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0L 50 3 5L 30 4 S ChTERT)  RNAT 3  f1)
Ry 3 R PEVE A
ROrVY MG REREY REmS iR

(P EREFHERENSE SRR, bR 100850; 2 FERENKEE—MEERERH, FK 100016)

ME RNA TR o 5 EERREE M RNA, 7EEA LUFFIR =217 25| R EEE K mRNA BEAR, M
MEHEFEEENRNEE. AHAMEMEY «RNA S HEFRFHHAE, H pPUR/Us HiE A THEA
ek WTERT 3 FEH G A FR siRNA A BURE, PP hTERT ZERTAHIALR. 4§ hTERT cDNA 3 565 ~
3583 —B 19 bp WIDNAFFIRERMESEFT, FH9 bp MEEFFEZFHELS > THE, BHEDNAF
PR RE = pPUR/UG 804k U6 F 50 T 1N T iiF, JERGBETE(S P9 & A hTERT 45 = 4058 & JolR RNA 1Y E 48 Mok 345
pPUR/U6/hTERT. Hf pPUR/U6/hTERT 53R pPUR/UG 4+ B 2% HepG2 MNE. FFIEWS BERT AN FER
ZEBHPUERME. EFE AR 2 LR, BRI RNA MESR. LR EE e @R g R KA E,
RT-PCR 125 H BB 4047 WTERT ZEFEfFE, Sk B 5 MO e R m il o i BB 1, B A B pS3 2
AE. SRR ER pPUR/US A EARLE, ¥4 pPUR/US/WTERT 141 B H hTERT B FE LK F EE T,
AAEETE RN, HARERKEETIR, p3 EARAHENR. U EEREM, LIDNA B LA~ £ AR
MEAE R IR siRNA BERAED S| hTERT BB M FiE, E2AEBERHANE DT A,

REEA RNA TH0, AwrlBglaesREs, ps3
ERGHRS Q78

Aiﬁ*ﬁ@ﬁ@%i@ﬁ (human telomerase reverse
transeriptase, hTERT> 2 g fif B8 A4 25 B ffE 14 L 5,
O DA P RIE, R RER E LA L
BAEMBE DB, A5 E R IE A 06
RN E KRS SR, Bac A mE R R
TR AR B AFY. RNA T It HL R (RNA
interference, RNAi) JBITAEE RNA P FHEF R
PRI R EEFIIEN, TP P00 A P Rl S
SRR E R E R IED RHABAER 21 o
i siRNAs ] 2E4M& hTERT 724", Bar, 7
A LAk & B RNA B &R R & R
siRNAs, Uil fs K PR AR R0t B R
(. {BEanSLiH: ok siRNA ) DNA 247 & £ RNA
REEM A i, rIEME A RS R L
RNAZ+F, B ASFHELMARIHE Chairpin)
gEiy, AHTEHEL SRNA, AT 5BREFESS G
mRNA, SCEISERER A FREEAETT. ARSI AR4 T
IR FIEFT WTERT RO = R0 18 FH 1 R X AZ R
iTF| 5w £ pPUR/U6 4R U 830+ 1T 3,
FIE siRNA 72k 848 3 M 82 H X HepG2 4 FL
hTERT 332 RO 15 .

