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CirceXPO1/miR-5195-3p/RTKN Axis in Regulating the Proliferation and Apoptosis

of Colorectal Cancer Cells
LI Jie, LI Zhong-yan, GU Jin-lian
(Guangzhou First People’s Hospital, Guangzhou 510180, China)

Abstract: [Objective] To explore the mechanism of circular RNA(circRNA) circXPO1 in regulating the proliferation and apop-
tosis of colorectal cancer cells. [Methods] Surgical samples of cancer and adjacent tissue were collected from 41 patients with
colorectal cancer. Human colorectal cancer SW620 cells were divided into si-NC group, si-circXPO1 group, miR-NC group,
miR-5195-3p group, si-circXPO1+anti-miR-5195-3p and si-circXPO1+pcDNA-RTKN group, which were transfected with siR-
NA-NC(si-NC), siRNA-cireXPO1 (si-circXPO1), mimic NC(miR-NC), miR-5195-3p mimic, si-circXPO1 and miR-5195-3p in-
hibitor(anti-miR-5195-3p), si-circXPO1 and pcDNA-RTKN, respectively. Real-time quantitative polymerase chain reaction(qRT-
PCR) and Western blot were performed to determine the expression of circXPO1, miR-5195-3p, RTKN mRNA and RTKN pro-
tein. Cell counting kit 8(CCK-8) and flow cytometry were used to detect the proliferation and apoptosis of SW620 cells. Bioinfor-
matics analysis and dual luciferase report experiment were performed to determine the targeting relationship of cireXPO1 with
miR-5195-3p, miR-5195-3p and RTKN. [Results] Compared with adjacent tissues, the expression levels of circXPO1 (4.55+
0.30 vs 4.55+0.30), RTKN mRNA(3.27+0.29 vs 1.00+0.04) and RTKN protein(0.51+0.06 vs 0.21+0.03) in colorectal cancer tis-
sues increased, miR-5195-3p(0.34+0.03 vs 1.00+0.06) expression level decreased(all P<0.05). The expression level of circXPO1
and cell viability (0.37£0.03 vs 0.72+0.05) in colorectal cancer SW620 cells of the si-circXPO1 group were lower than those in
the si-NC group; and the apoptosis rate (25.91%+2.51% vs 6.73%=0.65%) was higher than that in the si-NC group. The differ-
ence was statistically significant (P<0.05). CircXPO1 targets the expression of miR-5195-3p, and miR-5195-3p targets the ex-
pression of RTKN. The RTKN protein and cell activity (0.43+0.04 vs 0.74+0.05) of colorectal cancer SW620 cells in the miR-
5195-3p group were lower than those in the miR-NC group, and the apoptosis rate(21.01%+2.11% vs 7.17%=+0.54%) was higher
than that in the miR-NC group(all P<0.05). The expression level of RTKN protein and cell activity(0.34+0.03 and 0.38+0.04 vs
0.17+0.02) of the si-circXPO1+anti-miR-5195-3p group and si-circXPO1+pcDNA-RTKN group were higher than those of the si-
circXPO1 group, and the apoptosis rates(13.83%=+1.21% and 10.19%+0.82% vs 27.53%=+2.65%) were lower than that of the si-
circeXPO1 group (all P<0.05). [Conclusion] CircXPO1 promotes the proliferation of colorectal cancer SW620 cells and inhibits
cell apoptosis through the miR-5195-3p/RTKN axis.
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1.1 # #

AR EE BRI 5L o fib Ul 45 1 ) s AL
B (9 55 2L (IE R A R BEZH 20 ok B N 8 — A
B I e 22 5 T R0V R) 2 R AT 90Ok TR UTBR 4 41 1]
S5 H e B AT B SRR S5 2L, S R
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S5 H AL bk SW620 (iR RT AR MR A
2% 7] ), siRNA-NC (si-NC) .siRNA-cireXPO1 (si-cir-
¢XPO1) , mimic NC(miR-NC) , miR-5195-3p mimic
miR-5195-3p inhibitor (anti-miR-5195-3p) ,pcDNA-
RTKN ( ¥ GenePharma), 41 g 31 %538 57 & 8 (Cell
Counting Kit-8,CCK-8; 3£ [ ImmunoWay), Annexin
V-FITC 4 g 98 745 5857 £ (€ [ Sigma) , Dual-Glo
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PG M 2 R G (55 Promega) , I 5E R A
itf 5% I 1 (qQRT-PCR )i 7 £ (K 3% Takara) ,
12 @ERSHE

