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miR-502-3p regulates the proliferation and apoptosis of colorectal cancer stem
cells by targeting GTPBP2 gene

KE Chao, ZHOU Hongjian, JIANG Bin, XIE Xingwang, ZHANG Chao (Department of Gastrointestinal and Abdominal Wall and
Hernia Surgery, Wuhan Third Hospital, Wuhan 430061, Hubei, China)

[Abstract] Objective: To investigate the molecular mechanism by which miR-502-3p regulates the proliferation, cell cycle and
apoptosis of colorectal cancer stem cells (CCSCs) by targeting GTP binding protein 2 (GTPBP2) gene. Methods: The immunomagnetic
bead sorting technique was used to sort CCSCs (CD133°CD44" cells and CD133°CD44 cells) from colorectal cancer HCT116 cells, and
the expression level of miR-502-3p in the sorted cells was detected by qPCR. CD133°CD44" cells were divided into different groups
according to different transfections using liposome method, namely miR-NC group, miR-502-3p group, si-miR-NC group, si-miR-502-3p
group, miR-502-3p+vector group and miR-502-3p+GTPBP2 group. The mRNA expression levels of miR-502-3p and GTPBP2 in cells
were detected using qPCR method. The proliferation rate, cell cycle and apoptosis rate were detected by MTT assay and flow
cytometry, and the protein expression levels of Ki67, CDK1, Bcl2, BAX and GTPBP2 were detected by WB. Dual-luciferase reporter
gene assay adopted to verify the targeting relationship between miR-502-3p and GTPBP2 gene. Results: The expression level of
miR-502-3p in CD133'CD44" cells was significantly lower than that in CD133'CD44 cells (P<0.01). Compared with the miR-NC
group, the cell proliferation rate and the proportion of S phase cells were significantly reduced (all P<0.01), the apoptosis rate and
proportion of cells in GO/G1 phase were significantly increased (all P<0.01), the protein expression of Ki67, CDK1 and Bcl2 was
significantly down-regulated (all P<0.01), and BAX protein expression was significantly up-regulated (P<0.01) in the miR-502-3p
group. miR-502-3p targetedly regulated the expression of GTPBP2. Overexpression of GTPBP2 could reverse the effects of
up-regulation of miR-502-3p on the proliferation, cell cycle and apoptosis of CCSCs. Conclusion: Up-regulating the expression of
miR-502-3p can inhibits the proliferation, arrests the cell cycle, and induces the apoptosis of CCSCs. The mechanism may be related to
the overexpression of GTPBP2 gene.
[Key words] miR-502-3p; GTPBP2 gene; colorectal cancer stem cell (CCSC); proliferation; apoptosis
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4 e 2 LI AGE SR 2 — . KT
S5 B e IR IT E VAN R AR BUT SN, BAR
Rm T EESEAEAR R R 2 RE
S AR R T AR MR T A R IR
W2 00 oAb T 24 e OB SRR I, A R PR
R CEBME ROF RS, HAl, A2 EEN
J3F B 7T R T 0 AT miRNA W 4% 4 B, 6045 ]
A b A0 ) P8 4 B R R, LA BRI 8 1 B
IS, B gEat R BN, miRN A miR-19 .miR-501-5p
I miR-744) 5 [Ied 40 il & A 9% . miR-502-3p 7
B e I S PR R I TR, 5 R 4 A 3 A L A
T & R0, H & X 45 B % e T 40 B (colorectal
cancer stem cell, CCSC) HIHF 75 R IE M AN TE 2 . GTP
4k & % 1 2 (GTP-binding protein 2, GTPBP2) & & H
Ji A % GTP BB KRR 5L, T 12 AFAE T AN AR AR
B NS, H R KK RS, KT GTPBP2 X
CCSC e MR A B . T b, AR 40 %
T B S I 4% B 78 HCT 116 41 it b 43 3% H CCSC,
R 1 miR-502-3p A& 75 J8 i 1 % GTPBP2 % [A 5 1
CCSC Hi5 & BIFNJE T (1 4> FHL , B 15 R4 B
T IZWIANEIT SRS H AR

