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T (P<0.05), fif TPS3INP1 mRNA F1 2 [ 3 1 /K °F & 3 [ (P<0.05 2% P<0.01) , miR-504 A TPS3INP mRNA W # (1] £ 15 &
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Highly expressed miR-504 in gastric cancer tissues regulates the biological
behaviors of gastric cancer cell BGC-823 through TPS3INP1

LIU Zhenyi, WENG Guowu, GUAN Liwen, ZHOU Zhenzhen, WANG Liya, FENG Hongjun (Department of Gastroenterology, Sanya
Central Hospital & The Third People's Hospital of Hainan Province, Sanya 572000, Hainan, China)

[Abstract] Objective: To explore the expression level of microRNA-504 (miRNA-504) in gastric cancer (GC) tissues and its
regulatory mechanism in the biological behaviors of GC cells. Methods: From June 2020 to December 2020, tumor tissues and
corresponding para-cancerous tissues resected from 48 patients with gastric cancer were collected in the Department of Surgical, Sanya
Central Hospital. gPCR was used to detect the mRNA levels of miR-504 and tumor protein 53-induced nuclear protein 1 (TP53INP1) in
the tissues, and WB assay was used to detect the protein level of TP5S3INP1. Human gastric cancer BGC-823 cells were cultured in vitro
and divided into control group (normally cultured BGC-823 cells), miR-504 mimic group, mimic-NC group, miR-504 inhibitor group,
inhibitor-NC group, miR-504 inhibitor+si-NC group, and miR-504 inhibitor+si-TP53INP1 group. qRT-PCR was used to detect mRNA
expression of miR-504 and TPS3INP1 in each group of cells. MTT method, Flow cytometry, Scratch test, and Transwell invasion assay

were used to detect the proliferation, apoptosis, migration, and invasion of the cells in each group. WB assay was used to detect the
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protein expression of cell proliferation, migration, and invasion-related proteins (Cyclin D1, E-cadherin, MMP-2, MMP-9) and
TP53INP1 in each group. Dual-luciferase reporter gene experiment was used to further verify the targeting relationship between miR-
504 and TPS53INP1. Results: Compared with the para-cancerous tissues, the expression of miR-504 in gastric cancer tissues was
significantly increased (P<0.05), and the mRNA and protein expression levels of TP53INP1 were significantly decreased (P<0.05 or P
<0.01). The expression of miR-504 was negatively correlated with TPS3INP1 mRNA (P<0.01). Compared with the control group, the
expression of miR-504 in the BGC-823 cells of the miR-504 mimic group was significantly increased, while the mRNA and protein
expression of TP53INP1 was significantly decreased (all P<0.05); moreover, the cell survival rate, scratch healing rate, the number of
cells entering the lower layer of the Transwell chamber, and the expression of Cyclin D1, MMP-2, and MMP-9 were all significantly
increased, while the apoptosis rate and the expression of E-cadherin were significantly decreased (all P<0.05) in miR-504 mimic group;
However, the miR-504 inhibitor could significantly down-regulate the expression of miR-504, up-regulate the mRNA and protein
expression of TP53INP1, inhibit cell proliferation, migration, and invasion, and promote cell apoptosis (all P<0.05) in BGC-823 cells.
Down-regulating the expression of TP53INP1 could significantly reduce the inhibitory effect of down-regulation of miR-504 on the
proliferation, migration, and invasion of BGC-823 cells; and miR-504 over-expression could obviously inhibit the luciferase activity of
wild-type TP53INP1 plasmid (all P<0.05). Conclusion: miR-504 is highly expressed in gastric cancer tissues. Down-regulation of miR-
504 can inhibit the malignant biological behaviors of gastric cancer BGC-823 cells and promote their apoptosis, and the mechanism
may be related to the targeted regulation of the expression of TP53INP1.
[Key words] gastric cancer (GC); BGC-823 cell; microRNA-504; proliferation; apoptosis; migration; invasion; tumor protein 53-
induced nuclear protein 1 (TP53INP1)
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Lipofectamine™ 2000 % 4% 57 554 H 3 [E Thermo 2
7] , miR-504 B (mimic) » miR-504 mimic [ £ %F
H& (mimic-NC) - miR-504 41 | 4 (inhibitor) - miR-504
inhibitor [ ¥ %} B (inhibitor-NC) . TP53INP1 mRNA
f) T $t RNA (si-TP53INP1) . T3t RNA (¥ B 12 %} 1@
(si-NC) & PCR 519 7 511251 | bt 35 B3 25 AR A
PR 2> 7] B 1HFE A i, TPS3INPI siRNA Ji ki K H 25 %
A J5f Fr 35 e H 3% [E] Santa Cruz Biotechnology /A ) ,
MTT VLR & B 3R HGAF&  BCA R & H
g E R RAF, N T HE MR (MatrigeD 1 H
% [E BD A 7] , Transwell /N % W H 3% [ Corning A 7 ,
A T (FITC-Annexin V /P12 i 2GR 701 &5
B 75 M FAE AR BRA ], 50 2 Bl i i)
&) H 2 [H Thermo Fisher Scientific 2% & , fa it A
TP53INP1 « E-cadherin « Cyclin D1.MMP-2. MMP-9.
B-actin HLMAFN HRP Fric (14 1 £ 50 G 1gG H 0 H
Abcam A 7 . Prism® 7300 % qPCR £ 4 W [ 5
ABI A ], IX73 8 B 52 6 BB H H A Olympus 23
], iMark680 £ j R B AR A0 8 11 % i e B 3 W 58
Bio-Rad A &) »

