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Hm E BHY: W EE X hTERT JEB A T miRNA FIAHELL , JFI0GE X Hep G2 41 v 4or g 1 4 114 410 11 46 H
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BFDEGRE B PCR 75 K6 0 290 it s 67 il 115 128
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Construction of artificial miRNA expression cassettes targeting hTERT
and their inhibitory effects on telomerase activity in HepG2 cells
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ABSTRACT Objective: To construct the artificial miRNA expression cassettes targeting hTERT gene and validate their
inhibitory effect on telomerase activity in HepG2 cells.
Methods: Three artificial miRNA expression cassettes targeting different sites of hTERT gene were designed and
constructed by overlap extension PCR method. After identification, the cassettes were transfected alone or co-
transfected into HepG2 cells, and then the telomerase activities in HepG2 cells were detected by TRAP-silver
staining and TRAP-duplex scorpion probe fluorescence quantitative PCR.
Results: The three artificial miRNA expression cassettes targeting hTERT gene were all successfully constructed,
and after they were transfected alone or co-transfected into the HepG2 cells, the telomerase activities in HepG2

cells were inhibited to different degrees, and the inhibitory effect of co-transfection with two miRNA expression

BB : hRAREARE A R EITIW H %) (2282014bks193)

Wi EE: 2014-10-30; fEITHHEA: 2014-11-25,

EEEIN: hE, PR RN e LA s, FEMNFEYIE S50 F Y2 E 2 Wi AT
BIEEE: O, Email: jxpeng@csu.edu.cn

© A )7 [5] 8 38 51 F 3 & FT A 1647 http://www.zpwz.net



1648 P E R

UGS

2385

cassettes was significantly stronger than those of any lone transfection. All the differences reached statistical

significance (all P<0.05).

Conclusion: The artificial miRNA expression cassettes targeting hTERT gene can effectively inhibit telomerase

activity in HepG2 cells, and combined inhibition is an effective experimental program.
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i R SRR M R . EREREY,
I A R IR AR, ORI DNA REFS LIRS, fignie
g A MO i R 3 SR B (human telomerase
reverse transcriptase, hTERT ) J& f# fb X — & i
0 B i, A hTERT 5 [R5k aT LA s AR 3o kit
it g M, DT AT o e A Y o SR AR,
i g6 e PRI 7 1 BRAELRE 4 B BEX hTERT 1,
AR S0 = 1 SE AR A B 7 VA 4 shRNAM,
P24 A A PCR BRI E T LI HL J5 8+ #
U6/H1 SUS 31 FHR S siRNA FaRHELE B0, 4%
45 8 7% ity o Al 3 P B R AIK

A T miRNA A HE 2R & —Ff it PCR 75 31 11
miRNA KRB, LA LR miRNA JiR4E N
BT, 4 pre-miRNA B N IH 751, FlH
miRNA 9 P IR A AL R0 1 e R 3R P T
AR 52 56 M FEHE ) hTERT %6 4 A9 A T miRNA
FIRMELLFE YL HepG2 40T, HIF 5% T it A7 7l 15 Pk
AR, Sk iR 0 R R R BT R A

1 #et5R=®

1.1 EE##H

HepG2 A0 0 AR S 56 = AR AT pSUPER.retro.
neo+GFP ( 3 [E Oligoengine 2% A ) ; Taq Master
Mix, Taq DNA % & i . ANTP. MgCl,. J& % /)
PR & (LRt R AEMBHHE A RAE ) 3 ExTaq
DNARGH (REFEYWITEARLA)
DMEM #i i 5 77 i ( 3¢ [ HyClone 22 &l ) 5 /b
A UM P 2= A TR A R AT R Al )
DNA Wy ali il & . FHE T RS W i gyl (3£
E Thermo 227 ) &
1.2 AL miRNA RZIERNHUESETE

H Life Technologies 2% H miRNA 7£ £k i% 11
BAF Bt 3 28 miRNA T 5 51 ( £F X4 hTERT K
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2647-2667 . 3579-3590, 3877-3897) Fl 1 %
BFPE X BEFE %1, 28 BLAST HEBR AE H5 5 [7) I8 FF 471 .