1 MR57EE

1.1 fmiade £ 23X F]

45 9 4 HCT116 W4T AR HsE - i i
64 % JRPMI 1640355550 T EHEP A RH A IR
AN, 22 B KR (OFGE) ik AT 24 20 i A K PR 7
(bFGP) ¥ T35 [E Pepro Tech A & , /N A CD133 Al
CD44 Pt #& 14 T 4 [E Miltenyi /A & , Lipofectamine
2000 X 77 & W F b AR A R AR A A
miR-NC. miR-502-3p. si-miR-NC. si-miR-502-3p. %%
K vector. GTPBP2 it R IAHAR M 51 W)t i Ak T
A A A B TRIzZoV R & 1 e sl & 5O E
& PCR (qPCR) i % 1 T H 4 TaKaRa A &) , MTT
A& BCA R & AL R I b 2ok =
O 24 6 A 0 ) 5 R 4 e R A R K )
T FYL LI AEY) A 7], Ki67 Pifk .CDK 1 A . Bel2
Piik . BAX FiiA .GTPBP2 $i {4 . GAPDH i A 14 T 5
Abcam A A , BRI F AL P (HRP) AR i (11 =
P b 1gG 9 2% g i o 8 DRI k) & T 3 Se 4
BHEERA A
1.2 mppiifeyit

45 H W HCT116 iU 7E 37 °C . 5% CO, K 77 44
HEE IR . Al M AR KIS FE A 85% I, NN g g dk
AT WAL IR & A0 P B . K 45 B s Al e ol
H 2%B27.20 pg/L EGF.20 pg/L bFGF. A% I3 [

SERRE IR AT EE TR SR M R A O, FH A 3
A5 /N B AT A CD133 Al CD44 i 44 A1 4% 11 B B
HEAT R IR, K AR 2020 R Z3 ik H XCRE M 4
(CD133"CD44) AL BH 41 Al (CD133°CD44) . FF4
M CD133° CD44 4l il IR IL .

1.3 mfads e Rooia

4 CD133°CD44" 4 il 8 Fh 2 6 FLAR Hh (2x10° 4™/
FL) , Z Lipofectamine 2000 &7 & 15t B 4 1) 77 1265
miR-NC. miR-502-3p. si-miR-NC. si-miR-502-3p.
miR-502-3p+vector Al miR-502-3p+GTPBP2 #% %t &
CD133'CD44 41 g, /3 5ic A miR-NC 4 .miR-502-3p
H | si-miR-NC 4 . si-miR-502-3p 4 . miR-502-3p+
vector ZH Al miR-502-3p+GTPBP2 4. #4x6 h 5 ¥ #:
T 15 FR I, 55 97 48 h AT 5 4505
1.4 qPCR i # M) CCSC # miR-502-3p 4= GTPBP2
mRNA #9 & X

HY CD133 CD44 41 ifd f1 CD133°CD44 41 iy, LA %
YL R T IR 25 2 40 B 4% B TRIzol v2: 32 B 41 filg v /2
RNA, i I ¥ FE 0 4 7 J5 , 3 %% 5% & J8 cDNA, 4
cDNA % qPCR 557 & U6 B 45 20 BR ik 4T PCR ¥ 1
S . 51 W) %1 s miR-502-3p ki A 5-ACACTC
CAGCTGGGAATGCACCTGGGCAAGG-3', RN il N
5'-CTCAACTGGTGTCGTGGA-3' ; U6 L i N 5-
CTCGCTTCGGCAGCACA-3', F ii# N 5-AACGCT
TCACGAATTTGCGT-3' ; GTPBP2 I Jif ; 5'-CTG
GCTGAGGAGGAAATG-3' , F ¥ N 5-CACACG
GAGGTCTAGGAAC-3' ; GAPDH L jif & 5-GAA
GGTGAAGGTCGGAGT-3' , F if N 5-GAAGAT
GGTGATGGGATTTC-3'. PCR J N % 1 « il 48 P
95 °C 30 5595 °C5 5,60 °C30 s, SLAEIR 35 . LA U6,
GAPDH EANZEEA, K 227 5 miR-502-3p Al
GTPBP2 mRNA 5 ik & .

