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U6/H1 W R BhF siRNA RiAHEZE 4 2 M E Xt Bz
MREsm AL B E R THLIEA
£, kEBEE, BeME, FTaEA

(PaXFEMIEESR EFAB A, #d K 410013)

 E B A E XUk hTERT JEH 9 U6/HT XUH 8T siRNA FRIKHESE (SEC) , JFMEHEL ™)
Xt HeLa 2t ffd sty b il 46 14 1) 464 o
Fik: FHBA PCRFEA, X AR EE hTERT 36 R 352 X A #E 3 4% U6/H1 XS 311 SEC L
et 3 30 b AR B XA & 1 4% U6/HT XS 31 F SEC, Xf 4% SEC %625, 20 355 Y« N5 5 Hela
M, PSR R Y (TRAP) K HeLa 40 i f) s B 5 12
G5R: A FPEEXTuGRLEE hTERT B2 K Y U6/H1 XUS )1 SEC ¥R, #% Y% HeLa 45, X digki
@@%ié@?ﬂ]ﬂ‘%ﬂ%ﬁ%w\j 36.8%. 57.39% . 80.47%. 70.31%.
: BFXT U RLEE hTERT JE K B U6/H 1 XU 8 F SEC B BLSIAE, b JF & i Ja i bt 1 3 X 3 i
x%ﬁﬂﬁﬁ&ﬁ%ﬁﬁ@ﬁ&ﬁiﬁio [RELEMIRE, 2014, 23(6):769-774]
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Construction of U6/H1 dual promoter siRNA expression cassettes and
their interfering effects on telomerase activity in tumor cells
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ABSTRACT Objective: To construct the U6/H1 dual promoter siRNA expression cassettes (SEC) targeting human
telomerase hTERT gene, and to observe the interfering effect of their transcription products on hTERT gene
activity in HeLa cells.

Methods: By fusion PCR, three U6/H1 dual promoter SECs targeting the open reading frame of the hTERT gene
and one SEC targeting the 3’ untranslated region of the hTERT gene were constructed. The SECs were transferred
into human cervical cancer HeLa cells respectively after identification, and then the telomerase activity in the
HeLa cells was assessed by telomeric repeat amplification protocol (TRAP).

Results: The four SECs targeting human telomerase hTERT gene were all successfully constructed, and after

their transfection into the HeLa cells, the rate of telomerase activity inhibition was 36.8%, 57.39%, 80.47%, and

ELWH: WBARHI TR BTE (98SSY1003 ),

RS EHHEE: 2014-02-22; {&ITHHEA: 2014-05-05.

PEEEITr: 2BEL, TR RN A e LA, FENFEA S 0 T A W22 W i ke
BIE1EE: O, Email: jxpeng@xysm.net

© A )7 [5] 8 38 51 F 3 & FT A 769 http://www.zpwz.net



770 i [E

2385

70.31%, respectively.

Conclusion: The successful construction of SECs targeting human telomerase hTERT gene may provide a novel

effective approach for study of the gene interference of tumor telomerase.
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1998 4F, Fire % " T IRFEL P & B T RNA
TG, RfE T &M, XA RNA T4
WAFTETMmIT. R, DM, WU LY
EHBAEY Y, RNA TIBERBEA M., F5.
FRLIRE AL, CE b — BB 14 3k R Ty AR F 9 R
WEIGIT I T HAF 232 W B B RNAG $ AR X
Jib 98 441 B s R B ( WTERT ) 3% R %k ik 17 T 3,
AT 45 S 400 o o g s il 0 M 1 9 9 I8 R A AT
H, 7EMFH Y. B D B, il
Ia 1T T gRE AN A % T 5T 4R TE S s i TR A0 ) i
it S PR, E R . H TR BT RS
SIRNA () EZH AR L. Ea R, i
Jok O B o B R U B Yl 40 AR 4 N 2 5k
A siRNA L 25 A BUBRUAS =, 2R by 4
RS, ARSI F S PCR BOARE X hTERT %
A il 2 H U6 F1 H1 AR 3l F ) siRNA/miRNA B
RUFEIRMESL, gy — PR AT . PREE R & siRNA/
miRNA 75, FFH0T GG Ju ity 40l ( HeLa )
i % G i A il 3 PR PR S, Sy I DR R S 6T 9 i
L it 35 PR I 1) S B AF 5 4 4k — B i B R Ok