GAA ATC ATC CAC CAA ACG CAG GGT TTT
GGC CAC TGA CTG ACC CTG CGT TGT GGA
TGA TTT (2647-2667 ) ; GAA CAC TCA CTC
AGG CCT CAG AGT TTT GGC CAC TGA CTG
ACT CTG AGG CGA GTG AGT GTT(3579-3590 );
GTT TGG TCA CTC CAA ATT CCC AGT TTT GGC
CAC TGA CTG ACT GGG AAT TGA GTG ACC
AAA (3877-3897) ; GGA ATA CCG ACA TAC
ATC ACA CGT TTT GGC CAC TGA CTG ACG TGT
GAT GTG TCG GTA TTC ( FAEXF IR ) o & % /)
L BIC 3E 4 % mRNA J¥ %1 (miR-155) ' 5'miR
32 )57 5] (134~160 ¥ 1R ) A1 3'miR M 3 )5 571
(221~265 % H MR ) , BT M ¥ miRNA I 3 11
F5 5 miRNA T4 750 (B 1) o 405 51 e
SCHE 3 I SN 19 AN B E, Z eIt S HI A g7 3
Vi J R ) B AR DX 3 WS I L S 1 BERR R R Bt
B, LAY TRARAF S M. H Primer 5.0
WAE IS8 PL, P2 F1 P3, FIAIFEL4G PCR #y
AN T miRNA RIKHEZR (KB 2) . 514 PL. P2 Al
P3 1 ¥ 5 4 % A: 5'-GAG ATC TGT GGT CTC
ATA C-3'; 5'-GAA TTC GAA CGC TGA CGT C-3';
5'-GCA AAA AGG CCA TTT GTT CC-3', PCR1 %
MK Z K. 2 x Taq Master Mix 25 pL, 10 pmol/L
LRI 4 1.5 pL, Bidk 50 ng, ddH,0 %R E
50 uL, TEHZ%L: 94 °C 3 min; 95 °C 30s, 55 C
30s, 72 °C 1 min, 332 MFH; 72 °C 5 min, PCR2
W Z& M 10 x Ex Taq buffer 3.2 pL, dNTPMix
2.6 uL, 10 pmol/L I FIE5I ¥4 1 uL, PCRI 4ifk
PR AR BB 4 50 ng, Ex Taq /i 0.16 pL, ddH,O
#2250 uL, THEH S 94 C 3 min; 95 C
30 s, 50 C 30 s, 72 C 1 min, 5 NEH (A
PCR1 2lifbr=#y. B B il Ex Taq fiff ) o 95 C 30s,

66 C 30 s, 72 C 1 min, 3£ 28 MEH; 72 C
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5 min( iITA PCR14lifb =% . i Bt B #1 Ex Taq i ) .
R 2.5% Bilg M EE IS Bk, Al b RIS
A TRABRA R SEAT DNA ¥, [& B

5" I3

RNA fold Web Server i i 4% 5 £ miRNA T 3¢ )%
B RNA R 45H) .

3" I3

CTGGAGGCTTGCTGAAGGCTGTATGCT pre-miRNA CAGGACACAAGGCCTGTTACTAGCACTCACATGG

AACAAATGGCCTTTTT TTTTT
B 1 MWimnENEARRE mBNA FHEIIRE

5" 3 -

/NELBIC JESiAS mRNA JERFES 134-1605 3" 33 . /)

L BIC JE4WAS mRNA JEH)F51 221-265; pre-miRNA: Fi54 miRNA THLF5]; TTTTT: HI 38 P& ikfGs

Figure 1 Schematic of the specific miRNA interference sequence with two flanking strands

S’flanking strand: Sequence 134-160 of

the mouse BIC non-coding mRNA; 3’flanking strand: Sequence 221-265 of the mouse BIC non-coding mRNA; pre-miRNA: Specific

miRNA interference sequence; TI'TI'T: Termination signal of the H1 promoter

( ,,,,,,,,,,,,,,,,,,,,,,
P1 PCRZi
—>
H1 i35 BB
-
P3

B2 Ri& PCR#IEAT miRNA RIZERREE Pl
P2, P3: PCR 514
Figure2 Schematic drawing of construction of the artificial miRNA
expression cassettes by overlap extension PCR
P1, P2 and P3: PCR primers

