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miR-223-3p i# 13 ¥ [a] RAC1 A ¥2 BT 20 A f SMMC-7721 48 B B 15 58 A1
AT

BRI, 2T R AR KRHEFE TN Ade ) RERER BBA, T4 T4k 132000; 2. T4 P
SEMR a A b AL AL oo o E A, TR FAR 132000; 3. EHRAFORER SRhHEFLPS,
FH KA 130000)

[ ZE] & .55 miR-223-3p il 4% Ras #9< C3 A # £ K4 1 (Ras-related C3 botulinum toxin substrate 1, RACI) X} T4
Hfi# (hepatocellular carcinoma, HCC) ZH M 4 5E A1 T2 (1 5200 S T REMUAE AL . 2 é& < 1% 2016 4F 8 H £ 2018 4F- 8 H &bkl
o R BE T R DI BR 1) 30 45l HCC 2H 21 F H 9 5% 20 23 b5 A% Fl N HCC 41 il 5% SMMC-7721. Bel-7402 HepG2 K A 1E # i 41l i
QSG-7701, i qPCR A& HCC ZHZA A4 L R miR-223-3p FRIZ/KFs 43 7l miR-223-3p mimics.miR-223-3p inhibitor fl siRAC]1
YL SMMC-7721 410, i85 CCK-8. 50 % 7 52 56 A1 Annexin V-FITC/PI 4 €7 37t 40 A A S 1 SMMC-7721 41 i () 84 5 7
JE AN TR o B XU )6 2 Al 5 35 PR S 3646 91 miR-223-3p 15 RACT fRI4E 1] 55 & , Western blotting £ I 40 g H RAC1 & (1 1)
KIEKF. £ R :miR-223-3p £ HCC AL RIE KT K T 55 20 41 (P<0.01) , JLRIA /K 5 i K /N S TNM 43 391 5% s 7
A9 B AIE AH 5% (P<0.05 3% P<0.01) s miR-223-3p & HCC 4l fitd R 315 /K F 2 31K T QSG-7701 41 g (33 P<0.01) , I7E SMMC-7721
YA T R TA K B AR . XU F R 1 JE R SR IF S RACT 2 miR-223-3p #E L], miR-223-3p # 1] 77 4% RACT [ IA . #EYs
miR-223-3p mimics i 3 ] SMMC-7721 44 fitd 1) 34 58 A1 3 B2 T% A fie 77 (P<0.05 B P<0.01) , {2 3k 40 i 7 1 (P<0.01) ; % G
miR-223-3p inhibtor U J¥ # miR-223-3p mimics X 40 Ha M1 F . 48 ¥ 2 3 3R IA miR-223-3p il HCC 20 it 3 418 0 e e 7 Rl A
JIFEEEURA T, HALHI AT B 505 I RACT FRIAH X
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miR-223-3p regulates proliferation and apoptosis of hepatocellular carcinoma
SMMC-7721 cells by targeting RAC1

QI Xin', WANG Huizi*, CHEN Xudong®, ZHANG Tiangi*, YU Xiaolin® (1. Department of Laboratory, School Clinic of Northeast
Electric Power University, Jilin 132000, Jilin, China; 2a. Department of Laboratory; 2b. Department of Gastroenterology; 2c. Special
Second Cardiovascular Department, Jilin Central Hospital, Jilin 132000, Jilin, China; 3. Experimental Teaching Center, Stomatological
Hospital of Jilin University, Changchun 130000, Jilin, China)