1 RS

1.1 #E

1.1.1 @wmielh A NE SR MR HeLa 4,
P A5 4 4t g e BRIt ANTP )2 Taqg DNA B4 ( I
W4T ) ;5 Ex Tag DNA REW (KEELEY)
s BE (BBI) ; DMEM 4 I8 5 37 ¥ ( Gibeo ) ;
ANAE I (BTN U2 ) 5 3 DNA =9 4l fk
Kol & (bt RAR ) 5 o bL il 3% 4 G i 3k
#|; pBR322 DNA/Mspl Marker. DNA Marker I
(JEE KM ) o #iM: pSUPER.retro.neo+GFP ( 3
& Oligoengine 2v ®] ). pRNAT-U6.1/Neo ( 3
Genscript 22 F) ), 34 B A Mg o0F 5% o 1L
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1.1.2 314

1.1.2.1 4 & siRNA/miRNA SEC i & 5l4 IE
M54 . U6F, HIF, U6F N5 U6 B 3h T X 5' Ui
MFE I RFES); HIF 85 HI B3 11X 5 i
HANUEERITH . w5l Rk siRNA/
miRNA JF51514 . FIF siRNA/miRNA &% 50F 3%
T X A S REEE hTERT mRNA %1 ( NM_198253)
) siRNA/miRNA J¥ %1, # % 3 4~ siRNA § )7 %)
7 553 5 26502668 . 2760-2778 . 3009-3027,
miRNA 7 51 £ 55k 3964-3982, S [1] 5] ¥ M 5
Ui ) 3 i FE SRR R 19 nt B 53 4% T R 7 41
(siRNA/miRNA Jz XEEBARIFH ), J5 4% m A
BT AR5 DL X R 1 Jg 7 X3 i T 51 B
T E . BEPLX R R 5T 518 5 2650-2668 fif
S A B AH REHE SR [ B B (4519 7 51
WFE 1) o VL5 2 BLAST Xt s 5 A28
R rh o B R AT 4 Chttp://www.nebi.nlm.
nih.gov/BLAST ) .

1.1.2.2 TRAP-PCR- 4% %514 " TS 5'-AAT
CCG TCG AGC AGA GTT-3'; ACX 5'-GCG CGG
CTT ACC CTT ACC CTT ACC CTA ACC-3' ( |
EYTRARAF) .

1.2 EWHE

1.2.1 #) A &4 PCR L AME U6/H1 R 3-F SEC
1.2.1.1 % H1 &3 -F SEC #=3£ U6 & 3 F SEC 494
A 50 pL PCR WK ZAL4E: 10 x PCR 2Pl (A
o MgCl, ) , 25 mmol/L MgCl,, dNTP (10 mmol/L,) ,
T | pSUPER.retro.neo+GFP i YA S|
pRNAT-U6.1/Neo i ki, Taq fif (5 U/uL) , 5|9
4% 9 HIF ., HIR-1 (2/3/4/5) Hl U6F. U6R-1
(2/3/4/5) (10 pmol/L) , Lh K B DDW #b &
% 50 pL, % PCR W 43l 3K 1% 52 H1 J3 3h +
SEC (H1-1/2/3/4/5) Fl ¥ U6 J& 3 T SEC (U6-
1/2/3/415)
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*F 1 #E Ue/H1 BB BT SEC M54
Table 1 Primers of construction of U6/H1 dual promoter SECs

