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Effects of LncRNA FGDS-AS1 on migration and invasion of gastric cancer cells by
regulating miR-302b-3p/E2F1 axis
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[Abstract] Objective To explore the effects of long non coding RNA FGD5-AS1 (LncRNA FGDS5-
AS1) on the migration and invasion of gastric cancer cells by regulating the microRNA-302b-3p (miR-302b-
3p)/E2F transcription factor 1 (E2F1) axis. Methods Real-time fluorescence quantitative PCR (qRT-PCR)
was used to detect the mRNA expression of LncRNA FGD5-AS1, miR-302b-3p, and E2F1 in gastric cancer
cell lines (SGC-7901, MKN-45, HGC-27, AGS, BGC-823) and human gastric epithelial cell line GES-1, in
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order to screen for the best intervention cells. Gastric cancer cells were separated into control group (NC
group), sh-NC group, sh-FGD5-AS1 group, sh-FGD5-AS1+anti-miR-NC group, and sh-FGD5-AS1+anti-miR-
302b-3p group. qRT-PCR was performed to detect the expression of LncRNA FGD5-AS1, miR-302b-3p, and
E2F1 in the cells. MTT assay and flow cytometry were applied to measure cell proliferation and apoptosis,
respectively. Scratch and Transwell assays were carried out to measure cell migration and invasion,
respectively. Western blotting was carried out to measure the protein levels of E2F1, Ki-67, Bax and Bel-2.
Nude mouse model of transplantable subcutaneous tumor was established to verify the effect of LncRNA
FGD5-AS1 on the growth of gastric cancer transplant tumors. Dual luciferase reporter gene and RNA pull-
down assays were used to detect the targeting relationship of LncRNA FGD5-AS1 and E2F1 with miR-302b-
3p. Results Compared with the GES-1 cells, the gastric cancer cell lines SGC-7901, MKN-45, HGC-27,
AGS and BGC-823 exhibited significantly increased mRNA levels of LncRNA FGD5-AS1 and E2F1, while
decreased level of miR-302b-3p (P<0. 05). AGS cells were finally selected for the following experiments.
Silencing LncRNA FGD5-AS1 prominently up-regulated miR-302b-3p, down-regulated E2F1, and inhibited
cell proliferation, migration, and invasion, and promoted cell apoptosis in gastric cancer AGS cells (P<0. 05).
Inhibition of miR-302b-3p partially weakened the effects of silencing LncRNA FGDS5-AS1 on the proliferation,
migration, invasion, and apoptosis of gastric cancer cells (P<0. 05). In vivo experiments showed that silencing
LncRNA FGD5-ASI could prominently inhibit the growth of transplanted tumors in mice (P<0. 05). RNA pull-
down and dual luciferase reporter gene assays confirmed the targeted regulatory relationship of LncRNA
FGD5-AS1 and E2F1 with miR-302b-3p. Conclusion TLncRNA FGD5-ASI is up-regulated in gastric
cancer cells, and its silencing can inhibit the malignant progression of gastric cancer by regulating the miR -
302b-3p/E2F1 axis.
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1.1 #@fel £ %X H

N B IR R A 2 GES-1 5 B 95 40 i 2 (SGC-
7901 \MKN-45 HGC-27 .AGS .BGC-823) ¥4 [ v [ #}
& R O

LncRNA FGD5-AS1 % % 3¢ (sh-FGD5-AS1) JZ [
X} 8 (sh-NC) \miR-302b-3p #5517 (anti-miR-302b-3p)
K 3P % B (anti-miR-NC) . miR-302b-3p #4814 (miR-
302b-3p mimics ) K B PR B8 (miR-NC) 2 A& W 5 116
Genepharma 7Y 7 ; miR-302b-3p . LncRNA FGD5-AS1
GAPDH U6 59 FI |~ M RiboBio; 8 4 $2 B 57 &
(HR8018) . Edu(KM0162) 171 W [ b 57 F 53¢ A}
A PR T 5 Lipo6000 % 4457 (C0526) \MTT 4 fifd 34
B A R 77 A2 (C0009S) . Annexin V-FITC/PT 40 il 4 1
K7 £ (C1062L) E2F1(AF6756) Ki-67(AF1738) .
Bax(AF5120) .Bel-2(AF0060) HTIAIE [ i Beyotime.