x1 BEELAER

Tab.1 Basic information of patients

Feature Case (n)

Gender

Female 18

Male 30
Age (t/a)

<60 13

=60 35
Location

Gastric fundus-cardiac 22

Gastric body 17

Pylorus 9
T grade

T1+T2 15

T3+T4 33
Tumor size (d/cm)

<5 29

>5 19
Lymph node metastasis

Yes 20

No 28
Histological grade

Low 37

Middle 10

High 1

1.3 e s afeds g

0 B K BGC-823 41 g 43 s X IR 4
CIEH K5 77 11 BGC-823 4118 «mimic-NC £ .miR-504
mimic 4 . inhibitor-NC 20 . miR-504 inhibitor 2 . miR-
504 inhibitor+si-NC 2 (miR-504 11 7 5 si-NC £ 4%
1) \miR-504 inhibitor+si-TP53INP1 4 (miR-504 /1]
Al 5 si-TPS3INPL 3% 5 4t ) , ¥ 4 ¥y & M
Lipofectamine™ 2000 12t 7 & 1t B3 5 2E AT #84F Bt 5
£ 37 °C5%CO, 35 7746 H1 15 77 48 h, H qPCR A il #%
PR . BRI a , T e 825256
1.4 qPCR % & I B 9 40 23 A0 28 il miR-504
TP53INP1 mRNA ]2 iA /K

TRIzol VAEHH 5 ¥ i 55 2H RN 25 2H 200 i H ) A
RNA, 843 J 6 BETHR A RNA VR FEFI AL RS o 4%
HE SYBR® Premix Ex Taq™ 17 & Ui B 15 RNA
B cDNA, 1T qPCR 73 . [ MAR & (25 pb) -
SYBR® Premix Ex Taq™ (2x)12.5 ul, F F 7 51 ¥ %
0.5 ul, cDNA (200 ng/ul) 1 pul, ddH,0 11 pl. 8 4%
fF:95 °C T AZ P 5 min 2 J5,95 °C 1% 15 5,60 °CiR
K20 s.72 °CZEAH 1 min, 3£ 40 NG . LL U6 5L
B-actin AN S, K 2 5yt H I JE DR (A X6 3%
k&, qPCRETH BTSN 2.

