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Abstract; Objective To construct double expression retroviral vectors targeting chronic myeloid leukemia
(CML) b3a2-type mRNA and investigate its effect on the phenotype of K562 cells. Methods The eGFP cod-
ing sequence was inserted into the retroviral vector pMSCV-neo to construct pMSCV/GFP, then H1-RNA pol
Ill-based transcription cassettes was subcloned into it to form pMSCV/GFP-HI-BCR/ABL40AS. Two control
vectors pMSCV/GFP-H1-BCR/ABILAOS & pMSCV/GFP-H1-BCR/ABLBOAS were constructed in addition. All
these constructions were identified by restriction enzyme analysis and DNA sequencing. After that, the recombi-
nant vectors were transferred into retrovirus packaging cell line PT67 by using lipofectamine2000, and G418
were used to select stable virus-producing cell lines. Viral titer was determined by infection of NIH3T3 cells se-
quentially. The cell-growth curve was assayed, cell apoptosis was checked with Annexin V-PE/7AAD double
staining and flow cytometry analysis after 24-hour infection, the PKR phosphorylation was assayed by Western
blotting. Results The plasmids were successfully constructed. Four cell lines, named as PT67-MSCV/GFP,
PT6740as, PT67-40s and PT67-80as were gained by G418 selection, and virus titers were 6.2 x 10°, 5.6 x
10°, 4.6 x 10° and 6. 0 x 10’ CFU/ml respectively. PT67-40as suspensions could induce K562 cell apoptosis by
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(22.54 £3.19)% , significantly different from PT67-MSCV/GFP or PT67-40s (P <0.05), except PT67-
80as. The level of phosphorylated PKR was only increased in PT67-40as group and PT67-80as group ( by
59.20% and 60.33% , respectively ). Conclusion The double expression retroviral vectors have been suc-

cessfully constructed and it can inhibit K562 cell growth and induce cell apoptosis. Therefore, a PKR-activating

dependent method may be set up as a new strategy for cancer targeting therapy.
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CML) J2 & 1ML 1 48 Mg 7K S et 4k 5 47 1(9322) (q34;
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HEE ¥ (double-stranded RNA-dependent protein ki-
nase , PKR ) 45 5 04 1 5 | B2 00 200 L 08 1 £ 556 ek (] P 4 fick
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1.1 ##
L1 EERH Taq DNA Z5 Bty | 3 A= 0 AR A PR

A L=, @ PR B Tag B ( Tag Plus) , BRSEE A EDEG EcoR T |
Xho | \Sac 1 Hind 1l , DNA % He a7 & | 6 =0 8c i 37) 45 1 0 -
TakaRa 4% ], RPMIL640 55354 % Hyclon 22 &) 7= 5, 2k L3/
(FCS) 2 W 60 14 3 3 A &), L-4% e ik R | 2~ 3k 1 0
(2AP) BB (Polybrene ) 2y Sigma 25 &) 7 o TR0 i 77
Annexin V-PE ( BioVision ) , 7AAD ( % HI| & 3£) . Actin Hi i, —
U, B S AL B AR 0 R 186G HUik, MO o S M A
RN TG PLA2 e B @O+ 50 5] DAB |k H E
marker , FUR EERE . PVDF ( polyvinylidene fluoride ) i \N, N -iF Ffl
AP AR A VR oy O O S W b T b L A s R 4 D
PKR —H 8RR AL FU(AR M [ Santa Cruz /3 7] .,

L2 kAR KRIBRFE(E coli) DHSa HA % {4
71 s pMSCV-neo 306 % 53¢ 955 3 48 (K 9 F BD 2% @], pSilenc-
er3. 0-H1 14F Ambion 43|, IRES2-EGFP g Tk BB ke 2 i 2%
7 AR 5 T ] A

1.1.3 5| 3R BEs it Hi4# BCR/ABL b3a2 % mR-
NA( GenBank %-fifi 5 : AJ131466) fili 45 (v &5 42 4745 20 bp J751) %
T AT 40as] F 40as2, WL 1, FF 3 P00 a8 1 00 47 05,
a1l AR R — X R T-A (RHA T RIZ4RiD)
46 Ky Cog (S X (1 50 A 2 B o) XL RINA X 11
M PKR 5" ) . 4l 40s1 4052 FILAM EER] IR #G 1A 4R 40
h3a2 Bl 22445 40 bp R & 1 312K I B £ ) %1 PROL AN
POr( 2 1), LA [ 5 PCR § 4%, 3 eb PSOS (9 5 5 4 40as] i
TTHA L 22 A8, & W IE W [ AP 75 PCR 5|4 Ec-GFP Xh-

GFP sa 1 Hd, %) L3 1, LA BRI RR Y i A T 60,
WG T - 20C R GE&E .