[Abstract] Objective: To investigate the effects of miR-223-3p on the proliferation and apoptosis of hepatocellular carcinoma (HCC)
cells by regulating Ras-related C3 botulinum toxin substrate 1 (RAC1) and its possible mechanism. Methods: Thirty pairs of HCC and
corresponding para-cancer tissues resected in Jilin Central Hospital from August 2016 to August 2018 were collected for this study; in
addition, human HCC cell lines SMMC-7721, BEL-7402, HepG2 and human normal hepatocyte QSG-7701 were also collected. The
expression level of miR-223-3p in HCC tissue and cell lines was detected by qPCR. miR-223-3p mimics, miR-223-3p inhibitor and
siRAC1 were transfected into SMMC-7221 cells, respectively. CCK-8 assay, Colony formation assay and Annexin V-FITC/PI staining
Flow cytometry were used to detect the proliferation, clone formation and apoptosis of SMMC-7721 cells, respectively. The relation-
ship between miR-223-3p and RAC1 was confirmed by Dual luciferase reporter gene assay. The protein level of RAC1 in SMMC-7721
cells was detected by Western blotting. Results: The expression of miR-223-3p in HCC tissues was significantly lower than that in para-
caner tissues (P<0.01), and had significant correlation with pathological characteristics, such as tumor size, TNM stage, Edmondson-
Steiner grade (all P<0.05 or P<0.01). miR-223-3p expression in HCC cell lines was significantly lower than that in QSG-7701 cells
with the lowest expression in SMMC-7721 cells. Dual luciferase reporter gene assay confirmed that RAC1 was a target gene of

miR-223-3p, and miR-223-3p negatively regulated RAC1 expression. Over-expression of miR-223-3p significantly inhibited the
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proliferation and colony formation (P<0.05 or P<0.01) of SMMC-7721 cells and promoted cell apoptosis (P<0.01). Contrarily, knock-

down of miR-223-3p reversed the inhibitory effect of miR-223-3p mimics on cells. Conclusion: miR-223-3p over-expression inhibits

proliferation and colony formation and promotes apoptosis of HCC cells, the mechanism of which may be related with its targeted

down-regulation of RACI.

[Key words] miR-223-3p; Ras-related C3 botulinum toxin substrate 1 (RAC1); hepatocellular carcinoma (HCC); SMMC-7721 cell;

proliferation; apoptosis
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LW 5 cDNA. Bl f5 PCR Y B0 5 5t 724, 97 4
& 2420 pl, HHP AL 45 10 pl SYBR® Premix Ex Taq
II. 0.8 ul PCR Forward Primer. 0.8 pul PCR Reverse
Primer.0.4 ul ROX Reference Dye.2 pul cDNA %
6 ul dH,0, FFALFE i B 3 AN EFL. M F:95 °C
A2 4 5 min, 95 °C 155,60 °C 155,72 °C 30 s,
40 MIEIE ;72 °CIEAH 5 min. 545 %1 : miR-223-
3p F 9 5-GGGGTGTCAGTTTGTCAA-3',R N 5-TG
CGTGTCGTGGAGTC-3';U6 F N 5'-GCTTCGGCAG-
CACATATACTAAAAT-3', R A 5-CGCTTCACGAAT
TTGCGTGTCAT-3'. K 222 53 o3 A 4 43 S 4t g
Z ' miR-223-3p FAHNT RIEKF o
1.5 SETEA R R 54 M) SMMC-7721 4m it & 52 1% 75
AR A
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FPFERFR14d. 775 BIEW,PBSIEYE 2K, 4%
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N IEE E 30 min. 2RI A4 M ARSI 3 4 A 4
JE A, GE A R TR
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RACI1 89 ¥e s X 7
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B(MUD 45 & 07 5 4. PCRA AT i B, /) 28
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RACI MUT. Z ¥ 4L 88 45, K 4 35 #8044 S miR-
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RAC]1 #9 % 5 K F

PMSF /% RIPA $2 U4 i &= 55 1, BCA 577 &
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FEAH , UA B-actin AN S, 74T RACT FIFRXS RIEKF
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qPCR. 7B K il . CCK-8 I A i AR . WB 4552
I E A 3R, R SPSS 20.0 B A% Sz i6 K 347
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2.1 miR-223-3p £ HCC 4L 42 B M. & b 4K & A
qPCR 52546 45 F (B 1 . 7” , miR-223-3p 7£ HCC
2R ) I8 K P B AR T 55 4 21 (=19.09,
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ZEL1A) i 988 DK 71N S TNM 73 310 B 8 o0 A R A I 355 22
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2.2 miR-223-3p 442 SMMC-7721 % Jit. 3§ 38 A= ) =
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miR-223-3p (IR IE K22 i (=19.75, P<0.01) ;
# J¢ miR-223-3p inhibitor /&5 41 il o' miR-223-3p K i&
KT 552 N i (.=13.94, P<0.01) . CCK-8 Al 77 [ 1
RS 45 R (B 2B O) o, 5 X A th i, i Rk
miR-223-3p J5 SMMC-7721 40l {36518 (72 h:=7.21,
P<0.05;96 h, =739, P<0.05) } W B& & i GE /1
(=4.85, P<0.01) 35 2. 3 [ 1K s mt F% miR-223-3p Ji5 , Xf
SMMC-7721 411 3 5 (72 h:£=6.76, P<0.05;96 h,
=7.14, P<0.05) [ v & & i fe 11 (.=3.36, P<0.05) 1]
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FEAAR S AE F o 3 2R A B AR AS I 25 S (& 2D) B
7~ 5O R A b B, i R 0K miR-223-3p & 3 i
SMMC-7721 41 o fr 7 T 7K *F- (¢=4.96 , P<0.01) ; it [