1 MRLR A%k

1.1 AR

AT A i CHepG2) H & 10% /41
7K DMEM #5323 (GIBCO BRLY . & 37C
S% CO, BT
1.2 &R DNA &%

KR EHA S 3AMA hTERT RiER R I B2
&3, P& F hTERT #—B mRNA JT7)1
RNA T EE/F 7). E X FFI A 57 AGTCTG-
AGGCCTGAGTGAG 37, AT F hTERT mRNA 3" 3F
HliBR (3565 ~3583). $ELLTFHIERF 4 DNA
. IE M %A 5 AGTCTGAGGCCTGAGTGAGTT-
CAAGAGACTCACTCAGGCCTCAGACTTTTTTT  3':
JZ 1 5 R 57 AATTAAAAAAAGTCTGAGGCCTGAG-
TGAGTCTCTTGAACTCACTCAGGCCTCAGACTGGCC
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3'. IEmM#E A RNA R, AEXFANME5Z R
I EAMYR SUTFIZ 9 bp F1IF (TR &
MR AHEIES AR REES. FARERY
IRITTERL 9 nt PR )R F £ XUBE RNA &5 #),
3wt S N U BRE. RnEE T &I A dpa I
B EcoR T HIBEUIN 55, 4% DNA HETEIR KB MR
R RELIR S, 959C S min, ZBIRAXEZER
A DNA.
1.3 & DNA AR [ siRNA 5 FUR &

pPUR/U6 Jit #i A 74 & # % (University of
New Mexicoschool of Medicine > Z B Bifs 3 H
Apa 1 BEY1 5, [BICEE 4L ( Wizard DNA Clean-Up
System, Promega A ), FiF] EcoR [ JH44, [Blfial
TG 15 B 26 1 AL B, IR O AR B DU HE AR AR
DNA JEZEH . BUEZSHHE DHSa, EEET
(') LB AR 1557 16 b FHEE TS, PCR Ikl
Bz, PCR Ai 1M 514 8 57 CACAGACTTGTGGG-
AGAAGC 3", e 51 #¥ 4 5 ACTCACTCAGGCC-
TCAGAC 3", TIH 28 F BE 330 bp o4, HFRHIEE
VEREUTRE, LA PCR gI M 5] 1F A IE M 754
AT DNA #IT (CEQ2000XL DNA Analysis System
Beckman Coulter ) DA G AFFIER. 05 E
R E - 20°C (147
1.4 ZHjudg g

Al — R A BREHAOE TP g R, B
THLE 10% /4 1155 89 DMEM A, REY
FT x10"/ml, 35 mm EHZH 6 FLREBFLIIA 2 ml
BRI, 24 W AEHBEREN R 0%, K
H Lipofectamine™ 2000 ( Invitrogen 2 7)) JE %
PATC MLIF AN GAHT DMEM #3422 g A TR, [F

1.5 JRoRLfe Yudm LR 17 1k

JkiA Y24 bW 5, K6 FLARP R =
RIS, ST 24 h 5, AR ERETL
WER 2 mg/L. REEEEFR 72 h B4 I R i
FIAEMRIE, TR T ERESERARER
L mg/LHATHHAEREATRIEZMBELERTEERN
0% ~80% (LF B AR A, 55840 I 1L &
EE
1.6 RT-PCR 44T hTERT mRNA (714

FH Trizol — % (Invitrogen 2 7)) 42 HU4H
B & RNA, B 2 pg RNA B AT ¥ # =%
( Superseriptase [ » Invitrogen 245 ) 53| cDNA. $F
s+ WIERT 7 1 81 F m 31 4 F 4 4. 5

TCTACCGGAAGA-GTGTCTGGAGCAA 37, R[a3]47
# 5" GCTCCCACGA-CGTAGTCCATGTTCA 37, i
HE:202 bp. $5 R0 B-actin 738 1E M 31487 71 4
5" TTCA-GGTTTACTCACGTCATCC 3', KA 345K
5" CCAAAT-GCGGCATCTTCAAACCC 37, ¥ 38 H B
317 bp. 20 ul PCR R JS4& #5670 A WTERT 5147,
94%C 4min, 94%C 30 s. 61C 30 s. 72°C 30 s #H4T7
MEIRSE, BN By-actin 519 B AT 27 MBI
LU g-7 1 IR F 5 8. PCR P=#4E8 29 B ig o
B ik JRBEAT B f5 (Bio-Rad, Gel Doc 1000, &
=B Le].
1.7 SEBREEE hTERT & B §1RE