LightCycler480 PCR X 4 H %ii + Roche 2\ #] 5
Multiskan"™ FC FFRA I [ 24 E Thermo Fisher Scientific
/3 7] 5 CytoFLEX S LX 3t 20 4l i A 1 F 92 & Beckman
coulter 23 ) ; IN480TC-HD 18-HDM 2] &tk i 55 [ 25 [
AMSCOPE 73 F] s MX63 ¢t i i 58 4 A H 4% Olympus
NG
1.2 %7k
1.2.1 #pEsYe 4l GES-1.SGC-7901 ,MKN-
45 HGC-27 . AGS .BGC-823 4l il 7£ & A 10% Jif 2F 135
(FBS)DMEM ¥ 58 5L i 15 57, 15 93 4544 : 37 °C, 5% CO,
B4t . B53% 48 hJm , qRT-PCR A6 1 411 i LncRNA
FGD5-AST .miR-302b-3p .E2F1 mRNA #iA7KF .

BOW B0 K0 AGS 41, LA 1. 2x10°/4L3%Fh T
6 FLAR H 15 75 1 0, % IR B 209%0~30% I, {1 2k
J& 50 nmol/L 1) % Y ) (JC LT 35 77 HE A B ) % 4 i
HEAT i Y AT AR e Gt 2 B 5 S X B (NC A1)

sh-NC 4 .sh-FGD5-AS1 #H . sh-FGD5-AS1+anti-miR-NC
ZH . sh-FGD5-AS1+anti-miR-302b-3p £H , % Y4 Jmi W e
HIMLTERT TR 48 h 5, KI5 21 40 i 35 R 38

1.2.2  LncRNA FGD5-AS1. miR-302b-3p. E2F1
mRNA £ ] K H qRT-PCR ¥E Kl LncRNA FGDS5-
AS1.miR-302b-3p . E2F1 mRNA 3£ ik 7K F , fdf F RNA
P B 7] & P2 B4 B P 5 RNA ff ] PrimeScript RT
IR & S S A ¢ DNA L R 451 :95 °C 305,95 C 5 s,
60 “C 30 s, 45 MG, RN AR 25 Lo FARYES |97
H)(F 1), {8 SYBR Premix Ex Taq Il #£47 PCR Y44,
L GAPDH U6 N 2, 3% FH 27 )7 415 LncRNA
FGD5-AS1 .miR-302b-3p .E2F1 mRNA FHX} ik .
1.2.3 MTT S5 - L 1 £ 2H A0 BT 96 FLAR
BRI E 48 hm , BALINA 20 wL ¥ EEH 5 mg/mL (1)
MTT %W, W 8 4 h J5 JiIn A DMSO ¢ 1k K5 3%, I
Multiskan™ FC liFR1 570 nm &b 56255 (OD ) A .
1.2.4 Edus8e KRS AACB R B aniE Ll 1x10°
Y R/ALEE D T 24 FLAR P 5 55 24 b RS TE R 9 S
HIA10 uM Eduifi], 7 37 °C.5% CO, 54 R 2 h,
4% % B S % 72 , 0. 5% TritonX-100 1% J , DAPI &
U A% , DG AR T %S Edu BHPE 21

1.2.5 MR RS ISR A A S
EDTA 1% R 1 B AL IR, 8 Buffer 22 vtk 8 &
A3 FE Sk 5%10%/mL, FilE 100 w L 48 837 23 i A
5 wL Annexin V-FITC #15 pL PI, % O &,
A T A gE T

1.2.6 RPESCES KSR AAIILL 4x10° /AL
AT 6 FLAR I, Al MU fil & 24 709% B, i H] 200 pL %
TG S 7R M Y IR, PBS YT 22 BRIZETR 4, 43+ 571 WL
ZIFHAIRIC SR 0 h 5 48 h (YRR G O , Image J A3
MriRAA =,

1.2.7 Transwell 3 56 Transwell /NZE () _F 2=, Nl
A 100 wL 50 ng/pL i Matrigel %% , 75 IS BEIR 5 , B 4%
2 e A0 ol D G AL 555 55 5 R 1R 2 Sk 2% 10° 4
Ja/mL, T EZHA 100 WL 4RI, T EMA S

