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[ E] H [j(] AT RNA T4 A v 7 il 306 %% 5% i ( human telomerase reverse transcriptase , h\TERT ) 2 3k K i R 40 i
SW4S0 JHT- (M, V5 MUEEHEHS hTERT /& ¢ T35 RNAC small hairpin RNA,shRNA ) {4 5 21 355 24& pGPU6/GFP/Neo-
hTERT-shRNA( f&Fk hTERT-shRNA JBik: ), BE B AR VLS4 4 SW480 4 il , RT-PCR 2 K5I 7 [R] % YL i) (8] 1 SW480 4Hi i th hTERT
mRNA [J5%35 . TRAP-PCR-ELISA AN 4E YL 5 48 h SW4AS0 4 iy sirher Bl M , 25 5 e B UL ZE B4 YL 5 48 h SW480 4 g 4
25Ky, 45 F: NTERT-shRNA k%Y 48 h i, hTERT-shRNA 41 SW480 4ififl ATERT mRNA 53k 40 i % 1 2 & F25 (141 8
AR ZH \NC-shRNA ZH( 75.0% vs 39.2% \33.3% .28.0% , P <0.05 ), hTERT-shRNA ¥:Yt2 SW480 4 Aty diher i 1tk i 1% T
24 JEFUALL .NC-shRNA £H( 2.242 +0.285 vs 2.756 £0.089 ., 2.693 +0.225.2.691 =0. 120,P <0.05 ), hTERT-shRNA &
R YL 5 1Y) SW4B0 A1 MG AR A 0 46 /0N 40 M A [T 45 e (0 DA X S b T A B R R AR s IR i &, i BB i R TR A
S50 RNAT AT ZC0ER SWA80 41 rh WTERT B3k , FAIE SW480 41 ISk M 1 , 175 S SW480 AN T

[ X8| ] RNA TH; KA hTERT; Sk il ; J8 12
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RNA interference-based hTERT gene silence induces apoptosis of colorectal
cancer SW480 cells
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ated Tumor Hospital of Guangxi Medical University, Nanning 530021, Guangxizhuang Autonomous Region, China;
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mous Region, China )

[ Abstract ] Objective: To investigate the effect of RNA-mediated interference of hTERT ( human telomerase reverse
transcriptase ) expression on the apoptosis of colorectal cancer cell line SW480. Methods: Small hairpin RNA ( shRNA )
targeting hTERT was synthesized and recombinant plasmid pGPU6/GFP/Neo-hTERT-shRNA ( named hTERT-shRNA
plasmid ) containing hTERT-shRNA was constructed. SW480 cells were transfected with hTERT-shRNA plasmid by lipo-
some method, and the expression of ATERT mRNA in SW480 cells was detected by RT-PCR analysis at different time
points. The telomerase activity of SW480 cells was examined by TRAP-PCR-ELISA analysis. The ultrastructure of SW480
cells was examined by TEM ( transparent electron microscope ) 48 h after h\TERT-shRNA transfection. Results: The inhib-
itory rate of ATERT mRNA expression in SW480 cells of hTERT-shRNA group was significantly higher than those of blank
group, liposome group, and NC-shRNA group ( 75.0% vs 39.2% , 33.3% , 28.0% , P <0.05 ). Telomerase activity in
SW480 cells of hTERT-shRNA group was significantly decreased compared with those of blank group, liposome group, and
NC-shRNA group ( 2.242 +0.285 vs 2.756 +0. 089, 2.693 +0.225, 2. 691 +0. 120, P <0.05 ). SW480 cells in
hTERT-shRNA group showed smaller cell size, nuclear condensation, uneven aggregation of chromatin along the nuclear

