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circ-RACGAP1 7£ [ ft 9&5 20 28 o B4 3R 34 A2 3+ s Bt 722 2 Rl

1E5E E B AEERIE RG]

oA R R

HWE BB /7 circ-RACGAP 7EJEMR LT IR IL 5
I R 2 S, #RFT cire-RACGAPL Xt 5% e 98 400 0 T 1tk A 4 547
SRR AP, ik il TCCA $E RS cire-
RACGAPI 7E/BE R 2L 19335, 43T cire-RACGAP] Kk
55 s BB IR R B AR B 26 2R . 38 2 5L A 9 i 1 S
A HEsE =N RN (qPCR) W5 43 BT 4l il R 5637 . T24 ,J82 \RT4 |
UM-UC-3 1 circ-RACGAP1 ik, 38 i g I 4 i Ju B AR
circ-RACGAP @i Joiky i Yo 'T24 20, 5o BT A SE 56, Xl
IR SIS AN Transwell 528653 /3BT AR cire-RACGAP1 X} T24
AEIETE EB R ZRM5E0 . R deepBase , Circhank | Cir-
cInteractome ,circRNABase 3 72 #1179¢ Y6 & R S I AIE cire-
RACGAPI Fl miR-4324 2 [a] B $ 7] 25 &, qPCR 7 ) i %
circ-RACGAPL X| T24 4 ffi v miR-4324 KK Ms2 M, R H
Western blot YR I & [% cire-RACGAPL % T24 g /' Rac-
GTP B8 & 11 1 (RACGAPL) 45 11 F1 i ok AL P -3 -3 kg /
G B(PIBK/AKT) {5 53l a8 R IK MM, 85 R
JEE eI A 4P cire-RACGAPL B RIK (P <0.01) , HiF ik
Wil R R A W R EE B S I T3 (P < 0.01) , M
FEANM R circ-RACGAPT 3635 Wt 1= A IE 5 s e L iz 4
(¥ P <0.01), 5XF B4 L £, sh-sh-circ-RACGAPT 41
T24 AUfEIETE ER AR ZE6E T ¥ B AC (3 P <0.01),
cire-RACGAP1 P ¥R A miR-4324 KA (P <0.01), 5
AL LA, sh-cire-RACGAPL 20 T24 4i1 g 1 RACGAP1 Z&
KKK (P <0.01) , PIBK/AKT 15 5 I /5 11 B 2
Al B i 156 JUL -3 -380 7 ( p-PI3K) | 5 R 1L 3 19 % 1% B (p-
AKT) #ZFF kB (NF-«kB) Rk KA (34 P <0.01)
it R4S R T circ-RACGAPL 2 =Rk, fil
[ circ-RACGAP1 FEAS 1 ) T24 40 i 1) 3% Pk AR 2247
cire-RACGAP1 J& i i 4l miR4324 Fik#i% PI3K/AKT 15
SO R AR
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5 I g e NS DL B e e e 2 — , R R I
JRIER I JR WA IR R G R S — v Bl PR YT K
SRR | T e AR B TS A9 B e (R B
(A ka3 O A E Rk %
FEIBS IS 99 1 31 LR, WA B B2 Wb A A
TRIT RS R B M T 2 55 2 &L BRIk RNA
(circular RNA | circRNA ) J&—Fh 3% A 5 H 20 15 T fig
(1) RNA ¥4 55728, 2 5 400 oAk ik s =
AR SRS ML SRR T cieRNA 7E £
ol e G i o PR e PRSI AR LR B e v
LS o PRIk, & AR g s VR T AR A
circBase U4 £ . 7N, circ-RACGAP1 K I T RAC-
GAP1 LAY 19 20 21 F1 22 4B 1, 2813 R
TR FRIRES A | cire-RACGAPT 75 B g v (9 /E
KA I ATE R, W58 EEARF cire-RACGAPL
55 I 98 1 8 TR KO B HL 5 1 M g FB I DR
(% 2, BB cire-RACGAPL 7 % e s 40 g b () 4
FHA G FHLE, AR B B A2 TS PP Al S At
BRI PRI A