WA E R TR AN, PBS il
PRIRAIE 1 R, B F A, S 100 pl TA R
RIPA-PICT 4l P 4 #7 . (Roche 24 7)), EIK L
40 min. 4C, 10000 g B 15 min, B H3E#ITE
HAEE (Lowry By FED. ELS0 pg EE A
A2 x ERFEEMIL, £ 100°C 5 min 22 G 8% B9
SDS-EARM Bt R Rk E. EARETE
# Z PVDF & £ ( hybond-polyvinylidene difluoride
membranes, Amersham Biosciences). FH & 8% ¥}
FITBST ZEpi 4°C = AR, A 1:2 000 BB
hTERT —f1 ( R ¥FLA TG, Alpha diagnostic ) F1
1:2 000 FFEED B-actin —HL CEPLA IgG, Sigma
AFD ZEWR 1 h, TBST ¥EHE 3 X, MAA 1:10 000
FFEAT WTERT —#0 (EFLR G, dbnih 4ty
FHARFRAFDY F1:2 000 ¥ B K B-actin — 41
CEPLR IG, P LUEBEARFRLA) =R
1h, TBST#EH4 K. M ECL B (dhxE
W RKEGELT D) 1 min, X 6K R85
{ Kodark X-ray processor).
1.8 EEEERN ps3 FiE

T 129% B SDS-ZE TR 15 Bk s i sk - B 1R
Hm. EEEAREE. — (EEEEEY
FARBIFURT ) B 1:500; —n (Abm i
HARBRAFD MHEE 1:10 000.
1.9 sRIERVE MM 2

SRFILL PCR 3£ 93 Atk B s bz G 575 e A48 30 38 )
& (TRAPeze Telomerase Detection Kit, Chemicon 2y
AW v ok B RG PME. A BT UE A0 AN 200 pl
CHAPS 3 #F 2 rP i & K L 30 min, 4C.
12 000 /min B 0» 20 min, Bl LB EAREE
(Lowry BHIAFAE), HFMEE - 70CHRIE. L
RS Y 6 S RNase V5 %2, 78 RSB FAK RN
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A0 x TRAP R W% 28 93 S pl. 50 x dNTP Mix
1 pl. TS Primer 1 pl, TRAP Primer Mix 1 pl. Taq
Polymerase 1 pl (2 U), XZEK39 pl, HHHIREFR
2l (0.2 pgd, BA, ERBE 30 min, 94C
30 s, 56C 30s, 72°C 30 s, A 1830 NMEF. E
10 pl P=¥01F 129% 36738 1 28 7 49 Bt R o Jie HRL UK
1 mg/L EB 225 30 min, ZE{RAKENE 10 min, Bk
% (Bio-Rad 4], Gel Doe 1000).
1. 10 AT IR e

V57578 T e siRNA E 48 50 FO 0] B JBTRL Y 4
B, FHE& 109% h4 035 ) DMEM 55 77 & W B R
3.5x 10*/ml, B 12 FLAR, Bl 1 ml, & 37C
5% CO, BAPER. 824 h RT3, 8k
AT 3 R, ERF 6 K, RRCHHEAYS, 4
BSCA 9\ AL bR e il 40 B A it 26

- E

L 250

100

—
o
Py

ratio hTERT/P-actin

@ R

2.1 siRNA E4 R Rk L& E
POETEE T PR LA KMETE, £ PCR ik,
FOM: s 18 5 B/ 330 bp 725, EWTHE
W HH A B DNA H BT 71 IE7A.
2.2 siRNA % hTERT mRNA ik /KT B 4055 1F
FFF 2 & RT-PCR MIEFEEF WTERT 5Py %
FERL] B-actin mRNA R FRIEKF, ZRER, 5
pPUR/Ub “7 i e Je i) o) FRAE B AR LG, siRNA JB A
FERBARNS B-actin GAWHEIER, 6 L5 E hTERT
mRNA FEEA A ZHMEER (B 1. R
EEAMZITES L& DNA MEE, B EN
hTERT/B-actin £ & & A 1. W) ¥ % pPUR/U6/
hTERT 4t 2 ) hTERT/ B-actin LL{E % 0.25, siRNA
% hTERT mRNA FIERNHIZE R 75% (B 1b).

