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T5 ik o M BTt 2 4 4 3 DX S5 56 UE FGDS-AST 5 miR-142-3p . miR-142-3p 5 PDK1 2 Ji] f4 #1 7] 3¢
% . FH qRT-PCR K3 illl GC £ 41 FGD5-AS1 . miR-142-3p Al PDK1 Y 32 ik K F- . ¥ # sh-FGD5-AS1 T4
R F miR-142-3p M ALAL 43 0 S 16 A 56 U GC AN 5 BGCR23, MARANfId4 5 (CCK8. EdU) . T
(AR ) . TR 5HEFE (Transwell) FFEY2EAT R MAH K 3R IE (Western blot) o 3 i BB T
IR S 504G FGDS-AST X GC RS AR A+ 52 i

EEL. WIEE R R A IL PN 5280 B, miR-142-3p mimic 1] B &K FGD5-AS1 A1 PDK1 721 1 (WT) 4}
EHRE PP CTEE (¥ P<0.05), WixFZEZ2EH (MUT) JEigmd, JES2 FGDS-AST 5 miR-142-3p. miR-142-3p
5 PDK1 Z (M fEfE L4 & 6 R . MR FGD5-AST /G, GC AN miR-142-3p ik L1, PDK1 #Kik T,
MR . T RABREIIES , P TOHER, R AR AT miR-142-3p IR0 (34 P<0.05) . )
S50 5 AR FGDS-AST ] B I 41 ) B OB AR 109 2E K S B AR 4 41 Ki-67 . PDKI1 %36 (3 P<0.05) .
Z5i . FGDS5-AS1 1] fig M a3 ceRNA HIL I i) W B} miR-142-3p, MM B X PDKL (3046, {2 0F GC 4n i i
Wa 5228, JFnd Mg K . FGDS-AS1/miR-142-3p/PDK1 i 7E GC & A & J i R 45 CHEAE T, ST {1
R T A .
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The function and mechanism of long non-coding RNA FGD5-AS1
in regulating the miR-142-3p/PDK1 signaling axis in gastric cancer
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Abstract

Background and Aims: Studies have shown that the long non-coding RNA (IncRNA) FGDS5-ASI
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functions as an oncogene in gastric cancer (GC). Our previous bioinformatics analysis revealed potential
binding sites between FGD5-AS1 and microRNA-142-3p (miR-142-3p), as well as between miR-142-3p
and pyruvate dehydrogenase kinase 1 (PDK1). Therefore, this study aimed to investigate the expression
and functional role of the FGD5-AS1/miR-142-3p/PDK1 axis in GC cells.

Methods: Dual-luciferase reporter assays were used to verify the targeting relationships between FGDS5-
AS1 and miR-142-3p, and between miR-142-3p and PDK1. qRT-PCR was conducted to measure the
expression levels of FGD5-AS1, miR-142-3p, and PDK1 in GC tissues. A knockdown model of FGDS5-
AS1 (sh-FGD5-AS1) and an miR-142-3p inhibitor were constructed and transfected, alone or in
combination, into BGC823 GC cells. Cellular behaviors, including proliferation (CCKS8, EdU), apoptosis
(flow cytometry), migration, and invasion (Transwell assays), were assessed, along with related protein
expression (Western blot). A subcutaneous xenograft model in nude mice was used to evaluate the effect
of FGD5-AS1 on tumor growth in vivo.

Results: The dual-luciferase assays demonstrated that miR-142-3p mimics significantly reduced the
luciferase activity of wild-type (WT) FGD5-AS1 and PDKI1 reporters (both P<0.05), but had no effect
on mutant (MUT) reporters, confirming a direct binding relationship. Knockdown of FGD5-AS1 led to
upregulation of miR-142-3p and downregulation of PDK1 in GC cells, with reduced proliferation,
migration, and invasion, and enhanced apoptosis (all P<0.05); these effects were reversed by the miR-
142-3p inhibitor. In vivo, FGD5-AS1 knockdown significantly inhibited tumor growth in nude mice and
decreased Ki-67 and PDK1 expression in tumor tissues (all P<0.05).