®1 AMMFS
i izl
5"-GATCCACTGGCCGCTGAAGGGCTTCTGAACTCTGCTTAAATCCTTTT

40as
" TTCGAAA-Y (54 )

ny 5 -ACCTTTICCAAAAAAGGATITAAGCAGAGTTCAGAAGCCCTICAGE
as

GGCCAGTG-3' (54 m)

w0y 5 -GATCCGGATITAAGCAGAGTTCAARAGCCCTICAGCGGCCAGTTIT
S TTITGGAAA-3 (54 nt)

0o 5-ACCTTTICCAAAAAAACTGGCCGCTGAAGGGCTTTIGAACTCTGETT
% AAATCCG-Y (54 nt)

g5 -GATCGGATCCGAGGCTCAAAGTCAGATGCTACTCGCCGCTCAAGGGE

TTCTGAACTCTGCTTAAATCCAGTGGCTCGAGTGGACGATGA-3" (88 nt)
P80r  5'-AGCTAAGCTTTTCCAAAAAAG TCATCGTCCACTCAG-3" (36 nt)

Ec-GFP  5'-CTAGAATTCAACCATGGTGAGC-3" (22 nt)
Xh-GFP  5'-GCACTCGAGCTTTACTTGTAC-3" (21 nt)
sa 5'-GTCGTCGACGGTACCGAATTCAT-3" (23 nt)
Hd 5"-CCCCTCCGAGAAGCTTTTCC-3" (19 nt)
1.2 Fik
1.2.1 E. coli DHSo B&AZAS AN W a3 | AL %
i o

1.2.2  “HMuks3E PT67 40 M ( BD 4 &)) 2 10% i 4 1
i (V/V)DMEM Eifiis5 3 B 538 T & 5% CO, 09 37°C a5
FERA A s/ FUBLET44E 40 g NIH3T3 &40 fif by 7 K B B o2 B 2
P RS 7 S 35 (e O 55 3% A (MDA s KS62 4L 7 i A
T, EAEHE 10% FCS ff) PRMII640 1537, HE R4l 4%
{ETRTRIT , W R A 1 JBORT 0 B 30 100 4 M 5

1.2.3  pH1-BCR/ABIAOas , pH1-BCR/ABLAOs I pH1-BCR/
ABL8Oas FL] RN EE R % 40asl 40as2 ] 40s1 4052
FEE A BB A BamH T Hind T BEEI07 &S (36 1), bR k
18 WA B 4 A TR pSilencer3, 0-H1 , 3545 pH1-BCR/ABLAOas
pHI-BCR/ABLAOs Fi 2 £ (& ; 514 PROf F1 P8Or B4y H. b (3
1), A% PCR FFVI G 16 A pSilencer3. 1-H1, 375 B4 ik pH1-
BCR/ABL80as,

1.2.4 pMSCV/GFP-HI-BCR/ABLA0AS pMSCV/GFP-H1-BCR/
ABLAOS 1 pMSCV/GFP-H1-BCR/ ABLBOAS 8 £F| i % 7 g 1t AL
ey LN AR v 9 LA A 35 T (A pMSCV -
neo & B 484y #t T 41 K (& pMSCV/GFP, 5|49 Ec-GFP 1 Xh-
GFP(# 1) PCR 4 ks IRES2-EGFP fiy EGFP H B, /=44 744
bp, EcoR [ Xho | JUMHI]E 1 A 3% & pMSCV-neo 75 5| pMSCV/
GFP; Hk, A5 ¥ sa F1 HA (3 1) PCR 4" 84 55 4 #4 {4k pHI-
BCR/ABILAOus , pHI1-BCR/ABIAOs 1 pH1- BCR/ABL 80as [
RNA 2154 . H1 40as H140s fil H1-80as, F=414% Sal 1 Hind
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K ¥ % # 28 %