2

12 L
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02

pPUR/U6 pPUR/UG/LTERT

Fig.1 siRNA inhibits hTERT mRNA expression
Ca) RT-PCR to detect the mRNA expression of hTERT. 1: pPUR/U6/WTERT; 2: pPUR/U6; M: Molecular mass marker.
(bJ Quantitation of RT-PCR results by scanning densitometry of DNA bands.

2.3 siRNA %] hTERT 2[5 #i5 KE Al g ma
K 5 R 614 47 FE B K] WTERT 5 %F &
B-actin RIEARFENRE (BF2). 4828

ku
150

- 100

Actin

Fig. 2
(a) Detection of hTERT protein expression by Western-blot. 7: pPUR/U6; 2: pPUR/UG/hTERT.
(b) Quantitation of Western-blot results by scanning densitometry of blot bands.

SR AR B, B-actin WA L P e A 4k, TR
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“&, KA hTERT/ B-actin [LAEE R 1, N4
4 pPUR/U6/KWTERT 4 M1 ) WTERT/B-actin [h{E 4
0.19, MWHEIZEA 1% (E2b).
2.4 siRNA %] hTERT %} p53 iKW

pS3 B ERMEAHRIEE, RAr%E hTERT
AL FEAR p53 ACTE. S TR NS hTERT BIFRIA
REX pS3 MFEHEEM, KAES e T
pS3 EEAKTF, E£RERH, FUP pPUR/U6/WhTERT
JFRL R I AR A HepG2 H B p53 KFH 2=
(E 3.

Fig. 3 Down-regulating hTERT expression increase
P53 protein level
I: pPUR/UG6; 2: pPUR/U6/hTERT.

2.5 siRNA 7% hTERT % #h gt ) 80

AT hTERT mRNA 1k /K¢ 5 i B 5E Tk 45
PR, BATH R T L SIRNA F AR
FrE A R s B e 1. SRR, FQ pPUR/
U6/hTERT JFiFT 158 A 8 HepG2 20 JLis R BAVE M
FRf (4D,

Internal control S-IC

Fig. 4 Down-regulating hTERT expression decrease
telomerase activity
1: pPUR/UG; 2: pPUR/ U6/ hTERT.

2.6 siRNA 544 KT8 R

EH T A R T S A B IE R IR R &,
R S A B T AR S R T M R A LR A
1, AL T E0EN 2 HepG2 A KR

PARFIE] (R AR AR, LA EO AL bR il
MR L. SiREW, FH pPUR/U6/WTERT
¥ HepG2 #H B A KR B 5560 B pPUR/U6 =7 JTURL A
thAei® (B 5>, FMEHXT hTERT ) siRNA BEFN ]
HepG2 4HHAI 4K

60 -

50 -
40 F

30

Cell number/10°

20

tid

Fig. 5 Down-regulating hTERT expression inhibit HepG2
cell growth

Cells treated with pPUR/U6 and pPUR/U6/hTERT respectively in 12 well

plate were harvested and counted in triplicate every 24 hour. The data were

presented as x +s. 0—0: pPUR/U6/WTERT: m—m: pPUR/UG.