A
B,
Toar
é 3k _'..:.;‘:.l_
5 AT
g 2t *x
g o
& 1l -l
15 ..-.'.—
2 vt
3 0 :
~ Para-cancer Cancer

miR-223-3p B3 T A4 T/K - (=4.66, P<0.01) .
PL_E 25 2R 1, miR-223-3p ] 4% SMMC-7721 41l iy
(14 TR RE ) R TR

101

Relative expression of miR-223-3p

"P<0.01 vs Para-cancer tissues or QSG-7701 cells; #2P<0.01 vs SMMC-7721 cells
1 miR-223-3p 7£ HCC AR (A) A4 & (B) R AIFRIA
Fig.1 Expression of miR-223-3p in HCC tissues (A) and cell lines (B)

1 miR-223-3p ®iA5 HCC B EIGRBIBIFIER X R ()
Tab.1 The relationship between miR-223-3p expression and
pathological characteristics of HCC patients (#)

Expression of

Characteristic N miR-223-3p 7 P
Low High

Gender
Male 22 16 6 0.01  0.947
Female 8 5 3

Age (t/a)
<40 14 9 5 0.66 0.523
=40 16 12 4

Tumor size (d/cm)
<5 9 4 5 3.94 0.046
=5 21 17 4

TNM Stage
[-1I 12 7 5 4.82  0.028
MI-1v 18 14

Edmondson-Steiner grade
[-1I 10 5 5 426 0.019
-1V 20 17 3

2.3 miR-223-3p ¥ il 42 RACI

StarBase Tl miR-223-3p /£ RAC1 3’-UTR X
HANSE AL (BI3A) o BUR G R 5 56 R S 56 465
F(E 3B) &7~ , miR-223-3p i 3 1 ] pGL3-RACI
WT [R5 R B E (=774, P<0.01) , T 24 45 G407 15
RAR 5, 1t 22 75 miR-223-3p % 9¢ 6 H B E M B
SR . WB S5 45 B (K 30) BoR, S X A AR L, i
F1A5 miR-223-3p & F F i RAC1 K 1L /K F (+=6.61,
P<0.01) ; Jx 2, i P& miR-223-3p, RAC1 ik /K L
W (=7.48, P<0.01) . iR &5 R KB, miR-223-3p #

] 7% RAC R TA
2.4 miR-223-3p i#l it ¥z &) RAC1 47 %) SMMC-7721
2 it 0 38 75 5135 §- R A T
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i 2 H ] SMMC-7721 41 i 119 48 5 (72 h:+=11.23,
P<0.01:96 h:=12.67, P<0.01; & 4B) il 75 [% J& i
A8 11 (=617, P<0.01; ¥ 4C) , 3+ H % S 4 M 97 T
(=5.67, P<0.01; & 4D) ; 1fi [A K f P& RAC1 I
miR-223-3p X SMMC-7721 41l g 3 5 « v % T i Al
T TR 50 AL 22 F E R H# R (3
P>0.05) . LI &5 3R 8, miR-223-3p i it i
RACI1 ik, ##] SMMC-7721 48 il ) 1 5 3115 5 4
T,
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K LB S R . HCC B A 182 28 1tk 5 A % 7%
RAEF SRS, B8R G 2, £ 2 8145
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B, Wiz i 2 R i Bl T R U1 BR VAT I A
FEB 1, TSR BUBC AT R 5 R AE R R B
I IR FEHCC A K e I, Bl 3 SR A 201
LW 5 ¥R IT 7T BRI HCC &0 A4 i B 1
AR B EERE .
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Annexin V “\\?;ﬂ“(\\ “\& \0\‘0‘
"P<0.05, "P<0.01 vs Ctrl group
A: Expression of miR-223-3p detected by qPCR; B: Effect of miR-223-3p on colony formation of SMMC-7721 cells detected
by colony formation assay (*4); C: Effect of miR-223-3p on the proliferation of SMMC-7721 cells detected by CCK-8;
D: Effect of miR-223-3p on apoptosis of SMMC-7721 cells detected by Flow cytometry
2 miR-223-3p Xf SMMC-7721 £BRE1%E | 52 FE . A F A T RIS D
Fig.2 Effects of miR-223-3p on proliferation, colony formation and apoptosis of SMMC-7721 cells

