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IncRNA FGDS5-AS1 inhibits proliferation,invasion,and epithelial-mesenchymal
transition of bladder cancer cells by targeting miR-512-3p/RAB31

LI Fubo',LI Aike',RAO Jingfen', LIU Baoxing’, SHI Fangyu', LI Wenxin', YANG Chunli', LIN Pingping'
(1. Department of Oncology, Affiliated Hospital of Chengde Medical College,Chengde 067020, China;2. Department of General Surgery, Xinglong

country People”’s Hospital , Chengde 067000, China)

Abstract Objective To investigate the function and regulatory mechanism of the long non-coding RNA (IncRNA) FGD5 antisense
RNA 1 (FGD5-AS1),miR-512-3p and Ras-related protein 31 (RAB31) in the progression of bladder cancer. Methods ~Sixty pairs
of tumor and adjacent tissues were collected from bladder cancer patients who underwent surgical treatment at the Affiliated Hos-
pital of Chengde Medical University between January 2019 and December 2021. Bladder cancer cell lines (5637,KU-19-19,T24,
and UM-UC-3) and a normal urothelial cell line (SV-HUC-1) were cultured in vitro. The expression of FGD5-AS1,miR-512-3p,and
RAB31 mRNA in tumor tissues, adjacent tissues,and bladder cancer cells was detected using real-time quantitative PCR. Pearson
correlation analysis was used to determine the correlation between miR-512-3p and FGD5-AS1,RAB31 mRNA levels in the cancer
tissues of patients with bladder cancer. T24 cells were transfected with sh-NC,sh-FGD5-AS1,sh-FGD5-AS1 and NC inhibitors, or
sh-FGD5-AS1 and miR-512-3p inhibitors, and labeled as the negative control group, FGD5-ASI silencing group,inhibitor control group,
and combination group,respectively. Another group,which was not transfected was set as normal control. CCK-8 was used to quantify
cell viability. A transwell chamber was used to measure cell migration and invasion abilities. Western blotting was performed to detect

RAB31, E-cadherin, N-cadherin, and vimentin. Dual luciferase reporter gene and RNA pull-down assays were used to detect the rela-
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tionship between miR-512-3p,FGD5-AS1,and RAB31. Results FGD5-AS1 and RAB31 mRNA levels were high in bladder cancer
tissues and cells, whereas miR-512-3p expression was low (P < 0.05). FGD5-AS1 and RAB31 mRNA levels in bladder cancer tissues
were negatively correlated with miR-512-3p,and the FGD5-AS1 and RAB31 mRNA levels were positively correlated (r = -0.779,
-0.649,and 0.652,respectively; all P < 0.001). Silencing FGD5-AS1 could upregulate miR-512-3p, downregulate RAB31 mRNA and
protein levels,reduce cell viability, migration, and invasion, decrease N-cadherin and vimentin protein levels,and increase E-cadherin
protein (P < 0.05). Knocking of miR-512-3p significantly reduced the inhibitory effects of silencing FGD5-AS1 on the proliferation , migra-
tion, invasion ,and epithelial-mesenchymal transition of T24 cells of bladder cancer (P < 0.05). FGD5-AS1 could sponge miR-512-3p, and

RAB31 was identified as a target of miR-512-3p. Conclusion FGDS5-AS1 silencing inhibits the proliferation, migration , invasion, and

epithelial-mesen chymal transition of bladder cancer cells by upregulating miR-512-3p and inhibiting RAB31 expression.