3 it i

RNA T3t (RNAD BT AEERES MR
5 siRNA LLF 75 R 1 B0 07 50 30am el oy iR 1
ERMRE, B Z AR RER G
MAEANTE. FAREENADHARMARNE.
SHETE sIRNA f17= 4 X B ELE S REFH
RNA 58 BT RSN & pk, R 302 E 1) 30 1
TEREAEY, BRARHMGHRSELRAEED
3%, ATRTEEILS «RNA BB R «RNA BEH K
| EH 7 F ) DNA =4, mEZE RNA RS
(Polll> ¥emHAIA, LUFR DNA Jy & fas: Jum
FLehiamB, FEAM AP RNA BEEEFEE RS
% RNA, X3 RNA A BEA T B R ETFHELE
¥, TEANBE BRI TEH T RIa/# K siRNA, AJ7EE
KE R A A REEAORED. BREHES
hTERT siRNA ) DNA #47. Em w2 E =2
Polll BhF—Us BaiF8 T, BT Us B3l
TR A oS TR FERBR 8 By, Fik/L
SEATAAT /T 400bp KGN T AV BEME A W%, &
B4 -5 MEEM TR S &R, BRAEE
FIEHIRNA, HIENSE (19 nt) B3 55 & B
(19 nt> FIS'HA9 bp MIIFER, BAMAEEAK
FREER, 3 mEES U, KHEWHRNA B
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A E R siRNA —FF, B A AU SRRER T
RNAi".

R, FEEEN —F LW E E T siRNA
WEMEEEEY. SRNA KIEN S HFIEEE
mRNA FIAI 4557 Caccessibility) IS, &%)
R F A AFF ] siRNA B98I 2 SR A
DR 0 JE 45 S RO FE 77 71 & RNA T H0AUTH B 50 B
BT RNAi A A R 2 — Fh i AL I, siRNA FN
RNase H KB BER BB BT M ERBE. FH
EF3f A — A7 AR B siRNA R A% # 2% i B
AWM, R ZEEEEE, «iRNA i
PRI, IRATSE AT BB TR AR AN SRR A I
ERLT — %% siRNA, H 4 £708EE siRNA ¥
T W) bR I BR AL R R r v, A Ah 2 4
(CHP—ZAASCRHNTFD TR siRNA R
R FO LA, BRE T B ELLL R 4438 1 RNase H
B[R AT AL RO N e mb Sy & B F R R &
B RN hTERT 80 XU B F 7). B4R 3%
R, X2 4 siRNA BI3E MR T FEHLIG L 895 41
(AXEFR. EXRFIMERKNR LEE (BR
18 EHRGRME hTERT LS, DIiZ
ITFIRIE siRNA FH i e RIE M mRE A, F
HepG2 4 B P [F] 4 7 45 5= 1% b & 2040 &) hTERT
mRNA fIEEEH A RIE, XA RO T EFIES
hTERT mRNA R UF 455, AT /S 305 58 5 F 49
TIEI . B R SRR B R SR A T B 2
siIRNA fIfEH AT SH FEID S EER MRS
RIS S siRNA 1R THEE B E 5 §iRNA {140
HER, AR R SIRNA JFHIIHHE A7 3005 .

hTERT mRNA §17KF 5 i iz B 35 1 25 U1 4H %,
SR IR AL R M A PRI AP IR, TR Al BRIETE AR E
R FEETERY. EawbEs A
FRFRIE WTERT HE3E fhom nr g9 1, {2t 40 ey 2k
R, TR R AN WTERT 03515 7] R A mmd A
FERER L AR AR B A A R RS S A B R
AT, AT siRNA 18 hTERT FA G &
SRAEIN HepG2 40 B v R 5 HONE TV P AR, {E AT
P ZHMIET, FEMBAKEEH DR T
MB, 5 Masutomi S0 By 5 AR, EALE AT B
fE WTERT BRI FIAT R4 Fu A S BFIRESR, T
7E G2/M AR,

R FERM, ps3 5 WTERT 2 |81 47 7641
AR, ZRICEAN B FRIE sIRNA F) HepG2 4 i
pS3 FIEACEH B E. ps3 MR F R4 A

MO T —Rer] Sl P i 85 Ry o {240 A
b, HSMBRABEHRS. EEFHAREFPEER
& pS3 Brl@ I A WTERT BO¥E 3R, $H smk B
B, EARSESEBRET, AEEHAER
pS3 M E, T AL hTERT F i § 6940 A 22 4
N RRI SRR E AR ATENE, RILMRET
FEANHEAETT. AT AR B A0 B A K AR TN 2
HEDRT, HTRES ps3 MEH R

