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MiR-613 Inhibits Proliferation, Invasion and Angiogenesis of Glioma Cells
by Targeting VEGFA*
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ABSTRACT Objective: The aim of this study was to investigate the expression of mir-613 in glioma and its effect on cell prolifera-
tion, invasion and angiogenesis. Methods: According to cell transfection, the experiment was divided into control miRNA group (Con-
trol), miR-613 mimics group (miR-613) and miR-613 mimics + VEGFA group (miR-613+VEGFA). The expression of miR-613 in
glioma cells and tissues was detected by reverse transcription quantitative polymerase chain reaction (RT-qPCR), and the relationship be-
tween miR-613 and vascular endothelial growth factor(VEGF) was analyzed by luciferase reporter gene. Then, the expression of VEGFA
protein was detected by Western blotting, and the proliferation, invasion and tubular formation of transfected cells were detected in vitro.
Results: Compared with normal tissue samples, the tumor cells of glioma stage I-II group showed heteromorphism, deep nuclear staining
and moderately low density of tumor cells, while the tumor cells of glioma stage III-IV group had active mitosis, obvious microvascular
proliferation and obvious cell atypia; miR-613 was significantly reduced in glioma stage I-IV tissue samples (P<0.05). In the VEGFA-WT
group of U87 and U251 cell lines, compared with the Control group, the luciferase activity of the mimics group was significantly reduced
(P<0.05). Compared with the Control group, the mRNA and protein expression levels of VEGFA in the mimics group in U87 and U251
cell lines were significantly lower (P<0.05). The results of clone formation experiment, angiogenesis experiment and cell invasion experi-
ment showed that compared with the Control group, the number of clone formation, the number of cell invasion, the number of tube for-
mation of endothelial cells HUVEC and the expression level of Ang-2 protein in the mimics group were significantly reduced (P<0.05);
Compared with the mimics group, the number of clone formation, the number of cell invasion, the number of tube formation of endothe-
lial cells HUVEC and the expression of Ang-2 protein in the VEGFA group were significantly increased (P<0.05). Conclusion: miR-613
inhibits the invasion, proliferation and angiogenesis of glioma cells by targeting VEGFA, suggesting that miR-613 may become a poten-
tial target for the treatment of glioma in the future.
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microRNAs (miRNAs/miRs ) & 21~23 M H R, )& T %
b RNA (AR /N F, RS R A () B 5
JE TR T, ZESY) R, miRNAs B9 ¥ /E il 5 = R
{Z# RNA ¥R 3'- JF H#3% X (3'-untranslated region, UTR )%
AL, miRNAs 25 Z RS0 o #4045 145 A i 35 |
REMEFERD AR R, 2 miRNAs [I3FRA K5 1
A X, i miR-128 miR-181a miR-181b Fl miR-181c &0,
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1) 0 SR 95 00 48 B R R0 B 175 5 i 9 4T ) B LA 05 AR
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1.1 %4

NHA H4 U87 U251 ,SWO-38 A fiii iz 5 3% 41l it 3 A1l HU-
VEC AN AR [ ATCC BRIAFE . A i E®
7 2% (80 mg/mL) FI§% %5 3 (80 mg/mL) F1 10%if 4= I 1% ) RP-
MI-1640 1 3734 F 37°C 5% CO, 41+ F H;5%. LV-miR-613
LY RO R B 3 L v L N Ak 2= 4 BR 2w s Lipofec-
tamine 2000 7] . BT {4 2000 7 | Trizol i&. 5 & . TagMan
microRNA 437 5] & .Revert Aid First Strand cDNA 4 i 7|
& BCA 43 Bl & G 4= i % KRR 8k pcDNA3.1(+)
I 3% F Thermo Fisher 2\ ) ; pGL3-Basic X B ik 28 44 i) 32 F
Madiso 2\ 7] ;5 S 228 & 3L T+ Agilent Technologies 23
F]; SYBR-Green W35 T Takara /A w]; 5wk &OGHIIAE T
GE A1) ; B8 —P1 & — 3T Santa Cruz Biotechnology } ab-
cam 2 HJ,
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W ZEELFN AR AR D BE AR 5 (2) BILIARH: Al 107 G A
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1.2 Fi&