Conclusion: FGD5-AS1I may act as a ceRNA that sponges miR-142-3p, thereby relieving its
suppression on PDK1, and promoting GC cell proliferation and invasion as well as tumor progression.
The FGD5-AS1/miR-142-3p/PDK1 axis plays a critical role in the development of GC and may serve as
a potential therapeutic target.

Stomach Neoplasms; RNA, Long Noncoding; MicroRNAs; Pyruvate Dehydrogenase Kinase 1; Neoplasm Invasiveness
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PEIRIT o TR T A SRS T —E iy
H B T Xt GC & A= i 20 B AN 43— 7K S 1) ELAR AL 1 %0
ZEE BT RORA A, R, B GC KR
B FHLE, SHRAE AR BN GC W AIG YT
oS HA EERE L, EHk, KRS RNA
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S R FNAL YT TR 25 %5 UITAH oW . 28 35 i 390 38 2ok A= W 15
BHSEESE & P, FGD5-ASI 5 miR-142-3p . miR-142-
3p 5 PDKI1 Z [HAFFESS G i mi o B, ABFFEHT
FGD5-AS1 # [i] miR-142-3p/PDK1 *f GC 4il it o ity &
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($3%5: SHC782, mMFEBLAEG AR A RAF ) ;
M-MLV-RTase i) & (555 : CYZ-C15021, 3L
FIHAMRAE); MRNAEBRA & (5.
QPE-011, FifEdH MR 25 H ARARAH); qRT-PCR
WA & (185 1427, JINEBE AR A RA
F) )3 CCK-8 4 i 3 5l M # MR A M0 & (52 %5
R2740, Jbow e s N A R A BRA R ) 5 EdU 48
it 338 g ARG D R A (B85 10338, ) T g TR
YR A BRZA ) 5 Annexin V-FITC & T2 A& 1 3
M (]85 APOAF, M35 )5 A YR A BRA
Hl ) s XU R M A R R R & (RS
GM-040502, b H iAW R AR L) ;
GAPDH, PDKI. Ki-67, PCNA. cleaved caspase-3 .
MMP-9, HRP (£%%5: ab128915. abh202468. abl6667.
ah92552 . ah32042 . ab228402. ab6721, % [E Abcam
ANFD s 5IWH B PHEERH A BRA F A
qRT-PCR (H%5. ABI 2720, E[E ABI/AH]); &
BB (A5 Revolve, | 78 3 BHU Bl H A R
ANFED s WAL (BY4S: Navios EX,  [ifg DL 5g

S PEIRFEEBR R 5 AR AT .
1.2 IfaRHER

W A 30 B8] 5 B B B B R 2% Bt I b 5t 22 0T B B
AT FARIBITHGC BE (2023459 H—20244:6 H )
) 9 2 SURE S T 25 AL BURR AR o 8 7R B A0 B 25 L
St
1.3 FHik
1.3.1 MRAZEHMELAREZE WS miR-142-3p
454 67 5 ) FGDS-AST F PDK1 BF 4B 1 (WT) %
AF AL (MUT) () 4 25 3 BB 57 v B 2] pmiRGLO %k
K, 23 95 mimic-NC Fl miR-142-3p mimic 3£ 5% 3t 5
BGC823 4N vh, 54k 24 him, P K EFR & 3%
PRI A I 2R 498 4G N 5 D' 2% il 0% 4
1.3.2 gRT-PCR k # Ml FGD5-AS1. miR-142-3p.
PDK1 mRNA # & i F) H] RNA 42 Bk 7] & 6C 4
ZUR 55 20 215 RNA, Kl RNA 465 5, Fl H M-
MLV-RTase i # & i # 5% ¢DNA, IncRNA FGDS-
AS1. PDKI Lk GAPDH fE F N %, miR-142-3p L U6
YE M2, #47 qRT-PCR, #2748 mRNA %
ko ST HIIE L,

