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Abstract

AIM: To construct eukaryotic expression
plasmids containing short hairpin RNA (shRNA)
that target at the myeloid cell leukemia-1 (mcl-1)
gene, and to select the plasmids that silence
mcl-1 gene most efficiently.

METHODS: Three pairs of shRNAs that target
at mcl-1 gene were designed. The eukaryotic ex-
pression plasmids (named shRNA1-3) were con-
structed and identified using restriction enzyme
analysis and sequencing analysis. The plasmids
were then transfected into HepG2 cells via lipo-

some. The transfection rate of recombinant plas-
mids was measured 48 h after transfection, and
mcl-1 mRNA and protein expression was deter-
mined using reverse transcriptase-polymerase
chain reaction and Western blotting.

RESULTS: The expression plasmids were
confirmed by restriction enzyme analysis and
sequencing analysis. The transfection rate of re-
combinant plasmids in HepG2 cells was approx-
imately 64%. Forty-eight hours after transfection,
the mcl-1 mRNA and protein levels of shRNA1-3
group (mRNA: 0.61 £ 0.02, 0.56 + 0.02 and 0.46
* 0.01, protein: 0.53 £ 0.01, 0.48 + 0.03 and 0.36
* 0.01, respectively) were significantly lower
than that of the blank control group (mRNA:
0.61 £ 0.02, 0.56 + 0.02, 0.46 = 0.01 vs 0.97 + 0.01;
protein: 0.53 + 0.01, 0.48 + 0.03, 0.36 + 0.01 vs 0.90
% 0.03, all P <0.01) and that of the negative con-
trol group (mRNA: 0.95 £ 0.00, protein: 0.88 £
0.01, all P < 0.01). Compared with shRNA1 and
shRNA2, shRNA3 had the strongest inhibitory
effect on mRNA (52.6% vs 36.3%, 42.9% both P <
0.01) and protein level of Mcl-1 (63.2% vs 41.5%,
49.6%, both P < 0.01).

CONCLUSION: The shRNA eukaryotic expres-
sion plasmid targeting at mcl-1 gene is construct-
ed and selected successfully. The mcl-1 mRNA
and protein expression was suppressed signifi-
cantly by this given plasmid.

Key Words: Myeloid cell leukemia-1; Hepatocellular
carcinoma; RNA interference; Short hairpin RNA
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64%. shRNA1-3- 3 ANHepG24m #2148 h)a, mcl-1
mRNAK-FFoix G /K-F ¥ 0 24K T = & 3+ 1R
28 Fo PR PR AT PR 20(0.61 +£0.02, 0.56+£0.02, 0.46
+0.01 vs 0.97+0.01, 0.95+0.00; 0.53+0.01,
0.48+0.03, 0.36£0.01 vs 0.90+0.03, 0.88+
0.01, 3P<0.01). 5shRNA1#=shRNA24A L,
shRNA3%tmecl-7 mRNAF=E & & 20545 F 35
R%R(52.6% vs 36.3%, 42.9%; 63.2% vs 41.5%,
49.6%, 3#P<0.01).
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H P2 i PVDFIR A Milliporef= fii; Supersignalft,
22 R NARF M Piercer™ fih; Lipofectamine 20004
Invitrogen’s &)1 fi; DMEM SR FR 356 AnifE
/NI A Hyclone A ] 7™ i, pgenesil-1.1280 442
BB IEAED A F P . AP A1 bk Hep G2
B Rk EIREH T, 57100 mL/LIG 4 ML )
DMEMEA IR RE %, W% 37°C, CO, ik
J& 350 mL/L.