1.2.1 1848 E (Lentivirus, LV )R ME A RHL
1.5% 10° 4~ / FLI B E R 35T 6 fLtlk ¥, I Lipofectamine
2000 R FE 4L 100 nM miR-613 A S B, AR
FHULRHAS , BEULANMORE % & 10% FBS 1Y RPMI1640 3557 4
H JEFE 37°C (5% CO, HETRERFRA 5 5% 48 ho BT T 5140
T :miR-613-mi-F,5-AGGAAUGUUCCUUCUUCUUU-3' FI
miR-613-mi-R, 5-UGGCAAAGAAGGAACAUUCC-3'; X H#4
Con-F, 5-ACUACUGAGUGACAGU-3' fil Con-R,5'-AUCUAC-
UGUCACUCAGUAG-3',

S A3 - X BRZH miRNA 21 (Control 41 , B 55 5k % Yy
M), FEOLH Y, K AT AT AT 4b B ;miR-613 mimics ZH
(miR-613 21): % Yefffins, fin A miR-613 FfLl4) ; miR-613
mimics+VEGFA £ (miR-613+VEGFA 4 ) % Ye 41 L i, Jin A
miR-613 B AT VEGFA,

1.2.2 FRALH B B XU ok & B i 1 i 2
(http://targetscan.org/) Fl Miranda (http://www.micrororna.org/)
BT miR-613 (IETESEEEA , € VEGFA S ml BRI 5L
o BAZFRIAFANR pcDNA3.1(+) 54K VEGFA cDNA #1735
. it B4 s )% (PCR)Y ## miR-613 iy VEGFA 3-UTR
RS, IEKGH RS pGL3-Basic %t HAZRARNY Xba 117 55, %
#H kA4 8 VEGFA-WT, {2 55 5848 i 7] & X VEGFA
3-UTR 1) miR-613 BN ;S AT M R4, FHws4H VEG-
FA-Mut, 7562 BREENE F, UST 4HMILL 5.5% 10* 4~/ FL
2 BN T 24 FLAR T, 5 VEGFA-WT/Mut 2R AR FIZRA%75E
Y X R PRL-CMV i F B BT 2000 25 i 47 2 5%
Y B 36 h 5RO R ARG