membrane, and increased vacuolization. Conclusion: RNA interference can effectively silence hTERT expression, reduce
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telomerase activity, and induce apoptosis of SW480 cells.
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KM E( colorectal cancer, CRC )&% WAYIH AL
TE IR 2 — TR WS [ 52 J A e R S R 10 565
2 FEFRIE, BB KB AR AR S AR R
ks, HL R SRR AR T, 7 G AT
A B R . 50% 2ot K B L TR M2
R, PRI 3B D) 4 5 B 3SR A B IR YT T e . i
KLl A A N A i) 1 AR S 2 —
TEZo Tl bR vh 29 R [ R B A e kT b 4
it £y by i RNAC human telomerase RNA, hTR ) | ¥iii
R A ¢ 8 H ( telomerase related protein, TPI ) Fll A
st L B 195 %% 5% [ ( human telomerase reverse tran-
scriptase , h\TERT ) = #4340 . hTR Fl TPI 7¢ IE %
LRI ZH A 3k, 5 i B 1 T ARG,
117 WTERT WUJRFif 25 4 A K A Ak e i v s s il 005
28 35 1Y, HC U800 xR Tl o U 2 — > R 25
B>/, RNA T RNA interference, RNAi ) R Ky
IR (50 F AR IR YT RE T OB YR AR O ARBFSY
i RNAL B, LA s 208 v A i 146 1 19 N R i o
SW480 Ak B FEXT R AL hTERT JE Y
shRNA H # % ik # K pGPU6/GFP/Neo-hTERT-
shRNA , WEEHE YL J5 SW480 4P hTERT mRNA #
K L it R SW480 41 M A U T B, 4R 1
hTERT JEPIAE Ry R de ik R RE 16167 O E (L

1 #HREFEE

1.1 H#E A

KWd SWA80 A MLk A 11640 L, KIAAT
DHS o ARSI S ARAT, L-15 55 352 3L F0 i 4 1M 37
JZEE Gibeo 23 TP . PCR-TRAT-ELISA i b it
T PERG N 7 &8 75 [E Roche 23 B 72 i, TRIzol
H Invitrogen 23 5], 3% % 53050 & B MBI 2 A,
BR 1 P9 VD B BamH T, Pst T ,Bbs 1 ) &% T4 DNA
TG W H TaKaRa 2 7, Lambda/Ecol301 marker
g H MBI 23], BORL/ MR #2108 &0 H Omega 2
Alo BCA Bk B M & B 38 = RAEYH
ARWFFEPT
1.2 pGPU6/GFP/Neo-hTERT-shRNA A # & ik #
R My

X N RTERT #: 5 B mRNA N Gene bank:
NM-198253. 2, ¥ #& Tuschl 7', f 5 B8
WA A B, 2= A i 3 288 ) hTERT JEH 1) siR-
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NA , ¥ YL K Jiz 6 40 i SW480,48 h J& % il RT-PCR
7RI e Y — 45 %F RTERT mRNA A5 B S 30 1 7
siRNA ., B He 0 siRNA 1531374 i shRNA ZE4%
AR B B hTERT-shRNA ), [R] i 5 B JC X siRNA 7
H)( NC-shRNA ), 73 5iliE K8 sOSUEE , IF 82 ALtk Ak
JF ki #8448 pGPU6/GFP/Neo, 14 & pGPU6/GFP/Neo-
hTERT-shRNA ( & #& hTERT-shRNA ) I pGPU6/
GFP/Neo-NC-shRNA( i # NC-shRNA ) #k {4, #% 1k
KIGFFE DHS o S, PRHCPH 1 5o R, 420 24 A 1 i 4
FoRiC Ul BB AT ERAE ), FBR i1 N YT BamH
I 1 Pst T 3 B D5 IF 248 i e B Bk
A BR2S FI AT R P 30 5347 o
1.3 hTERT-shRNA Ji %4t 4 SW480 4m fitL

SW480 4L Fl & 4 10% /INAF 1L . 100 wg/ml
HR R M 100 U/ml BERE R A L-15 B9 &, & T
37 C 5% CO, FEFFFHEMIGFE . S MmG B
ik 80% ~90% Fif, LA 0. 25% [ 1k , B 41 fg 32 il
%6 LM, BFL(3 ~8 ) x 10° N4, i A& & L-15
BR IR RS IR, S A ) A B IS 2 90% B T IR
BEYL SISy R 4 N4 BES 4 R R AR 4 NC-
shRNA 41 K hTERT-shRNA 41, &40 % 3 N E AL, ¥
YUHT 2 h e TCINE IO L-15 35 5% 4k 2 4
I, ¥ BB TR 2000 B AL (445 4 Ty vk A7 2 G
YEo FTCILTE  JCRUPT A L-15 55 3% 30 B AR 4
2000, NC-shRNA F11 hTERT-shRNA , 4X Ji 4 F& 5 ki
DNA: g ik =1:2.5 (I ELBRR A IR &Y, =
HEECE 20 min, PR IR G P00 A 20 40 i, R AR TR
51,8 T 37 °C 5% CO, BTt AT % MR 5% .
1.4 RT-PCR 4 ml SW480 1 i+ hTERT mRNA
89 R A