£ 37 °C.5% CO, iR 5T F= 46 ,SW620 4 ity
TEA 10% 54 11135 19 Dulbecco B4 R B9 Eagle 1% 5% &
(DMEM) #1853 5% . SW620 4l s 53 4 si-NC 4 _si-cir-
¢XPO1 #1 .miR-NC £ .miR-5195-3p £ si-circXPO1+
anti-miR-5195-3p 4 si-circXPO1+pcDNA-RTKN 4,
WK 5% Y si-NC si-cireXPO1 .miR-NC ,miR-5195-3p
mimic ,si-circXPO1 ,anti-miR-5195-3p ,si-circXPO1 F
pcDNA-RTKN, ¥ SW620 2 it $ Fl 7 6 FLAR H , 4%
J5 AE 24 h J5 LA 60%~70% () fil 4 FE fdi ] Lipofec-
tamine 2000 , AR 5 il 1 7 0 FURR UEAT LR i g B Y
48 h J5 A I 40 M Y cireXPO1 .miR-5195-3p .RTKN
mRNA RTKN 35 13K X345 P17 73 5% %% pcDNA |
pcDNA-cireXPO1 ,anti-miR-NC \anti-miR-5195-3p A
SW620 41, KM miR-5195-3p F1 RTKN & [
£k,
1.3 QRT-PCR # Ul circXPO1.miR-5195-3p #n
RTKN mRNA Fix

fift Fl TRIzol 257 M\ 45 B 7 % 2H 215 SW620 4
il v 4325 S RNA, A 1 2 circRNA Fl mRNA 1y
#7, f# ] PrimeScript RT Master Mix M 500 ng RNA
AT ¢DNA, MiR-X miRNA First-Strand Synthesis
X7 & HF miRNA %55, {8 SYBR Premix Ex
Taq I 128 7] & A1 % [C Light Cycler 480 II ¢} PCR
ARG AT PCR 4007, #2749 L35 cireX-
PO1 .miR-5195-3p il RTKN mRNA #ik . B-lzh &
F1 (B-actin) #f 9 K 9 circRNA F1 mRNA % ik 7K F
(4 P TS X L U6 A R miRNA 3853 Hr B P s 1 %o
B8 CireXPO1 5191 5 GenePharma & 1%, 51410
T (5"-3"):RTKN F;GCCGCTGCTTACTATTGC ,R ;
GTGCTTCCCGACTTTCTG;B-actin F:CTCCATCCTGG-
CCTCGCTGT,R :GCTGTCACCTTCACCGT-TCC;miR-
51953p F:GCCTGTAGGCATCATCGCCAG, R:GATA-
GAGTGACGTGAAGTAG ;U6 F:GCTTCGG-CAGCA-
CATATACTAAAAT,R:CGCTTCAGAATTTG-CGTGT-
CAT,
1.4 Western blot #&ill RTKN & B &R i%

FEVK B 100 wl RIPA 23 i 54 firk 2% 5 M e 40
21 SW620 41l 30 min, BCA J5 3% FH F 1 2 #F i
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ik st GAPDH e £ e FEHIIA (Abcam, 1:1 000)
164 CTRG K . REH S HRP-IL 4R 1gG
(Abcam,1:22 000) 5 2 h, K HIZ A LIEH T 2 min
LRSI J2 37 25745 . 4301 RTKN A% T GAPDH 36k,
1.5 ¢AREIEsE&E N

I Y 5 1) SW620 4fi il LL 510741+ Fh &) 96
fUb i, 5537 48 h, A4 3 MR AL, 0T 3 IR
HA ] CCK-8(10 wl) I & 40 ML Ay 35 58 . SR 5 7 il
FrAY EH € CCK-8 )XW 2 h J5 % OD { (450 nm),
OD H 5 M2 IE .
1.6 ZABAT N

Annexin V-FITC 4fi 1 98 1= & 0 € ) & H T
SW620 41 i e 2 K5 SW620 £ Jita FF i iR 3 2% b i ok
VWU, DL 1x10° fe 0k 8 T IxZ5 & 2 il
i, SRIEHE 500 pl 4B 5 pl Annexin V-FITC
AW 10 wl BUE TS BE (PO IR &, = IR T
H 10 min Jf#E%, BEJSEH BD FACS 20 Hr {53
LT
1.7 EYEESMENREHmREELR

AL miR-5195-3p 45 G 7 19 BF AR B cireX-
PO1 J#%1 (WT-circXPO1) 5% RTKN %1 (WT-RTKN)