1.2.3 RNA $2E{#0 RT-qPCR ] Trizol ik 7] & BUIT I AE 1)
Ji2 F9RR B I HZURE AR L RNA AR (5 FH U AR A5, (5 ]
ABI PRISM 7500 J¥3) 46 £ 4t ( ABI) Az TagMan microRNA 43
B Sl miR-613 fY) mRNA Fik7KF-, PCR 27 : 95 CHHl
5P 10 min, 95°CARPE 15's,60°C 1L 60 s, JEHF 40 K., U6 1E
SNSRI, IR VEGFA LA 315, ] Revert Aid First
Strand cDNA £ AR FI &0 5 RNA U i cDNA MR8 ]
Ve IR )E 451 :25°C .5 min,42°C .60 min,70°C .10 min, Jf
SYBR-Green #4175 f PCR, 4§ B- Ll AME A NS EH
PCR F&J%:95°C HiAs 1 30 s,95°CAS M 5'5,60°C 7 35 s,
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40 K. ffi BT ¥ 51 . VEGFA-F, 5'-ATCCAATCGAGACC-
CTG-3'  #l  VEGFA-R,5-ATCTCTCCTATGTGCTG-3';
B-actin-F, 5" TGAGAGGGAAATCGTGCGT-3' #I B-actin-R,
5'-GCTCGTCGTTGCCAATAGTGATG-3';miR-613-F 1 U6-F,
5-CTCGCTTCGGCAGCA-3' #l miR-613-R Hl U6-R,
5AACGCTTCACGAATT TGCGT-3', ] ITS &5 465
PP IR S R A 27 ¢ AR B R A A
124 BREALREFENN  HHIFANR - B4 (HE) 40
VAR 2 6 838 I IE H L SRS B S50, AN ] B B AR I
TR, IS 5% MR EEFEE R B, SRS G A 0
A ARGEHFLT S K 5 mm R EYI R T HE Yot e,
2 B U (Olympus ) WS 4] | IE A28 Ak
1.2.5 Western blotting 234 W AR & 2H A IS5 TR, B9 O ILEE
PLIE(4°C, 4000 r/min, 5 min) , #875 Z4E4HI(150 W, 3 min) , 5%
JE G R 5 0 (4°C, 10000 t/min, 5 min) , 425 1 3& W, {8
BCA S Ml & A ik & . 8% SDS-PAGE 73 2851, &
JE 2] PDVF b, FEE T 5% A4 0535 1 hs s
5 —%1 VEGFA (1:1000). $HiIfi %4 s -2(Ang-2,1:50),
CD31(1:200)H1 GAPDH(1:5000)4>3I7E 4°C FEE %K. sk
JERENS Zhiht RAEERE 1 1gG(1:2000) FiHi s 1gG(1:
2000)7EZ IR THEE 1 h RAIGR f2f & SERRA B B8 11 5
FeiksKE, fdi ] Image Lab %¢/4:(Bio-Rad Laboratory ) %} 5 & 1
1.
12.6 MBEEAEMNEREEE  fEr PR P,
miRNA % 84 .miR-613 mimic £ fil miR-613 mimic+VEGFA
ZH A TR0 5% e UST A1 U251 41 (1000 4~ / L), I 3R T
6 FLAR P EESE 14 d, B4 (>60 411, BAR 60~100 wm)7E % iR
TR 0.1%3I0 s 4 €4, 5 min, 76624 BB I A5 A5 0
127 WEGER/NERRER S ROCRAnARN, w8 U7 M
U251 AMIVE R gt 4, LA pcDNA3.1 BORL/E Ry 484453 5l itk
Y 35 LR 2 B T Y, miRNA X IH4H \miR-613 mimic
20 1 miR-613 mimic+VEGFA 41 ¥4 4 I/ i 75 0 s it , It
T8 24 FLACR A 5 pg/mL A K B F19) Matrigel #E1 74578 A%
IR YEEYL 48 h T, A BIIAR A SE IR AR IR . Wk
73K : 1500 rpm, B0 5 min, KEAIAE_EVE W E BT HUVECS
(2% 10* 4/ F0)  #5=F00A 150 pL _FiR 4% T Matrigel
AR L 78 37T CHEE SR , 1E062% i T~ Mg 1L
TR B0 5 X A IS Y AR/ NS R AT AR, IET T8 3~5 ASBEAIL
PET / FLA -/ NESRE -
12.8 MBEIRIE S IESCERITARN, [#F] Matrigel 4% (1)
Transwell JEATANIZ281056 . Ff 50 wL AY Matrigel (2 mg/mL)
JIA Transwell [ [-22, 7€ 37°C FIFE 30 min, W/, 4% 3% 10°
AR FETC LI 1) RPMI1640 BiR 36 78 F &= A S 10%
FBS (1 600 pL B53=5AE L2255, 158 24 h J5 , IR
HRRZAANE . FRAT B LIIEF 4%2 5 F R % R
FE 30 min, I FH 0.1%25 & S48 = T e 0 20 min, AEAH 22 B4
BENHAEE kR 5 A BENUET HET TN A, FRTT SO IE
L3 Git=aHh

{#i / SPSS 18.0 (SPSS) #1 GraphPad Prism6.0 ( GraphPad
Software Inc ) BXPFIEATEE AT IrAEAEILL 3 Ay 5058

ROFEYI(E FRifE2EETs o AL 225 TR PR R R 7 2253 H1 ok
W Student's t2test 5, P<0.05 FREFEAG =X,

2 BR

2.1 miR-613 7£ SR R BB MM R &L T

HE Qe 45 R B8 , 5 15 F IR A SVREAR AR B, BB 111
WA MR A 2R TE A TR Gt 1 H e 4i i
85 P8 3 AT, T P SR TI-TV 3 2 AR AR 19 e 40 e P 4% 24
TR, AT BH 5 0 fodc i 65 R B S8 P 200 ff SR A . RT-gPCR
R 25 B, = O B A i & U87. U251 il SWO-38 Hr
miR-613 ) mRNA 3k 7K FIG TR 20 15 098 48 il & NHA
F1H4(P<0.05), T US7 1 U251 4iiffi miR-613 [k 5A%,
PR B PR A B R A T JE B2 5. AyatE— 2P ESE miR-613
TE [F ) B o Jd v i 3R Ak 7K, SR FH RT-gPCR 5 72 46
miR-613 7EAN[RI e iR 20 SUREAS F Y mRNA kK oF o 46
REY, HIEWEHLFEAM L, miR-613 7ER U IV 41
FEAR SRR AT 125 AR, FErh 7R IR B TH-TV AR AR A ik
KA (P<0.05), JLE 1,
2.2 miR-613 jE#E VEGFA 3'-UTR 383 VEGFA

