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Abstract

AIM: To investigate the effects of mini-chromo-
some maintenance protein7 (MCM?) gene silenc-
ing on the proliferation and apoptosis of human
liver cancer SMMC-7721 cells and the possible
mechanisms involved.
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METHODS: Four vectors carrying shRNAs tar-
geting the MCM?7 gene (MCM7-shRNA expres-
sion vector) were constructed and were selected
for effective targets. SMMC-7721 cells were di-
vided into three groups: an experimental group,
a normal control group and a negative control
group. The experimental group was transfected
with the recombinant lentivirirus vector (LV-
shRNA-MCM?), the negative control was trans-
fected with an control lentiviral vector (LV-
shRNA-NC), and the normal control received
no treatment. The mRNA and protein levels of
MCM?7 were analyzed by RT-PCR, quantitative
real-time PCR (qPCR), and Western blot. Cell
proliferation was detected by MTT assay, and
cell colony formation was detected by Giemsa
staining. Cell cycle progression and apoptosis
were observed by flow cytometry (FCM).

RESULTS: MCM7-shRNA expression vectors
were successfully constructed and verified by
DNA sequencing. After transfecting SMMC-7721
cells with various vectors, cell fluorescence was
observed in > 90% of cells. MCM7 mRNA and
protein expression in the four MCM7-shRNA
groups was down-regulated by > 50% compared
with the negative control group and normal con-
trol group. The LV-shRNA-MCM?7 vector had
the highest efficiency and was used in subse-
quent experiments. MTT results showed that cell
proliferation in the experimental group at 24, 48,
72 and 96 h after transfection was significantly
lower than that in the negative control group
and normal control group (P < 0.05 for all). Gi-
emsa staining results showed that the colony
formation rate was significantly lower in the ex-
perimental group than in the two control groups
(6.00% +0.50% vs 14.10% * 0.36%, 13.73% + 0.17%,
P < 0.05 for both). FCM analysis showed that the
percentage of cells in G, phase increased in cells
transfected with the MCM7-shRNA (P < 0.05
for both). The apoptosis rate was significantly
higher in the experimental group than in the
negative control group and blank control group
(22.27% £1.22% ©vs 0.05% + 0.07%, 0.03% + 0.06%,
P < 0.05 for both).
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regulation could inhibit cell growth, suppress
cell colony formation, block the cell cycle at G,
phase, and induce cell apoptosis in SMMC-7721
cells.
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BH: KT EEeEhkEHEET(mini-
chromosome maintenance protein 7, MCM?7)#
B 0B G X AT I8 20 i, &2 SMMC-77213% 54 A=
B T8 % v BT ReAE R ALY

FHik: AARNAFTHHER, Ea ded
MCM7]EHshRNAZA(MCMT7-shRNA KA
HBAR), F AR E de S B AT A LR k. FANT
JE 4 ZASMMC-7T72144F T~ 3L, 943
S IMCM7 3 BT EKE 4001% % A Bk (LV-
shRNA-MCM7) % £SMMC-7721, 4 4 55
40 VAt IB% g A B (LV-shRN A-NC) & #
SMMC-7721, 4k 4 TR AT R 40, = & 3t B2
HLIEIR, RKAEFTA R, 5 ART-PCR. 52 AF 3%
.2 FPCRA=Western blot# K& mMCM 74
FHmRNAFe & & 69 £ 34, 34 T AR 5
WA A e B MT Tk 4a J ik S138 4 4t
Glemsam@%ﬁ‘/)ﬂl Xéﬂ@ﬂ@é’]jﬁl&‘ﬁ/ﬁk i
K 4w oA R (flow cytometry, FCM)4- 51 A4 &
.21 0,3 38 Ao ) T 0 AL L.