A C

o
ey %’Lﬁ@‘
RACI(MUT) 5' UUGCUCAACUGCAUUCGAACAC 3' o S8 @‘.\&\"
C1(WT) 5' UGUCACUUGACCAAUACUGACC 3'
JERULER e —
23-3p 3' CCA—UAAACUG—UUUGACUGU 5§ Pactin A - —
B
151 . . G 20T sk
2 : W Ctrl g miR-223-3p mimics é
z 9 LST
2 =
g Lor 3 10t
g ok 3 05
T L 5
0 0.5 E
£ 5 0 %
';6 & oS ,):5.":9 qu‘w
\?‘ et
0 AN\ OO A0
WT MUT N

“P<0.01 vs Ctrl group
A: The binding site between miR-223-3p and RAC1 was confirmed by StarBase; B: The relationship between miR-223-3p and RAC1 was
verified by Dual-luciferase reporter gene assay; C: The expression of RACI protein in SMMC-7721 cells was measured by WB
3 miR-223-3p #L[E F2HE RACI
Fig.3 miR-223-3p targeted and negatively regulated RAC1
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Annexin V

“P<0.01 vs Ctrl group; 2“P<0.01 vs siRAC1 group
A: The expression of RAC1 in SMMC-7721 cells measured by WB; B: The cell proliferation ability measured by CCK-8; C: Colony formation
of SMMC-7721 cells detected by Colony formation assay (x4); D: The percentage of apoptotic cells measured by Flow cytometry
&4 miR-223-3p #L[5) RACT i) SMMC-7721 A f 58 315 S 4R A T
Fig.4 miR-223-3p suppressed proliferation and induced apoptosis of SMMC-7721 by targeting RAC1

L AE K, BE 3 % miRNA 78 8- Fft i I3 7 995 AL 1]
BRI 5E AN W N, itk — 25 B 0 ML o) 2 it
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(P2 IE KT S, R 7 1 miRNA [ Rk 7K 1]
VBN I 12 I Fa 97 1A SR i F8 Ax . 040, miR-
223-3p XA RGN B 3G 5 TR R B HE Y
i)™, A S I PRAE A I, % M miR-223-3p £
HCC 2R3k, H 5 B Mg K/ TNM 7
SOLRN i 98 o3 A RR FE AT R 35 A G 1%, $27R miR-223-3p
EHCC Al Re R EMEAE R o 3 — P AEAR AN SLIG R
B, 7E HCC 40 g 7 miR-223-3p S A &35, 42 3 1 i
e 200 JH0 1) A 47 3 B 40 ) 4 O T, A s 7R HCC 4
it Fp sk 0 miR-223-3p U S 35 410 1) 200 Pt 384 5 4 g
HFT: . BERT, miR-223-3p 4 1 38 75 B PR 40 i
3 O 1 G 28 A P -6 0 41 i 36 A L 1R 28 AT
FEW, R B J5T 20 B R 3 e B ) NLRP3 061 4 3t 5
AT RS S5 M R A0, (H A #F 50 & B, miR-223-3p
FEB 73 I8 A T A2 g 401, WOAE 470 e 4 AN
375 B At e R B (AR T R A e A A R
B . R, HEIN miR-223-3p EL A B3840 i 2%