1 HREFE

L1 M8 ANIER B bE LR 40 SV-HUC-1 | AJEE
Jhes 40 it R 5637 ,T24 . J82 RT4  UM-UC-3 Iy H 3%
ATCC A Hl, — 4%t Rac-GTP BEME H 11 1
(rac-GTPase activating protein 1, RACGAP1) BfR{k
5 BB Bk L ISE-3 -3 i ( phosphatidylinositol-3-kinase , p-
PI3K) . H i -3-0% 12 i & B ( glyceraldehyde-3-
phosphate dehydrogenase , GAPDH) /2 1k 2 11 154 i
B ( phosphorylated protein kinase B, p-AKT) 4% X+
kB (nuclear factor kappa B, NF-«kB) ¥l F ¢ [E Santa
Cruz 23 A}, RPMI-1640 15 3% 3 G4 1L ( fetal bo-
vine serum, FBS) Il H 32 [ Life Technologies 2\ Al
DMEM 35775 ¢t 2 i 1t R ik g2 A A LA
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f4.31] Biological Industries /A F] , Transwell /N%E  circ-
RACGAPI i F& Ji 7 ( sh-cire-RACGAP1 ; AACACTC-
CTAGAAATCACAGA) 1 %t B8 5 ki ) [ 3€ [ Milli-
pore 73 7}, miR-NC, miR-4324 1§ A 35 BD A #),
W SRR &0 A b KRR AE LA WL cire-RAC-
GAP1 XUHENZ Mg &5 2 AR BF A AL (WT) F1 58 748 #Y
(MUT) W B B3 = RKAEYHE AN,

1.2 EYEBRFESH L TCCA Bl E ¥ s
Jht g8 AL ZURINE & B L 20 cire-RACGAPL 3R 1A
KV B B HF IR W E &R, cire-RACGAPL
5 miR4324 ¥ [ ¢ R 2K H deepBase , Circbank |
CircInteractome . circRNABase $04E 47047

1.3 HRaEFRESHE B 5637.T24 J82 RT4 4
MIE T 12% FBS By RPMI-1640 5% 37 3k ¥ SV-
HUC-1 ,UM-UC-3 4 i & T % 12% FBS ) DMEM
FRFRHE TR SRR R LS R . W T24 A%
BT 12 FLAR, 43 R % AL (5% Yo i B JBORL ) A sh-
cire-RACGAPI 2H (55 4% circ-RACGAP1 il B Bk ) o
T24 40 M4 E & 70% , 84132k H Lipofectami-
ne™ 3000 IWHNFEYL 0. 6 wg JToKLE T24 4,

1.4 qPCR ;%# circ-RACGAP1 . miR-4324 &i%
KFE DL TRIzol ¥4 HUR: e 40 A RNA, 4730
B4 cDNA, qPCR B 45 F: 93 °C Fi A8 % 3
min,93 °C 40 s.56 °C 40 s.71 C 40 s, MILyEfT 34
WAEFR . 51HF ) ; cire-RACGAPL 1E [6] 5|4 : CCT-
GTGACCACTCCTGAACA , JZ If] 31 ¥ : CATGGCAGC-
TATGCTGTTGT ; miR-4324 IF [f] 5] #): CAGGTCCTT-
GCTCTCCAACTTGC, JZ [7] 51 4 : TGATCACATTTAA-
CAGCTTCCG ; GAPDH 1E 7] 5| ¥ : TGCCACTCAGAA-
GACTGTGG, K 11 5] ¥ TTCAGCTCTGGGATGAC-
CTT. circ-RACGAPI .miR-4324 %3k /K F-it8 % H
2 —AAC[/AEEO

1.5 ZEEFRM LN sh-circ-RACGAP1 Xt T24
RIETEAI BN 4 circ-RACGAPL i [ 5t by 7 e
T24 #Hfl 48 h J&, >R BB I 10 I FH RS W A8 T,
4 B B D A FL2 0002 F 6 FLAR , {3-iiF T24
YU 50 oA AE B IG SR AR i 55, FF 1L d Je
PRVERE; | W 3R 5L PBS TR 4 Yk, ALK
P[5 72 50 min, PBS W RIEUE 4 U, INAGE 28 L £,
40 min, PBS IFRIEE 4 K, GG AT 10T
TP AL