Keywords bladder cancer; proliferation; epithelial-mesenchymal transition; long non-coding RNA FGD5-AS1; miR-512-3p/Ras

related protein 31
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LY FINCHN ] ALY B | GenePharmas w1
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T2 B PCRA ARG R ek | SR 272 2“5 1k
PATHHRL LGAPDHE UGVE N N Z:, 5 1P 91 L3R 1
1.5 s g

FET2440 L B FP AE6SL AR, 3T F Flipofectamine
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Tab.1 Primer sequences

Gene Forward primer (5°-3") Reverse primer (5°-3")
FGD5-AS1 AACAGTGCCTATGTGGACGG CCCATCACAGAGGTCCACAC
miR-512-3p GCCGAGAAGTGCTGTCATAG CTCAACTGGTGTCGTGGA
RAB31 AGGAATACGCTGAATCCATAGG TTCCTTGAAAGAGCTCTTCGAT
U6 GCTTCGGCAGCACATATACTAAAAT CGCTTCACGAATTTGCGTGTCAT
GAPDH ACACCCACTCCTCCACCTTT TTACTCCTTGGAGGCCATGT
1.6 CCK-8%: FIRAB31 Z [0 25 &M BAE R A S5 A 1o

35 CCK-8IE A AT 1 KA ARLA2 x 10741,
)% B A 296 F LR I e B 1.5Th A 2 Ab 3124 b
P CCK-8IA (10 wL) B EFLH, FFHE AR AE 2 T
J5 752 ho ffi FHELx800E#74Y (Bio-Tek) 1450 nmAk
AT G (absorbance, A) {H o
1.7 Transwellif- % HIZ 2250 M7

i FH2440 (8 umfL42) Transwell/)N % | 72 T24 2
T8 30 A% FI 22 RE 7 o 200 M S A A A T A
JoT I 1) 55 24 L 2 A DO fulf FH 1 s T A 5 I e )
E R x 1074 44 R ) 1 % P 200 w72 I
HE TR AR T =E I A 10%06 48 1ML B R 2L
WEE 24 W, BT 2R A% 240 B A P B O 19045
AmEETE R I T g OGS WA (CKX41, HA
OLYMPUSZA /) 4A8% EIZ , BAILEFE6 ML BT 40T
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1.8 Western blotting
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J TR B SR M — 9 LA I b S FES % IR AR W rh &
M5, B B 5RAB31 (1 : 1000),E-cadherin (1 :
1 000).N-cadherin (1 : 5000),vimentin (1 : 2000)
FMIGAPDH (1 : 8 000) —Hi 3L [FiE E 24 ho Fhife il
MRt A AYIBEFRIC P (1 4000) FIRFFE2 hofifi
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Image FAFHEA T 72 50 HT o
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# FHENCORI/StarBase (https : //masysu.com/encori/
index.php) T FGD5-AS1 HImiR-512-3p, miR-512-3p

1.9.1 R 2 i 4 5 X 52 56« K FGD5-AS 13},
RAB31 3’ E#HP% X (untranslated region, UTR) H#f
Y 5 miR-512-3p4h G /Y X 80 52 B 2l pmirGLO BT
Hirp A AR R (wild type, WT) -FGD5-AS1E{WT-
RAB31Ji #7. [A] B, K FGDS5-AS1E{RAB31 3° UTRAY
A5 (mutant type, MUT) 255 75146 A pmirGLO i
Firf, M EEMUT-FGD5-AS18{MUT-RAB3 1 ki i FH
lipofectamine 30004 iAFa ) R S miR-51 2—3p7f‘;%TU\
PIsNCELALIA) (50 pmol) F% U = T24 4 if 52 v e e
48 hJiT W ER BHE M T 15T o
1.9.2  RNA Pull-downSZ55 : FHAE P 2 AR 14 87 A4 Y
miR-512-3p (miR-512-3p-WT) . 245 {AmiR-512-3p
(miR-512-3p-MUT) FlmiR-512-3p B % BENCHE e
T24H L, 5% e J5 48 hST A R AL fife 240 L, K ik 2 o A
B AL GRS A M 2L AL R R DL B AR )
FMIRRNAKE AW deJ , 3 SE A E S PCRIN
RNAKE G HFGD5-AST . RAB3 I FE
110 Geit2#ortr