7E U7 F1 U251 i &Y VEGFA-WT 41, 5 Control 41
AHLG, miR-613 21 A2 R BG4 1 [ (P<0.05 ) ;(H7E US7
1 U251 408 & 19 VEGFA-Mut 41+, 5 Control 24 # [t ,
miR-613 mimics ZHWFEEMEM TR EEZS (P>0.05). 5
Control ZH#H [t ,U87 F1 U251 4iifd & 7" miR-613 41 VEGFA ¥
mRNA FIHE HFAACE B B L (P<0.05), XULLEIRIEH]
VEGFA j& GBM 4i/ig miR-613 [ F T IEfi . JLIE 2,
2.3 miR-613 iFRE#MH GBM ZRAEIILTHE BZ

TR S e 45 B R, 5 Control ZHAH [, miR-613 ZH ¥
TERE IR BRI > (P<0.05); T 5 miR-613 41 A Lt
miR-613+VEGFA 4] Yy s BT i A0 B i &34 (P<0.05) . 1228
SEEGAE R R, 55 Control X FEZ1AR H , miR-613 £ Y 41 i {2 72
2 3 5 Z M (P<0.05) ;1 5 miR-613 41 4H ., miR-613+VEG-
FA 2 B 240 M2 28 450 B3 (P<0.05) . TLIET 3.
2.4 miR-613 {#i3#0[a VEGFA %] GBM ZAA0 Y M & 4 X

A5 A RS2 25 B B 7R, 5 Control ZHAH e, miR-613 2H 1Y
N B 4l it HUVEC 1948 R JE i B 2 98 /> (P<0.05); T Y5
miR-613 ZH A ., miR-613+VEGFA 21 {55 I 1 85 i . 2 1
jin (P<0.05), Western blotting 3#71 {7~ , 5 Control 4H4H [,
miR-613 ZH Ang-2 [ 3RIBACT W FEAL; 15 miR-613 ZHAH
I, miR-613+VEGFA £H ) Ang-2 2K 13657k F B 1 ( P<0.
05), XL R miR-613 JW L 17) VEGFA 1l s () 47
2% BETHAMAEAE . LA 4,
3 3tig

miRNAs V7 2 AW e R BEOCHE R, A dssga |
I EEFIPET, AT, miRNAs 7] e R iy i
TEVAYTHE S, 190 JF 2% He T miRNA BIEYT 259078 Pkl =,
miRNA B miRNA F55055] . miRNA H5H0 7 76 5 41 21
PR B T AEHE 25 A IR PE mIRNAPY, miRNA 54 H Tk
BRI MTIEE, XA A BPRR R "miRNA Bk " X ek
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Fig. 1 Down regulation of miR-613 expression in glioma cells and high-grade gliomas

Note: A: expression of miR-613 mRNA in high-grade glioma cell lines U87, U251, SWO-38 and low-grade glioma cell lines H4 and NHA; B: The

expression levels of miR-613 mRNA in patients and normal tissues were measured; C: HE staining of different grade gliomas (X 100); Normol: normal

tissue sample; I-1I: tissue sample of I-1I glioma patient; III-IV: tissue sample of III-IV glioma patient; Compared with NHA or H4, #P<0.05

SCHAHRIE miR-613 25 B AN AN HepG2 4 I Y G BT 4T
P, [F] i miR-613 FR & A= Z [IAFAERR R P, AT iE i
RT-qPCR #5{ miR-613 [1¥)3R3A KT, 45 R3], i g I8 e
Ml & U87.U251 #1 SWO-38 1 miR-613 (1) mRNA F kK-
PR TR I B 40 Ml 22 NHA F H4, te4h, miR-613 f3£
IRV SRR I /- R R AR, JF H miR-613 [ mRNA 3%
IRACFTEI B 1 A AN BB 2 AR
SCHk R, miR-613 (19 1 A/ T g i A il N iR Sz
o miR-613 AT LI % 4 I 4 i Fzd7 SRk iy,
Mﬁ@ﬁ?ﬂﬂﬂ@ﬁﬁ*ﬂf’%%ﬂ%ﬁ&h;mlR-613 it e % 4 kg 5
FURZE R MBI 5 Fzd7 #E35175 509 Wat (5557 IR RA
KB, miR-613 fE R LH S VAN ML R H e TR, AT/
miR-613 S TNM S AN 4556 F% 5 AHOCR ., 351, 40
MIZRERFGT 2R, miR-613 & MEAL KM m A0 ML 5, 188
MR8, JF5T Gl AR e &, e g R R T
miR-613 KA ACEAERRYT AT B, IR TTREVE
B W bR S Baa Y T HERR o