LER: X 3 HEMCM7-shRNA £k H4K, Z 0]
E»zmmytm, R FESMMC-77214m )5, 2a it
R BRI FES90%, N R LI ST AN
Western blot%Real-time PCR4 R B 7&: £k
20 4 v9 A ¥, E MCM7-shRNAF 52 &, 5
TR % B 2H e 2 G 3T IR 48 Pb 3, MCM7 mRNA
FAMCM7% & # & ik KF FiH3HE50% 1A
L, EdALV-shRNA-MCM7(4)¥e & SR 50
E R E, 5 3i£88.95%. 87.89%F782.25%.
81.63%, £ ¥ B A 4it 5 & L (P<0.05), vAkt
YEAH bl MTTHRERE = SR mie
490 nm4k 9Bk FE(AVEE S K E24. 48,
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Z R R FP<0.05). FlifGiemsa$ & x4 R 2
7: LV-shRNA-MCM748#) 5. % i, 5(6.00%
+0.50%) A RIKTZEZEATRAE(14.10%+
0.36%) M/ FLL(13.73%+0.17%), =%
28 4m g 2 K B 2% B 494 (P<0.05). R X 4 e
HAEF: FHARKRMABSBU, TG E
G HE K, SH%4E, £ 5 B F(P<0.05). %
Ion m B T 5 A (22.27%+1.22%), AR &
T 1A P At BB 20.(0.05% +0.07%) A0 = & X7 B 40
(0.03%+0.06%), FILE AR, =8
xt B8 2k I T BR 249 4m e B T (P<0.05).

i MCM7R R HRNATE LK T A A 20k
FHMCOM7 R B ki, RNATFHHE ALK
MCM7H B 5.4 4 5) BT 5 2n feed A K, P 4m
Ao TG A, PRt LA

© 20145 RN IBEBERETBRATNE.

%55 FRE:; MCMT; RNAT 3L BE 8

DR R: A A R %A A BAK, RAR
T e F i HMCM7-shRN A T 4 55 A AT &
SMMC-77214m )G , T 7 4m BeL JB) B ik 4243 21 A 2
FLAR, JA = RP&¥g A, T B3ph) I A K3
hk

I8, BE, FIRB, KLE 25, BB, BHM, TIE, NER.
RNATFHERASTBNCM 72 RN FHESMMC-77214BiRE )
TR0V, HRENBIZYE 2014; 22(4): 553-562 URL:
http://www.wjgnet.com/1009-3079/22/553.asp DOI: http://
dx.doi.org/10.11569/wcjd.v22.i4.553
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R R S B RAAR, $EmMOM 755
JH9 A R AT P, S T BRI MCM73E R
FE T 9 A e AR PR T, ASF 98 B RN A T3¢
AR, MM 73R FIshRNAZAE, #5 N\
JHESMMC-772140 i, MM CM 73R %
325 JiE KT 40 G 14 B R TR s e, A TR 4
B RVARIT ST R A

1 #ERSA

1.1 A AESMMC-7721 48 bk B Rk
GO STIT, ShRNAKSE 558t 4% [R]
H 40,9 ' 55 [ (green fluorescent protein, GFP)
RGNS 25 22 BT I B bR iC M C M 755 R B
L1895 T BRI LV-shRNA-MCM7(1. 2. 3. 4)K&
Xof FE PS5 FE R (LV-shRN A-NC) 1 _L i 5 Bl o
DR ARAT PR 7] 40, DMEM. i 2 IfL 3% FIPBS
I HHyclone/A &) TRIzolJ H Invitrogen’A 7]
WL SR G [ 2 [ Fermentas 2 &, %6 E
EPCRIAF &I ATaKaRa% AW TR(CKE)VH
P2y DNA Marker) 5 ) M AR A RH A
FR 2 7). Western blot 2 IPZH f 24 ik A% FF F Ak
¥t #.(phenylmethanesulfonyl fluoride, PMSF).
SDS-PAGEHE I EAEZZMMI(5X). BCAERHK
FEMR A B (5 AY) . 20 X TBSZE I 5534
W BYL 825 = RAED BRI R T 8 A T
Markery H 3% [E[Fermentas(MBI)/A 7). PVDFfii
) F 2 E Millipore 24 w4 i A D 7] 500
H g IR AR ARG A AL 4 Tk )
£ AnnexinV-PE/7-AAD H 2 [E Beckman Coul-
ter’/A @ (No. 735618). BEMEEE(MTT). — FHFEWV
HUDMSO)IE F b s{SolarbiokH 5 BR 2 7.
GiemsaZifi(ECM550))# [ 3£ [ Chemicon /Ay A).
MCM7HIGAPDHE Y i g Az TA9) TR 2 A
B RPLAMCMT L BRI FH 9% [F Abcam
AT, MPLAGAPDHM PRI A LI A2
S EARA IR 2~ ;) LA R bR IC )
P150dyssey 2l b5 AGAIE H 5% EILI-COR
AT