¥ FHSPSS 25.0#1GraphPad Prism 8.0 F 148
T R PORIAR £ 5387, 240 HU AR TG 56,
ZH AT R J7 22 53 BT fil Tukey 55 J5 K655 . SR H]
PearsonAH G 3 B ff 2 15 e i 28 5 i 41 4L rPmiR-512-
3p5FGD5-AS1 . RAB31 mRNAZ JA] AN, P<0.05
HEFAGIEE X
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HH I 5 T 55 40 20, miR-512-3p i 26 35 B AL T8
FAHA (P <0.05), W32, Pearsonfl /04T s, B
Joesea B B 4 20 FGD5-AS1 .RAB31 mRNA ik

HmiR-512-3py ik 2 7 AH ¢, FGD5-AS1 5 RAB31
mRNAFIFE IR IEF S (r = —=0.779 .-0.649 .0.652, )
P<0.001,&1) .

*2 BEhEREFHALSHRMIR-512-3p5FGD5-AS1. RAB31 mRNARI KL LLE
Tab.2 Comparison of the expression of miR-512-3p, FGD5-AS1, and RAB31 mRNA in bladder cancer tissues and adjacent tussues

Group n FGD5-AS1 miR-512-3p RAB31 mRNA
Adjacent tissues 60 0.99 £0.13 1.01 £0.11 0.97 £0.12
Bladder cancer tissues 60 3.15+0.24 0.42 +0.08 2.74 +0.19
I 61.299 33.600 61.010
P <0.001 <0.001 <0.001
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A, correlation between the expression of miR-512-3p and RAB31 mRNA in bladder cancer tissues;B, correlation between miR-512-3p and FGD5-AS1

expression in bladder cancer tissues; C, correlation between the expression of FGD5-AS1 and RAB31 mRNA in bladder cancer tissues.
B1  BEptEA LR HmiR-512-3p5FGD5-AS1. RAB31 mRNARIEHIME X1
Fig.1 Correlation between miR-512-3p and the expressions of FGD5-AS1 and RAB31 mRNA in bladder cancer tissues

2.2 JBE S 40 P FGDS-AS1 .miR-512-3p .RAB31
(IR g

B2 e 4 ML 2 (5637 .KU-19-19 . T24 .UM-UC-3)
HFGDS-AST RAB31 mRNAFIER [ 4&34 i FSV-HUC-1
4 ff, miR-512-3piY & ik Ik TSV-HUC-14f }fg (P <
0.05) o WL 3. Horhmo4dnig b iR bnAs fh i
BRI, SRR T2440 Ak J5 25 S0 A0 i
23 KHT244 I HFGD5-AS1 .miR-512-3p . RAB31
SRR

FGD5-ASTUERAH AN -FFGDS-AS1 .RAB31 mRNA
FIEE 1 3R IR E 8 4L )4 X 21 B IR, miR-512-

3pfERIAE TIEH 41 BIPEXT 41 (P <0.05) 5 5
FGD5-ASTUTERZL A il 550 % FEZH L35, 3K 6 A 40 i
TRAB31 mRNAI A 1 3 35 F+ 57, miR-512-3pfY %
KPR (P <0.05), TLIEI3 . 344,

1 2 3 4 5

RAB3] e N S s e >, (O
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Fig.2 Expression of RAB31 protein in bladder cancer cells
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#3 FEMEMMHPFGD5-AS1, miR-512-3p. RAB31HIRALLE
Tab.3 Comparison of the expression levels of FGD5-AS1, miR-512-3p, and RAB31 in bladder cancer cells

Cell n FGD5-AS1 miR-512-3p RAB31 mRNA RAB31 proteim
SV-HUC-1 6 1.00 = 0.13 1.02 £0.09 0.99 +0.15 0.17 £0.03
T24 6 2.76 + 0.20" 0.34+0.05" 3.21+022" 0.54 = 0.06"
5637 6 2.25+0.18"% 0.46 + 0.06"? 2.80 = 0.20"? 0.46 = 0.05"?
KU-19-19 6 1.44 £0.15"? 0.79 +0.08"? 1.65+0.17" 0.28 = 0.04"?
UM-UC-3 6 1.70 £ 0.19"? 0.61+0.07" 2.11+0.19"? 0.36 = 0.05"?