1.2 7

1.2.1 mcl-1 shRNAT AR HEGME: RIE
GenBank®mc/-I mRNA(NM_021960.3, GI:
33519459)/ 741, Wil 3MKEN19 ntlFH07
#: mel-1.1: 5-CGTTGTCTCGAGTGATGAT-3';
mecl-1.2: 5“CAGGATTGTGACTCTCATT-3";
mcl-1.3: 5“CGAACCATTAGCAGAAAGT-3',
Sy AL Mmcl-15E5 K (1)864-882. 916-934
991-1009A7 Bk K, AR5 T8 51 B vt I il
fshRNAFFFIDNAFREE(K D). 5 1E X R X
FERZ TR AT IR OB, FI T4 DNAESL
P X A% R S pgenesil-1. 14 PE 4 A (S hU6
JA 8T, R 5 GTGGRIGAGCT) & [ 3%
B2, 3 lfir 4 JshRNA1. shRNA2., shRNA3.
R R AL KA #DHS o, BEFIE R B 8 BT
PELBHR b, 37°CHiFRid &, MG FR I Hhi
g R VAR TR E R DU LBR R
, 37 CIERRRIR G R I . HORL/N Al i
IS WOTORL, e ki HSac 1 Ml %7€,
PR D) %5 58 A D R ORI b DR A
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BLASTLG#Z, 5N B DR P TG i S5 )9
1.2.2 Zmfed% 45 Hep G241 i EeFh T-64LAR I, K5
7724 hJefERE IR A IS XTI DMEM
IRk, e ROTURL S IR BUARLL I 1 L 345 IR
JiifALipofectamine 20005 Wi 554, 444
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Ty AR B g OIS 5P BS). #4448
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THEL100/ 40 i vh & (0 5 6 B PE I 4 i, v 54
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shRNA1 A 5'-CACCGCGTTGTCTCGAGTGATGATTTCAAGACGATCATCACTCGAGACAACGTTTTTTG-3'
B 5'-AGCTCAAAAAACGTTGTCTCGAGTGATGATCGTCTTGAAATCATCACTCGAGACAACGC-3'

shRNA2 A 5'-CACCGCAGGATTGTGACTCTCATTCTATGGACAAATGAGAGTCACAATCCTGTTTTTTG-3'
B 5'-AGCTCAAAAAACAGGATTGTGACTCTCATTTGTCCATAGAATGAGAGTCACAATCCTGC-3'

shRNA3 A 5'-CACCGCGAACCATTAGCAGAAAGTTTCAAGACGACTTTCTGCTAATGGTTCGTTTTTTG-3'
B 5'-AGCTCAAAAAACGAACCATTAGCAGAAAGTCGTCTTGAAACTTTCTGCTAATGGTTCGC-3'

A CACCGCGTTGTCTCGAGTGATGATTTCAAGACGATCATCACTCGAGACAACGTTTTTTG

B 1 SLAFKIDNANEEIL. A: shRNAT; B: shRNA2; C: shRNA3.

CTGGCGTGAGGGTG-3'", # # Jy Bt K/ Ay 116
bp. DLW H i I A (GAPDH) A N 2, 4]
Yk L5145 -CATGAGAAGTATGACAACA
GCCT-3', Fii5|¥: 5'-~AGTCCTTCCACGATAC
CAAAGT-3", ¥4 B/ R 113 bp. RIV S
WE: 95 CAEMES min, SR 5 JFUAPCRAEH: 95°C
20 s—>60°C 20 s—72°C 15 s, L35 MFFR, 72°C HE
£:3 min, 4CHRA7. HL10 uL PCRI“#J7£20 g/LEL
JE B B @m FIDL2000 Marker{fEDNA%} -
HARETY, W AT, BINE I EU ST
FH. W BELI16 btk AT, W hmel-1BAE. 7F
B AR R G % B 4 O BE{E, 45
RS Hmel- 171 A 5 N ZGAPDHOGEE
LU AR R S B LA % 5 1

1.2.4 Western blotix#mMcl-1%& & # & ik LA
Tubuliny N Z:. #5448 b/ BCH 4N M R B 2R
1. K 55 B B 1 ORE 0 TS D S- 2R T 0 Ik M
Je/NFLIEAT FELIK. VK R IE90 V, 73 25 K140
V. BKJET4°C, 95 mATEFREME2 h, KL
PVDFEH 1 X TBSTYERR 3K, KFPVDFE R A
B FIL(1 X TBST+5% 5 N5 Wk ) h 2 i 7K 1 4
RS T 1 h, RGP TG marker T fi7n K
N, ¥ NS5 S BN BT, 2l —4i