1.6 XIJESCIEHM sh-circ-RACGAP1 Xt T24 40 A1
TR K circ-RACGAPL [ Bk 4% Yt T24
148 h J5 R IR I AL IT S W e AT, H 5

Y EIR LAEEFL 2 x 10° AN EFD 6 FLAR, 7E i 3% 3%
TR AIMIC AN 90% i AT, BUTCH A T A
o3k, ARSI RE , FH I G B 4 S I BF I B
TENEEE FRAE B 35 24 h, B ACEE B 4 > 10 B
B A T24 AN TR R

1.7 Transwell 3£ 3§ # U sh-circ-RACGAP1 X
T24 MR EME I B EE BRI A Transwell |
FLRIESE TR B S A, B cire-RACGAPL & %
iR T24 408 48 h 5, SRR AL I R T
FRRFT B0 IR ) EA A0 S LA R AL 2 x 10* S
A b, FEINE 20% FBS 55 37 3 76 e 15 5%
FETPEE SR 48 h, ARSI LI AR ZE I T24 41
fitn, 22 3 HEE[E 2 50 min, 25 i 48544 50 min, FA
BT 4 AL TR AR 225K,

1.8 WKAEZBIBEEEEZLEHKR N circ-RAC-
GAP1 1 miR-4324 E M EBEIX R ¥ T24 4%
AT 12 LA, 43M cire-RACGAP1-WT + miR-NC 4H |
circ-RACGAP1-WT + miR-4324 2H | circ-RACGAP1-
MUT + miR-NC £ . circ-RACGAP1-MUT + miR-4324
4, T24 AIE A E 70% , B4 ¥ K Lipo-
fectamine™ 3000 X F)H L 0.9 we BRI E T24 4,
TENMBIE TR R T B35 46 h e, FIXUEEE R R 546
MR G4BT R 2H T24 20 B i 58 6 E BTG PE

1.9 Western blot ;%% il sh-circ-RACGAP1 Xt
T24 0 RACGAP1 X PBK/AKT 5 S5@KER
FKIEWIEIMT B cire-RACGAPL il [ JB R % YL T24
Y 48 h 5, 2R T RIPA 5 24#% . I AGE = e
SRR T min, 7 T E i G R N 2R TN U T e
HERE LUK, AR B B, I A — P e Bt RACGAPIL
(1:3000 ). p-PBK ( 1:2000 ), p-AKT
(1:1000 ), GAPDH ( 1:3000 )., NF-«xB
(1:3000), A WLFEFARHT(L:7000), N
ek & CIRF, 7E Bio-rad WAL th B 5%,
Quantity One #/FH#EAT IR BEAESETT 04T

1.10 SEit4b3E R SPSS 22.0 #1748
I R AR L« 5 R, WAL LR ¢ ke,
Z2 2 8] LR F R R 28 5 22 53 A S LSD- K, LA
P<0.05 WERAGIHFEX,

2 #HR

2.1 PERUEALA D circ-RACGAP1 RiE K HIkG K
BEX WK 1 iR, cire-RACGAPL 3K JE F RAC-
GAP1 FENAYEE 19 20 21 F122 4M g 7, 28158
RLRIFRR G A . 48 TCGA Bl JE o #r (1 2)
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7, BB 20 20 cire-RACGAPL 223k B 25 T IF
WIEMELHZI(P <0.01) s FEBE B 41 20 cire-RAC-
GAP1 FIk/K VBl 105 e s H A o 0T AR Yy 38
Jnmi e (P <0.01) WK 3,

B 1 circ-RACGAP1 &R =E
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S oot
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0
17 e R A A o %4 22
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H5IEWAHLAE. " P<0.01
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3 circ-RACGAP1 AR IR 4 HA
e B AR PR RIE