hTERT 3£ K 9 51 #1( L R 5'-GCTGCTCAG-
GTCTTTCTTTTATG-3', T i 5| ¥ & 5'-CGACG-
TAGTCCATGTTCACAA-3" ;318 F B 252 bp )FIN
Z 08 GAPDH( #5140 5'-CTCAGACACCATGGG-
GAAGGTGA-3", MiE5 1494 5'-ATGATCTTGAGGCT-
GTTGTCATA-3'; ¥4 K Bt 450 bp )i _LifgAEY) T
FEAFI G A2 FI 4 IR iR 4 . NC-shR-
NA 2 K hTERT-shRNA 2 (%% Y45 24 .48 .72 h [
SW480 #i it , K F TRIzol 271 42 Bt 4% 4H 4% Bsf [71] B 1)
AN RNA, % 8L 2 wg RNA 33055 5 ¢DNA, JE4T
PCR §"#% ,PCR RN R K 25 pl, ¥ G540 94 C
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HASPE 4 min,94 CARPE 45 5,57 CiBk 45 5,72 C
FEMR 1 min, FEFT 30 PMEER,72 C A KIEH 10 min,
P aE R s U WAT 2% B IR MHEE I HL UK , A YR 52

/@R 3 e S5 Quantityone 462 EEE AL
UL BT A AT AR A 250 HT . mRNA 35 AH
SHME R (% ) = ( X IR - L4 )/%F B 4] x
100%

1.5 TRAP-PCR-ELISA 4| SW480 % it 3%
prlica

Ui R R P S0 — SRS EEE N - W A
PEW 5250 telomeric repeat amplification-polymerase

Kl

chain reaction-enzyme linked immunosorbent assay,

TRAP-PCR-ELISA ) 32 J5 B « 4l 32 5% Y J 11%) 41
FH AT PCR Y345 K= A8 M | 43 0] 4 1 B
A =2 AmC i) 59738 Y n H5E  BoRe 45
BRER, 24387 B A 2 S 1 e e LR
BT AEY R B S G MRE LA & -F 5 A
B RIC BT B PR LS & R F AR, B
5 BRSO E o FEASSEgG 43 i s s 4
JEFiAARZL \NC-shRNA £ &% hTERT-shRNA ZH %% 48
h J5 [ SW480 41 M, REZH L 5 x 10° 35 3% 41 M,
1 000 x g 50> 10 min, 4 BT UE fin A S, 45 1L
AR ARZEE 1, I BCA BE AT 8 e b . R4S 4l
FEAWE R 5 mg/ml, #% 18 PCR-TRAT-ELISA iR 7|
B U IR AT v R TR PRGN . AR ORI D E

i 1l Jhll
SR B e SRS ERERERR S R
ARGEA b L R TETR

|I|Ir|l'|-I . I'II lI.I'|,J~'||| | I," I|l|||||l Wil

||I|I'- | [

"| IIII A

PR v br il 1% PR SR L, D = S AL D,
[)630O
1.6 EAT AN LS SWAS0 4o ity AL M
W BERL YL IS 48 h (1Y) SW480 401 T 10 ml B5.0»
LA 4 °C R PBS, 3 WA 52 4T 45
51,8805 2 000 x g B0 20 min, W FE FIE WK, 40
28 3% IR 5E ,0. 1 mol/L PBS WUk 3 WK, k2
&% ,0. 1 mol/L PBS J& 1k 3 K, L BEA A E( 50%
70% 80% 90% IWisK 15 min, ZEEPSER 1: 1( fAFH
IR 90% )R IK , 1009% T B i K 3 ¥k, 41K 10
min, HIELEFRE 7GR, HEAR K ) 5 it e A
SCHRF R AR X455 e, I TR A R A PR A e €, 35 S R
B WS A MBS S R A A ) AR 1k
1.7 %itsam
BEH x £s Fn, R SPSS13. 0 Geit#F, 4
[i] e R P B 28 5 224381, P < 0. 05 3¢ P <0. 01
FRERAGIEE L,

2 5 X

— i AL it

2.1 hTERT-shRNA Jit 464 ) 5 %52 2 R

FA IR shRNA g5 751 5 1% 1110 | Br e &
— 3, B AR 2 IE B, B Al AR 246 ~
305, UL 1. shRNA #5125 CACCGCGGTGTGCAC-
CAACATCTATTCAAGAGATAGATGTTGGTGCACACC
GTTTTTTG.,