5, Z2 LR 18] LU 3R B DR 3R 5 28 40 B, L[] 7 7
LAk SNK-q #:56:, P<0.05 W22 R A G5 X,
2 & R
2.1 CircXPO1.miR-5195-3p #1 RTKN 7 4 & i7 &
HAFHRIE

41 B4 g A8 cireXPO1 .miR-5195-3p .
RTKN mRNA Fil RTKN 4 [ 1) 2 35 7K - 53 3l 2 o 5%
ML) 4.55 1% ,0.34 15 3.27 155 243 15, 45 E W
i 50 05 UL 3L, 22 50 Y9 R BE 2 75 3L (P<0.05)
(Table 1,Figure 1),
2.2 M cireXPO1 & 33 45 H 7 % SW620 4 i
58 AU T B R I

Si-cireXPO1 21 25 H 95 SW620 4 il cireX-
PO1 ik 7KF (0.24+0.03) | 40 g 175 1% (0.37+0.03 ) 5
FE si-NC 41 (1.00+0.07 ,0.72+0.05) 1% , 7= (25.91%=+
2.51%) e si-NC 21 (6.73%+0.65% ) i , 2 A7 G i3
7 X (P<0.05)(Table 2, Figure 2),
2.3  CireXPO1 #£ [ miR-5195-3p IR iE

CircXPO1 5 miR-5195-3p 1 # [f] 45 & 17 1 7
E B StarBase #AFH (Figure 3). MiR-5195-3p
5 WT-cireXPO1 M55 4L 5 SW620 21 i i) 9 6 16 %
Fb miR-NC 5 WT-cireXPO1 F:46 Ye K T %) 58.42%,
2254 G 2F 3 X (P<0.05) ; 1fii miR-5195-3p 5

FilG 30 HOE R M Bk RS
circXPO1 5 RTKN J¥ %1 # miR-
5195-3p 45 & i i Y € A8 R4 A 5
o &R B i 4 2R T (MUT-cireXPO1
¢, MUT-RTKN) , fifi | Lipofectamine
2000 K SW620 4fl il 5 miR-5195-3p
mimic 5{ miR-NC 5 WT-cireXPO1
87 MUT-cireXPO1 L5635 £E K
miR-5195-3p mimic 5 miR-NC 5
WT-RTKN 5 MUT-RTKN 3454 5%
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Figure 1 Expression of RIKN in colorectal cancer and adjacent tissues
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Table 1 The expression of circXPO1,miR-5195-3p and RTKN in colorectal

cancer and adjacent tissues

E RGN E PO
Groups

CireXPO1 MiR-5195-3p RTKN mRNA RTKN protein

1.8 ZitZEabiE

K H SPSS 22.0 k4 ik 47 48 it
5000, R AR 2 (ves) R 4
TN o 2 RVEHE AR ST HEAR ¢ 4G

M2 2021 £ 27 %% 8 H

Adjacent tissues 1.00+0.09 1.00+0.06 1.00+0.04 0.21+0.03

Colorectal cancer tissues 4.55+0.30 0.34+0.03 3.27+0.29 0.51+0.06

72.575 62.998 49.651 13.416

P <0.001 <0.001 <0.001 <0.001
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Figure 2 The effect of inhibiting the expression of circXPO1 on the
apoptosis of coloectal cancer SW620 cells

Figure 2 The effect of inhibiting the expression of circXPO1 on the proliferation

and apoptosis of coloectal cancer SW620 cells(x+s,n=9)

Groups CircXPO1 OD value (450 nm) Apoptosis rate(%)
Si-NC 1.00+0.07 0.72+0.05 6.73+0.65
Si-cireXPO1 0.24+0.03 0.37+0.03 25.91+2.51
t 29.938 18.007 22.192
P <0.001 <0.001 <0.001

MUT-cireXPO1 %% 4t miR-NC 5 MUT-cireXPO1
iYL SW620 41 1) 6T M 22 5 L4 i 2 =
X (P>0.05)(Table 3), PecDNA # .pcDNA-circXPO1
#H miR-5195-3p # ik /K ¥ 433 & 1.00+0.06,0.33 +
0.03, ZRALi¥E L (P<0.05);si-NC 4 si-cir-
cXPO14 miR-5195-3p ik K F 4351 R 1.02+0.08

