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ik iR P e K562 SEFH A, LA MRS R MR AR L DR R M . F7 iR A ] hTERT 1) miRNA F63A4E
0 B BTUR LR e K562 AHAf, AR Uik K H g it PCR AN s B 1t & hTERT (3K, Annexin V/PT XA A 48 A 4
T, 58 miRNA FIAHESEEL YL 48 b J5 ,hTERT AYZIA BT TR, sipkr s 2k i gk, K562 A st in, 45, m
hTERT () miRNA FRAMEZLRENS A AL T4 hTERT BY3RIA , I0HI kA iE 1 , 75 K562 UMM T, L) miRNA FeIbHERL Sy BEal
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Discussing the inhibition effect of miRNA expression cassettes targeting hTERT on
telomerase activity and K562 proliferation activity

Zhao Dandan,Xu Hui,Li Yahong, Ling Han, Wu Shanshan, Yang Jinjii, Peng Jianxiong*

(Department of Medical Laboratory,Xiangya Medical College of Ceniral South University,Changsha 410013,
China)

[Abstract] Objective:To design the miRNA expression cassettes targeting telomerase reverse transcriptase (hTERT)and to discuss
the interfering effect on the expression of hTERT,the telomerase activity and the proliferation of K562,s0 as to provide a new gene
therapy for chronic myeloid leukemia. Methods:miRNA expression cassettes targeting hTERT were constructed and transfected to
K562 cells by liposome transfection. The telomerase activity and the expression of hTERT were detected by TRAP-silver staining and
qPCR, respectively. Cell apoptosis rate was detected by Annexin V/PI. Results: After 48 h transfection,the expression of hTERT and
telomerase activity were significantly reduced. The apoptosis rate of K562 cell was increased. Conclusion:The miRNA expression
cassettes targeting hTERT can effectively interfere with the expression of hTERT,inhibit the telomerase activity and induce the
apoptosis of K562 cells. RNAi technology based on the miRNA expression cassette is expected to become an efficient tool in
molecular level for the treatment of chronic leukemia.
[Key words] miRNA; RNAi; telomerase; hTERT; chronic myeloid leukemia
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A JEE PR T S M g A 2 R T 411 ) i o P
PERERS A A0S A R AN T, 18 ERE R i
o A2 I DR b — T JR A kg G 1 o B P
PR, WAEEE, BRI ITASURTT Tk, AT
miRNA Gl B N JEE miRNA THERE L, BA
AT AREEYE AN G RS B T
AOEARFE TR T Y i LL miRNA FEAHELL k5
Bl v TP RIS N AR DL RS AR S it
FAEEHE A hTERT 9 miRNA FEIAHESE  S6ge A M8
M7 K562 2, K40 hWTERT ik, sk g iG
PERAS AL B AR E A A T 52, DAY A PR
PR PERE R TR — 40T M EE BRI T i A2

1 #RFnix

1.1 ##

K562 4t Fh 8 1 44 1515 H1 0 S0 90 28 Y | Taq
Master Mix Taq DNA & & i . dNTP MgCL(Jt 5T K
WRAERHE AR A ); DMEM 40 g 55 7* %
(Hyclone 2> w], 36 ), /N 103G (WM O Z=H 44
TAREM B BR AT ; P1 Jul - Phusion Taq DNA B
A M  Lipofectamine-2000™ 54 Y4 5] (Life A F], 3%
) ; Annexin V/PI B F & (P EMEFEAF]),
SYBR Green qPCR i3 & (ToYoBo AH], HA),
RNA #2507 & (Thermo Al , 38 [ ) | 39 5 5% 5
& (Abm 23 A, [ ) ; ABI Stepone #¢)65E i PCR X
(ABI A #], f5 ), FACS it 20K I (Becton Dick-
inson AW, EW) A 1Y) XA AT RT3 R L i
T A,

12 %
1.2.1 miRNA £k AE LR %35 A%,

FI A 5256 % € R 2 B D) 19 DL R miR-155 2
FEA ) miRNA FRIAHEZED FIH] miRNA B it
(http: //rnaidesigner.lifetechnologies.com) 1% 11 3f %
B> Fe i 1Y 3 4548816 hTERT Y miRNA 5 41 1
1 ZEBEHLI XS BT 31, 43 EFF hTERT 1) 2 647~
2667 (miR-1).3 579~3 590 (miR-2) } 3 877~3 897
(miR-3) s, b miR-1 #0507 T FF 5% B 32 AE
(ORF),miR-2 & miR-3 8 & 07 F 3" dE 4 % X (3’
UTR), % BLAST (http://www.nchi.nlm.nih.gov/
BLAST)HEBRERR S [FIE P51
122 fml3E I R4k 3