WL V) 5 4 A pMSCV/GEFP, 4K 15 5 4 3% (& pMSCV/GFP-HI1-
BCR/ABIAOAS | pMSCV/GFP-HI1-BCR/ABLAOS | pMSCV/GFP-
HI-BCR/ABLS0AS, % 4 3k (AR 25/ 1) ] e %58

1.2.5 SR REf e B2 B 5 (2% BD 4 A i 5 S i PR 1k
F14F,PT3132-1) A3 BILARE {4 lipofectamin2000 4745 i §%
A 8 4% 1k pMSCV/GFP  pMSCV/GFP-H1-BCR/ ABLADAS  pM-
SCV/GFP-HI-BCR/ABLAOS fI pMSCV/GFP-HI-BCR/ABLSOAS
L PTOT 2410, 48 h 54 & 0.5 mg/ml G418 ( GIBCO
23w]) BY5E 4 DMEM KE 7k as B e 55 4 K4 | K, ik 7
~ 14 d, BEELPAPE AN M vE & . PT67-MSCV/GFP  PT6740as ,PT67-
40s 1 PT67-80as , 4k 23 K% 3¢ 32 411 i ¢ 4= @b 5 0sh 0 B BS 97 At | 5
OoE T LA NTH3T3 Sy 2 200 00 5 % 25 7% HE ( colony forming u-
nit, CFU/mL) B8 A F 5.0 x 10° CFU/ml %53 E %47 T
- 80 CH M. BT ARWT

D B S I T e
CrU/mi = SEERIEIRERERC . et
1.2.6  4iHf 4 1 il 2k 24 434 : PT6T-MSCV/GFP  PT67-
40as ,PT6740as + 2AP(2AP Jy PKR JIifl %) . PT67-80as , PT67-
80as +2AP fil PT6T40s 4bPRAH ; 25405 dF i 48 0.45 pm fiffig
£T 4 F2 MR IS TR KS62 Af L, [] i 5 55 4 b fin A polybrene

(2R Ry 4 pg/ml) L1 x 10° /L3R 24 FLH; L 50, PKR 417
il AL FREE ( PT6740as + 2-%2 JE 5 4 PT67-80as + 2-%1 K 18
W40 ) AT A PKR 0046l 751 23 JL 0 nss ( 2896 J5 5 mmol/ L) ;4%
Pl H ML AR 2 T d LG Wy 0 S (0 0 AR K L 22 1 A
B A 1 i 2k
12,7 s CFCM ) R I0 40 fH  12 SEG A 4L R A
Ab PR RV HT, B 3E 24 h IG5 e KS62 A, FH T8 18 PBS 28 ppifk
PEANML 2 ¥, FEAH 1 % Binding Buffer § 6 1 x 1040 M0/ ml. Y &
W, A Annexin V-PE 5 EAR YR TAAD S e iR 2], 4 ik bk Ok
AR E 15 min, A 400 pl 1 x Binding Buffer, ji =4 i Jid {3 (
FACScan, F[E BD Zva] ) il 5 24
1.2.8 Western blot illl 5 PKR i % {k 0 M Ak L ] B
BB (A0 M, PBS phye AR 3 0, A 40 i % 6 i (50 mmol/
L Tris-HCIL, pH 7.2, 0. 1% 28 HE &, 1% Triton X-100,
5 mmol/L EDTA, 5 mmol/L. EGTA, 150 mmol/L. NaCl, 10 mmol/
L NaF, 0.4 mmol/L IE#LEE#H, 0. 1% SDS, 0. 1% {1 fiff BK
1 mmol/L PMSF) pK #2830 min,4 °C 12 000 x g %05 10 min,
L BSA MiRHER ] Bradford 25058 il 8 S 9%
SDS-PAGE 73 B4 (1 15 HL ¥ 5 55 PVDF R, 1] 5% N K 5 41 4f
M1, PBS MPEENS AL PKR $ii4 4 Cil B, PBS ohi, A BR
L SRR IC ) U IR 1 h, DAB & &5, ] Bio-
Rad [¥14§0 53 B 22 20 x4 AT 45 DCHT 0 FR 20 698 BE BEA TH1 4 20t
1.3 #Hitsam