&2 5|95

Tab.2 Primer sequence

Gene Primer sequence

miR-504 F:5'-CCAGCAAGACCCTGGTCTG-3'
R:5'-AGAGCAGGGTCCGAGGTA-3'

U6 F:5'-GCTTCGGCAGCACATATACTAAAAT-3'
R:5-CGCTTCACGAATTTGCGTGTCAT-3’

TP53INP1 F:5'-TTCCTCCAACACAAACACGAGA-3'
R:5-GCTCAGTAGGTGACTCTTCTCACT-3'

B-actin F:5-TTGCGTTACACCCTTTCTTG-3'
R:5-TGTCACCTTCACCGTTCCA-3’

1.5 MTT FA2 M) 2m e 3% 78 K -F

HY % 2H BGC-823 41 Jfl, Jik 25 1 i Ak 5 4 48 1
T B R B Ol 4x10° N /mil, 5T 96 LR, B SL
100 plo A7 20 M 05 BE J5 , 422 B8 1.3 TR B BT 0 4
AL PR A, 35 77 48 hJ5 , BEFL IO 20 pl ) MTT
(S mgmD , TIEFRATIE 4 h, W LEHR
J& N 150 ul {1 DMSO, il & 490 nm 3 + 4k % 5L
B (DE, HA ARG % . 20 i 36 5 =30 00 41
DAE/FIEZH D{Ex100%
1.6 A 2 e R AR 4m oL B T F

UL e 5 1R %% 41 BGC-823 ZHifd , 15 9% 48 h, i 2K
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1 BT A T B B 20 s T T R AT B O 1x10°
ANml, 17 EP & A i N 100 pl 40 #2300, 48 J5 i
Annexin V -FITCFIPI G0k % 5 ul, BEEF H 15 min
Ja TN 1x 454 22 i 400 pl, 1 h P A 97 2 40 R A
K i 520 BGC-823 4 T2 .
1.7  XVJREF oA tm fo T 45 f8 /)
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IS RIIR B /0 h IR RITR 5 ) < 100%
1.8 Transwell 52 346 2| iR 4% 2 A8 7

B 4% G4 48 h J5 1) 4% 41 BGC-823 41 i, F J¢ IfiL i
(1) 20 H % 77 W R A0 B % O 5%10° AN/ml,
Matrigel % i B J5 i £ Transwell &%, i &0 T )5
3N 200 wl 48 A 2 C LG R 725, T =N
A 400 pl 5 10% G4 MLiE ) RPMI 1640 1557755, B T
37 °C.5%CO, 5 7= 44 o 55 7% 24 h, U Transwell /)
%,95% LFE[E 52, 0.1% 45 4R Ye i de 4, ddH,0 75
Ve INE R AR, F VAR 8 /N O 48 Bk =5 J B 3 1
(IR, T J5 72 A T BEATLEL 3 AN PLET , Fa e, o
Ko R
1.9 WB &40 28 8 F TPS3INP1 A & 3574 | iE 4540
*AE ORI

{8 FH RIPA R RS2 LK HA b 22 1, A
BCA A&l 2 BB (K E . IS 2 & AR
(30 pg) L #E, 4R 5 31T SDS-PAGE LLE A/ &5 , B
WBERAKWHBEEPVDF I L. 5% WG 2R 08 1,
FAE4°CF 5 —HL[TP53INP1(1:2000) . Cyclin D1
(1:200) . E-cadherin(1:1 000) \MMP-2(1:1 000) .
MMP-9(1:1 000) 1 B-actin(1:2 000) L4455 & i 7 .
WH P2 — P, N — Ht (HRP A5 19 L 2F 1 %
IgGO % E 2 h, S8 )5 48 Ak % K % (ECL) i1 & 47

Relative expression of miR-504
)
O

Para-cancer Cancer

B, DlBactins NS T SAHDCE H i Rk & .
1.10 38 5k & g 4R & & B 5% 3 % 4F miR-504 5
TP53INP1 mRNA X i) 8 $e.&) % #

miRanda W 3t H #5 F10I 43 #7 % 75 , TPS3INPL
mRNA ] 3'UTR 5 miR-504 2 [a] {{] 7> 5 A AE B AME
TP53INP1 72 miR-504 [ 78 /£ ¥ b , 1HE4T 2 6 R
5 SE DRI s LB AIE A5 D22 T I 45 51 . K AS49
Y B Fh 21 96 FLAR (2x10°A/FL) 1, I 7E RPMI 1640
B E E MM e0% LA bE, £ H
Lipofectamine™ 2000 4% %4071 (0.2 uD %} 50 ng miR-
504 mimic 8 miR-NC.TP53INP1-3'UTR ¥/ A=A (WT)
B TPS3INP1-3'UTR RAZAR (MU R #E AT 3L 4L
YL 48 h i, ¥ HRAT Sl B A R AR AT A O 3=
PRI 5 7] 5 00 4 P O R T
.11 %Gitsie