1.3 HpmiEsfEE L

HepG2 40 Mo H] DMEM 1535, % %04 K 1 1% 40
L B AL, DL 1 x 107/ FLIY B 4R T 6 FLAR
WE 24 h, 4iMALE K 70%~90% W), FHFHE
FTRAEMFE AR LY, L6 dl: (1) 2647-
2667 4; (2) 3579-3590 4 ; (3) 3877-3897 41;
(4) 3579-3590 F1 3877-3897 dLAL YLl ; (5) BFM: X}
TP FIA; (6) RAT YA M2 x4, &l
M3 EE,
1.4 TRAP- $R 5% TE 1 4 M o A B i 14

oY 48 h J5, % Kim 2 ™ % HepG2 41 Jiy
HEAT B v kL g A S R 51 ) TS 5'-AAT CCG
TCG AGC AGA GTT-3'; ACX: 5'-GCG CGG[CTT
ACC]J3CTA ACC-3', 30 pL WK ZE H: 10 x TRAP
buffer 3 uL, dNTPs (0.5 mmol/L) 3 pL, MgCl,
(15 mmol/L ) 3 pL, TS (10 pmol/L) 1.5 pL, 4f
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Mo A 4 pL, ddH,0 13.6 pL, 25 °C 30 min;
94 °C 3 min; Taq DNA 450 (5 U/uL) 0.4 pl,
ACX (10pmol/L) 1.5 uL, 95 °C 30 s, 55 °C 30 s,
72 °C 1 min 33 MEH; 72 C 5 min, PCR ;=i
1T 12% RN BB Uk, R Y o,

1.5 TRAP- Z_REEHEKRFTRHIEEE PCR &
A ) 35 or g 1 07
TORRIE Y WA I E 51 (PP) @ FAM-

5'-[CCC TAAJ3- FH Wr 5 ~AAT CCG TCG AGC

AGA GTT-3" ( BH Wi 51 K 3 A~ file Jt F 1) filk 86 , 5

TRIL W R P I ) 5HKEE (QP) & 5'-

[TTA GGG]3-3'-DABCYL 4 . 1% & i A9 F §ii7 5

Yol ACX. AN A B 55 4% 1 IR o bor Jf 4 i

Y1 TSR VB R br o i Sr bR el 26, TSR 79120 -

5'-AAT CCG TCG AGC AGA GTT AG[GGT TAG]

7-3'5 20 pL 2 M & R CH: 10 x TRAP buffer

2 uL, ANTPs( 0.5 mmol/L )2 plL, MgCl,( 15 mmol/L )

2 puL, PP (10 pumol/L) 1 pL, QP (10 pmol/L)

4 pL, ACX (10 pmol/L) 1 pL, Taq DNA R &

(5U/uL) 0.4 pL, ZHAERLHHE 2 pL, ddH,0 5.6 puL,

25 °C 30 min; 95 °C 3 min; 95 °C 30 s, 60 °C 90 s,

45 °C 90 s (REERIN ) 40 MEH . % LRTOLE

H PCR WY&, ¥ TSR #5147 10 f% &2 W #E S 56 B,

BUs AN E, 3518 (copies/uL) & 6.02x 107,

6.02x10°, 6.02x10°, 6.02x10*, 6.02x10°,

A ARIE ML o ARifE RSB A A ik 3 R

1.6 Zit=ZaE
FH SPSS 18.0 #4748 it 2% 53 Hr o 13k Bk s

M+ ilEZE (xxs) Ko, HAE LERHH

R 7 22500, WP LLACR AT LSD K 3 (5 25 5% )

% Dunnett }5 50 ( 7F 2 A5F ) o P<0.05S WERA

giitr i X
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2.1 AL miRNA REEXMHUESLERE

B Hg W B e L K R PCR P24 R 365 bp 1Y
Hih B, SR —5 (K 3); MFgsias
NCBI BLAST tbxt)E, S5HMITFS]—5; RNA fold
Web Server i Jlll £ 5 £ miRNA + 3 /5 51 ) RNA
TREER, ZERER /N miRNA-155 (134~265
AR ) A e BB ARAUPE , £F G 45 R .

M 123456 789101112M

600 bp 600 bp
500 bp 500 bp
400 bp 400 bp
300 bp 300 bp

200 bp

200 bp
100 bp

100 bp

B3 PCR™M%Z25% HRIEERRKRBIXkSMER
M: DNA Marker I; 1-4: H1 JA3)+ (221bp) 5 5-8: 4%
FIEE X 2647-2667 . 3579-3590., 3877-3897 ff A5 Fll
PEXS IR BEB (156 bp) 5 9-12: 433l #F %) 2647
2667, 3579-3590., 3877-3897 {3 i XS MR AT
miRNA FiAHEHL (365 bp )
Figure 3 Analysis of the PCR products by 2.5% agarose gel
M: DNA Marker I; 1-4: H1
promoters (221 bp); 5-8: B fragments specific to the target
sites 2647-2667, 3579-3590, 3877-3897, negative control
sequence, respectively (156 bp); 9-12: Artificial miRNA

electrophoresis

expression cassettes specific to the target sites 2647-2667,
3579-3590, 3877-3897, negative control sequence,
respectively (365bp)