%1 qRT-PCR3|#1F7
Table 1 qRT-PCR primer sequences

FEH L5 (5'—3") TG #(5'—3")
FGD5-AS1 GAA GGG CCG AAG AGC TCA AT GGC TCG CAA AGT GTC TGT TG
miR-142-3p AGC GTG TAG TGT TTC CTA CTT GTT GTG GTT GGT TGG TTT GT
PDK1 AAG CAG TTC CTG GAC TTC GG TCT TGC AGG CCA TAC AGC AT
U6 GCT GGA CTC TAG GGT GCA AG GAG CAT ACC AGG TGG TAG TAG
GAPDH GAA GGT GAA GGT CGG AGT CA AAT GAA GGG GTC ATT GAT GG

1.3.3 e s ¥ BGCS23 41 M HL 4> 25 A &)
M2 (ER 5 9%) . sh-NCZH (557 sh-BPEXT R ) |
sh-FGD5-AS1 41 ( % Y& sh-FGD5-AS1) . sh-FGD5-
ASl+inhibitor-NC 41 (#% 4% sh-FGD5-AS1+inhibitor— [f]
PEXF IR ) | sh-FGD5-AS1+miR-142-3p inhibitor 241 (%%
Yt sh-FGD5-AS1+miR-142-3p inhibitor) . % 21 52 1 7
3w, BR21FAT.

1.83.4 CCKS8 % #= EdU # & # 0 BGCS823 4n i 3§ 74
CCK8 % : ¥ 5x10° /4L BGCS23 4 i f5 /b T 5 A
10% FBS 11 56 55 752 5L 19 96 FLAR b, 4 77 41 i Ity
BEQ hJ&, MIA 10 wL CCK8 X7 (10%) ¥ CCK8
VS E 40 min,  JH G AR AR DU 450 nm 4k OD {H,
ZAE F R Y MR B FEAE L . EdU Btk 6
10° A~/4L BGC823 4t i 4% Fh T 96 fL Ak , 15 Fr b 1%,

T FL 4 B 7E £ A 50 pmol EAU Y 100 pL 35 35 J v i3
B2h, 4% 2R W EEE 2 30 min, 0.5% Triton X-100
() PBS % ¥%E 10 min, Jf F 100 uL Apollo 4 {1 2% #h i
FERmE L RE SRS U R A

1.3.5 X 29 L AUF ) it BGCS23 i 8 — W 4E
b H RS ) BGCS823 4l i, B T 200 ul 45 & 2% P i
W, F 10 uL Annexin V-FITC fil 5 uL PI 7£ % i T 2
EALTE 15 min, A 300 pL 254 S )E . watan
i ASAG: 0 20 B U T

1.3.6 Transwell 5% 35 # ] BGCS823 4 JitL it 4% o 12 %
N T TR, 1F Transwell |2 FPs i 73 3
ZHT, S 100 wL Matrigel & 57 i 4% 30 min, 5 4
Ji B9 BGC823 4 g LA 1 x 10° 4™ /mL 7€ TG IfiL 77 15 7% K&
RE R, LEN 100 pL 40 EIF R R, TR m
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B B 3R R 600 wL, 37 °C, 5% CO, M & 24 h
JG, 4% 2R ENM, 0.1%45 MERa,
SIBUR/D WAl K i DN R =R R TR € X (e N R e ¢
1.3.7 Western blot # M BGCS823 %1 & *F PDKI.
PCNA | cleaved caspase-3. MMP-9 % & # 4% ik RIPA
SRR B I BGC823 41 i B B 1, AR 1 v B A SR
FH BCA ¥, 45 5 09 8 (1 4% B 5 L J7 % F SDS-
PAGE B ¢ 57 25, % 25 11 5T D\ B I 5% 7% 21| PVDF fi&
|, #RJ5 PVDF JEE{E 5% BSA-TBST fh & JE 1 14] 2 h,
fim A GAPDH (1:10 000) . PDK1 (1:2 000) .
PCNA (1:1 000) . cleaved caspase-3 (1:500) .
MMP-9 (1:1000) —¥Hi7E4 CFab#, F TBST ¥
W10 min, HEE 3K, TR FEM =4 (1:2000)
Lh, FRRERIG, HE R ECL G X BT i
1%, HRH¥E Image] 3K 10 S5t 50 B T3 8 R I8 KK .
1.3.8 #h#5%  AJAIA BALB/c HEMERREL (20£04) ¢
BT SPF 4T IR, AR AR E UL 1Y sh-FGD5-
AS1  (sh-FGD5-AS1 #4H ) #1 sh-NC (sh-NC 4 )
BGC823 41, A FiEST0.1 mL 1 x 10141, 28 d )&
S TR RR RN BT AR BE, DI BR P, D e
o AVARR . A S0 I ok AN B Sh ) & S b U .