1.5 MTT k4 M| CCSC 93878 &

2520 CD133°CD44 4 i 42 22 96 FLAR H1 (5x10°
AL, S ERE TR 48 h, BEFLANA 10 uL MTT 437, 4k 45
B 7% 4 h, iERRER TR B FLINN 150 L DMSO 7]«
B BRSO3 K 490 nm Kb AL 6% 5 (DOE , T 54
o 44 58 8 (S 5640 D /% R ZH DA< 100%)

1.6 i XA K] CCSC 2 it & 4= 8 T K F

Y1 JE 11 S 56 - K miR-NC 41 . miR-502-3p 41 .
miR-502-3p+vector Z1 . miR-502-3p+GTPBP2 41
CD133"CD44 4l ffy 82 Fh 22 6 F LK 1 (5x10°44L),PBS i
BeJE 1 200xg #5025 min JEYSER FIEWR NN SRR
e . 35 SRR, NN PLATRNA B , 8%
V. 15~30 min, b8 =40 BRSO I 41 B F BA AR 4k o

YA T SEG : B2 CD133°CD44 4 it (R 41 ffd
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FIHE, 25 . miR-502-3p il #1 [i] GTPBP2 = K 47 45 B s 140 M 3 5 S5 1 . 39

JE S , B OE T HE, SR F Blv% PBS HEATIRVE,
JINPBS H B, 285 545 5 uL [ Annexin V -FITC
A PTJe IR 2T, BEY'E SN 15~30 min, B T 2041 A
o I A L 3 T 7K
1.7 WB %40 CCSC ¥ Ki67.CDK1.Bcl2.BAX #=
GTPBP2 % & #§ & ik

I 2H CD133°CD44 41 it F 21 1 2L il $2 B 4
Mo L, BCA VE K I 2 IR B2, 7K I 2k I i
5 min, A&l 35 ng & A _LF#E, 47 SDS-PAGE, il T
REERS 4 B 1) 8 1 4 PVDF I _E, 788 5% i g 07
K W P 2 h, FE 3 DL 121 000 B ORE ) Ki67
CDK1.Bcl2.BAX.GTPBP2 f1 GAPDH — i1/ 4 °Ci
o YCHAE 1:2 500 #: B (1) HRP Aric (1L 25T e 1gG
THUER NG 2 b I AL RO R B BEE
DL GAPDH 1E N N £, B Bk I A5 3 A 4148 2 i
KA K FEAE
1.8 M3 & & 85 R & A B % 1 %9 miR-502-3p 5
GTPBP2 #y ¥e.15) % %

18 & TargetScan # #f il Ml miR-502-3p #
GTPBP2 2 [l & B AFE HAMZ TR 751 . ¥
miR-502-3p 44 447 15 1 GTPBP2 3’ UTR 541 7 [ &
¢ 2% W R A 5 DR R R, A4 3 GTPBP2 B 4 Y
(GTPBP2 3'UTR WT) il GTPBP2 % 48 4 (GTPBP2
3' UTR MU #ifk . $% & Lipofectamine 2000 {7 £
Ui B 5 P B 5 miR-NC 5§ miR-502-3p J& 4% 4¢ &
CDI133'CD44 M a1 , 6 h J5 52 e 41 B 15 72 U, 4k 2 3%
F7 48 h, 42 H8 52 2 B 1R St I A0 R A M A e 2
LR R G R B E 1
1.9 “%hitzam

PLE B SLIGI H A 3 k. SR A SPSS 22.0 4t it

EERAE o3 W SE B A S FF B IR A 0 AR 1 TE = 0 DA
xS R, P AH B ECH LR FH e R, 22 261 TR) 508 L
R FH R R 7 2 00, LA P<0.05 5 P<0.01 &R 72
SAG R L

2 # B

2.1 miR-502-3p & CCSC ¥ & & &

I e 5 Bk oy BR, BT A4 EL Y s
HCT116 4 ffl FF 3575 CD133:CD44 A1 CD133°CD44 4]
JiL , CD133°CD44 4l g P 14 28 24 94.35% . qPCR 7% 4
M s R B IR, CD133°CD44 4l g 1 miR-502-3p ik /K
7R 2 KT CD133CD44 4 Jitg (0.3620.05 vs 0.99+
0.09, =18.357, P<0.01) , [ It , 5 4 52 i & &
CD133'CD44 4l il .