S5 x x5 R R SAS 8.2 $

2 FR

2.1 FaAHKRGEL

pMSCV/GFP 2 EcoR |  Xho | ZLEGY], 1% B 05 B 5E e
ik 7€ Bio-Rad BERE UK T WEE LS HOF B S R R T
744 bp I 4/ R B, 5 ECFP PCR ™49 i 8 — B, /i U] %6 5
FEANPE 1. A AR R A 2 I Y R SE A 52 A, I
AR IR

AT ¢ K dS

1 057 bp— 744 bp

612 bp—
495 bp—

291 bp—

J'Hil\p—'

M; @X174-Hine I DNA #7565 12 pMSCVoneo 4% % 2. PCR &7 3¢
IRES2-EGFP M43 5 &5 GFP K #t; 3: EcoR | & Xho | W Egdn
pMSCV/GFP & K £

E1 pMSCV/GFP B4 E

% Fi pMSCV/GFP-HI-BCR/ABIAOAS | pMSCV/GFP-H1-
BCR/ABIA0S il pMSCV/GFP-HI-BCR/ABL8OAS £ Sal 1 i
Hind T AUREY) 1. 5% BN WHEE Ve b ok 05, o] WL 200 bp 2247 11/
B B, 5508 LB A A B ) (0 W — 3L 4 'Mnikl7 U
SE PN H140as H140s ) H180as F ES4fi A &5 45 pMSCVneo
IR neo KRG, B0 RE 000 17 5192, e LAFRAT] 55 &b ase i
T3 4 p2:5'-ATGGGCTGACCGCTTCCTCGTGC-3" 23 bp, il
L5 F2E DN Aman B0 L5047 78 45 50 L 0 PR E5 R AR R

2 lll'll}hp-—'
1000 pp—
750 bp—*

100 bp—

M. DI2000 DNA 4738 12 Sall#= Hind & 47 89 pMSCV/GFP H §%;

2. Hl40as PCR ¥ §%; 3: HI40s PCR ¥ f&; 4: HI80as PCR ¥ fi:

5. Sall = Hind Il # ¥7 45 pMSCV/GFP-HI-BCR/ABIAOAS # §i;

6: Sallf= Hindlll & 749 pMSCV/GFP-HI-BCR/ABLA0S K #£; 7 Sal

[4= Hindlll & 74 pMSCV/GFP-H1-BCR/ ABLSOAS 4 §&

E2 pMSCV/GFP-H1-BCR/ABLA0AS pMSCV/GFP-H1-BCR/
ABLA0S pMSCV/GFP-HI-BCR/ABLS0AS E§t] % &

2.2 S d AW

Lo AS [l R D 0 78 1 % e NTH3T3 4411 [, 24 h o £ {3
B B T R GFP (W PP M, #5 d E 35 10 < B
HE T AN M S 56 2 ik A 2, 25 3L (%] 3. PT6T-MSCV/GFP
PT6740as PT67-40s f1 PT6T-80as % 75 i 1 28 i 8 15 i M
6.2 x 10°CFU/ml,5.6 x 107 CFU/ml, 4.6 x 10°CFU/ml 1 6.0 x
10°CFU/ml. 5550 GFP ek iy, al £ 3 46 5k B ] F 1K
Rl AR R | L 25 06 e S i A A a2 )
2.3 i 4k Fom At K562 fm ek K iy 25 69 %08

100 A Sy RE R K562 AL S A A it 2k WoR PT6T-
40as il PT67-80as 21140 i A 1 A G AZ4M il , 117 2-92 BERERS L0 7
FE O ) 30 el 24 1, 85 L A 4
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—o—B

14F —a—(
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= =i}
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X 1t
= gl

frE](e/d)

A: PI67-MSCV/GFP 432 41; B PT6740as 28 5221, C,
+2AP 45, D, PT67-80as Ab3P 40, K.
My F: PTOT40s 4552 41