*1 Sl9F73
Table 1 Primer sequence for qRT-PCR

Genes Upsteam (5'-3") Downsteam (5'-3")
LncRNA FGD5-AS1 CCTTGTCCTTCCCTGTTTCA ACTGGGCACTTGATGCTTTC
E2F1 CACACCAAAGGACAAGAAGG CAAGACAGACCTTCTCCACA
GAPDH GGAGTCCACTGGTGTCTTCA GGGAACTGAGCAATTGGTGG
miR-302b-3p GCGTAAGTGCTTCCATGTT TCCAGGGACCGAGGA
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
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10%FBS I RF I, 37 CIF B 48 h )5, FilH 4% £ &
FAE [ % 10 min, 1% 45 5 S8 G4 €8, 20 min, (5] '8
5 CHlOR 200 4% ) 115k 5 4~ Bl ALY %) 2 HES A O 2
1.2.8 RNA pull-down 325 ¥ 2E ¥ Z 1L (Bio 41
1i8) Y miR-302b-3p B A 4 5l 58 A8 A (wi/mut ) A4 YL
AGS 41 it , L) Bio-NC 1E A X R, 48 h J5 , 24 40 fitg , fiff
FH#E 5 28 R AP R 73 2 2 A4, RT-qPCR A il
EA YT LncRNA FGD5-AS1 . E2F1 mRNA AH% & 4 .
1.2.9 XMFOCREFIAG LR LR e EEa
5 miR-302b-3p 45 4 17 /5 fY LncRNA FGD5-AS1 5
E2F1 B A= 7 (wt) 5 28 48 B (mut) f) PmirGLO 3 ik 3§
1 B #y B ) FGDS-AS1-wt . FGD5-AS1-mut , E2F 1-wt ,
E2F1-mut 43 %] 5 miR-NC . miR-302b-3p mimics 5% Je
AGS 4l 48 h, X 22 g 5 J PR A N 2% e A i AH
X} W 1
1.2.10 Western blot £ 1] E2F1,Ki-67 ., Bax . Bcl-2 £5
M SR FH 20 M 2 P 4 0GR ) 6 DA 45 2 40 it v - 25
SR, SDS-PAGE HLUK G 80 85 1 B FL 6 B 31 R
it — 3 LA (PVDF) B | =T, FH 2% 4 1035 H 2
F R PVDF 2 b, B4 5 E2F1 . Ki-67 . Bax . Bel-2 —
PR 4 CFEE SR, MAZYUREE 2 h 5, 1A
{27 % ECLIRH & R 2541 , I H] Image] 4K 1432
TR mHr.
1.2.11 BREBHEELLE Ko Al 1P BALB/c
PRE O F I AR S e A R A BRA R A= V5]
SCXK () 2022 0007, L5 2 I AR Sk e MR A
RN F) S 18 2 Bt 24t v (It 5 : DW2024088-01)
53K sh-NC 41 .sh-FGD5-AS1 40 , £E4H 5 H 5L YL Al g
9 B 2 I AGS 4 A vE S B BR BRSNS
10° /N4, 4 J8) 0 e RS AR AR, 5 ) Jim BS54 46, B
F M 988 FR L JF I AR A . qRT-PCR 3246 0 B A 908 40
21 LncRNA FGD5-AS1.miR-302b-3p %63k . 411k
RS AR 20 21 E2F 1 Ki-67 B 173k
1.3 %its7%

K F SPSS 25. 0 A AT e vt 43, 75 & IE & 57
A A SIS LA ()27, AL I] LA R FH ST REAR
t KL, 224 (8] FL R R R R 2 Ty 22004 R 2 L
R Tukey 2 5 K 56, P<0. 05 £R 22 54 G it

2 HR

2.1 LncRNA FGD5-AS1. miR-302b-3p. E2F1 mRNA
ERBEmMIL L P Rk

5 GES-1 M Lt , B 41 I8 & (SGC-7901 \MKN-45

HGC-27.AGS.BGC-823) H' LncRNA FGD5-AS1 . E2F1

mRNA ik 7K - 8 2% T+ /5 (P<0. 05) , miR-302b-3p %
KK S 3 B AR (P<0.05) o W 2 FF %, AGS
LncRNA FGD5-AS1 235 K F fie 5 , miR-302b-3p £ ik
HAIG, B PEIR 22 IR I AGS A RS T/ SR 55 56

£R2 AEBEMIE D LncRNA FGD5-AS1.miR-302b-3p.
E2F1 mRNA FRi£ L5 (n=6, x+s)

Table 2 Comparison of LncRNA FGD5-AS1, miR-302b-3p,

E2F1 mRNA expression in different gastric cancer

cell lines (n=6, x+s)