2.2 FEMUEARE R F circ-RACGAP1 By R IE K F

qPCR A (&l 4) 7R, 5 SV-HUC-1 4 ffd A8 1L,
circ-RACGAP1 75 B bt 48 40 ifd & 5637 ,T24 )82 . RT-
4 UM-UC-3 ¥ ik (F =39.46,P <0.05),
circ-RACGAPL 75 T24 4 il b 3k F e i (F =
17.03,P <0.01) , Wik #% T24 400 A iZaF5e ) T 5
4,

10
o
T
9 8
o
E 6 o » T
< T T
8 *%
4
<
2 T
2
5,1
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SV-HUC-14 563720  T244H J8241 RT-441 UM-UC-34

4 qPCR W& MEEREMAM RS circ-RACGAP1 K&Kk
5 SV-HUC-1 44l ki, * * P <0. 01

2.3 £ T24 WS circ-RACGAPI , miR-4324
BIFRIEX  qPCR K 7%, sh-circ-RACGAPL 4 T24
Y circ-RACGAPL A /K F-A% B b 25
(1=12.44,P <0.01), i sh-circ-RACGAPI 4] T24
YA miR-4324 FKIRAKPHO0 AL W2 B (¢ =
6.91,P<0.01),

2.4 {RFRi% circ-RACGAPI 3t T24 40 3 58 i 2
M SRR RS (B 5) W, X IR AL sh-cire-
RACGAP1 41 T24 4 i 5e B T2 550 3 R (66. 45 +
6.44) 4 F1(29.88 +5.55) 14, sh-circ-RACGAP1 2
AN TS PR AT X RRZH (1 =4. 30, P <0.01)

2.5 &K% circ-RACGAP1 3t T24 4T AT
M RPYRSEE (K 6) Bow, X R4 Al sh-cire-RAC-
GAP1 £ T24 4l 3T 7% % 53 1 4 (64.81 £4.85) %
F1(30.58 +7.06) % , sh-circ-RACGAP1 ZH 41 il iT 7%
AEJT I AR T X IR4E (¢ =4. 00,P <0.01)

2.6 {EFKi% circ-RACGAP1 Xt T24 SIS
M Transwell SE565 (& 7) W~ , X BB A1 sh-cire-
RACGAP1 #H 21 M 2 22553 1 (104.90 +11.75)
ANF1(23.98 +7.24) 4, sh-circ-RACGAP1 20 4 o=
RS BARTXF B4 (1 =5.59,P <0.01)

2.7 circ-RACGAP1 5 miR-4324 H$B [ X &
deepBase . Circhank . CircInteractome . circRNABase 4=
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PORGEEN sh-circ-RACGAP141

B 5 FEREMASEEARN T circ-RACGAPL
it T24 40 A1 58 /Y 24 0
A TEREI RIS B T ME I R AT ST IR LA, F P
<0.01

A Oh 24h

poRiEe|

sh-circ-RACGAP141

B g0~
60+
ti’;i- kk
H 40+
=2
5
20
0

o piicea:) sh-circ-RACGAP141

B 6 XIESLIEAEN T circ-RACGAPI Xt T24 40 ff1iTE 5% B 8200
A QR SCE x40 B 4IRS R @ & 500 S50 IR4L K.
**P<0.01

Vi B 2F B0 PE U (] 8A) {8, miR4324 5
circ-RACGAP1 Z [ A E W TE A 25 G 1 i ML
PR MR A (18] 8B) 236 i, 5 miR-NC 21
FHEE , miR4324 REME I T I circ-RACGAP1-WT [

BOCEMIEME(1=9.66,P <0.01) ,

A Xt R ZH sh-circ-RACGAP141.