g4 izl hTERT #1037 55

HIF 5'-GAA TTC GAA CGC TGA CGT C-3' —

U6F 5'-GAG AAG CAT GAA TTC CCC AGT-3' —
HI1R-1 5'-GGA AGA CAG TGG TGA ACT TTT TTT GTG GTC TCA TAC AGA AC-3' 2760-2778
U6R-1 5'“AAG TTC ACC ACT GTC TTC CCT TTT CGC GTC CTT TCC ACA AGA TA-3' 2760-2778
U6R-2 5'-GCC TGT TTC TGG ATT TGC ATT TTT GTG GTC TCA TAC AGA AC-3' 3009-3027
HI1R-2 5'“TGC AAA TCC AGA AAC AGG CCT TTT CGC GTC CTT TCC ACA AGA TA-3' 3009-3027
HI1R-3 5'-GAG GTG CTG TGG GAG TAA ATT TTT GTG GTC TCA TAC AGA AC-3' 3964-3982
U6R-3 5'TTT ACT CCC ACA GCA CCT CCT TTT CGC GTC CTT TCC ACA AGA TA-3' 3964-3982
HIR-4 5'-GCG TTT GGT GGA TGA TTT CTT TTT GTG GTC TCA TAC AGA AC-3' 2650-2668
U6R-4 5'-GAA ATC ATC CAC CAA ACG CCT TTT CGC GTC CTT TCC ACA AGA TA-3' 2650-2668
HIR-5 5'-GTG TGA TGT GTC GGT ATT CTT TTT GTG GTC TCA TAC AGA AC-3' FrEAILXT
U6R-5 5'-GAA TAC CGA CAC ATC ACA CCT TTT CGC GTC CTT TCC ACA AGA TA-3' R AR

1.2.1.2 U6/H1 R & % F SEC #9450 uL PCR
FW AR Z AL HE: 10x PCR 28 vh ik (A& MgCl,)
25 mmol/L. MgCl,, dNTP ( 10 mmol/L) , 4 (U6-
1/2/3/4/5, H1-1/2/3/4/5) , ExTaq f§ (5 U/uL) ,
U6F . HIF (10 pmol/L) , LA K # DDW #b & &
50 pL, £ PCR [ W5 o] % sk i U6/H1 WUH 3+
SEC.,

1.2.1.3 PCR A B =ty B % Z  PCR [
FEY A DNA P Al &k fraifl, %
VLIl B AT . T 2.5% M BIR R BE I s Uk (Fa
JE 50 V, 100 min) #7505, HEIM00
FEVE AT =T

1.2.2 3z /R A SEC #9 4 % 1 HeLa 40 JifY
& A 10% /NF s B DMEM 35 572 2578 37 C .
5%CO, 5T T RE 3% B % £ Az 4 30 19 4 At A e 2
FIBEI AL . Ve, % 1 x 10° 408 / FLm A 6 fL 55
FEH, YREET 37 °C . 5%CO, 4N 55 46 v B
3 2 HAK B 15 Bt FR B 60%~70% R FH i IR 55
IEPUE L AT Y, BA> SEC L 3 1k,

1.2.3 3% ¥ B 7 M 6 4

1.2.3.1 o ik oy H) & 17 DU 20 i 24 A v 4
Kim"* 3l 25 . HeLa 20 A B2 (A5 L, FIK
A9 0.1 mmol/L PBS ¥t 2 RJ5, #% 1 pL/3 000 /™4
LI A SRS B 2R, AT A ; VKE 30 min
JG, 4 C 12 000 r/min 5.0 30 min, B LW,
P 500 s I B VR B, P 1 x TRAP 2% o s B¢
WM EHWER 0.3 ¢/L,

1.2.3.2 spmEBpEdaEnRr ¥ EThaa (1) &
PEREI . i TRAP-PCR AR Y3k B 47 A o K
b R 2 B A A A Gk Y MR AT YT RN, PR