1.3.9 % 9% 204K 3% 4 4R R GC MY 98 48 4% Ki-67 .
PDKI1 % & ¢ & ik GC I 42U 10% 45 IR B bR
WE G, WIS, B R CRER KA, &R

hsa- ENSG00000225733 |FGD5-AS1 IncRNA

142-
3p

Binding Site of hsa-miR-142-3p on PDK1:

Show 10 v entries

TargetRegion 1 Type Alignment

chr2:172597255-172597260[+] 6mer

chr3:14943457-
miR- 14943479]-]

B 10 min, S A 0.01 mol/L ¥r &R Eh 5, £ i ik 4%
BT E 20 min, Jf 5 IE® ILFE MG EER NEF
5 min, 4415 PDKI (1:1000). Ki-67 (1:250)
—PHELCTHELHR. RE, BHLHES Zh
(1:1000) 7£37 CF¥¥E 30 min, FDABE;HE 1~2 min,
FH IR ARG S e W22
1.4 Zit=z4bE

BOE H SPSS 25.0 43 B, i R LA BT + A
W2 (v+s) Fom, ZHNIILERHBNE G £
AT, PR ELASAT SNK-q K 56, 9 4 (8] b 4847 8l 57
FEA W B0 64T . P<0.05 K 2% F A Giit 25 X

2 # B

2.1 FGD5-AS1 #1 miR-142-3p, miR-142-3p #0

PDK1 B3 [E X R

25 3 W W Starbase B 35 40 #r 2%, FGD5-
AS1 5 miR-142-3p . miR-142-3p I PDK1 2 [] £ 7E 45
G (). ABFgT, #F— P RAMEOEE
il 4 2 B DR SE M B E L 45 R W, 7R Y FGD5-
AS1-WT Fil §% 4 PDK1-WT ) BGC823 4 Jifi ', miR-
142-3p mimic 2 (9 2 )6 K Bl 16 P AL (33 P<0.05)
(%2).

Target: 5' GUUUCAGCACUUAACACACUACC 3'

miRNA 3' AGGUAUUUCAUCCUUUGUGAUGU 5'

1 Starbase Wuf 5 #réE R
Figure 1 StarBase website analysis results
miR-142-3p and PDK1

| RN
miRNA : 3' AGGUAUUUCAUCCUUUGUGAUGU 5°'
A
x
Search:

TDMDScore AgoExpNum CleaveExpNum phyloP

Target: 5' GAACUACAGUUG--UGCACUACC 3' 0.6946 2 0 0.099/
B

A: FGDS5-AS1 5 miR-142-3p 25405 ; B: miR-142-3p 5 PDKI (2557 55,
A: Binding sites between FGD5-AS1 and miR-142-3p; B: Binding sites between

R2 WRAREBEMEILR (x+5)

Table 2 Comparison of dual-luciferase activity (x + s)

4131 FGD5-ASI-WT FGD5-AS1-MUT PDK1-WT PDK1-MUT
mimic-NC 41 1.00+0.16 1.0520.32 1.00+0.14 0.99+0.31
miR-142-3p mimic £ 0.46+0.13" 1.02+0.31 0.53+0.10" 1.06+0.34

7 :1) 5 mimic-NC 41 H 42, P<0.05
Note: 1) P<0.05 vs. the mimic-NC group

http://www.zpwz.net
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2.2 GC4HZL H FGD5-AS1.miR-142-3p, PDK1 &y

Fix
30 Ml PREEA h, SIS A LE, GCAH

FGD5-AS1. PDK1 #i5 B i F+ %, miR-142-3p R ik
W S AR (38 P<0.05) (E2).