B4 MAEicpnLs

PT67 40as
PT67-80as + 2AP 4 ¢

2.4  Annexin V-PE/TAAD A 346 m) 2m it 78 T

FCM ¥l £t 5 i m,_4 h 5 PT6740as #6120 0 50300 0 1 %
5i[5% PT67-80as 4 7M4 LA & 4H I L A

i5(22.54 £3.19) % ,
FER(P<0.05) 255 WK 5

18 4% Feah A % KS62 fm it 24 h 5, K562 fmie ey ) oM 42 An-
nexin V-PE/TAAD $ & )5 MiA X manditeal . #3940 % 3 ik
TR ey ¥ 4, A, PTOT-MSCV/GFP 4 ¥ 4a; B. PT6740as 4 57

C: PT6740as + 2AP #5940 ; D. PI67-80as 4L 5 41 ; E. PT67-
80as +2AP 43248 ; F. PT6740s 45248 . A Student’s 1 test 7 i& it
fTitFo, BAATH5 A CEFEaMLETRELLES
(P<0.05)

ES5 HHEHLIE24 b5 KS62 @A TE

2.5 Western blot #m0 PKR & & &8 L H L

£ np b FlL KS62 At PKR 35 1 40k M iR 1k Western
blot 5% (%] 6 Jif 4%, PKR 5 [ ik KO W] el 25, {H PT67-
40as il PT67-80as 4b P41 PKR SRR (LA P65, ¥4 HiY %
H 5N Z Actin [19% )5 # Lk, PT6740as il PT67-80as 4k Fil 41
PKR B/ e @& 7 59, 20% F 60, 33% , 5 W 4v 2 [ s 1y

i EMEER(P <0.05)

1 2 3 4 5 6
P-KR *’E‘i"— — — —
P-pKR— R R L

1. PTOT-MSCN/GFP 45248 ; 2, PT6740as 4 72 20, 3. PT6740as
+2AP A4, 4. PT6T-80as 432410 ; 5. PT67-80as + 2AP 4L 524,
6: PT6740s 4L 53¢ 28

B 6 Western blotting ¥ K562 ZHA PKR RBES{L %

3 itie

[ 4 ber-abl ££ CML v & 18 4% 5, B LA H Alj e K

2R WFSE AR A BE &) ber-abl 3t R Kz HE 87 151 7™ 40 1
rld.{ﬂ.f:ux RNA  JZ ¥ DNA | Jz ¥ #fff ,RNA T
5 A ( RNA interference, RNAi) fl BCR-ABL 45 [ i fif§
i 7] STISTL(CML BT — 2k 254 . X S 5t i R
A —EMRER B, —H CML 33| A 1, a2 4
{ 4% STIST1 LN 2 Bl 25 ) e 24 . A< URAETE i 10 oF
FE RN BHLIBT STATS 54 iR A2 6B 7 10 5% K562 4 fifl %
Y] G AASTRI A T2 CML (93697 s HAT
CIRA R 8

w\ 5, 6 18271 PKR AT {2 3 ) 18 762 7 7 4 s

PKR J&—Ffr RNA {481 85 1 38088 , 76 1 20 M 00 2
S e o e 31 SR, G o] gl EE dsRNA B005 F S
elF2q .p53 NF-kB MEK IRF-1 I FADD %4} 144 1],
EA0 ) 40 M 354 B o 3 A0 I O 1 o dL-lT' FAE L, fmm
PKR )1 A Hi i 7 7% o AR LA AU A
FEBR |5 PLAE A H AR e 4 AT .J* el CML 4§ 57
P ber-abl g5 3] F1 PKR fE#E dsRNA S5 11945 55,
i AT BCR-ABL b3a2 B mRNA H# 69 HI B 3h

