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The Inhibitory Effect of RNAi Sip2 Gene on the Proliferation of
Chronic Myeloid Leukemia K562 Cells
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Abstract
for Shp2 gene. Real-time PCR and Western blot assays were used to detect the mRNA and protein level of ber/abl

We established low-expressed S/p2 recombinant plasmids containing siRNA fragment specific

gene. The proliferation of cells was detected by MTT assay, and the apoptosis was detected by Flow Cytometry
(FCM). The results demonstrated that the recombinant plasmids were successfully constructed and significantly
inhibited the expression of Shp2 gene. Compared with the two control groups, the mRNA and protein level of
bcerlabl were significantly decreased; the proliferation ability was inhibited significantly (P<0.05) and the rate
of apoptosis cells was increased significantly (P<0.05). The biological effect of K562 cells may be significantly
inhibited by down-regulation of S#p2, indicating that Sip2 may play a biological role as a tumor suppressor gene.

Key words  chronic myeloid leukemia (CML); ber/abl; Shp2; K562
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J5U e B DA, AR AR CMLAN L v i 2 T[]
I AT 9t IE 552, A PR A0 I 1 955 808 JE (K ber/abl
AL I A0 N ZEShp 21 1 R, ARSI
RNATIREARGUERSIp 2L I, TR R AIZFE I TTER R
3505 P 40 1T LT K S 6240 Mk I RN, B
5 R - 4K IRTT CMLIR AT R0 5 535 S

1 MRS
1.1 4. R K EHk

K56240 i ph PR B R} K 2 4 215 R it 27 AF 51
SE I %5 W4 3% pSilencer4.1-CMV neo it ¥« DHSa bl
PRI R 27 B % 2% Bt o 58 2 U = R AT
1.2 E=EiK{5H

BamH 1. Hind 1II. EcoR 1. T4 DNAJ%E 4 fiff |
RNAplus Trizol. DNA Maker. miScripti¥ff # 538 7]
FIAE F R R AR TR IR A W] (TaKaRa); SYBR
real-time PCR premixtureis 7l £ 8 1 b 50 A 28 7o A=
WIEARA R~ w]; Foki i BOAF & DNABER 44k
[T A G B A RAR AR A B A BR A 7] x-fect
e g 50 A DY RS S0 ER(MTT) H Invitrogen
A TG [ Maker) H Thermo s #; %31 A Shp2
Ly B PR F Epitomics 2 1) 44T Ac-abl pAbJY
H Cell Signal A 7]; # it AB-actin pAb. HRPHRICI]
FHURIgGHI B AL T IY IEMT 2 \]; RPMI 16405557
W RIS $4 0% H Hyclone A 71 514 H1 5 £ A
Al EROFHI RRNAT 5t il TAEY
TR BRA A e
1.3 Shp2 siRNAF 5% 1t

R PENCBIZL i 2 1 Shp 23 [F(NM_002834.3)
cDNA, % 1134% % %t Shp25E A f(JcDNA 560~578.
1 435~1 453, 1 783~1 80147 ‘& A% 3& /3 5119 ntff)
RNA J7 B, & Blast Searchf 2 fifi A 55 Shp2 LM
REFZE P L R P H R 1E XS
TGA TTA CTA TGA CCT GTA T-3; IF X5'-TGA TTG
TCA TGA CAA CGA A-3'; 1 X5-CGT TCA TTG TGA
TTG ATA T-3', 43 J)l fir 4 4 Shp2/560. Shp2/1435F!1
Shp2/1783.
1.4 Shp2 shRNAF IKHIHE

MR AR & TF IsiRNAJE 1, 1% 1F B lRDNA%E6
2%, H#EA 4 BamH 1-Sense-loop(TTC AAG ACG)-
Antisense-Z 15 = -EcoR [-Hind L. J£5 {5 B0
Shp2/560 Sense: 5'-GAT CCG TGA TTA CTA TGA

CCT GTATTT CAA GAG AAT ACA GGT CAT AGT
AAT CAC TTT TTT GAA TTC-A-3', Antisense: 5'-
AGC TTG AAT TCA AAA AAG TGA TTA CTA TGA
CCT GTA TTC TCT TGA AAT ACA GGT CAT AGT
AAT CAC G-3'; Shp2/1435 Sense: 5'-GAT CCG TGA
TTG TCA TGA CAA CGA ATT CAA GAG ATT CGT
TGT CAT GAC AAT CAC TTT TTT GAA TTC A-3/,
Antisense: 5'-AGC TTG AAT TCA AAA AAG TGA
TTG TCA TGA CAA CGA ATC TCT TGA ATT CGT
TGT CAT GAC AAT CAC G-3'; Shp2/1783 Sense: 5'-
GAT CCG CGT TCA TTG TGA TTG ATA TTT CAA
GAG AAT ATC AAT CAC AAT GAACGC TTTTTT
GAA TTC A-3’, Antisense: 5'-AGC TTG AAT TCA
AAA AAG CGT TCA TTG TGA TTG ATA TTC TCT
TGA AAT ATC AAT CAC AAT GAA CGC G-3',