© WA )3 i [ & F A F A EFH

2 12% PAGE HLVK G AR Je o i AR 45 51, (2) °F
FE R I 3 R e Y JE AN I i R TR R DAY
PAGE & Bt R RS S5, 1 Quantity One
AR5 5% 3 I PAGE Ji¢ 1y 4% 2H v Uk 2% 7 i A7 K
FEFHE, A4 TKE DNA S0 B9 K BE A A FVE
A UK WK R, B3 I A (E AR A
A AR, LA G 2 1) 4 485 K (R oA B e
8 K A 1) L T B3 S 45 B % 20 1 A X i
il 05 A, LA R X it A Al R M A T 5 RNA TRk
. JF R SPSS 13.0 #4T One-Way ANOVA Stif

T

2.1 U6/H1 WEs+F SEC WEE

211 ImESHERIK LR AR FHBES PCR
R, TERSMEHE R4 X hTERT U6/HT XUE 3 1
SEC JFAT B8 WH 6 e v vk, 1T UL 3 2% I & XAy
KNGy 51K 245 bp. 366 bp. 592 bp, 435k
H1 Ji 8 F SEC. ¥ U6 i3I F SEC. U6/H1 XA
T SEC (K1) .

21.2 %4y kR EEEETHSHMH BIE PCRFHAR
G SEC 5403 M6 B 2 25 5 R Aygy nm/
Aygonm AT 1.8~2.0 Z 0], /45,

2.2 SEC 3t Hela 2 R s A B i 14 A9 52 M

2.21 spEBEERG T EAN R Y RS )
e T U6/H1 XUJg 8 F SEC 1~5 Y5 Y+ 4] Hela
MM 2L S, ) TRAP-PCR— 4R Y 46 I AH I3 114 35
KGR, S5 R BOoREE YL T U6/H1 XA 3hF SEC
M FE G (1~4) HHE A B siRNA/miRNA 2
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AE A 5400 1) Hee La 48 6 it L Jt5 04 0 M, ARG e 41(0)
FMBEHLXTIRZE (5) R WIS ApH (K 2A) .

FH Quantity One K 43 5 Xt 3 Ik PAGE Ji i
B L LUK S EAT R BE T . Bt aE T A R

M 1 2 3 4 5 6 7

600 bp
500 bp
400 bp
300 bp
200 bp

B 1 PCR 7= #1525 ¥ 5% B B8 ik 43 47

N FAERERAMEATES 225 (P<0.05)
I A % Gy 21 5% L Bl AL BT 3 2 T 48 1 22 22 =7
(P>0.05) ; XF o ki B 3% P 09 30 2 50 0 A
36.8% . 57.39% . 80.47% . 70.31% (| 2B) .

9 10 11 12 13 14 15 M

600 bp
500 bp
400 bp
300 bp
200 bp

M: DNA FRiC; 1-4: 43514 X% hTERT 2760-2778, 3009-3027, 3964-3982, 2650-

2668 v 15, H1 H1J5 ) T A% SEC; 5 FEPL IR H1 55 shF 52 SCEE SEC; 6-9: 235l £ XF hTERT 2760-2778 . 3009-
3027, 3964-3982. 2650-2668 {7 i U6 FJa 8h T/ X% SEC; 10: FEHLA IR U6 BJH shT /e Uk SEC; 11-14: 4 wl&rxt
hTERT 2760-2778 . 3009-3027. 3964-3982. 2650-2668 {3 & U6/H1 AR 3T L5k SEC; 15: BHHLAHIR U6/H1 XUH 3h+

S LA SEC

Figure 1 Agarose gel electrophoresis for analysis of PCR products

M: DNA Marker; 1-4: Products of single H1 promoter antisense

strand SECs targeting hTERT 2760-2778, 3009-3027, 3964-3982, 2650-2668 respectively; S: Products of single H1 promoter antisense
strand SECs targeting randomized control sequence; 6-9: Products of single U6 promoter sense strand SECs targeting hTERT 2760-
2778, 3009-3027, 3964-3982 and 2650-2668 respectively; 10: Products of single U6 promoter sense strand SEC targeting randomized
control; 11-14: Products of U6/H1 dual promoters SECs targeting hTERT 2760-2778, 3009-3027, 3964-3982 and 2650-2668
respectively; 15: Products of U6/H1 dual promoter SEC targeting randomized control sequence