K562 L FH & 10%M6 4 IfiLiE i RPMI1640 35
FHE,37°C 5% CO, WRIAAIE T 1535 . BOMEOH 240 i
R T 96 fLAREL 6 fLAR, H Lipofectamine-2000™

YR T AL G DA as g 2 1% I8
2, AL E A BT B2, SC862H 73 914 miR-1 4] |
miR-2 20 miR-3 41 % miR-2+3 4, f4i% 3 MEE .
1.2.3 miRNA RAAEZR & L B Rk B0E

MY 48 h 5, R K SOREE R
DNA, L5 HIR(5'~GAATTCGAACGCTGACGTC-
3") &% MR (5'-GCAAAAAGGCCATTTGTTCC-3" ) ¥"
WORKAELR | LIRS miRNA FEIAHES R A HEYe A4
0, WK ZR :2xTaq DNA polymerase Mix 25 wL, 5|4
300 nmol/L, #5547 500 ng~1 wg.95°C 3 min;95°C 30 s,
65°C 305,72°C 1 min,30 MG ;72°C 5 min, $2HL
&L RNA,#% RT-PCR 50 @B E UL 73 i 558
PCR LA GADPH JNZ 3K miRNA _L{iE514) 5'-
AGGCTTGCTGAAGGCTGTAT-3' , F gl ¥ 5 -
TGAGTGTACCTTGTTTACCG-3', GADPH #5149
5"-ACCACAGTCCATGCCATCAC-3", Fiifs14 5 -
TCCACCACCCTGTTGCTGTA-3" . 2 xTaq DNA
polymerase Mix 25 pL, 5% (10 mmol/L)1.5 pL,
MR 500 ng~1 g, 95°C 3 min;95%C 30 s,60C 30 s,
72°C 1 min,30 MEH; 72°C 5 min,
1.2.4  TRAR-ZR 3 iAo 5% 45 B 75 M

TRAP Sy I vir i 15 1 20 1 o) 20 g
48 h & ¥ Kim 3 24A% A0 dphor B & PRI 51 4
TS,5'-AATCCGTCGAGCAGAGTT-3';ACX,5'-GCGCGG
[CTTACC]3CTAACC-3', J Wi 2:1F: 10XTRAP 5 uL,
MgCl, (25 mmol/L)1.8 wL,dNTP (2.5 mmol/L)1.8 pL,
TS(10 mmol/L)1.5 wL;25°C 30 min,94°C 3 min;Taq
DNA fi##(5 U/ pL)0.5 pL,ACX(10 mmol/L)15 pL,95%C
30 $,55°C 30 s,72°C 1 min,33 MEFF., PCR 724
FH 129% 5 TR s ok 20458 12 FEL UK B s T 8 % (8 Aar U
PAGE Jist FHEE S AR A IEAH
1.2.5 TRAP-qPCR #in) 3% 5 B & 17

TRAP-qPCR 597 TRAR-EEY4%: IATA
B A 5 A% IR I R I AE {7 ) TSR (5" -AATC-
CGTCGAGCAGAGTTAG [ GGTTAG |7-3" ) 1k y ¥ i
Al EE ST AR IR R AR R B R 6.02x10°, 5 A5 48 LU A
Fe. 20 wL 2 B /& 2 4 :SYBR Green qPCR Mix
10 pL,ROX1 04 L, TS 250 nmol/L.,ACX 250 nmol/L,
2 i B (B TR 0.3 ng/pL) B8 TSR 2 L, ik
HRGEK 2 BT 20 pl, 25 °C 30 min, 95 °C 10 min;
95 °C 15 5,60 °C 40 s,40 PMEIR,
1.2.6 RT-qPCR #: hTERT mRNA % ik