Cellline  RNATFODS T o N
ASI/GAPDH GAPDH

GES-1 1.0020. 15 0.99:0. 10 1.0220. 14
SGC-7901 1.65£0. 13 0.85:0.08"  1.410.11°
MKN-45 2.12:0.15°  0.6120.06°  1.76%0. 14"
HGC-27 1.8320. 17" 0.7420.07°  1.6320. 13"
AGS 3.68:0.25  0.3120.03°  2.5420.21°
BGC-823 2.7240.31°  0.45:0.05°  2.12+0.15"

The data was detected by qRT-PCR and calculated using the PR

method, with GES-1 cells as the calibration sample. a: P<0. 05,
compared with GES-1 cells

2.2 & 48 %8 B LncRNA FGD5-AS1. miR-302b-3p.
E2F1 mRNA & ik o4k
5 sh-NC ZH#H [t , sh-FGD5-AS1 20 LncRNA FGD5-
AS1.E2F1 mRNA J £ [ 3% 1k 7K F 8 3 P& AIX , miR-
302b-3p % ik K F Fh i (P<0.05) ; 5 sh-FGD5-AS1+
anti-miR-NC 22 #H It , sh-FGD5-AS1+anti-miR-302b-3p
20 E2F1 mRNA K 35 (28K T+, miR-302b-3p
IKIK AR (P<0. 05) s WA 1.,
2.3 Bimpagiis AT
5 sh-NCAH A, sh-FGD5-AS1 4 20} OD {f . Edu
PH 5 2 BRI, A0 I R TR i 3 T (P<0. 05) 3 5
sh-FGD5-AS1+anti-miR-NC 20 #H Lt , sh-FGD5-AS1+
anti-miR-302b-3p ZHLZH 1 OD {f . Edu FHME R & 2 715,
2 8 T I S BRI (P<0. 05) 5 ILIET 2,
2.4 BAmpit5iaE
5 sh-NC ZH M It , sh-FGD5-AS1 2H 4 §o %) A &
R AR D ZE A (P<0. 05) ;55 sh-FGD5-AS1+anti-
miR-NC 20 4 kb , sh-FGD5-AS1+anti-miR-302b-3p 41 4f
JHLA IR A A 3 M A7 28 2 T (P<0. 05) 5 ULIEL 3
2.5 BN 5B TAHREG KA E
5 sh-NC ZHAH kb , sh-FGD5-AS1 £ Ki-67 . Bel-2 %
IR 4 35 PR AR, Bax F2 38 TR (P<0. 05) 5 5 sh-FGD5-
AST+anti-miR-NCZHAH L ,sh-FGD5-AS1+anti-miR-302b-
3p4 Ki-67 \Bel-2 K35 K V- T & , Bax % ik 7K 1 FE AR
(P<0.05); L[5 4,
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A : Western blotting showing E2F1 protein expression in each group of cells; B: Comparison of LncRNA FGD5-AS1,

miR-302b-3p, and E2F1 mRNA levels in different groups of cells. E2F1: E2F transcription factor 1. a: P<0.05, compared

with the sh-NC group; b: P<0. 05, compared with the sh-FGD5-AS1+anti miR-NC group

El1 &E4HH LncRNA FGD5-AS1.miR-302b-3p . E2F1 mRNA R i% b8 (n=6)

Figure 1 Comparison of LncRNA FGD5-AS1, miR-302b-3p and E2F1 mRNA expression levels in each group of gastric

cancer cells (n=6)

2.6 LncRNA FGD5-AS1 xt B /& #5455 £ K 695k
WES s, FEFFE 21 d.28 dJ& , sh-FGD5-AS1 41
/N ERFE AR PR o e ] B 4 Sh-NC 41K (P<0. 05)
RT-qPCR Z5 R /R , 55 Sh-NC 4 M [t , sh-FGD5-AS1 44
FEAE I 2H 2 LncRNA FGD5-AS1 &3k i 35 44K , miR-
302b-3p 1k WL TH 5 (P<0. 05) ; G0 % 4 AL 4G 1 45
7R, sh-FGD5-AS1 21 B A1 98 41 21 E2F1 \Ki-67 FH 43
kB EET Sh-NC 4 (P<0. 05), LK 6.
2.7 LncRNA FGD5-AS1 #2138 %% miR-302b-3p & ik
WK 7 7R, 28 starBase £ 28 707 . 7~ , LncRNA
FGD5-AS1 . E2F1 5 miR-302b-3p B 45 454 61 15 F Hi

N

SEEE , Bio-NC 4L, Bio-miR-302b-3p-wt 541 & %
£ ) LncRNA FGD5-AS1. E2F1 mRNA (P<0.05) ,
W23,

e 2R Wl S @7 , FGD5-AS1-wt \E2F 1-wt 5
miR-302b-3p mimics 355 YL 4l L J5 | AH X 2¢ 6 K B IG
P miR-NC 4 2 EFEIR(P<0. 05) , L3 4.