1)P < 0.05 vs. SV-HUC-1 cell;2) P < 0.05 vs. T24 cell.

1 2 3 4 5
RAB3] = M S e s S 20 (0’
GAPDH =« WHND 4IND S & 36 x 10°

2.4 BLT2AANMIG T LR
HIEH 4 (0.54 +0.06) BAPEXT BEZH (0.57 + 0.06)
FbAE , FGD5-ASTITERZH (0.32 + 0.05) 4TS F7 A% ;
1,normal group;2,negative control group;3,FGD5-ASI silencing group; EFG D5- ASN)'_IZ %j( éﬂ . Tfﬂ ﬁ;lj };ﬂj Xd— ‘B\E‘ éﬂ (0.30 +0.0 4) It

4, inhibitor control ; 5, combined group.

E3 &ET24MERRAB BERA B IR A2 (046 £ 0.05) AT J1 T+ (P <0.05) <
Fig.3 Expression of RAB31 protein in T24 cells of each group 2.5 %ZET242|HH@J$5F§*M’§’%% tlﬁﬁ

F4 BHET24HHFGD5-AST, miR-512-3p. RAB31HIFKiALLE
Tab.4 Comparison of the expression levels of FGD5-AS1, miR-512-3p, and RAB31 in T24 cells of each group

Group n FGD5-AS1 miR-512-3p RAB31 mRNA RAB3I protein
Normal 6 1.00 +0.09 1.01+0.12 0.98 +0.10 0.56 + 0.06
Negative control 6 1.02+£0.10 0.99 +0.11 1.00 £ 0.11 0.57 £ 0.06
FGD5-AS1 silencing 6 0.38 +0.06"? 3.47 £0.20"? 0.45 +0.06"? 0.24 0.04"
Inhibitor control 6 0.35 0.05 351021 0.41 £0.05 0.22+0.03
Combined 6 0.37 + 0.06 1.44 +0.16™ 0.82 +0.09” 0.46 + 005"

1) P < 0.05 vs. normal group;2) P < 0.05 vs. negative control group;3) P < 0.05 vs. FGD5-AS1 silencing group;4) P < 0.05 vs. inhibitor control group.

SIE R X B A [, FCDS-ASIILER ] THE (P<0.05) L ULEl4 35,
TR R B AN B AR (P < 0.05) ; SFGD5-ASIUL 2.6 £A4T2440 M rf I Bz —[8] i %4k ( epithelial-me-
SR X B2 Hedss, B 2H A RS AR 22 4 i 4K senchymal transtion, EMT) A8 FH ik Hb

Normal Negative control FGD5-ASI silencing Inhibitor control Combined

Migration

Invasion |

B4 HET2AMMIHBIEEBER HLRERE x400
Fig.4 Migration and invasion of T24 cells of each group Crystal violet staining x 400
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Tab.5 Comparison of migration and invasion numbers of T24 cells of each group
Group Number of migrating cells Number of invasive cells
Normal 257.17 £22.25 197.33 +17.91

Negative control
FGD5-ASI silencing
Inhibitor control

Combined

A N NN QB

259.83 + 18.23
104.17 = 15.25"%
100.50 = 19.81
178.67 +22.06™

199.67 + 16.43
78.83 + 11.41"7
77.00 + 10.12

135.33 £ 14.75”

1) P < 0.05 vs. normal group;2) P < 0.05 vs. negative control group;3) P < 0.05 vs. FGD5-AS1 silencing group;4) P < 0.05 vs. inhibitor control group.