(1 2 1000 FLAMCL-155t, 1 : 30008 FL A
TubulinZ$1), 4°CiE A, BHEH 1 X TBSTUEME
5 min X 4K, AP IgG/HRP_Fi(1 : 2000)
SR E h, A1 X TBSTHEHS min X 4IK)5,
#PVDF i & T SuperSignal f4.27 & JE IR [ W
2 min, 0= TPAEXOE IO, HRUTVE B E R,
45 B HMecl-15 N Z TubulinBO6 B HE % Rs &
FEAMel-1 AN 5

Gt SEI0 A Limean + SDER R, 5K
B BT A543 ORER FISPSS13.048 1 o0 A3k
1T LN 5 20 HT(ANOVA) LA & 4 7] 2 5+,
P<0.05 TG4 E S

2 BR

2.1 Ben % B 5 AEA A H AR B
BRI T —ANSac 1 WIBEY) AL &S, Bk
Pgenesil-1. 1A G I8 H —NSac 1 BV A, W0
il N LR, TRt REdSac T B —4& 4
916 bplIDNA/NF. ZlFY) %€ 73 Hr, FLZH JFOkE
shRNA1-3RFG IR, 480007 Uk 55 H 41 )5
BL 4 A I shRN A Jr BRI AL 41 5 B e 471
e — (K.
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2 SEIATTRIEEFA8 hiGHepG2ARIRAVE AR x 200). A: R B: AHFIRETF, Bk,

3 EHERNRE
2248 higHepG24A
F8PAmc/-7 mRNARY
TIK. 1: shRNA3%:
Y 2: shRNA2EL
Y 3: shRNA1E;
YUH: 4: HKFGYWH;
5. 2N R, M:
marker DL2000.

GAPDH

mcl-1

A ZR OGN R, 448 G 7t i
(R E S o IR ERNEL ) ISR = R S
(F2). sShRNA1-3 S HK 3 G 41 i 56 e R 53 5 b
64.00%+3.77% 64.20%+2.10%. 63.70%+
3.34%F162.5% 1 2.42%, 541 fala) i G R T4t
T2 57(P>0.05).

2.3 RT-PCRA&M £5 R # YL H 2 k48 h/GRT-
PCR“W LUK 45 R R % 41N 2 GAPDH4
SEREARBL, 2% B2 TR Qe mel-1 mRNAZKF-
R T HK G4 A2 o0 AL (B13). FUk 4TI
e Emel-1/GAPDH shRNA1-3435140.61 4
0.02. 0.56+0.02. 0.46+0.01; HKZ1 40.95+
0.00, 25 141 °40.97+0.01, 3R E4] Fiki SHK
FA 0 RO AR LB A8 0 38 M 22 5(P<0.01),
R I ORI A [FFE T mel-1FE R
mRNA L, Hdgr LLUFTR shRN A3 il 25
e, 5 FoRishRN A TRIshRN A2M] LE, A7 5
725 (P<0.01). JithishRNA1-3%fHep G241 g
mel-1 mRNA R 5350 036.3% 42.9%H]
52.6%.

2.4 Western blot#éi] 45 R #4148 hji5, #4141 i
Tubulin®g 448 5517 5L BEAHRL, (HMel-145H
SEREA I 2 R (K3). EAL kI M cl-145
4%t o B B AR T O IR R HK A, Forp
SR ShRN A3 GL 2 1 1 45l e B0 59 Mcel-1/
TubulinO6E EEAR: JFURishRNA1-34) 1] 40.53
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NC  HK 2 3

Tubulin

Mcl-1

B 4 SFEFRRIEEE48 higHepG2AMAMI-1BEHERIX.
NC: ZSEAXEA; HK: HRKEEYL, 1: shRNATFEYLA; 2:
shRNA2FEYLA: 3: shRNAZHEYLA.