Bl 2 Hela A imHrEeE &

100+

80+

60+

40

20+

s RS PEA R (%)

0 1 1 1 |
1 2 3 4 B

A: BHANEIRAROATE O B ARG MM H R M. DNA ARIC; 0. RFe

YLl Hela 4/, 1-4: AP35 hTERT 2760-2778 . 3009-3027 . 3964-3982. 2650-2668 i ik U6/H1 MUE 5F SEC
M) Hela 4001; 5. FEYeBEHLYHEFH HeLa 405 6: BAPEXTHR ( XEEK )

Figure 2 Determination of the telomerase activity in HeLa cells

A: Telomerase expression in each group of cells; B: Rate of telomerase

activity inhibition in each group of cells M: DNA Marker; 0: Untransfected HeLa cells; 1-4: HeLa cells transfected with U6/H1
dual promoter SECs targeting hTERT 2760-2778, 3009-3027, 3964-3982 and 2650-2668 respectively; S: HeLa cells transfected with

randomized control sequence; 6: Negative control (double distilled water)

3 i it

-

N v 7 T O R B RNA (hTR) . A
W0 S (WTERT ) LA M i b il AH ¢ 25 (1 iR
(TPL/TLPL) 3 H M ENEEHZ &Y.

C MK A o E & S F A ITH

Vi B BE LA B B RNA SHAEAR A oAl DNA, 4E4F
viip A f 4 B 1O B T 3 AR R A i A
BEAM AN, 6K 22 B 2H 20 A0 A R G i A i 9 1

1M 85%~95% [ N 3% 4 I Je 2 23 i s 63 355 4 > FH
P, 2% I it L S T R A T JRE A0 i A A5 4R 1
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i 11— i 42 . hTERT 2 3t bL i & %75 F i 3
SRR KT, R g XF hTERT 2 K #E 17 RNA +
P2 A0 5 b 97 S B R YA T R 1) — > AR

WA RFZ RNAL LIS R A, B X R — ¥
B S BEAL T A siRNA, 0 80 58 R A4 4 S
R AR K 22 31 o ke v A9 45 B0 R SR 45 kL
BEYLSE A RE AN, HE hTERT TR K 21.5%,
Shen 5 V1| FHAL 24 & BL Y siRNA [RIRE 13045 W
L, H hTERT THAFER (45.00+£6.18) %,
PRI PTR80S % 0 ) R PR Y siRINAY/
miRNA J& RNAi S50 B D i e e & F . AR SLI =
C &M H A PCR BRI M T 2 &% HI
B8 T SEC, £%: Y HepG2 4, i 52 B k4 2 10
W H1 JE 87 SEC XF HepG2 4 Jifd s ki i 35 P A7 9
B AR Pk U B L R A R T SEC
AR . FIH PCR £ R 3K15 siRNA SEC X —Jf
B Sl Castanotto 25 PP, REZ5M pol II1
Jet 3 F B0 T B SR B e R Y, U6 A
H1 Ji 8 F AN &k Se s 8h 7 91, 0 12 N
T RIX T RNA, ASEH I Fl5& PCR HR,
TERANG Y SEC YA f5, U6, H1 JH 8T
B 43 3K B RNA pol TIT M IE [6] F1 52 [A] 5 5% 5 5
TP, e st W AR i 3 81 ) ) B AD &5 A L
siRNA/miRNA, M4 TP . A< 5250 A B
1 &t X hTERT mRNA J¥ %1 ( NM_198253 ) 2760-
2778, 3009-3027. 3964-3982. 2650-2668 4 I~
B 5 A L) siRNA/miRNA SEC % Yt HeLa 41 Jif
S X 12 4 e st o 3 1 41 430 36.8%
57.39%. 80.47% . 70.31%, %I HRZHICH Wi T4k
ER . VLA SZI M #E ) SEC BN & 4% T RNA T
PAEH .