FGD5-AS1ITER 2H 40 it 7 N-cadherin . vimentinifz
IS4 1E 20 B X B ZH BEAIR, E-cadherinZ 1
KR IR AL B B4 (P < 0.05) s 5FGD5-ASI
TUARZL AT A2 oA, B A5 2H 200 HN-cadherin |
vimentin#s [ 7K Tt 51 , E-cadherinf [ 7K P FRAK (P <
0.05) . WLIE5 36,

1 2 3 4 5

E-cadherin = s s S S s 97 x 10’
N-cadherin =~ SN S s s S 100 x 10’
Vimentin = 4 S S o 5/ 10
GAPDH  «ie SlEb 4HN0 B S 36x 10’

1, normal group;2, negative control group; 3, FGD5-AS1 silencing group;

4, inhibitor control group; 5, combined group.

E5 &AT2448kHE-cadherin, N-cadherin, vimentinZE H &%

Fig.5 Expression of E-cadherin, N-cadherin, and vimentin
proteins in T24 cells of each group

2.7 FGD5-AS1A] 5miR-512-3pZh &

T HANFH [ StarBase B0 22 WM AYFGDS-AS1
5 miR-512-3pY 2557 5 UL EI6A ; miR-512-3pHi 1)
Y] i R & AT FGD5-AS1-WTJFRL 41 it 14 32
REFIEE (P <0.05, KI6B) ; RNA Pull-downSZH45
R, 5 BAYE X BENCHImMIR-512-3p-MUTHR AT M 1,
miR-512-3p-WTA W RZHE X FGDS-AS1H) & 4 B %
Hn (P <0.05,&6C)
2.8 miR-512-3pn] #![)]RAB31

StarBase 45 ZE FM AYRAB31 3° UTR 5 miR-512-
3pRILE A AL (ITA) smiR-512-3p by n] i 2 F I
T ATRAB31-WTURLAH I 1) 78 ' R i M (P < 0.05,
E17B) s RNA Pull-down 50 45 5 i /R, miR-512-3p-WT
A=) F AT ] 3 B 4ERAB31 mRNA (P < 0.05, [4]
7C) .

+R6 &AT244AHE-cadherin, N-cadherin, vimentinZE Bk F b5
Tab.6 Comparison of E-cadherin, N-cadherin, and vimentin protein levels in T24 cells of each group

Group n E-cadherin N-cadherin Vimentin
Normal 6 0.17 +0.03 0.85 +0.09 0.69 + 0.07
Negative control 6 0.15+£0.03 0.88 £0.10 0.72 £ 0.08
FGD5-AS] silencing 6 0.42 +0.04"? 0.29 £ 0.06"? 0.35£0.05"
Inhibitor control 6 0.46 = 0.05 0.26 +0.05 0.33 +£0.04
Combined 6 0.27 £0.04" 0.77 £ 0.08”* 0.58 £ 0.06™

1) P < 0.05 vs. normal group;2) P < 0.05 vs. negative control group;3) P < 0.05 vs. FGD5-AS1 silencing group;4) P < 0.03 vs. inhibitor control group.

5 e A S8 TS AN BEAR, S5 4RA R 731 B 1)
Hem e SRR A AR R e
2B, Ine RNAELA AF O 165 I 98 12 1B 2B ) A 25 ) A

HIT LS AT J1 . FGDS-ASUEZIE T & R E
fincRNA , CLBEIIESE T LA P I
JINAIT L i ) S R A B B T RS IR 22
(ELHCTE 5 I v By DI 0 S e A BT 5 o U
FGDS-ASUFE bEs F 1 AT, A BRI D 212U 4
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A, binding site of miR-512-3p and FGD5-AS1;B,dual luciferase reporter gene assay proving the interaction hetween miR-512-3p and FGD5-AS1;C,
RNA pull-down assay was used to verify the binding between miR-512-3p and FGD5-AS1. * P < 0.05.
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Fig.6 FGD5-AS1 acts as a sponge for miR-512-3p
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A, binding site of miR-512-3p and RAB31 3’ UTR; B, dual luciferase reporter gene assay proves the interaction between miR-512-3p and RAB31 3’ UTR;
C,RNA Pull down assay was used to verify the binding between miR-512-3p and RAB31 mRNA. * P < 0.05.
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Fig.7 RABS31 is the target of miR-512-3p
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