B 48 h JE IR K562 4ifE, HREUR RNA,#%
RT-PCR i G E U], HFATI5E 5%, qPCR LA
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BFHE A B 2L, % U] hTERT miRNA F5AHESS K562 ARt i
FHERRERSZALT]. 7 5T E R4 (AR BHEIR) , 2016, 36(3) :293-297, 306 - 295 -

GADPH “H N ZH: A hTERT Fi%514) 5'-CGGAA-
GAGTGTCT GAGCAA-3' |, F iif 51 ¥ 5 -GGAT-
GAAGCGGAGTCTGGA-3' . GADPH L5 5' -
ACCACAGTCCATGCCATCAC-3', FifE5|4¥ 5'- TC-
CACCACCCTGTTGCTGTA-3' , SYBR Green qPCR
Mix 10 wL,ROX1 0.4 wL, 5147 250 nmol/L, itk
500 ng, 95°C 10 min,95°C 30 s,60°C 40 s (40 M/
1), hTERT mRNA AHXTERIE LA 27449 553047
1.2.7  RXAW 2 e B 2R

ML YIS 48 h, WA , Annexin V Fll PI £%
5L, E 10 min, RIS 1x10°4~/mL,
FACS Ji =3k
13 %it#5 %

BARGE T SPSS11.8 Geit#hfd | 45 K%
FHEVEC « ApiEZE (x = 5) FR , 4R L BCR LR %
T3 225080, PP L8R T LSD ke 4 (T 22 5% ) 8¢
Dunnett £55 (57 2A4A55),P < 0.05 NESAHGIT

2 % R

2.1 miRNA RAAER 2L R KKK T

H T A5 miRNA EIAHEGLIE DL miR-155
Fehil, B 3 2N T A A miRNA HEAR M e 43k
K pri-miRNA R B BEAANE], FfHAA AR B 32
FE3 ., BRE R s L Tk 7R miRNA IR HE 2L 1Y)
PCR 7=¥°} 365 bp, STHZER—2 (& 1), miRNA
RT-PCR F=#°} 127 bp, N2 GADPH Jy 396 bp, 5 i
BT E—3,
2.2 RT-qPCR ##] hTERT mRNA % &

FOEE R hTERT mRNA Fik45 58 B, T
Yo 41 hTERT mRNA A X} 2 15 &8 43 5l 4 miR-1 41
0.54 + 0.04, miR-2 2 0.37 + 0.06,miR-3 41 0.19 =
0.02,miR-2+3 2 0.03 + 0.01. 4 T 4k 41 hTERT
mRNA AHXS %3k 5 B AR T B M IR (0.88 +
0.53)(P < 0.05, 8 2), FWIH [ hTERT /Y miRNA
FEIRHEHE RRAG AT S5 i R R e
2.3 TRAP-$& 32 ik 52 PG 3% 45 By 7

523 PO IR LU, 2550802 K562 2t o sk it
15 P 35 32 B [ A2 B2 A 90 ), miR-1 miR-2 miR-3,
miR-2+3 2 I B 32 300 R (5230 + 1.24)%
(6840 + 3.54)% (75.18 + 2.45)% . (82.67 + 3.10)%,
BP0 BRZE R WL B S 4l [ (5.27+3.60)% | (] 3),
2.4 TRAP-qPCR % & & #il 5% ¥ B /& 1

Ut A I i s G 1, DA S A il A 1 7 )

A M 1

2 3 4 5 6

A:miRNA FEIEHELLEE YL AL B0 ; B miRNA 76 4 i N R R 1%
B, M:marker;1: MOCK({UENEBAR) ;2. NC(BHPEXTIR) ;3 miR-1;
4.miR-2;5:miR-3;6:miR-2+3,
B 1 PCR P35 REE g B ik E

Figure 1 Identification of PCR product by agarose gel
electrophoresis
1.2
i
% 1.0 T —
Z 0.81
= 067 -
==1 *
E 044 T
P
] %
2 0.2
= EF:3
0.0 . T . . —
C\L LN \:7/ > N}
&0 R 6\\?‘ 6\8 \0\?‘ @S‘:L

MOCK:ASMANGEA; NC. BHI], 5 MOCK I NC 41, P <
0.05; 55 miR-1 Al miR-2 20 Fu#%,*P < 0.05,
E 2 hTERT mRNA #8%t GADPH KRz =
Figure 2 The relative mRNA levels of hTERT were deter-
mined by real-time PCR