' 1 1l 1l L 1
-Iil-ll---l I l lrlllillllh--rihlllllllllﬂ-il-l-lllil-l -
T »

BT EITTTTTG T TARTTCTA REGT G

||H il

“I II '~|I|| Ll ||||- 1] II'Il;IIllIIII'I '|

B 1 EZ8 hTERT-shRNA il 7 B g
Fig.1 Gene sequence of hTERT-shRNA recombinant plasmid

2.2  hTERT-shRNA % # T 38 SW480 % fg
RTERT mRNA #) & A&

hTERT-shRNA #4245 24 48 72 h,SW480 il ity
RTERT mRNA ik N H, UIFE YL 48 h i i &
(P <0.05)., hTERT-shRNA %%t 48 h I}, hTERT-
shRNA 41 hTERT mRNA F ik HHMEIR K 75.0% , 5
2% AR IR ZH B 1A % BB 4 . NC-shRNA 41 e %5 ( 411
Tl Z 92 39.2% ,33.3% ,28. 0% )34 Gt

BX(P<0.05), 450 WE 1 K2,
2.3 hTERT-shRNA #% % 2F SW480 %1 At 3%
P 4 F6p )

25 41 JE AL \NC-shRNA £ Fl hTERT-shR-
NA 4 SW480 4 il f% 44 /5 48 h, H] TRAP-PCR-
ELISA £ I 4% 21 st b7 g 3 M. % UL )5 48 h 4541
SW480 £ it iy bor il 6 M LA U R - 25 (U4l D A
2.756 0. 089, I8 FARLL D {5 M 2. 693 +0.225,NC-

A2 By
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shRNA 20 D {H }y 2. 691 +0. 120, 3% 3 #H SW480 4
i S T PR AR AS B Sk, 3 L) Fb B 22 SR R 41T
#7% X (P >0.05); hTERT-shRNA 44 D {8 K
2.242 +0.285,SW480 4 i vy bor G P B B AR, 5
HoAth 3 2 AL, 2 RIA G E (P <0.05 ),

%1 hTERT-shRNA ¥ $/5& 2 SW480
YRR hTERT mRNA HItEX KX E
Tab.1 Relative expression levels of A”TERT mRNA
in SW480 cells in different groups after hTERT-shRNA

transfection ( x +s,n =3 )

hTERT mRNA/GAPDH mRNA

Group
24 h 48 h 72 h
Blank 0.53+0.03 0.53+0.03 0.50+0.04
Liposome 0.49£0.01 0.48£0.08 0.47+£0.07
NC-shRNA 0.48 £0.03 0.45+0.06 0.46 +0.07

hTERT-shRNA  0.46 £0.43" 0.32 +0.03"70.43 +0.06"

" P<0.05,""P<0.01 vs blank group

Ml 2 34M 1 2 Y4123 4
LiAPIIH
WTERT
24 K LH i ah

B2 RT-PCR #&ifll &4H SW480
4R hTERT mRNA HRiEKFE
Fig.2 hTERT mRNA expression levels in SW480 cells
in different groups as detected by RT-PCR
M: DNA marker; 1: Blank group; 2: Liposome group;
3: NC-shRNA group; 4: hTERT-shRNA group

2.4 hTERT-shRNA %% %55 SW480 Zm e /A —

5% hTERT-shRNA JT A7 48 h J5 () SW480 4fl
J, HLABE T T AL AT B AR B S A N 20 A [ 4 3%
T S RN B0/, EE Z I Je . A R 4540 v 5
H BRI AN ST TR AN M A I T R AR 4T
2 IRC B 3A )5 A I 4 rp ik T DL 4 i A% 2087
AR R BREPORC B 3B ), Nk, 25 i
W2 3C). & HACE 3D). IR miA4 K
3E )1 NC-shRNA ZH( [&] 3F )40 M 2543 , B0 R oAk
WA, 2 SR IE , 40 A% Y (345, 4 i
B R . L, % G hTERT-shRNA JFORL )
SW480 4 it 4 B T iy I A2 AR, xof R 2 441 A
A R, A L3 48 O 1 ) R s R AR Ak

L -
Ly 4 F
px, ..ﬂ__r'

El3 hTERT-shRNA $3i%-5 SW480 ZHARAT-( =3 800 )
Fig.4 hTERT-shRNA transfection induced
apoptosis of SW480 cells( x3 800 )