LA A S P A FRE R e 3 s AR KRR
BH 145 N 2 A K R F A (Vascular endothelial growth factor A,
VEGFA) & e 17532 I D08 105 A ) B A v 7 ) IR 527
VEGFA 3Rk 8 5 10 Boig 52 & WU & FUE AN R e i

24

BRI P, 4, CHRFEW] , miR-155 5o B 3RANT R R
PRI A5 AR B s ), FETR R F miR-155 [ 3RiA T JAK2 /
STAT3 {58 I 0% 37 F 8 MMP-9,FGF2 Fil VEGFA (13
5, AT 75 T 9 0E AH 5C 14 B ET 48 41 i (CAFs ) (4 1 A8 A= e
e, WS CAFs X BAAZIE AN 5 , R RIS T AU IR E AR
AWFFELE SRR, miR-613 GEME 1 JH 1 VEGFA 3Rk,
T VEGFA jfi it 5 VEGFA 3'-UTR H i) — ™ s 2 4 T 4 4
EZAEM . VEGFA A5 miR-613 1 Kk J5 (Y UST 1 U251
AR VEGFA 3R3kK o Ang-2 2 55— 5 e M 8 A 1k
B EZLE A, AR, Ang-2 Tl VEGFA 7E R 1l 48 A2 BT
TR PMEVER . S5k, 24T A AR R W] miR-613 5 VEGFA
Z AR EAE o X R B By T 2EA% VEGFA 77819 I
SR A YE R

L5 LR AT 4E AR R miR-613 S5 R A 6, 4R
7 miR-613 i i) VEGFA ()38 34 75 ¢ 588 240 it i) ST e
it B R R ZAE A, XS ALK miR-613 AT e Rk
YRYTIRETTIR v LS

2 % 3T ik (References )

[1] skokAL, 3%, 7%, 5. IR B 09 78 30 £ M 47 & A s st R (D).

o [ 15 JFAb 22 5P FH e &, 2018, 23(12): 61-63
[2] &8 R B e F R 5 AR Rt )] B R 205 F 4y 4

Fe



PREYESS#HE biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.15 AUG.2021 .+ 2827 -

A VEGFA-3’UTR(WT) 5’-GGCUCCCCAGCACACAUUCCU-3"
3’-CCGUUUCUUCCUUGUAAGGA-5" miR-613
VEGFA-3’UTR(Mut) 5’-GGCUCCCCAGCACA!:GGCAAU-?;’

EA Control EA Control
B 3,15' B3 miR-613 3'1'5- B3 miR-613
= 2
7 5
:é- 1.0 § 1.04
4 o
& 0.54 8 0.5
. ]
3 3
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s -
° o
> # >
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U251

[E 2 VEGFA £ miR-613 FIE #5504
Fig. 2 VEGFA is a direct target of mir-613
Note: A: sequence ratio of miR-613 and VEGFA 3'-UTR and prediction of miR-613 binding site; B: luciferase determination of miR-613 and luciferase
reporter gene containing VEGFA-WT/Mut co-transfected with U87 and U251 Cell Lines; C: mRNA and protein expression levels of VEGFA after
miR-613 transfection; Compared with Control group, “P<0.05.
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Fig. 3 Overexpression of miR-613 inhibited cell proliferation
Note: A: quantitative detection of colony number of U251 and U87 cells after transfection of miR-163 or VEGFA; B: The results showed that the typical
images of U251 and U87 cell clone formation experiment of mimics or miR-613+VEGFA of transfection of control miRNA and miR-613; C: quantitative
determination of invasion ability of U87 and U251 cells; D: representative images of invasion test with U87 and U251 cells (x 100); Compared with

control group, “P<0.05; Compared with mir-613mimics group, *P<0.05.
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Fig.4 miR-613 overexpression inhibits angiogenesis
Note: A: Expression of VEGFA and Ang-2 protein in U87 and U251 cells transfected with miR-613 or miR-613+VEGFA; B: Representative images of
U251 and U87 angiogenic experiments with miRNA, miR-613 or miR-613+VEGFA (x 200); C: Tubular formation in HUVEC induced by overexpression
of miR-613 in U87 and U251 cells; Compared with control group, *P<0.05; Compared with miR-613 group, *P<0.05.
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