150

;| s50f ok

O ]

xR ZH sh-circ-RACGAP141

7 Transwell 3£564: i T circ-RACGAP1
Xt T24 R ZE R
A Transwell 5255 x 40; B 40 M (2 2 50E &= 00, 5 X B4 L
. P<0.01

L5r CImiR-NC41
0 miR-43244

1.0

HAR 5 2R M 1

ks

circ-RACGAP1-WT circ-RACGAP1-MUT

E 8 circ-RACGAP1 5 miR4324 B[ X &
5 miR-NC 41 Hu#. * * P <0.01

2.8 {EFRI% circ-RACGAP1 X HHERBRIEHE
il Western blot £ ( & 9) .7, sh-circ-RACGAPI
20 T24 40T RACGAPL £ 113 A5 IR YL FRAR (¢«
=14.71,P <0.01), PI3BK/AKT {5 53 i & 11 p-
PI3K .p-AKT NF-kB F A K F-HIFEAE (1 =8.71,P <
0.01;:=5.76,P <0.01;:=15.49,P <0.01) ,
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X4 sh-circ-RACGAP14
RACGAPI1
p-PI3K
p-AKT
NF-xB
GAPDH
8r 3 % RE 2

= sh-circ-RACGAP14H

(=)}
T

K3k

skk

EARILAT
o

sk
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T

ok

RACGAPI1 p-PI3K p-AKT NF-«xB

B9 Western blot i%£#ill RACGAP1 1l
PBK/AKT 5 S @EEARIE
XTI E . * ¢ P <0.01

3 it

circRNA S 41 Jif P 7 53 4 1 6 B 2] B3 4, 1
TR T A5 A 5 R T B 0 A S T L P R
WiREf A E ST, Hare A MmiE"™ 8o, cir-
cRNA J73Z 2 55 v 240 Ji P i 35k DR A 9800 5 g 5
PR R0, 70 I8 1 s vl B DGR . AH DG
521 R, B e A0 TR AEFE 24 cireRNA 1 5
RS R, O B A 1127 R 2 & Wi B A &
TN, B0, cire-LONP2 75 [ B Jim 41 23 F0 40 ifd
Feih LR R cire-LONP2 238 10 i i JbE 82 40 it B4
% )1 112 78, miR-584-5p J& circ-LONP2 [ F Ji7 #0
FRUOT AN, B R LH S P Y cire-SHPRH 2 15 BA
A, AR T2 58 5 5 I A8 A 2 7 v ) i 3L
301 R LRGBS RS RS R OE A O, UTER cire-
SHPRH 7] _[- 9 miR-942 F&ik , i 1y 38 fin 1B e g 4 i
(3G 5E BB MR ZEEE 1 . SR, cire-RACGAPI
IR 5 I A A HE R G R AN,
FFEEM , cire-RACGAPL 7 155 it Jis 41 2L FN 41 it v 52

Il , HERIA 5 B It H A I IR 2 2 B AR G,
circ-RACGAPL A g 5 05 e s PR R BE A OC, )
A AR F 35 cire-RACGAPL RE W% 1 il J§5 e 88 T24 41
JuzEsE GER MR BB T, X LA R BOR, cire-
RACGAP1 1E {4 P 76 185 e 98 14 & Ak Je ]
RE R EZAEN

AR R EBFFE N W, cireRNA 315 F
i miRNA |, T4t miRNA 3 6E , DL W44 18 55 1Y
J5 2 MR R B 2238, T 2 5 4 M 1Y) 45 RIS
31, % W 5% i i deepBase . Circhank . CircInterac-
tome , circRNABase & ¥ 15 B =% B0 22 700 , miR-
4324 A RESE circ-RACGAPL HHRFR, WHE G
LRSI F W cire-RACGAP] RES L4544 miR-
4324, miR-4324 J& miRNA F WG 6, Hiofe A1 5 e
LI B IR AN A S A P B P e 4 RN AN i R
HIRERIE , Z S5l i i35 5 B AR 28, AR
TR WURE R R AR RAK T, miR4324 7
5 g LR AN 2R R R, R miR4324 £k A
Bl 40 ) % e 98 ) 2 J . qPCR 45 2R R IR FR 3k
circ-RACGAP1 W] I 4 miR-4324 1y ik, K I,
circ-RACGAPI 18 3 %5 miR4324 Fik RIFEMER .
HWFFE B miR-4324 38 5o 410 40 Ji Joe 98 400 J v
) RACGAP1 FE[R 33k Fl PI3BK/AKT 5518 i 5% 5
REMEIER . M558 1 Western blot SEE0 K,
23X cire-RACGAP1 J& 1Y T24 40 s 1 RACGAP1
R PI3K/AKT {553 B AR U A Y AL, DLk
ZEHL R, cire-RACGAP1 3 i # [ 1 ] miR-4324
M85 RACGAP1/PI3K/AKT {5538 % .