Masutomi 57/ 1H siRNA %] WTERT K H 3%
T B T PR A L A (B e 4 A AN
2. BAARmA DNA BEHEFENIPILEL BT
s B NG R A, IR DB R ER Y
DNA & 4 #1 | ( altemnative telomer lengthening
pathway, ALT) BEAT vk 5 0700, H 4 B 18] sk
DNA TR AR B4 BEBOT, wmiiks
TR ALT 42 R SER, (E7EimAurg i 1t
SZRAMEE AAF T, AN BOE ALT B2 RYE
wRL AR R, M RRA BB AR . &
SCPRRRFEFIA siRNA RYAEHIRR [ pS3 18 {40 fury
WA, AR RRRIETT ALT B 4 R B () 8T,
E T RARRNLEAT 3 — P,

Fe L 2RIE IR TE SRNA B B3R5 TR B4
VAT «iRNA BH FAILA: o EARN—BHE
A, TIREAE I R ERRR: b BEHARS
ik, AR EERROME, TARSME siRNA
FRYEAFEMEM S E R BRI,
Fe g0 Rl e R AR FRIE siRNA,  SCILFERE ]
REFLEiltl AXERERANE 2 AAEHERR
FUEEAT M hTERT & H R& A4 B B, A
HE— B SR E IR B T &R

W TEARh, AMEEREARR S, T
M BEEMTE DNA &R AT TIEh 4§ 7 Ah
), I RTREE.
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Expression of siRNA Target Against Human Telomerase Reverse Transcriptase
(hTERT ) for Gene Silencing by Constructing DNA -based Plasmid Vector *

XIA Yun'*, LIN Ru-Xian'’, ZHENG Su-Jun'', ZHANG Min-Li"’, WANG Sheng-Qi"’ "
(Y Betfing Instituie of Radiation Medicine, Beijing 100850, China:
Y Department of Laborotary Medicine, The First Affiliated Hospital of Chongging Medical University, Chongging 400016, China)

Abstract RNA interference ( RNAi) is the process of sequence-specific posttranscriptional gene silencing
initiated by double-stranded RNA that is homologous to the silenced gene. To investigate the inhibitory effect of
endogenous siRNA on target gene, a DNA-based vector was constructed for intracellular transeription of a hTERT
specific short hairpin RNA (shRNA) and evaluate the silencing effect for h\TERT gene expression. hTERT ¢DNA
sequences from nucleotides 3565 ~ 3583 followed by 9 bp to form a loop and the corresponding antisense hTERT
nucleotides followed by five thymines were cloned to the downstream of the U6 promoter in pPUR/U6 vector,
resulting in the RNA interference vector pPUR/U6/hTERT. The constructed vector pPUR/U6/hWTERT and the
vancant vector pPUR/U6 were transferred into HepG2 cells respectively by Liposome-mediated transfection. The
antibiotic-resistant transfected cells were selected and enriched by applying puromycin in culture medium. The
surviving cells were seeded in 12-well plate for assaying cell growth rate by cell counting or harvested for evaluation
of hTERT gene expression by RT-PCR and Western-hlot assay. Telomerase activity was determined by TRAP
( Telomerase Repeat Amplification Protocol > and p33 expression level was assayed by Western-blot. Compared to
the cells transfected with pPURU6 control vector, pPUR/U6/hTERT caused efficient down-regulation of hTERT
gene expression and telomerase activity. It also significantly increased p53 expression level and inhibited cell
growth. These results suggested that the endogenous hairpin siRNA producted by DNA plasmid is capable of
mediating robust hTERT gene inhibition. It is promised to be a potential tool for gene function analysis.

Key words RNA interference, human telomerase reverse transcriptase, p53
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