12 7%

1.2.1 @i NP4 AkSMMC-77217E
37 C. 5%COLMT, BT 5 10%/6 24 i |
100 U/mL7 % % M100 U/mLEER £ HDMEM
Rrgp s iR, A IbEAL 34 SR 41 (LV-shR-
NA-MCMT7I2HR B e A, 40 m) BT
HEZH(LV-shRN A-NC 7= 3 TRz 41) A4 10 HE 41
CRFGYLAL). S50 A0 B3 b T 250 AR K.
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1.2.2 wmpe sk g B e i P i o L w3 e i
WIS HEAT, B YT 12 ok ek H 2k K I A 9
A ZRSMMC-7721 450 T-6 L0k, B FLF0 41 i
6 X 10°1N/4L; 12 hja, 4 &%k $)30%
RUREAT i gy, e G )R B 52 £ (multiplicity of
infection, MOI) 430, 4/~5L 5K 20 43 51l it ALV-
shRNA-MCM7(1. 2. 3. 4), SR mA
LV-shRNA-NC, B3N EL AL, RALIEMA
polybrene S G SR, LA SAAT AT mL,
AE3T T S%COB TR P TR, IFETOL
55 WA NSRBI TE . #5412 b5
e 10%:87 A G 2F L3 1) BB DMEMES 75, 4 e
84 hJG 9 iR, HYe)n4-5 dRRANIE. =5
SR 40 L AR AT AT Ab 3L, RS .

1.2.3 v&vhF F (puromycin) i L 4458 4% % 4a 6,
FRe TSI 501t 7 W 0 5 3R Bk A0 L ) 1 R U
BN 4bPE48 h)5 SMMC-7721 40 i 4= 5B 46T (1)
BAR 2. #4448 hiFBEfLINIA L pg/mLIK
WSS SV T A M, O IR AR B A N 4N i
(S0 Job it v o 200 2 A A M R I 2 2, LA
TRETYIA RE), #5996 h 4 37 A B e
) TS T BB M, 2 5 Ak S
0.1 pg/mLIUEM 75 RN FR I TR A0 M, HERii
BRI JE AR E .

1.2.4 RT-PCR. 58 ®EE ZPCREMMCMT
A B mRNAK AR IF & A &35 55 N
HPrimer 5.08 ¥ 115149, MCM7 L5149
5-GTGGAGATGGCGAGAG-3', N5
5-ATGGCTTCATTCACATCTTC-3'", §#4 A Bt
146 bp; WZGAPDH L 514): 5'-AAGAAGGT-
GGTGAAGCAGGC-3', Nif5|#¥: 5'-AC-
CACCCTGTTGCTGTAGCC-3', "1 F 200 bp.
Sy b G A TR FR A ) 5 j. TRIzol
R B 6L AN B BRN A, JEii 5 e DNA.
W N AT A 95 CTIAETE30 s; 95 ‘CARPES s,
60 ‘CiB k30 s, FLA0OMEER. [A] I3 1 2 AN FEA
) H SRR S 3L N SR 3N ER
fL. R 229 Mrik, Bt GAPDHIE R KA
IE. CHE R BFAN RN N I 98 6AE 5 Bk e
(A I BT 22 DI AR 4% A “ ACT = CTF
PHE(H MR -CTFEHMEWN S IER)” 5k
S BT IR R R R ACT,
UM RN A ACTIE A S ], FH% A 5K
“ANCT = ACTIGH-ACTHYEX RAL” |, i
AR A M OM7 mRN AKX ik &
R &5 SRt o A R A7 B AT 5 2R

Wi £ E
AR A A AT B
EiEREN,
MCM7 RS A
W AR &k
%, KR AR
B BT 9 B A o
2H k%, BA
IMCM7E & &
S -
. HBREE
%, BEMCM7
A H LA
A A %, MCMT7H#
TR RN A A
K P KA
A5,
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WA # A E 1.2.5 Western blothaMMCM7%& & #.ik : $2H% B2 AR N FHSPSS16.045 1 A HEAT 4

B A& AMCM7
BB K AT R
m e A K Fe 3
M ¥ vh 8 AR
#, KRFEBA A
PR E
FEHFMCMT-
shRNA# AN AN
FESMMC-7721
wme Ty, wWatin
FEMCM7 % ik 2+
SMMC-7721%
6,38 74 Fe 0 T 89

EAGR
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Y40 ER 11, BCAVENE & FIIRIE, -80 CH&
18 M. B AR PE 5 R L AESO ng, £10%SDS-
PAGEJZ - HLVK, 100 mAHL 544 F90 minkE 4
PVDFI%, FTBSTELHI5%/ 5/ 4= #3df 141 h, H
MCM7. GAPDHW K —$i4 C g H i’
(MCM7— iR A1 ¢ 2000), YK H FHTBSTHE
LS VT N S B A 7 7 1 = - <7 T B
10000)1 h, TBSTYEMES min/¥k X 37%. K Odys-
seyZL AN N AR AT P VD F R HEATF13, SRR
KI5, JFE-AT 4540 K EEAE 20 AT, H IR AR 2R
k& = HIE AW K BEAE/ N 2 8 400 K
JEAH.