PLE A S B6 3 T R 3 k. iTf3 EdE R A
SPSS 22.0 1 Image-Pro Plus 6.0 #4347 4347, IEZS
I3 TR R DL dks R, PR LU ESCR FH A5G
Z o ) bR R 7 % 4 BT (One-way
ANOVA) , Z H i 22 ik — A2 2R F SNK-Q k46
PLP<0.05 8% P<0.01 £/ 257 BA G R L.

2 # B

2.1 B /&84 % miR-504 A= TP53INP1 mRNA #9 % ik

qPCR G 25 (W D B, 55 A4, B
Jei 2H 23 TP miR-504 [1) 32 18 2 3 & (P<0.05) , T
TP53INP1 mRNA & ik /K ¥ & 3 £ AL (33 P<0.05)
WB I 45 (K 2) 8o, B0 214 TPS3INPL [
TE7KPAH 25 A 98 5% 4H £4.(0.49+0.05 vs 1.00+0.00,
=70.67,P<0.01).

i3 Perason AHICMEA S 73 BT miR-504 5 TP53INP1
mRNA FHX 8 5 2 0] (A S E , 5 3 (B 3) iR, 5
B0 2H 1 g 2 21 1 miR-504 1] % 1A 5 TPS3INP1 mRNA
Ik B A 9% (=-0.647, P<0.01) .

—_
(%

e
1.0} 50 .
)
05} g %‘

Para-cancer Cancer

Relative expression of
TP53INP1 mRNA

"P<0.05 vs Para-cancer group
1 B4+ miR-504 71 TPS3INP1 mRNA KR iA (n=48)
Fig.1 mRNA expression of miR-504 and TP53INP1 in gastric cancer tissues
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2.2 BGC-823 #m i,  miR-504. TP53INP1 mRNA %
I

qPCR U 25 3 (K 4) &7, % BE 2H  mimic-NC
44 A1 inhibitor-NC 41 BGC-823 4H il ' miR-504 Al
TP53INP1 mRNA ik K-V 2 5 4t it 2 & (3
P>0.05) ; 5 %} 18 ZH 4 HE , miR-504 mimic 25 2 g
miR-504 ff] R 1A . 3 7t & , TPS3INP1 mRNA f 3R 1A
i 2% P& A% (P<0.05) , 1fif miR-504 inhibitor 2 4 ff1 h
miR-504 [ 3R 1A 2 2 B# K , TPS3INP1 mRNA [ & ik
i3 1 i (P<0.05) ; 5 miR-504 inhibitor 21 AH Lt ,
miR-504 inhibitor+si-TP53INP1 £ 4H g H TP53INPI
mRNA 1355 B & FEIK (P<0.05)

Para-cancer Cancer

TPS53IND] - s—

pacin [J——

2 BN F TPSIINP1 HIFRIL
Fig.2 Expression of TPS3INP1 in gastric cancer tissues

241 RA(L)=0.418

22 -y r=-0.647
§ 20b P<0.001
9'4 1.8 g.‘.
g 16 Y=248-12%X

1.4}F -

1.2

1.0 . R

0 0.2 0.4 0.6 0.8 1.0
TP53INP1
3 BE4A4E I miR-504 F1 TP53INP1 mRNA
FTIEHIE KT

Fig.3 Correlation analysis of mRNA expression of miR-504

and TPS3INP1 in gastric cancer tissues

= Control =3 mimic-NC
— =3 miR-504 mimic =3 Inhibitor-NC
% =3 miR-504 inhibitor = miR-504 inhibitor+si-NC
- 25 = miR-504 inhibittor+si-TP53INP1
& - *
2 20
A A
£ =N
g 15 "
o
[
) E 1.0
S 005 * ¥ % *
[3}
~ i

miR-504 TP53INP1 mRNA

"P<0.05 vs Control group; “P<0.05 vs miR-504 inhibitor group
4 BGC-823 4HAf% miR-504, TP53INP1 mRNA K]
FILIKFE (n=3)