22 4 miR-502-3p 3 CCSC 74 . B . B = A A8
KEAOERKGH R

# gL miR-502-3p J5 , qPCR V& 6 ) 45 1 & R,
miR-502-3p 41 CD133'CD44 4l ffil 1 miR-502-3p ik
K P 2 T miR-NC 4141 fg (2.87£0.30 vs 1.00+
0.07,=18.211,P<0.01) , & B il 2 & 37 miR-502-3p i
FIRAM, o] LASEAT J5 225058

MTT ¥ 9t 240 B AR A0 WB VAR 45 S (% 1.
K1) 7w, 5 miR-NC 41 Lk 4%, miR-502-3p 21 41 i 14
B2 .S WA A L ] 35 2 2 PR AR (35 P<0.01) , Ki67
CDK 1 & [ R IA B3 FRAK (3 P<0.01) s M T2
GO/G1 HAZH o b A5 35 2. 32 T (33 P<0.01) , Bel2 2R H
Tk B FE BN (P<0.0D) , BAX EARBEEZETE
(P<0.01). 45 R £, Ei miR-502-3p A i 2 411
CCSC H4%4 . JH it e 3115 S 4 e .
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%=1 LA miR-502-3p Xf CCSC 154 , B EAFET- B2 Mh

= 4 VET-%
2H 51 éEHE@(iOZ?Ez G0/G1(%) S(%) G2/M (%) Ki67 CDK1 (EEIE@({EFK Bcel2 BAX
miR-NC 98.32+7.04  46.16+5.48 39.05+3.05 14.78+0.94 0.80+0.07 0.68+0.04 5.49+0.99 0.66+0.05 0.41+0.07
miR-502-3p  49.15£3.79  59.95£5.87 26.39+4.05 13.65+1.39  0.42+0.04 0.35+0.03 24.81+2.10 0.39+0.03 0.78+0.06
t 18.449 5.152 7.491 2.020 14.140 19.800 24.965 13.891 12.040
P <0.001 <0.001 <0.001 0.060 <0.001 <0.001 <0.001 <0.001 <0.001

2.3 miR-502-3p ¥2 ) i 842 GTPBP2 & i&
TargetScan £ i 45 2 2 7% , miR-502-3p #
GTPBP2 mRNA Z [H) 7 1E B AN AL A (I 2A) . X
e ML IR 1 FE [R5 56 45 B R, 5 miR-NC 41
FH L, miR-502-3p 5 GTPBP2 3'UTR WT # {& HL 4% ¢
4 M (1) 5% 't 2= i M T 2 B IS (0.41+0.06 vs 0.99+
0.07,=18.873, P<0.01) , ifii 5 GTPBP2 3'UTR MUT
A L A L 1Y) 7 ' 2R T PR G 2 3 0 (1.01+

A

0.05 vs 0.98+0.06,7=1.152, P>0.05) . qPCR Hl WB 5
ORI &5 B (2B C) &, 5 miR-NC 4 h %%,
miR-502-3p 41 41l iy H GTPBP2 mRNA Fl & (& iA
K B3 AR (1=25.378.17.819, 4 P<0.01) ; 5
si-miR-NC 41 L #5 , si-miR-502-3p 4141 fil  GTPBP2
mRNA Al 5 [ 3 1k K F 3 & 2F F+ & (=29.601.
12.348,3) P<0.01) . 45 3L H, miR-502-3p ] 111 1
72 GTPBP2 %1k,