1.2.6 MTTik 57 2m he 3 78 F 6 02 K 4%
ZH AN IR T 96 FLA, 2 X 10°/4L, BE4H 40 i 44
SANEAL; Al RG24, 48, 724 96 h JINA
BRI FIMT T (5 mg/mL)20 pL; 4 hjiF, W
F5 L3, AEFLINA150 uL DMSO, P 2= 10
min, 785 45 . BERRCIN 2 #5 41490 nm
WA FE (AN, ISR AL T35, 200
AR £k

1.2.7 GiemsaZ & 4| 20 2m J6L 649 55, %475 . YL
X B0 K YT A i R, OKE 34140 e LA 10004 /4L
FRh T 6L, B3N AL, E37 C. 5%CO,
SR FE R A 15 SR A T R 9R2 wk, 6L
Hh L B A AR AT O o o A B 8 1 B R, AR IR,
PBSE U 127k, HIREE 15 min, 2 b 5E W,
GiemsaZ: 430 min, PP L@, =il F 23T
e, fE BB T UHECE S0 i i LA B ¥4 i v
R aRETE R = (L ye BB AR LI 40
$0) X 100%.

1.2.8 2m e 5 A el : U4 b KA 4n i, 7>
B0 A LR FofLB, BE 1AM HLAL.
H A A SRR A S, THEOR T B i, A
B X 104N 41 B, FA KPP B ST 3K, faeni—
1000 r/min, B5.001 min, 25 B3, S IIA100
uL RNase, 37 C/K#130 min; &5 FIIAS00 uL
PIYLUY, B GIE H30 min; 40 A EHL
TN, S 3K

1.2.9 e Al 5440 M 2RI AL ),
FEELLX 10N, TV (PBSTE2IK, 41 i
#1200 uL Binding Buffer, 12 uL AnnexinV-
PE, /NOVES), UK EEDEIFE 15 min. A
100 uL Binding Bufferfll pL 7-i4k % % D(7-
aminoactinomycin D, 7-AAD), 2 hy_ B4
JLPH T3, SR 3K
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BT, T EER Fimean &+ SDR R, 1 E ¥R 241
[B] LR H LK 28 7 22 93 #1(One-way ANOVA),
P<0.050 7554 Geit i 3

2 #R

2.1 % b BB B2 R AR ESMMC-7721
A& fEMOI = 30/41F 1, 4P FELV-
shRNA-MCM7H1B % Ui 2 LV-shRNA-NC
JKYLSMMC-772141 1, 48 h)ii i1 pg/mL [ HEns:
B FACEE, 84 hJF GFP(LE A9 R )Rk HF
SE W, DB B9, 18 B BRI
>95%, ot B YeiR>50%, PR IESE 515 B KT,
AIHEAT SER s SEPCRATI. W 1R, fE&AA
i) 47 F (i B A A e, #-41SMMC-7721
M GFPHOE (0145 — 3, GFPUOLE 1R
SR RE TG W X 2 0, A s - 2 A I ) A e B S
2.2 MCM7 mRNA &L Fo fy s ¥e 5 0 ik 25 R
KHIRT-PCR. SEI 5856 € 8P CRIF T A I
H 3L RIMCM7 mRNA) R oL, Bk
AR B A AR R, 4N EE S, SNG4
A PO AL, H SRR ) 3R IA 7K T 381k
50%LA b, Hor DL4-5 B S sl % 18 88.95% 1
87.89%, 2257 it 2% i X (P<0.05), I LALV-

X HEZH AN 0 A B R 22 S T gt 24
(P>0.05)(F1, 2, E2).