3.06+£0.28, Z R A G153 L (P<0.05) .,

24

MiR-5195-3p #E @ J#= RTKN R ik

Figure 6),

BG4 L (P<0.05); i miR-
5195-3p 5 MUT-RTKN 3t % 4 |
miR-NC 5 MUT-RTKN L5539 f5 |
SW620 2 i i) 2 6% M 22 & T 4
P12 X (P>0.05)(Table 4), MiR-
NC 41 .miR-5195-3p 41 RTKN % [
F B IKE 4 58 0.40+0.04 ,0.21 +
0.03, 2 F A4 it# 2 X (P<0.05);
anti-miR-NC £ \anti-miR-5195-3p 41
RTKN % 1235 7K F 43 51 0 0.38+
0.03.0.84+0.05, ZR A G E
X (P<0.05)(Figure 5),
2.5 MiR-5195-3p T RIEX EEHA
J25 SW620 21 R 18 38 F1R - H9 52 im
MiR-5195-3p 41 4% H 7 &
SW620 4 il  miR-5195-3p # ik
JKF L miR-NC 203 fin 2 2.85 1%,
RTKN £ [, 4 il 7% P [k miR-NC

Y02y 46.51% 41.89%, JHT- 2 1L miR-NC 2134
%y 66.16% , 22 5 A 4t it 2% & X (P<0.05)(Table 5,

Table 3 Dual luciferase report experiment between
RTKN and miR-5195-3p

Groups WT-RTKN MUT-RTKN
MiR-NC 0.99+0.06 0.98+0.06
MiR-5195-3p 0.36+0.04 0.97+0.05
t 26.210 0.384
<0.001 0.706

RTKN 5 miR-5195-3p A9 0] 45 4 07 SR & P

il 1 TargetScan FK {4 W (Figure 4), MiR-5195-3p 5
WT-RTKN 3 %% 44 J5 SW620 41 s /4 2¢ )% 1% ¥ kb
miR-NC 5 WT-RTKN 55 0L ik T 2 63.64%, %7

Table 3 Dual luciferase report experiment between

circXPO1 and miR-5195-3p

Groups WT-cireXPO1 MUT-cireXPO1
MiR-NC 1.01+0.07 1.03+0.08
MiR-5195-3p 0.42+0.04 1.04+0.06
t 21.954 0.300
P <0.001 0.768
WT-circXPO1 5" cuugauuUCAGCCAAAAACUGGAU 3’

| [l [
miR-5195-3p 3’ ucggggg/&éué--- UCUUJBA&(JDUL S}
MUT-circXPO1 5" cuugauuCUGACCACAGCUAUUCG 3’

Figure 3 The sequence of circXPO1 contains a nucleotide
sequence complementary to miR-5195-3p

o ,
s A &

WT-RTKN 3UTR & cccuuccuggﬁ(lsaaﬁ(flfGGAa 3
miR-5195-3p
MUT-RTKN 3'UTR 5’ cccuuccuggGCAaaCGUCAUGa 3’

[]]
3 ucgggggaguUUC- - UUGACCUa 5’

Figure 4 The 3’UTR of RTKN contains a nucleotide
squence complemeatary to miR-5195-3p

RTKN S s a—

Figure 5 MiR-5195-3p regulates the expression of

RTKN protein
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Je 0 M 0 A ORAR 28, 0 11 240 B 9
T2, CireXPO1 7E il i 968 20 4L i3 3%

ik, HERkSBIRAaFREME,
cireXPO1 7R S i i i 96 48 i %)
WA FNAZ 22 , B AN g 710 AT
FE KB, cireXPOL 75 45 H g i
HBETPEERR, ARG E & si-cir-

cXPO1 1E45 B I SW620 41 i )
B SRPEAL cireXPOT X 485 1M 95 1
YER . AWFFE A siRNA 5 325 il 5%

CAPDH 4

B
MiR-NC
10*3 ‘ 10* 3
10°3 10° 3
SRUE I SRTE B
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A:RTKN protein expression;B:Flow cytometric of cell apoptosis

colorectal cancer SW620 cells
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Figure 6 The effect of miR-5195-3p overexpression on the apoptosis of

10* cireXPO1 ffi Hoale R I i, 45 R R W,
P cireXPO1 2R3k AT LA 55 45 B W
T A AR Y TS M T R AN M R T, 4R
N5 HTR IO AT cireXPO1 H

Table 5 The effect of miR-5195-3p overexpression on the proliferation and

apoptosis of colorectal cancer SW620 cells

HE g HipE st R Iine, XN
cireXPO1 1E b 39 circRNA 24T

B SR

Groups miR-5195-3p RTKN protein OD value(450 nm) Apoptosis rate (%)