R RE Re, HLIAE ) KA AEE R RR 2 . F
% miRNA #4  IUAE A 5] g A A AN A (I AL
i, FE TR R G BOAA A IEA . AR,
miR-223-3pc % HCC AAAEAR R, Il i it — A1
B BF 52 40F 52 RACT Ny miR-223-3p i i 45 1 #E 43
T, i 318 miR-223-3p i@ i T i RACI & [ /K F
Z: 5 9% HCC 40 i (1) 3G FE A E -

RACI1 1E v Ras i % H (1) 552 72 ), 76 38 2
EREME SHEHSE 0TI CMIEN . @R
T~ S PR B R e SR R g DA % 3 5 4 i 1) 4E S
A 386 U A (I a3k 24 i 1 G O 400 ) O T O AR, ]
MR AN, HREBIES 5 Mg E#H 2 g R
KRR AH 5%, 6140 5 7K 7 RACT 38 7 5 b8 v TNM 43
W TR AR ) O e R SR I AR R B R R
PIAH 1, [E] B, YANG &5 M 58 E 52, T - IV
HCC A4 RACI Kk /KT 1 - 11, HRACI
MRk BE NG A RKZEZ —. DEBIDDA %"
Bff 78 4 & , RACT 1 4% 41 il ROS # & A1 p53 25 H I
5 2R /) B 2T 24 240 6 ) 200 i ] S e R R O
TEN %5 580 8, RACT i i 3 C b 5 % Ji e 2
[Kl SET M 45 & , {2 12k i 988 48 Ff (1) 1T 7% . WANG 517



670 -

rp [ R AR TG Ak, 2020, 27(6)

it 78 & B, RACT 38 3 34 3% INK/c-Jun 38 i , M 42
b R R g 0 R AR AV R . ARSI T AR Ah S 56 R B
RACI fE 24 miR-223-3p I Jif 73 ¥ i ¥ HCC 4 ffu
SMMC-7721 (1) ¥4 58 55 98 1~ , % P& RACT & 2 01 il
SMMC-7721 4l ifd 1) 3% 58 J2 8 1~ o

zx BT, AHF 7T AE 58 miR-223-3p 5 HCC & 4=
KA G &, HAL R i 4% B0 L R RACL
) 2% 3K 1T 5% M HCC 48 i 1Y) 38 BEANYE T2, miR-223-3p
B HEAENHCC I LE RS Wibs EPREIT L.

(& £ 3 #K]

[1] ZUCMAN-ROSSI J, VILLANUEVA A, NAULT J C, et al. Genetic
landscape and biomarkers of hepatocellular carcinoma[J/OL]. Gas-
troenterology, 2015, 149(5): 1226-1239[2019-10-08]. http://www.
sciencedirect. com/science/article/pii/S0016508515008690. DOI: 10.
1053/j.gastro.2015.05.061.

[2] ZHANGR,ZHANGLIJ,YANGML,etal.PotentialroleofmicroRNA-223-
3p in the tumorigenesis of hepatocellular carcinoma: a comprehensive
study based on data mining and bioinformatics[J/OL]. Mol Med Rep,
2018, 17(2): 2211-2228[2019-10-08]. https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC5783470/. DOI:10.3892/mmr.2017. 8167.

[3] OKSUZ Z, SERIN M S, KAPLAN E, et al. Serum microRNAs;
miR-30c-5p, miR-223-3p, miR-302¢-3p and miR-17-5p could be
used as novel non-invasive biomarkers for HCV-positive cirrhosis
and hepatocellular carcinoma[J]. Mol Biol Rep, 2015, 42(3): 713-
720. DOI:10.1007/s11033-014-3819-9.

[4] YU G F, CHEN X Z, CHEN S D, et al. MiR-19a, miR-122 and miR-
223 are differentially regulated by hepatitis B virus X protein and
involve in cell proliferation in hepatoma cells[J/OL]. J Transl Med,
2016, 14(1): 122[2019-10-08]. https://www.ncbi. nlm.nih. gov/pmc/
articles/PMC4858919/. DOI:10.1186/512967-016-0888-7.