2.3 MCM7% & & ik K-Fml 2 2% LIGAPDH
KNS, 44 LV-shRNA-MCM74 & (A A4 x}
¢ 1k A B o B 2H A R 3 08 R 4l vk 2
T63.54%+0.84% 57.72%+1.07%. 66.98%
+0.57%- 82.25%10.16%, HZ= 7T G112
= X (P<0.05), ¥J>50%, H HI8 i B0 aT AL v-
ShRNA-MCM7(4)4%8 55 RN A1) 55 A7 2508 1,
MCM7H R IE N Z1482.25%. AN (X
HZH, MCM 7 H R IA 0] Z61481.63%(P<0.05).
H o AR 2 o B L % 22 S 4 v 2%
B (P>0.05)(#K3, 4, K3, 4).

2.4 ARG MR G 0] AR 9k
P AT EL, SO 2H 41 9490 nmAih (RIA (HAE#4 Y
24, 48, 72196 hIN¥JRAIK, B2 5386 Giit
A (0.4940.07 vs 0.601+0.03, 0.57+0.03, F =
8.97; 0.80%0.12 vs 1.03%0.05, 1.02+0.09, F =
10.55; 1.05+0.06 vs 1.37+0.05, 1.34+0.03, F =
33.49; 1.1940.07 vs 1.9440.03, 1.8740.08, F =
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iR EE
ABRER RN,
MCM7 RNAF#
J& B S5 ¢m Ao 8 A
HAZIF B A A
w,OR T K kg3
Jm, W BR 2 20 4] AT
I A KB 7 T h
MCM7& B AT
B R A B A B
BT — AR R
X

B

ShRNAIZFRE RERSMMC-77214848(84 h, x 200). A, B: LV—shRNA—-MCM7(1)Ji 23 AR BAISMMC—772141if; C,
D: LV—shRNA-MCM7(2)Ji5 B AR AAISMMC—7721 41f; E, F: LV—shRNA—MCM7 (3)Ji5 A ARSI SMMC—7721 4Hf;
G, H: LV—shRNA-MCM7(4)JR E8 REGHISMMC—7721; 1, J: LV—shRNA-NCH 2R A B ILHISMMC—7721 4H)E.
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[ BAGK X4
MCM7: #% > %
EHhgHFEOR
A — KA
Az EEN
BEKTHES
JR, A2 BT fm B84
) A2 45 Fo 3E AP
T RIEEE R
YR . MCM74 A4
MCM A &1k 4 48
BN Z—, 5
HMCMZE & 7 %,
% R4k, BRIET
DNAE— ANt
JAHR R A H — R
RNA T #(RNA
interference,
RNAi): ZEitfk
TR G EK
Foeg . W W
RNA(double-
stranded RNA,
dsRNA)% £ 49 .
] B mRNA & 2
T o A
A%, BFEm
RNAi R T 4%
It M B FR B X )
HE AR Rk,
P Az B R ek
JEATRER
B 2 g Fo 4 42 ik
9 S B BV I T
) 2 B 08 T AR
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BEIFS

BIF5

LV-shRNA-MCM7(1)
LV-shRNA-MCM7(2)
LV-shRNA-MCM7(3)
LV-shRNA-MCM7(4)
NC(Negative Control)

5'-GGAGAAAGAAGATGTGAAT-3'
5'-TAGTAAGGATGCCACCTAT-3'
5'-GGCATGAAGATGTGAAGAA-3'
5'-GGACTCAATTTGTGAGAAT-3'
5'-TTCTCCGAACGTGTCACGT-3'

MCM7: U NRBAUHTEST.

348 MCM7 mRNATBRIRIAE(2744)
Control 0.989 +0.380
LV-shRNA-NC 1.005+0.126
LV-shRNA-MCM7(1) 0.500 +0.180
LV-shRNA-MCM7(2) 0.485 +0.130
LV-shRNA-MCM7(3) 0.460 + 0.263
LV-shRNA-MCM7(4) 0.110+0.022

MCM7: R\ PR REDT.

434B MCM7ZEBEENTIAE
Control 1.29+0.02
LV-shRNA-NC 1.33+0.01
LV-shRNA-MCM7(1) 0.49+0.01
LV-shRNA-MCM7(2) 0.56 +0.01
LV-shRNA-MCM7(3) 0.44 +0.00
LV-shRNA-MCM7(4) 0.24 +0.00

MCMT7: R\ R ERT.

216.24, $4P<0.05). AT UL, SEB6 20 40 o 2F K 1
232 BHHICGES, K5).

2.5 B4R tmhe kA0 v b Giemsafi fhiks
M2 FARW], 5 4140 Mo v % 8 B A 2%, (1
LV-shRNA-MCM7Z A U0 AL [T i
HIYE Frigisb. LV-shRNA-MCM74H 1) v [ T
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