2% F TR cire-RACGAP1 75 B 8 b i 263k,
HFIRIK 5 5 e 98 1) G AR A O, cire-RAC-
GAP1 il i #C ) 1 ] miR4324 74 ¥ RACGAP1/
PI3K/AKT 15 5 38 % & FE AR 8 VE H, cire-RACGAPI
Al RE B R YT BT
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Expression of circ-RACGAP1 in bladder cancer tissue and its
mechanism of action on proliferation, migration

and invasion of bladder cancer cells
Hu Zhi', Fu Qiao', Xu Lv', Zhang Wei', Gai Qianggiang’, Sun Wei'
[ ' Dept of Urology, Wuhan Third Hospital ( Tongren Hospital Affiliated to Wuhan University) ,
Wuhan 430000 ;° Dept of Urology, Tongji Hospital Affiliated to Huazhong
University of Science and Technology, Wuhan 430030 ]

Abstract Objective To analyze the expression and clinical significance of circ-RACGAP1 in bladder cancer tis-
sues, and to explore the influence and mechanism of circ-RACGAP1 on the malignant biological behavior of bladder
cancer cells. Methods The expression of circ-RACGAP1 in bladder cancer tissues was explored through the TCGA
database, and the relationship between the expression of circ-RACGAP1 and the clinicopathological features of
bladder cancer patients was analyzed. The expression of circ-RACGAP1 in cell lines 5637, T24, J82, RT4 and
UM-UC-3 was analyzed by quantitative real-time PCR (qPCR). The circ-RACGAP1 knockdown plasmid was trans-
fected into T24 cells by lipofection technology. Colony formation assay, scratch assay and Transwell assay were
used to analyze the effects of knocking down circ-RACGAP1 on the proliferation, migration and invasion of T24
cells, respectively. The targeted binding between circ-RACGAP1 and miR-4324 was verified using deepBase, Circ-
bank, CircInteractome, circRNABase databases and a fluorescent reporter system. The effect of knocking down
circ-RACGAP1 on the expression of miR-4324 in T24 cells was detected by qPCR. Western blot was used to detect
the effect of knocking down circ-RACGAP1 on the expression of recombinant rac-GTPase activating protein 1
(RACGAPI1) protein and phosphatidylinositol-3-kinase/protein kinase B (PI3K/AKT) signaling pathway proteins
in T24 cells. Results circ-RACGAPL was highly expressed in bladder cancer tissues (P <0.01), and its expres-
sion increased with the clinical stage of the patients (P <0.01). The expression of circ-RACGAP1 in bladder
cancer cell lines was significantly higher than that in normal human bladder epithelial cells (all P <0.01).

Compared with the control group, the proliferation, migration and invasion abilities of T24 cells in the sh-circ-RAC-
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GAP1 group significantly decreased (all P <0.01). circ-RACGAP1 could target and inhibit the expression of miR-
4324 (P <0.01). Compared with the control group, the expression level of RACGAPI protein in T24 cells in the
sh-circ-RACGAP1 group decreased (P <0.01), and the expression levels of PI3K/AKT signaling pathway proteins

phosphatidylinositol-3-kinase (p-PI3K) , phosphorylated protein kinase B ( p-AKT) , nuclear factor kappa B ( NF-

kB) decreased (all P <0.01). Conclusion

circ-RACGAP1 is highly expressed in bladder cancer tissues and cell

lines, knocking down circ-RACGAP1 can inhibit the malignant biological behavior of T24 cells, and circ-RAC-
GAP1 plays a role by inhibiting the expression of miR-4324 and activating the PI3K/AKT signaling pathway.
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