GTPBP2 3'UTR -WT 5" ...GGCUAAGGUUUCUCUGUGCAUAU... 3'

[T

miRNA-502-3p 3' ACUUAGGAACGGGUCCACGUAA 5'

GTPBP2 3'UTR-MUT 5" ...GGCUAAGGUUUCUCUCACGUAAU... 3'

C

ok GTPBP2

GTPBP2 mRNA % @

R
F S
g &E
g é%‘

&

GTPBP2EEHFE %

HmiR-NCH A, "P<0.01; 5 si-miR-NC 4 LU, #* P<0.01
A: miR-502-3p 5 GTPBP2 [f145 &7 25 s B: qPCRIEAG M i Ik miR-502-3p Xf GTPBP2 mRNA 1A [1) 541 5
C: WB 5B K6 R {k miR-502-3p % GTPBP2 25 [ 254 1 52
2 miR-502-3p ¥L[E 71 1FE GTPBP2 HYFRIA

2.4 ¥ &3 GTPBP2 7i# 4% LA miR-502-3p *F CCSC
Y58 B IR Fe B T 6 A )

¥ Y% GTPBP2 )& , qPCRMTT. WB 13 2\ 28 fifd
ARSEg a5 B (E 3.3 2) 7R, 5 miR-502-3p+vector 21
EE %%, miR-502-3p+GTPBP2 41l GTPBP2 mRNA
AR B 1R IE KP4 2 T (3 P<0.01) , 41 3
A 2\ S A it L 4] 25 22 T v (33 P<0.0 D, AR T
K .GO/G1 HI4H i L 31145 2 35 AR (B P<0.0 D, 4
Ki67.CDK1.Bcl2 & 13 1A ¥ 12 3% F+ & (35 P<0.01) .
BAX £ (R IE B Z FFL(P<0.01) . S2I6 45 FER I,
it %15 GTPBP2 #] i # | ifff miR-502-3p %F CCSC
B 20 B R R AR TR E A

3 W
e 988 - 200 B 2 — B R 1 A0 B S R, R B

o P BUR VT 2 5 IR 0 i e, Sk a4 B 43 A
VA RS EEIERY. AR RN,
miRNA 5 CCSC K J&H 5%, i miR-451a 7£ 45 H i
A i h AR K EUIC, i I8 miR-451a fEIK 7 CCSC
H Ki-67. cyclin D1 1] % ik , #l fi] CCSC 4§ ¥ .
VILLANOVA %538 i % CCSC 1) I ge i 78 A WL
miR-1285 3 i #1142 20 B U8 T M OG 2R 1 il 2 Kk
005 41 o 348 B AN BEL R R B, 5 SRR . B R
LRI FL R I, miR-1231 7E CCSC H R IA K FBEAIK,
iF A miR-1231 #1145 B e 4n i s 5 2 4%, FF(
AP T: . 55T miR-502-3p MIWF A EEE D EH
Jii, W miR-502-3p 7£ B i 40 M H R R &, TR &
miR-502-3p Ae #1115 Jas 40 B 384 4 T B A1 1R 28 15
S T, E RN CCSC HITE I MANTE 2. AHT
FUH FH S R A3 I B, &5 B HCT116 41 i
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fo, 4. miR-502-3p i 4 1] GTPBP2 4 [ 8 % 45 L e T4 1 8 S5 0 12 Yy

Hh 3 HY X BA 1 4 (CD133°CD447 ) Al X BH 14 2 it
(CD133°CD44") , qPCR 72 A il 485 5 5 L, miR-502-3p
fE CD133'CD44" 4il g T & 35 K F & # 1K T
CD133'CD44 4l g , % B miR-502-3p 5 CCSC K J#f
Ko FrmiR-502-3p 1 1K i KL F% Gk CD133°CD44 4]

JHOJ5 5 25 SR T M 6 5 2R L S B AT M L 4p) 5 3 BRI
4 K E T2 GO/G 1 A 40 A b A 2 3 s, At
Ki67.CDKI1.Bcl2 £ H % iA F i \BAX HEH & I1A |k
W5 Ui B 3 miR-502-3p #1l CCSC 4 54 « BH 7t 41 i
JARAFE SR T, X 5 IR 4 AL