I WS TS M, 25 SR N, T 2 s U
3914 miR-1 4H 2 215.86 + 38.72,miR-2 £ 1 464.24
+ 158.72,miR-3 4 1 085.77 + 62.64,miR-2+3 4
92508 +50.51, THuLH vk G PE R S AT B PEXT AR
ZH (11 125.82 +492.66) (P < 005, & 4), FHAH A
hTERT ) miRNA FRINEALRENS A A flsmhr i PE
2.5 AR La AT

it ARSI 25 R il s TR K562 AL 1584y
B4 miR-1 40 (2436 + 423)% ,miR-2 20 (35.10 =
238)% ,miR-3 #H (42.97 + 3.07)% ,miR-2 +3 %
(68.12 + 1.53)%,, 2 TR 40 TR B FI X IR
ZH(4.10 = 0.51) %W B35 (P < 0.05, 18 5) . =B
1] hTERT [ miRNA FRINHEZRRENE AT 2015 5 K562
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Marker; 1: MOCK (X% BE A ) ;2:miR-1;3:miR-2;4:miR-3;5 :miR-
2436 BITEXT AR 7. 28 FOW IR CRUR RS AI ML 244 ) . 55 MOCK 1
NC 4 EbE, *P < 0.05;5 miR-1 A1 miR-2 41 HeA,*P < 0.05,

3 ImAIEEE MM SR E
Figure 3 Telomerase activity was determined by TRAP-

silver staining
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Figure 4 Telomerase activity was detected by real-time PCR
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Annexin V
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Figure 5 Cell apoptosis was detected by Annexin V/PI double-staining
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KA, W5 UM N 2 R AR DGR TR
TRR, SR RGN R IR OGS R, A
N it 7 i 6 1 B A Sk bR a2 W . TS R E B R
PR — KA

RS TP ) 335, RNA THLE 208
R BE RIR T I ) TR B R R R e
sIRNA AT US| A5 250 b 10 1 22 508 M 19 1
WA 5 BCR-ABL fill & 25 11 38 15 A 4% 11 1l
s 200 it 22 T 24 A G (R 6 PR ek ) B iR
VR 22 0] 0014 5 DR | A siRINA S5 P 410 35 DR R0 8 A7
MR, ARMBR RS, YL et g
P I3 A BIF 5 2 B, 12 I A0 e sk
it P < 3k v T OE R R AN M, L b R M
o I R AR B R IE A G, TR hTERT BEBW2 A AL
P10 +f) st e il P DA 0 A 1 O 0 8
FEE TP T2 PR I e it e i ) 3 PRIA
7 SR WA AR TS M I A RGE A T
H A siRNA AR TR B2 (0l TH 5N
T miRNA BAE Sy 5e 4, i P IEPE miRNA
FIRZEAEL, MR B AR E 2 ARWFSE L
miR-155 i KAl 44 & #0 [1] hTERT ) miRNA ik
MEZE . miRNA FRIAHEZEFE L K562 4 fifl 48 h ),
hTERT &35 & W12 N B, sim A 1l 0% U 1) S e
8%, TR gt ARG &5 SR 2 7R K562 41 i I T~ % B
WHE . MRS RERY, FE K562 40 A H )
hTERT B miRNA 2% ik HE Z2 6845 A 2 T4 hTERT
)35, T hTERT 283K B 8 % W b [ A1 o A7 1l
FITETE, JFE AR TS, Il K562 (11
FE ., AN ARSI A B ) 3'UTR Y miRNA Xt
hTERT 940 22 B 2 /& T#1a] ORF Y miRNA , It
M4 5N TETE miRNA VR RE SRR, #E0 7] fig 2
iR Y 5 e MR [H], 37 UTR %8¢ ORF 76 —
RLEM LHE R, S, RSB 3T UTR
1) 2 4 miRNA #EATHRG T4, 45 SR8, B
TR B A TR X hTERT (430 5 i 2 ] i 3¢
i, RIS T e — M N A0 TR
W, JUH FARLE T ACR A A A, B2,
DL hTERT R 5 B 3 RTE IT R W, A B Rl —
BB R I IR YT 5, A B ST A A Y
miRNA A HE SR — B A3 25 AT %8 4 1) RNA
FHTH,
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