2.8 LncRNA FGD5-AS1.E2F1 mRNA /& B /%28 4% ¥
89 s R S AT

TCCA BRI T4 R Bon , SIE W AL, B
JELH 2P LnecRNA FGDS-AS1 FAFA AR (P>0. 05),
E2F1 mRNA %35 T (P<0.05) , —# ¥ 55 X%
(P>0.05), WAl 8,
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Figure 2 Comparison of cell proliferation and apoptosis across different groups of gastric cancer cells (n=6)
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Figure 3 Comparison of cell migration and invasion among different groups (n=6)
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A: Western blot detection showing protein expression of Ki-67, Bax, Bcl-2 in each group of cells; B: Statistical analyses of

protein levels of Ki-67, Bax and Becl-2 in each group of cells. a: P<0.05, compared with the sh-NC group; b: P<0.05,

compared with the sh-FGD5-AS1+anti miR-NC group
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Figure 4 Comparison of proliferation- and apoptosis-related protein expression in each group (n=6)
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Table 3 RNA pull-down assay for detecting LncRNA FGD5-
AS1 and E2F1 mRNA expression (n=6, x+s)

R4 WRARBRMEEBELBLER (n=6, v+s)
Table 4 Experimental results of dual luciferase reporter

gene assay (n=6, x+s)

Group FGD5-AS1-wt FGD5-AS1-mut  E2F1-wt  E2F1-mut
Group LneRNA FGDS- E2F1 mRNA miR-NC 0.98+0. 12 1.01+0. 15 1.00+0. 15 0. 98+0. 13
AS1
miR-302b-3p
Bio-NC 1.01+0. 12 1.02+0. 13 mimics 0. 35+0. 04 1.03+£0. 14  0.51+0. 06 1. 00+0. 14
Bio-miR-302b-3p-mut 1. 05+0. 14 0.98+0. 14 ! 12. 200 0.239 7.429 0.256
Bio-miR-302b-3p-wt 7. 68+0. 65 5.47+0. 46 P <0. 001 0.816 <0. 001 0. 803

5 Bio-NC Jb4%, a:P<0. 05
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A: Volume of transplanted tumors in nude mice at different time points; B: Weight of nude mouse transplanted tumor. a: P<0. 05,

compared with the sh-NC group
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Figure 5 Comparison of volume and weight of transplanted tumors in nude mice (n=5)
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A: Immunohistochemical assay of E2F1 and Ki-67 protein expression in transplanted tumor tissue ( x200) ; B~E: Statistical
analyses of positive rates of Ki-67 (B) and E2F1 (E) as well as expression levels of LncRNA FGD5-AS1 (C) and miR-302b-3p (D).
a: P<0.05, compared with the sh-NC group
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Figure 6 Effect of LncRNA FGD5-AS1 on the growth of gastric cancer xenografts (n=5)
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hsa-miR-302b-3p  ENSGO0000225733  [FGDS-AST|  IncRNA
Binding Site of hsa-miR-302b-3p on E2F1:

Show 10 v entries

TargetRegion

chr20:33676340-33676345[-] 6mer

miRNA :

chr:14943467-14943489(-)

T Type Alignment

Target: 5' COCCUDCOCUGIRIICALCACNIA 3°
1 I

Target: 5' UGGGGGGGCUCUAACUGCACUUU 3'

| (RRERR

3' GAUGAUUUUGUACCUUCGUGAAD 5'

7 LncRNA FGD5-AS1.E2F1 5 miR-302b-3p #8 & Fiil

Figure 7 Prediction of LncRNA FGD5-AS1, E2F1 and miR-302b-3p targets
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Figure 8 Expression of LncRNA FGD5-AS1 and E2F1 mRNA in gastric cancer tissue and their relationship with prognosis
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