ARSI BT R siRNA/miRNA SEC 4124 T
kL Fe A HESR 5 4 T FOBL DNA 751, AT A 251
ASMEEER . % SEC F B R/ (592 bp) /N T
ik DNA B, W5 TGy, i Raeyg. 1
A siRNA/miRNA SEC JIr JH B9 $ R 3 DNA
K- L PCR OB, fefd vl e 1d NG, #RAER
i, HWGMAF R SHEG, EA] A [F
O 7 R AW B =T 1= T v < I3 Q1 R 7 I VA S
ST RNAT SCPE BRI A JEL B, Ry 2% e 3 5k FRT 41 7]
Ko ie i g e a s R AR 2R R, ik — D AR IR i
TR OGS I F IR 4T N R4 A Al
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C —JMEH CRP FHRUAT 98 55 2 HAV LHLE ECG
Toll KEZ A TLRs B AT A A A 5 T A R T bFGF O EME995 ccu
FHEA i A JNK RAHE I PCR M 5K 1 Angll
41t WBC YUEMREA - LW EBE Sk ABC #: A P AR R T VEGF
H AR IL BRI E ALY HRP I AE 1L A2 TR 7 vWF
Hm ik 1Cs, BRI RN - B REE AW SABC YA | MZEN Hb
R cv WERRERZE i PBS nLIINGS SCr
PRGBSI RE N - AW RE SP Ik FyOLEN GFP MIREAR BUN
AR T EGF JRER R B 5 W2 R0 ELISA I/ N PLT
PSR A ALT X2 SR FDA & BP
(753 MDA ik i, ] EEG I AR S0,
PR R I 25 HCV NEEZ / IRZ N LPS R P P My — A% ﬁﬁﬁ NADPH
AL AL SOD P R i — S AL A G il eNOS FEHE S PRI 2R SARS
REALIR S MRI YA LI B % CCr — A NO
RAVR 2% i M 2 1 I st VLDL-C JREA BUN EAAE NOS
A% P N 1 I LDL-C YAE 101 AT [ TT LW TR EDTA
ki A 5 R PaCo, VEE I S (] PT LRGSR ACh
ki 5 Pa0, LIRS EHE] BSA LRI HBV
LA DMSO PR HSP CIUNT 9T e BUiA HBeAb
Sttt — RAWE S RT-PCR N sl HIV LI e B HBeAg
WEE T 40 Th NGB BRI HCG I 9 s R PR HBsAD
SR A= HGF CHERRARTT ATP VL) S =S HBsAg
T IFN = H TG RV RIRFEAL DB HBcAb
1% R A I HDL-C AL T NS LRI RIGEEAZ PR HBcAg
AR GSH A P A L WHO S EIR I FLTC
AR pH B EE PG XUFEIK ddH,0 SRR A ATl iNOS
MR RNA 22 2 FIR AR MAPK R R ANTRAES TUNEL
BT -« B NF-« B PG F A 2 e R R il S 1 MTT ZeE B LOH
FA)) RBC TIANG — LG, HE BRI RO ECL
LTANAETIRE R ESR G2 ML FBS Jisgg SRFE A 7 TNF
LR -2 COX-2 R RAE AL BMI EE MR ICU
TGS S0 I 3% TR ] APTT KA R AT AST AR KT TGF
PR ROS A% R DNA A SRA VA NK 41
ATV B LR SR AIDS it 1) 4 ICAM E LT % DBIL
JULEF Cr B b4 =95y ECM S IH [ TC

HE T4 S £ T MMP AL A M TR T ERK JENiliEa TBIL
TRl X £ 2 HRAR R AR CT LEE A FN
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