A miR-502-3p+vector miR-502-3p+GTPBP2
miR-502-3p+vector miR-502-3p+GTPBP2 B Dip G1 I Dip Gl
10*70.86% 1636%| 10°71.17% 9.65% 1200 Egip G2 1200 I Dip G2
SDip 8 NS Dip S
10% 10%4
= 900 900
| 107 P | 10 2| 600 600
Py &
104 i 10 Sl 300 300
10074:05% 8.71%)| 10083.37% | 5.81% 0
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Annexin V-FITC PE
B
= miR-502-3p+vector = miR-502-3p+vector
GTPBP2 1.0r = miR-502-3p+GTPBP2 1.0[ = miR-502-3p+GTPBP2
i X 08 & *ok #
Kie7 0.6 *% K
CDK1 O 0.4 I
LIy e}
GAPDH 0
GTPBP2 Ki67 CDKI Bcl2 BAX
5 miR-502-3p+vector ZHAH L, " P<0.01
Az A B AS DU 4 B AR 127K s B: WB AR AR D¢ 25 1 3Rk
3 T 5RIA GTPBP2 A i¥4% 1§ miR-502-3p Xf CCSC B91E
2 FFKIA GTPBP2 mi¥4% i miR-502-3p %t CCSC 1858 . FHAF AT A5 ME
H GTPBP2 mRNA GTPBP2 & H 4IEHIMEZE (%)  GO/G1(%) S(%) G2M (%)  HRFAT2 (%)
miR-502-3p+vector 1.00+0.07 0.40+0.03 48.03+3.91 62.48+5.52 23.35+3.11 14.16+2.20 25.09+2.52
miR-502-3p+GTPBP2 2.38+0.16 0.72+0.08 64.02+4.12 52.88+3.99 31.06+4.48 16.06+1.79 15.46+1.16
t 23.706 11.236 8.445 4.228 2.241 2.010 10.414
P <0.001 <0.001 <0.001 <0.001 <0.001 0.062 <0.001

GTPBP2 #& GTPase K & WA K& it 2 — , H
EAET Fr A B A, AL T ARGtk 6p21-12 [X
B, 5EAEM ARESES FRRTTEE Y
K, TE NP EL L R B B LSRR B R
KU ST GTPBP2 5 8 (I 7T AR X e /b, 32
TENRB AL R A 2" Il B0 45 R0 R
7 » GTPBP2 1 A /I 41 Jfd il e 41 3 Fn 41 g vp 6k E
W, HomRIA 5 B TNM 23 BRIk EL 45 56 A5 40 5% 5 fi
(X GTPBP2 il /N 240 A it et 4 e (10 185 5 3 %%
1278, {H & GTPBP2 1t 45 B Ji% & * 0 1€ F i A i
o AW AL T 2R B4 TN K B, GTPBP2
& miR-502-3p $E 356 [H] , i b X ¢ e 2 A 45 5 DR s 0
F qPCR SEERIGIE — 3 (1% & , 45 F K I miR-502-3p
4% GTPBP2 ) %1k . | i miR-502-3p £ 1K CCSC
Ht GTPBP2 mRNA M A 7K F, T il miR-502-3p
I _E i GTPBP2 mRNA Fl 2 [ £ 1A KT, 45 £ 1

miR-502-3p # i) 71 1 #% GTPBP2 {1 K1k . it —D 5L
562 R R, 1 R A GTPBP2 /] LAHE 4 W6 % 11
miR-502-3p Xt CCSC 3451 21 Ffd & S A8 T /e
g b BT & , miR-502-3p 7£ CCSC H1 R i& T i,
miR-502-3p ¥ [ 471 1 $% GTPBP2 1 3k , M1 171 fl
CCSC ) 3 % A1 BHL vy 28 B & S IR b e 2 5%
T GTPBP2 %f CCSC AF FH 1 BARMLEI A Fr R AT AL -

[& % 3 #f]
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