1 R
GCHA
-
Y T
_P’?
= 2=
Z=
<
=
E 1 = — =
i
0 T T T
FGD5-AS1 miR-142-3p PDK1

E2 RT-PCR# il li§ R #5748 1 FGD5-AS1. miR-142-3p.

PDKI1HYRIE i 1) SHEFHSULE, P<0.05
qRT-PCR analysis of FGD5-AS1, miR-142-3p,
and PDKI1 expression in clinical specimens
Note: 1) P<0.05 vs. the adjacent tissue

Figure 2

2.3 #% fH BGC823 4 it H# FGD5-AS1. miR-142-
3p.PDK1 mRNA By Rk 15
sh-FGD5-AS1 21 FGD5-AS1., PDK1 mRNA ik F
sh-NC#H . 25 AN IE4, miR-142-3p Fik i T sh-NC4 .
XY (¥ P<0.05); 5 sh-FGD5-ASI 4 . sh-
FGD5-AS1+inhibitor-NC 2 #f ., sh-FGD5-AS+miR-
142-3p inhibitor £ miR-142-3p 254/, PDK1 mRNA

2.0
5= T T
i 3),4)
1.0 T
a 1),2)
0.5
0.0
RO @s RS NS
@@ Q 05' ‘o\@‘ o
?s\w \w%‘\‘
\\XGQ ’P&)\X{‘\\
& o c})‘y
e

B4 ZHRiEEAR
P<0.05; 3)

Figure 4 Cell proliferation assays

A: CCK8%:; B: EdUZLATL (%x400)
5j sh-FGDS5-AS1 4H [b#%, P<0.05; 4) L?sh—FGDS—ASHmhlbltor—NL 0, P<0.05
A: CCK-8 assay; B: EdU staining (x400)

FikThE (¥ P<0.05) (F13).
2.4 &HBGC823 MAILEIER

sh-FGD5-AS1 41 0D, fH . EdU BH 44 41 fifs % 15 BY
WAL F sh-NC 4l . 2 [{AXIRAL (¥ P<0.05); 4 sh-
FGD5-AS1 4 . sh-FGD5-AS1+inhibitor-NC 41 [t #% ,
sh-FGD5-AS1+miR-142-3p inhibitor £ BGC823 4 ity 1)
OD,s, fA . EdU FHPE 41 il 52 34 0] 1 7+ (35 P<0.05)
(K4),

= [Sp—
h-NCAT '|'
sh-FGD5-AS1 41 1.2)
iy sh-FGD5-AS1+inhibitor
& ol Neat
iﬂf sh-FGD5-AS1+ 3),4)
= miR-142-3p inhibitor 41 'I'
g
< 3),4)
é 1+ Ll I T T T T T
g 1),2)
1).2)_3),4) Tr
TIT
0 T ' T - T
FGD5-AS1 miR-142-3p PDK1

B3 &K4HBGCS8234AEH FGD5-AS1, miR-142-3p. PDKI1
FImRNAFRALLE 1 1) SEEIRAE, P<
0.05; 2) 4 sh-NC4lIL#, P<0.05; 3) % sh-FGD5-
AS1 4 H#, P<0.05; 4) 5 sh-FGD5-AS1+inhibitor-
NCH L4, P<0.05
Comparison of FGD5-AS1, miR-142-3p, and
PDK1 mRNA expression in BGC823 cells across
groups Note: 1) P<0.05 vs. the blank control
group; 2) P<0.05 vs. the sh-NC group; 3) P<0.05
vs. the sh-FGD5-AS1 group; 4) P<0.05 vs. the sh-
FGDS5-AS1+inhibitor-NC group

Figure 3

60
= T
§ T 3),4)
5 40 T
=
=
= 1).2)
% 20 ™ T
=
=
T In 5 VT
3\)&% ﬁ@ \ \0§$()
75
ZA QG \x\“ Qo\ b{L;DQ
BSMRY
QGQ‘J %\X“\x
& O
%\\X
B
PEEE 525 AN RRZL b AE, P<0.05; 2) 5sh-NCH bz,

Note: 1) P<0.05 vs. the blank control group;