Fig.4 The mRNA expression levels of miR-504 and
TPS3INP1 in BGC-823 cells

2.3 miR-504 #= TP53INP1 % BGC-823 4m JtL 38 74 &%

CCK-8 A 25 B (B 5) o, 5t B4l Af L,
mimic-NC ZH Al inhibitor-NC 41 BGC-823 41 Jitd ) 77 1%
RERT G 1T2¢E X (3 P>0.05) , miR-504 mimic 20
21 Jif 48 5 5 IR 25 19 0 (P<0.05) , 1] miR-504 inhibitor
o B AE R B E K (P<0.05) 5 5 miR-504
inhibitor ZH#H LV, , miR-504 inhibitor+si-TP53INP1 ZH 4H
JH 44 7 % B 5 386 11 (P<0.05)

-¢- Control & mimic-NC

-4 miR-504 mimic ¥ Inhibitor-NC
-~ miR-inhibitor -© miR-504 inhibitor
200T & miR-504 inhibitor-+si-TP53INP1 *

Cell proliferatory rate (%)

Time (¢/h)

"P<0.05 vs Control group; “P<0.05 vs miR-504 inhibitor group
&5 miR-504 71 TPS3INP1 Xt BGC-823 4R A58 A #2M0
Fig.5 Effects of miR-504 and TPS3INP1 on the proliferation
of BGC-823 cells

2.4 miR-504 #= TP53INP1 * BGC-823 #m it 8 T #9
$ A

i At P A AR I 26 SR 6) o, 5 0 RZLAH
Et , mimic-NC 211 inhibitor-NC 24 BGC-823 4 [ 1~
RES TG T2 E L () P>0.05) , miR-504 mimic 21
AU YE T 5 3 PRIK (P<0.05) , 1fif miR-504 inhibitor 2H
AN YE 1T 5 5 35 18 N (P<0.05) ; 55 miR-504 inhibitor 21
Et, miR-504 inhibitor+si-TP53INP1 ZH4H i 1= % B B
P (P<0.05)
2.5 miR-504 4= TP53INP1 * BGC-823 @ ffLif 45 #9
# A

VIR R (- D ER, 5 BAHMLL,
mimic-NC 2 Al inhibitor-NC HXIJE @& X Z R LS
T2 X (#4 P>0.05) , miR-504 mimic ZH 41 ff B i ]
R X $80E 72, RIE 84 6 0 35 160 (P<0.05) , 1
miR-504 inhibitor ZH 40 i [ Kl 5 DX 455 1) 3L 7% A2 B 52 2]
M, KR & A %8 E K (P<0.05) ; 5 miR-504
inhibitor ZHAH v , miR-504 inhibitor+si-TP53INP1 ZH 44
i RIIR A 2R B R 4 N (P<0.05) .
2.6 miR-504 4= TP53INP1 * BGC-823 %m ML 1% % 44

Transwell 12 28 SZI6 A 25 5 (P 8) o, 5% R
ZHAA B , mimic-NC ZHL A1l inhibitor-NC 2H BGC-823 4 Jifd
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R E 7L G2 = () P>0.05) , miR-504 504 inhibitor 21 fH tt. , miR-504 inhibitor+si-TP53INP1
mimic 21 77 fi 41 fifg 25 2 25 38 n (P<0.05) , T miR-504 2H 5 JIE AT Ff 5 IH 2 18 i (P<0.05) .

inhibitor ZH % ik 4 i %5 5 2 P I% (P<0.05) ; 5 miR-

Control mimic-NC miR-504 mimic Inhibitor-NC
107 107 107 107
106 106 pee 1061 ) e 106
10° 10° = “ BT 10° S x 10°
A 10¢ 104 e 104l 10
10° 10° 10° 10°
2. 2 2
101()3 104 105 10° 107 1006107 105 "o " To7 10;03 10 10° 10° 107 10367107 "T05 " T0F 107
= miR-504 inhibitor miR-504 inhibitor+si-NC miR-504 inhibitor+si-TP53INP1
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