[5] GIRAY B G, EMEKDAS G, TEZCAN S, et al. Profiles of serum mi-
croRNAs; miR-125b-5p and miR223-3p serve as novel biomarkers
for HBV-positive hepatocellular carcinoma[J]. Mol Biol Rep, 2014,
41(7): 4513-4519. DOI:10.1007/s11033-014-3322-3.

[6] JI1J, FENG X J, SHI M, et al. Racl is correlated with aggressiveness
and a potential therapeutic target for gastric cancer[J]. Int J Oncol,
2015, 46(3): 1343-1353. DOI:10.3892/1j0.2015.2836.

[7] YANG F H, XU Y G, LIU C, et al. NF-«B/miR-223-3p/ARIDIA
Axis is involved in Helicobacter pylori CagA-induced gastric carci-
nogenesis and progression[J/OL]. Cell Death Dis, 2018, 9(1): 12

[2019-10-08]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC
5849037/. DOI:10.1038/s41419-017-0020-9.

[8] J1Q B, XU X J, SONG Q, et al. MiR-223-3p inhibits human osteo-
sarcoma metastasis and progression by directly targeting CDH6
[J/OL]. Mol Ther, 2018, 26(5): 1299-1312[2019-10-08]. https://www.
ncbi. nlm. nih. gov/pmc/articles/PMC5993963/. DOI: 10.1016/].
ymthe.2018.03.009.

[9] DING Q P, SHEN L, NIE X H, et al. MiR-223-3p overexpression in-
hibits cell proliferation and migration by regulating inflammation-
associated cytokines in glioblastomas[J]. Pathol Res Pract, 2018,
214(9): 1330-1339. DOI:10.1016/j.prp.2018.05.012.

[10] WET'Y B, YANG J R, YI L, et al. MiR-223-3p targeting SEPT6 pro-
motes the biological behavior of prostate cancer[J/OL]. Sci Rep,
2014, 4: 7546[2019-10-08]. https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC4269886/. DOI:10.1038/srep07546.

[11] XIAO W, WANG X G, WANG T, et al. MiR-223-3p promotes cell
proliferation and metastasis by downregulating SLC4A4 in clear
cell renal cell carcinoma[J/OL]. Aging (Albany NY), 2019, 11(2):
615-633[2019-10-08]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC6366987/. DOI:10.18632/aging.101763.

[12] BAKER M J, COOKE M, KAZANIETZ M G. Nuclear PKC1-ECT2-
Racl and ribosome biogenesis: a novel 4xis in lung tumorigenesis[J].
Cancer Cell, 2017, 31(2): 167-169. DOI:10.1016/j.ccell.2017.01.008.

[13] GU Y, FILIPPI M D, CANCELAS J A, et al. Hematopoietic cell
regulation by Racl and Rac2 guanosine triphosphatases[J]. Science,
2003, 302(5644): 445-449. DOI:10.1126/science.1088485.

[14] YANG WY, LV S, LIU X Y, et al. Up-regulation of Tiam!1 and Racl
correlates with poor prognosis in hepatocellular carcinoma[J]. Jpn J
Clin Oncol, 2010, 40(11): 1053-1059. DOI:10.1093/jjco/hyq086.

[15] DEBIDDA M, WILLIAMS D A, ZHENG Y. Racl GTPase regu-
lates cell genomic stability and senescence[J]. J Biol Chem, 2006,
281(50): 38519-38528. DOI:10.1074/jbc.M604607200.

[16] TEN KLOOSTER J P, LEEUWEN I V, SCHERES N, et al. Racl-in-
duced cell migration requires membrane recruitment of the nuclear
oncogene SET[J/OL]. EMBO J, 2007, 26(2): 336-345[2019-10-08].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC1783461/. DOI:
10.1038/sj.emboj.7601518.

[17] WANG P, CHEN L, ZHANG J, et al. Methylation-mediated silenc-
ing of the miR-124 genes facilitates pancreatic cancer progression
and metastasis by targeting Racl[J]. Oncogene, 2014, 33(4): 514-
524. DOI:10.1038/0nc.2012.598.

(KHSBHEA]T  2020-02-05
[Axxsmig] ekl

[f&E HHA] 2020-05-15