MiR-NC 1.00£0.05  0.43:0.04 0.74+0.05 7.1720.54 % & # K Z B cireRNA #8 i&
MiR-5195-3p  3.85+0.23 0.23+0.02 0.4320.04 21.0122.11 miRNA #4894, ABF e i 2R
ii 36.325 13.416 14.524 19.063 W B 22752 T B StarBase 2 751
P <0.001 <0.001 <0.001 <0.001

Al 85 cireXPO1 45 & B9 7% 7£ miR-

2.6 #0#Hl miR-51953p Fiks _Fif RTKN RixFH: T
M& cireXPO1 RiA T 45 H b5 7 SW620 41 A 18 35
AT B H

Si-cireXPO1 21 45 H 7 i SW620 41 Jfl 1Y) miR-
5195-3p F ik K Fm T si-NC 241, RTKN 2 ([ F k7K
AT PR T si-NC 4, TR | T si-NC 4
ZR G E X (P<0.05) , Si-cireXPO1+anti-miR-
5195-3p 4145 H g SW620 41 il i) miR-5195-3p #
KKK TF si-cireXPO1 41 | si-cireXPO1 +anti-miR-
5195-3p 41 Fil si-circXPO1 +pcDNA-RTKN 41 RTKN
A FRAKFE . WIETEYEYE T si-cireXPO1 41, FF
HAX P2 SW620 4 il i 94 T 4K T si-cireXPO1
4, 2254 G245 L (P<0.05)(Table 6, Figure 7).,

3 4 it

CircRNA 5 45 1 Ji 1 2 VE 3k 2 DI R OG )
LIRS T 45 EL 8 09 53 F48AR S Jiang 26 e &

M2 2021 £ 27 %% 8 H

NA, JFl 8 B 3R B 25 9B T cireXPO1
£ miR-5195-3p M4 7 s, QRT-PCR 45534 i
7N, cireXPO1 i R A M il miR-5195-3p &k, Tk
cireXPO1 fi£ ¥F miR-5195-3p ik, K It , AR BFFEHIIA
cireXPO1 1E Ay it 45 ] LUSE 1] 71 1 425 miR-5195-3p (1)
ik, MiRNA J& 18~25 /™% H 2 (1) /N 7 HE g 5
RNA , il o 43 5 b 1) mRINA 76 5% 5t 5 18 i 3 I 3%
R HEEEEN, E KM, miR-5195-3p 7] LI
a8 g A )N 4 A O S I g A N )
SR T ) 5 o PR A ) fieb g o 1) A, 7 B SRR R A
I EE 8] T miR-5195-3p 1 . 3 [ ") miR-5195-
3p TE B M des 4L VRN A L b R R AR A BRI R A ]
1100 % POt 9 448 L ) 38 5 A2 281 Hsa-miR-5195-3p
%S TGFBRI1 . TGFBR2.SMAD3 F1 SMAD4 F ¥ 3£
R0 SW480 1 HCT116 41 iy & i J& i gk f2 140 {1
miR-5195-3p 7E45 i Hh 09 4E A BL AT A 15 11
K., ARG KB miR-5195-3p 7545 B i 41 2 P AIK
Fik, A miR-5195-3p £k 0l i KL H
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Table 6 Inhibition of miR-5195-3p expression or up-regulation of RTKN
expression reversed the effect of inhibiting circXPO1 expression on the
proliferation and apoptosis of colorectal cancer SW620 cells (x+s,n=9)

. RTKN OD value  Apoptosis
Gomiipe WIS protein (450 nm) rate (%)
Si-NC 1.00£0.07 0.44+0.04  0.77+0.05 5.80+0.56

0.35+0.03" 27.53+2.65"
0.61+0.05" 13.83+1.21*

3.11+0.26" 0.17+0.02°
1.79+0.14*  0.34+0.03"

Si-cireXPO1
Si-circXPO1+anti-miR-5195-3p

Si-circeXPO1+pcDNA-RTKN - 0.38+0.04"  0.68+0.05" 10.19+0.82*
F 333.156 107.400 139.821 334.933
P <0.001 <0.001 <0.001 <0.001

Note : Compared with si-NC group, *P<0.05 ; Compared with si-circXPO1 group,#P<0.05
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Figure 7 Inhibition miR-5195-3p expression or up-regulation of RTKN
expression on the apoptosis of colorectal cancer SW620 cells
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