UK 2l 1) T 21 3 5% 5 o BE AL KGR ik, £ 15 ber-abl
mRNA )5 X RNA W EL, I 5 2 B s L\l ‘1 dsR-
NA LL#E PKR, JE 4 1% S K562 A g 1=, i,
% PKR 1) dsRNA {5 H — & 2ok, /b 120 bp 1Y
dsRNA A2 A% PKR, #0% PKR 19 dsRNA <
SRAE 40 ~ 85 bp, HACK M R By 80 g 1 8o A
I, ifcfl ]L)Zlf FZ X RNA f\! =3 ([ her-abl J[H)]M}’ & ,‘k’ Vs
£45 5 20 nt, M40 nt, FFLL, X 40 mt [ RNA fiE F
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b3a2 HYfl A 3L K mRNA AHEE 6 T8 A2 1< BE Y dsR-
NA ¥7% PKR;ifif iz . RNA 5 %F B8 41 i, B . ber-abl BH
AR ML ber KEF mRNA 380 # abl F5H mRNA 454 i
Z £ 20 bp fY) dsRNA, HOAR R LIS PKR, M 5
SCRNA REHE M5 KS62 4 i 1=, A< iF 5% i
1} Western blot {3646 5| PT67-40as Fil PT67-80as 4k
FRZH A0 PKR R AL K V-4 5, ELRE#E 2AP $, L
Ko PT67-40s b3 20 15 A7 B 2 28 4k, UL 340G PKR 1)
WREAE S | KS62 4HHu 1.

LR, A 9250 B R ] pMSCVneo 39 % S50 7 48440
A4, H PT6T 4 ff 5 P 40 #6517 0 86 s 19
gag pol il env K&, 46 i it o T2 1l B2 1) 56 42 B 74
(replication competent retrovirus, RCRs) /b2 2 &
FER T, Y& 20w 20— 48 & Be Ak,
100 S0 2 A X A ke YR 40 i 1) 5 PR R
A[AR#E 6.5 kb (9FMEF 5, 5G4 A eGFP i (X
FEFIFI HI 3 8 T 58 RNA A HE A~ 2 B 0 300 5% Sit g
HRA AN R S P T HL S
T RERT 4 6 <400 nt RNA (%6 5%, Fo7E RNAL
AR AEEE R 50 nt ZE KR RNA 3Rk fEASL IR
Fr R T 40 nt 1 80 nt {1 RNA ik,

L5 LT S50 Al ) A T 2 A SR i R AL A
iR, I % B RE A KS62 41 i A= 1 A i = 4 M R
T, s PKR 708 ml S8 A oA ek 8 0 488 ) 9397
ﬁ%oﬂﬁﬁﬁfﬁﬁﬁtﬁﬁﬁmﬁﬁﬁﬁfﬂ
BT T

A A A S Rl Rl S A A A A A R A A A A

(45 £ i’
|l|777 rl] i’- 1

Hi  hi 1 O R N PR O A I
i (023)68757454 G
ki
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B 3Tk -

[1] GOLDMAN ] M, MELO J V. Chronic myeloid leukemia--advances in
biology and new approaches to treatment[ J]. N Engl ] Med, 2003,

349(15); 1451 - 1464.

BEVILACQUA P C, GEORGE C X, SAMUEL C E, et al. Binding of

the protein kinase PKR to RNAs with secondary structure defects: role

of the tandem A-G mismatch and noncontiguous helixes[ J|. Biochem-

istry, 1998, 37(18) : 6303 - 6316.

QAT ), RISEOR D W 3. A ForRE SRR [ M/ /5 3 iR

G, A R, @"'ﬁ AbEE B2 H R, 2002 96 - 99.

b, ST, B, . YR EERTT AR () B {7 S

SEIGAEE A S M Kse2 i'lﬂﬁﬂittlﬁﬁﬁ[ 1. eI A IR,

2004, 25(12) ; 724 -727.

DONZE O, DENG J, CURRAN I, et al. The protein kinase PKR: a

molecular clock that sequentially activates survival and death programs

[J]. EMBO ], 2004, 23(3) . 564 - 571.

SHIR A, LEVITZKI A. Inhibition of glioma growth by tumor-specific

activation of double-stranded RNA-dependent protein kinase PKR[]].

Nat Biotechnol, 2002, 20(9) . 895 -900.

SCHERR M, BATTMER K, SCHULTHEIS B, et al. Stable RNA in-

Gene T-

[7]
terference ( RNAi) as an option for anti-ber-abl therapy[ J].
her, 2005, 12(1); 12 -21.

(¥ HRpEE)

o A A A A Ak Al R Rl A A A S B Al F A A R A Al S A B

2007 FUEITRE

OO0 2

il

E-mail. zheszz@ 163, com