A-C: hTERT-shRNA group cells; D: Blank group cells;

E: Liposome group cells; F: NC-shRNA group cells
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F1 1994 4F Kim 28 SVl Sy 7 sk 8 2 4 Bedy 1
TG TN Sy P R DA, B O e i 4 A
siigor i PHPE 38 | 1T E 5 L2 R B DR o il ]
VIR R8I T AR A ) o oL 2 11 B a5 A AR
1) 3355 7 ST, B AR T BUAZ G (0 R Y R U 40 i i A
Tt R —Fh A% B A% TR 1 ( ribonucleoprotein ), F i 4. i
RNAC hTR ) B4 il AH G AR (I TP ) st bor g6 e S
B WTERT ) =3B/3 0 o RIS SRS , 76 4 A i ar
fiti 3 LA mRNA A, A v il 7 57 hTERT
mRNA 2 3k 5 i 7 il 15 Pk B 25 A OC, Bk, A
RTERT mRNA ik , T Jsz Bl vy R G036 14 o o Ao Jg AN
ORI 3 5 o ARG 56, T ELS 40 i i)
PEFAL bR Y S 2 5 AR O B

Shoji 25 A Ny, v 1% e s ke i AT BE R 45
FE RS 0 FE RS R R . i by B T5 1 A1 hTERT 7645
JEN L AL RS v SN T R = (A (N 7R )
AL SR AT hTERT 268K A Wi T b 540
T4l B ARk B 25 56 78 1) 45 B 9 L FH M 3Rk
RIRW s AR AT T R W, AE K
17 96 4 L e ity T ) 6 D S R v, R TA O i A i
TP 5 P PR R R LM G , R Sk K o 1
PEFE B R Gz — T DRI s e A A K
BTSSR B

RNA THE1E R — R iAoy T2 7
AR 2 h B R . RNA TS
FOBL IR Y SRR S 55 SR SR JE R UK, B B 4 R R AR
R TR S BELRT A R SR A R T2 ol
I ATFE BT FIAG 8 T A RO [n] ATERT JE R ot
#i hTERT-shRNA ., ¥ hTERT-shRNA %% A F] SW480
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A LI ATERT JEIR 9335 , 758 hTERT
X SW480 AT Ay . G5 R oK, 5245 H 4 AR
ik NC-shRNA ZHAH L, 4% Y% hTERT-shRNA J5ikr
J5i B SW480 Zifi7E 24 48 .72 h Bf hTERT mRNA Fik
HOEETRE, LIS 48 h i B35 ( P <0.05 ).

TRAP-PCR-ELISA £ R 7 5K ) ity Ao g 1) 3¢
iK1 2B0 0 AHFSY R F TRAP-PCR-ELISA ¥ 46 ] %
Yt hTERT-shRNA JFik7 48 h J5, SW480 4 fitd s i il
FITEPE , 455 Bon, 5 HA 3 41 H %, hTERT-shRNA
2H SW480 4t Jifd sty A7 i 1 4 BH 2 B AIK( P < 0.05 ).
AHIGE R FHACA RS 0 04335 3 FLBE , 4 hTERT-shRNA
JECREG e SW4S0 4 48 h J5 , i85 S LB AT WL 4n
FLAA AR B S 406 /0N | A0 A 11 4 3% T S kD | 40 i
JEEBRDR ZE S | 41 b 4 T 1) R 2% B T 2 46 400 R 0 T i
HIEASSA0 T 0 FRZH 20 i A 4 R, R DL 3 4n
JHT- B IS F AR

AR EER ,RNA T AR T dsRNA 747
HIRESEVE (55 5t S5 hTERT 3[R T 2R, BH W SW480
YA ATERT mRNA [ 2R3k, $00 i it or it 14) 736 14, AiE
F SW480 AHMLIA T, R ) MARAL T S LA
AT AL TR B . {H )&, Masutomi %[24: WiE,
siRNA il ATERT R 3% 1k BA] AR o bor 05 P
{5 240 B s 46 e - AN IR Sk o 2 e A A7 A B D
BUH, 6 7 S Bt P 22 A, 403 mT LA o — N4
R DNA S MR UEF TSk 0 o BT LA, Sk B
hTERT BEPRJ2 A5 2 K W 98 v BRAE A VR 97 B0 A5 I 75
2P SE .
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