2) P<0.05 vs. the sh-NC group; 3) P<0.05 vs. the sh-FGD5-AS1 group; 4) P<0.05 vs. the sh-FGD5-AS1+inhibitor-NC group
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2.5 FHBGC823HfaH AT IHER ASl+inhibitor-NC 2 A [t ,  sh-FGD5-AS1+miR-142-3p
sh-FGD5-AS1 2 ] - i F sh-NC 41 . 25 [H X} inhibitor 21 8 T- R ¥ FEAL (39 P<0.05) (&5) .
M4 (¥ P<0.05); 5 sh-FGD5-AS1 4 . sh-FGD5-

B5 mAMARARNEHEBGCIMMAT . 1) SEAXMRALLE, P<0.05; 2) 5sh-NCHILE, P<0.05; 3) 5

sh-FGD5-AS14{L#%, P<0.05; 4) 5 sh-FGD5-AS1+inhibitor-NC 2l [L4:, P<0.05
Figure 5 Flow cytometry analysis of apoptosis in BGC823 cells from each group Note: 1) P<0.05 vs. the blank control group;
2) P<0.05 vs. the sh-NC group; 3) P<0.05 vs. the sh-FGD5-AS1 group; 4) P<0.05 vs. the sh-FGD5-AS1+inhibitor-NC

group
2.6 {HABGC823MARITHS . (2% HE sh-FGD5-AS1+inhibitor-NC 41 [, ¢, shFGD5-ASI+miR-

sh-FGD5-AS1 413 B %0 . 12 22 50 B AKX F sh- 142-3p inhibitor AL E B4 . R R T & (3
NCH ., Z5HXM R4 () P<0.05); 5 sh-FGD5-AS14H . P<0.05) (#l6),

sh-FGD5-AS1+ sh-FGD5-AS1+
inhibitor-NC 41 miR-142-3p inhibitor 41

%5 XA sh- NC éﬂ sh- FGDS AST4
ST RENET e ki e

SR ‘&

sh- FGDS AS1+ sh-FGD5-AS1+
miR-142-3p inhibitor 21

. - . B
B 6 Transwell 236 (455 %?7?%@ x400) A: QMR B: ANEAZRAI . D) S PAXRAE, P<
0.05; 2) 5sh-NCHII#, P<0.05; 3) 5sh-FGD5-AS141HAE:, P<0.05; 4) 5sh-FGD5-ASI+inhibitor-NCZ1 AL, P<0.05
Figure 6 Transwell assay (crystal violet staining, x400) A: Cell migration assay; B: Cell invasion assay Note: 1) P<0.05 vs.
the blank control group; 2) P<0.05 vs. the sh-NC group; 3) P<0.05 vs. the sh-FGD5-AS1 group; 4) P<0.05 vs. the sh-FGD5-
AS1+inhibitor-NC group
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2.7 % %2 BGC823 4H i H PDK1, PCNA, cleaved
caspase-3.MMP-9 EZBXiA
sh-FGD5-AS1 4 PDK1, PCNA., MMP-9 % [ 5%
BMRF sh-NC 4 . 75 X 4,
IRk m T sh-NC 2 . =5 FIxf BZE (3 P<0.05) 5
5 sh-FGD5-AS1 4 . sh-FGD5-AS1+inhibitor-NC 41 I
¥ , sh-FGD5-AS1+miR-142-3p inhibitor Z1 PDKI .

cleaved caspase-3 £

o
-
<
£
H 5»'33+4§
— - = .=

v ) vl
) T TEisd
3 v !
£ ¥ £ fi49
= o O o200
ZT 7 kB E£E&x
i % =¥ % E

o]
=
=
=

e e T p—

cleaved caspase-3 — — — — —
e e —

CAPDH s —— —

7 Western blot % il %40 BGC823 il FHX EH R X

PCNA . MMP-9 % [1 & 5 F+ 7, cleaved caspase-3 2
FI R FEAL (38 P<0.05) (7).
2.8 BBk FGD5-AS1 xR RBEEE KNI

55 sh-NC 4 b %8, sh-FGD5-AS1 4 # 4 9 A FH
JE . Ki-67 FHPEZR | PDKI FHE R 44 B A (1
P<0.05) ([518-9),
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