+0.01. 0.48+0.03. 0.36+0.01, HK4IF1=5H
2535 240.88 £0.01H810.90+0.03. % F4H Ji ki
ETHKH F 7 0 BAAR LE A7 7 W2 o v
(P<0.01). FE3ATL ORI v AR R BN
Mcl-1%5 [17K>F, JELUFURIsShRN A3 = A5 [ 340 £
8, 5 FkishRNA1MshRNA2AI L, 7 2% 2
F(P<0.01). JFORishRNA1-3%Mecl-125 &A1
FHIR 5 M 41.5% 49.6%K163.2%.

3 1R

mel-1/ZEBAH Lk 583 3£ 4-2(B cell Lymphoma-2,
bel-2)FKIRMIA L —, Sbel-2AE 45 AT fg 1 A
AARME, TS YRR SRR AR e, #iHl
40 M 4 Z IR K™, T 32 40 B i 247, BELIE
A MLII T, macl-1 1022 W, 2940 min'®, X¢
0 i P AR I8 DR 2R 1) A AR B AR H PR s N, 4
YO R T BT, RS
0 0 75 o1 004 455 b s S A IR T A A R
SEK 3 140 0 FF) A= A7 ™, TR) IR A2 P8 4
EAE R TP mel-I4E 2 R 43I 2 K
L N | N2 R [EK = B B
HILERIL, maRikmel-1 13 5L DA R bk T8 (1)
AW I Y, YoRmed- 15 PR R A
DIFHIIK. BN, mel-145 2 B s (0 4 R )

| BN

AEFR A AARNA
F iy Ty ik, @it
H) & shRNA & &
Ji 4 F A HepG2
W #mcl-1 mRNA
Fo kG K E.
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RNAT-# 2l ifsiRNA(small interference RNA,
siRNA)/ G U AL ) D) B [P mRN A %)
TIMyLERI L R R IL, 2R A mENTYIL—
PR S 5 FE I DCBR. T FsiRNATEfR A 2
SEMARE, XL DA A R, T RERS
B () flmel- 136K, FATTR A HEshRNA
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HAM SR R BE IR K 5 BshRN AR IA 4
fhpgenesil-1.1H7, H2H B4 Je it 4 i f i i
RNARA WIS 31 % 5k HANDN AT 1), T
EAA P G BishRNA, & IshRNATEDicerfil 1]
YERT R FRMR DX I 24 T8 BOSUEEsIRN A, BE 17 4E
TN, BT shRNAZ AT 76 7k P Fr 4t
F7HESIRNA, PRI, BT IE SIS (] 3T BRmac/l-1 5
FIVEH. BEAE, S hU6 A 81 i 2k (A #E I []
(I DTER R A, DUBRIN TR AP, [R] IS L9
TFERFE SR 4 % R IshRN AP A i 3L A T4
S Y R, BAE T AEshRN AR A
BT A huU6 A sl 1 8iikpgenesil-1.1, HAE &t
ZifihshRN AT 41 (DN A IE SCBERN S X ¥t
THMEE BT loopdi k. M LL_L¥it,
ARG B 2 i = S shRN A HL 41 Ok 2 D) %
5E FHIDN ABI AR S el e s, B % Hep G241
i, A H 2 2 BERT-PCRAIWestern bloth Il &
YT R mel-13E R Rk I E R, g5 R 3E& 0,
2 FA FORLAC PR (I Hep G241 ifdmcl-1 mRNAFR
T RVER 1 7K P B AT o Sk 4R 2 et R
2, Ui B BT R S 0 T 21 IOR R e PR il e /-1
SEPR. AEAKIT 5T BT RA S 1) 34 TE AL TR Xt me -1 1)
TR FFA 2, Hr LishRNA3 M fillmcl-1
mRNAFIH AR IA MAFE F 5k B 2, %% J+HepG2
A HI48 h 2 53 5 1K 52.6%M163.2%. X Tl
e o Ti] 5k DAL PR AN [ 8 s v 7 AR AR R 2%
R, FEORRNATH AT € R S8, [N
Ui AR RN AT HRBEA T AH OGRS A 75 B S 20

TP HIREAT I 3. A5 B Th 58 L Mm e -1
shRNA L JFORE (K F AN 0% T A%, 420
W5 Em e - 135 PRIGTERNT - 40 B F) S i 32 A3 17 1
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