells was detected by qPCR; B-D: The proliferation, migration and

invasion of SGC7901 cells were determined by CCK-8 assay and Transwell assay(x200);

E: The expression of E-cadherin, N-cadherin and Vimentin were detected by WB
B2 BiFE MALAT1 %) SGC7901 4RAEIESE 1T 5  (REFEMT
Fig. 2 Knockdown of MALATT1 inhibited the proliferation, migration, invasion and EMT of SGC7901 cells

24 MALATI / miR-141-3p / ZEB1 % F #h 8 =
SGC7901 m .38 54 | it #% 4% & A= EMT

qPCR il 45 B 275, i ik miR-141-3p 3% b
W 7 miR-141-3p 7E SGC7901 4H ff i ) 2 15 /K °F- (P<
0.05, Bl 4A) . CCK-8 frilll £ L 27 , #% 4% miR-141-

3p mimics & & M| 7 SGC7901 4H g 38 5 35 /1 (P<
0.05, B/ 4B) ; Transwell £ 45 3 B IR , 1T 3 1A miR-
141-3p 2 Z ##H T7 SGC7901 41 ffl 3L 7% Al iR 22 /6 11
(P<0.05, B 4C.D) ; {H 3L %% pcDNA3.1-MALAT1 &,
pcDNA3.1-ZEB1 &85 1% # miR-141-3p I/EAH . WB
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S5 A W 25 R R, ¥ 4% miR-141-3pmimics [,
SGC7901 4l ffid ' E-cadherin 2 ik 7K 7~ & 2 8 i, 1fij
ZEB1.N-cadherin fll Vimentin F] 3% 1A 7K 1 & 3 B K
(P<0.05, K 4E) ; (H 3L #2 MALAT1 5% ZEB1 i %A %

A
MALAT1-WT: 5'-“ACAGGAUUCCAGGAAC! (rT(rlﬁylﬁ}U-T
miR-141-3p: 3-“GGUAGAAAUGGUCU--GUCACAAU-5'
MALAT1-MUT: 5-“ACAGGAUUCCAGGAACACUGAAGU-3'
o
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§ 2.0r
B *
o 1.5p
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E 1.0}
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E 0.5
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- SN R\
o L Y
E
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== miR-141-3p

Ralative luciferase activity

4 J5 EMT AH 56 2 [ F1 ZEB1 ik 7KF 5 %} 1R 4H 2 57
TG it X (P>0.05) . %4 E ik , MALAT1 # |7
N miR - 141 - 3p {2 #F ZEB1 ) & ik , 8k 1M {2 8k
SGC7901 41 fB 45 i 7 R & F1 EMT.

B ;E‘ 1.5 w= mik-NC
R - miR-141-3p
3
2 1.0f
<
e
&

R3]

2 05r

© *
iv
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G 0

e~

Wt y\\ﬁ
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ZEB1-WT: 5-UAGUGUUUACCAGAACAGUGUUU-3'

LELLLLLE LT

miR-141-3p: 3-GGUAGAAAUGGUC~UGUCACAAU-5'

ZEB1-MUT: 5'- UAGUGCCGUAACUAAAGUCCAGU-3'

C
e R e

F ZEB] S ss— 200 kDa

GAPDH *. e 37 kDa
1.51

Relative ZEB1 expression

GO e

"P<0.05 vs NC-sh or miR-NC group
A and D:Starbase database were used to analyze the relationship among MALAT1, miR-141-3p and ZEBI; B and E: The luciferase

activity of SGC7901 cells was measured by dual luciferase reporter gene assay; C:qPCR was applied to detect the expression of miR-
141-3p in SGC7901 cells; F: WB was used to determine the expression of ZEB1 in SGC7901 cells
3 MALATI1 #E[5 & miR-141-3p X ZEB1 K HIHI1E A
Fig. 3 MALAT1 targetedly down-regulate the inhibitory effect of miR-141-3p on ZEB1

3 i i

GCMKREMPERZE—NZHE . Z PR . EXR
BB R, 5 R B FE IR A5 5 30 B AN 3 WL 38t A% 27
AR, IncRNAs 78 38 PR 1 4% 21 i 2 A6 R RE i
KRB LAY R R 5 EEAER, In-
cRNA AK058003 7& GC 4l fu 1z 22 # it #2 b ik
BN, IncRNA-LSINCTS 78 GC Al E i 41 40 i 3R
LU, 17 IncRNA-GACAT1 7 GC H Pk #ik, H S
I PR TNM 23 3140 50, MALAT1 42 9 5 T 4% 2 4k
11q134 8 000 nt [ il flit i 4% s A 1, AR A% K 4
SRR 2P, MALATI1 7E GC 4i g i R 1A /2 GC &
HRE L R () R AR, AT T e X e R g 4
ZUREAS R Z0 ff 224600 /% B, MALAT 1 7E GC 41 2 4

o B2 ik B . @ MALAT1 BE95 0] SGC7901
MG TE T H 12 28 A EMT,

WF 98 P24 38 , miR-141-3p 78 J8g 1 % 26 N % 8
PR E A, LTSRN AR IE , miR-141-3p i@ it
1) KIFO 223k A2 1F 7 41 it de 40 e 39 56 . WANG
SRR , T 1 5 R 41 i R miR-141-3p {1 R4 5
Al ATFS (315 , FF400 ) Fie Joid Jg 4 e 184 4, 2 3dF
I T: . AT AL, MALAT1 5 miR-141-3p H
HBEAE R K AR, i MALAT1 2 2% E i miR-141-
3p £E SGC7901 4 i 7 1) Ak 7K *F , B miR-141-3p
76 SGC7901 4 BB IR Rk o RIS, AHiE 50 R B, ik %
ik miR-141-3p & 3 #01] SGC7901 4B EW 4T M,
B Ut i B, miR - 141-3p 7] B8 A& 7 4 40 9 JE K] 78
SGC7901 4 g H A #5 H T ee A
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"P<0.05 vs NC group; “P<0.05 vs miR-141-3p group
A:The expression of miR-141-3p in SGC7901 cells was detected by qPCR; B-D: CCK-8 assay and Transwell assay were used to
determine cell proliferation, migration and invasion of SGC7901 cells(x200); E: WB was applied to measure the expression of ZEB1
and EMT related proteins in SGC7901 cells
4 MALAT1/miR-141-3p/ZEB1 5 F3#F#E SGC7901 LHAEIEIE 1T 75  (REMEMT
Fig. 4 MALAT1/miR-141-3p/ZEB1 axis regulated the proliferation, migration, invasion and EMT of SGC7901 cells

ZEB & 1 X 4% ZEB1 M1 ZEB2 B R 7, 78
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JiIeE ) e A EMT i A% Hh R 4% 46 B 244 T, miRNAs
Al UL E B 3% ZEB1 KA . ZHOU 254 , miR-

200c i i # 7] ZEB1 1 ZEB2 41 ] TGF - B 7% 5
EMT, M 34 510 GC 41 B Xt it 22 Bt ) Ui . YU-
AN ZECUHE 5T % 3B , IncRNA CAT104 3 i K i miR -
381 X%t ZEB1 B4/ AR 1 GC 40 B3 5 1L 7% A=
Z8. RWT FUIR I X R B R A 2 RIE SE miR-141-

are
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3p 5 ZEB1 B A HAZEL R K &R, i R 1A miR-141-3p &
% N ZEB1 [ 3R 14 , {H [F] i 1 3% 1A MALAT1 B¢
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