2.2 TRAP- $R %% % M 46 i o oL B i 14

SR ER, HSEANHEALE, £LKRA
HepG2 4 Jfd dii b7 Bl 3 1 35 52 A [6) B2 3 A9 410 441
Jt Bl 3579-3590 41, 3877-3897 4, 3579-3590
1 3877-3897 etk YL 70 3 49 41 g I hr i 35 P 00 7
WA s FAPEXT BB AL R WL Bl (& 4) .
2.3 TRAP- KXt EE PCR &4 i #i B iE 14

HREFESN R R, AN EZRAEIT¥E
X (F=1 708.6, P<0.05) . Wit LL#RH Dunnett
Ko, BPEXT R4 fnas (I R4 g, 2R L%
HE X (P>0.05) 5 &L 52 A A R,
Ui A T PR Y A2 BN R AR B A AR, H 22 RIA %
T8 (¥ P<0.05) 5 HFE Y415 3579-3590
B 3877-3897 A L HL, i ki I 1 2 — 20 B AIK
(P<0.05) (F£1),
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B4 %@ hTERT & B M A T miRNA & % 1E 22 # ¢
HepG2 i R 3t ik fL B iEME AR M: pBR322
DNA/Mspl Marker; 1: BHPEXTHE4L; 2-5. 43 ) A Xt
2647-2667, 3579-3590, 3877-3897. 3579-3590,
3877-3897 AL YL s 6. ZS FIXSIRLL; B: WUEEKAR
o 200 I B TR

Figure 4 Effect of transfection of the artificial miRNA expression

cassettes targeted hTERT gene on telomerase activity
in HepG2 cells M: pBR322 DNA/Mspl Marker;
1: negative control group; 2-5: 2647-2667, 3579-3590,
3877-3897, and co-transfected 3579-3590 with 3877—-
3897, respectively; 6: Blank control group; B: Double

distilled water instead of cell lysates

F 1 TRAP- _REIBHIRE KA EE PCR EK N imiL
BiE
Table1 Telomerase activity detected by TRAP-duplex scorpion

probe fluorescence quantitative PCR

2H 5] SERPE (501 /ul) FrifEZE
75 J X HEZ 34 6386 169.86 4050913.01
B e 2 29 476 123.26 1 086 725.93
2647-2667 4 8 722 083.44 483 671.16
3579-3590 41 248 445.73 42 338.15
3877-3897 4H 211 593.90 20 113.65
3579-3590+3877-3897

S 294 20.82 305 1.21
3 i

BL ST R, siRNA 5N JE miRNA 1t 43
TEHMAEEL miRNA By 3RIK, H 25Nz Y 2
Pl EE ", 5 siRNA M e, A T. miRNA
KN miRNA P 2E R #E, RS ALY %
SRR B RIER Y, Bz N T g
SEH A2 . BUAR R . PR AF O A s
H BT R 8 BN T miRNA £k #0K T8 T iR
JR miR-30 Al miR-155 &544; pboh, Hu %5 "t
It RNApol 11 J581F CMV #1 RNApol 111 J5 8T
H1, R¥HL 38l FAERGE M TISE, &
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T ERFERE, AR S % /N miR-155 #9032 )7
G, M EER ST hTERT 2 A9 A T miRNA FRIAHESL
55 Ok B B R S B A Ak L, BB
BINT. miRNA FahHE S R H H S 28 PCR £
A, AT 1 AR, BRAEREE, AL, JLHICHR
BE R P8 B i Ak
T TRAP 39, T PCR KN A FiE 51 9 &
Uit o7 FE A2 T 5 B HL AR B, R4 A A vk EE 2T 5
AR B AL #5 DL G &7 5 i kR g,
FE Y 2 AT 5 5 i b T AE fif 7 ) 22 (8] AS BE 42 3
IEHOER, W TEE e A ", A 5T R
JH TRAP- —RIKISIEIRE 9 1 PCR ¥, R
I FINARE M5 E1E 5 5 PCR =8 i — XF — 1)
KR, Hom TRNZ R TE . roEas fELm,
HH I 2647-2667 4, 3579-3590 F1 3877-3897 41
Xof i T I A ) 0 VR R B I B B, U B miRNA
FEAEH T 3UTR YA 5 T — s A L,
Ui A il M R, X AR S
%%ﬂM%%?ﬁ@%%i%@%—ﬁm%ut
S5 F LR HEAT 2207 5 6 A 40 i 2 T LA R Y — R

ARTT S, O Rl B4 ) B B Y 8
% ik
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