# d125 B 4095 °CIB K TE BN Kk K g
¥ f¥1shRNA, pSilencer4. 1/NCZ Jit ki % BamH 1
A Hind 1T 9] Ja 170 #e X R BL. A i T4 DNA
T B AR K shRNAE BDNAE 1] 7 f% 48
pSilencer4.1-CMV neof £ # 41 it k. K 5 4 4k
Ak KW FF FIDHSa, 50 mg/L%4 % % 2 [LBX: 77
LI B IR, PRV PR VR RE IR, SRUTORL, 23 i iy 44
A pSilencer4.1Shp2/560. pSilencer4.1Shp2/1435.
pSilencer4.1Shp2/1783, 4fi N JC &7 41 (1) 77 Ak 1w 44
JypSilencer4. 1/NC, 1N ARSI IS I . EcoR 1
B ) 5 AR Sa B TRE S LUK, W U L A
R o HATORE Y BN E 1 EHE SR 2 7] 5 B
1.5 553 F0m ik 5 v FE LR AR PR

K56241 Wy BR 7E37 °C, 5% COZ A T, 5598 T8
10%H1 A I IS IRRPMI 164040, A AR 200 A3 1K
BB E KR4 e LU < 100/ L Rh 65U, Fr6fLIR
4 2B K TR 80%~90% I, SR X-fectf ik 7
%5 73 ) KspSilencerd.1Shp2/560.  pSilencer.1Shp2/1435.
pSilencer4.1Shp2/1783 FllpSilencer4. 1/NC ¥ 40 Jit ir %5
PK56241 M. H A% T7 322 I Clontech A ] X fect™
Transfection Reagents it /15,

41 B % 4448 hJm DL 2K FE500 ng/uL G418
AT . WIS, W WASZ 580 a0 AT . R
2 PR s o 2 I P 4 M B 2 964U, BFALIAS F 24
. G418 200 ng/uLAYEFFE IR . FF96FLA M 41 il
HTE A G, AR R R IR Ak SE T, B A4S B B4
Jii FipSilencer4.1Shp2/560. pSilencer4.1Shp2/1435.
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pSilencer4. 1Shp2/1783 ] 51 5, [ 40 o bk S 191 12 %o JiE
ZHpSilencerd.1/NCH. 50 B 4H bk o
1.6 Real-time PCR#& N X35 4K 56240 faShp2
mRNAKF B FRiE

Trizoli% 73 | 2 HU 3 21 F v [ 40 i ik S RNA (LA
I 428 20 i £ R0 2 11 i B 4L AR A 6 R, 4% B miScript
T8 8t SR AR G U B P 4R DU RNA, U pg ARNA
HEATCDNA S BN, BR2 L S N P2 ) 4520 pl [ W
A 22 HEAT SE I 9 6 2 EPCRAS . Shp25 14 I
Wi 5'-CCT GGA GAT TTT GTT CTT TCT G-3',
i 5-“AGG GGC TGC TTG AGT TGT AGT A-3',
ZGAPDH5| ¥ [ iif: 5'-CAG CGA CAC CCA CTC
CTC-3', Fiif: 5-TGA GGT CCA CCA CCC TGT-3',
P EPCRY HFEP: 95 °C 3 min, —MEEF; 95 °C
10's, 55 °C 30 s, 39 MG
1.7 Western blott& | &4 F4HKS562 20 AIShp2 55
EEFuy &5

I3 S WSCEE - 2H 40 0, RIPAZE 11 24 A o L B 40 i
SVHE [, BCATERT I A R B 5 52 < BEREGE L1
TRE A, 41 EAEE 50 pg, LL8%IKI 4y B i Al5%
(R i i 64T SDS-PAGEHL VK . FLEL #% 2 PVDFI I
Ji, FHS% B @A B P2 by 435\ S bt A Shp2 #58
BEHTAR(L:1 000F7%E) St A\ B-actindiif4:(1:3 0004 FE),
4 °CHE & 17 TBSTIF VE3 VKA I AHRPARIC (24T
HlgG(1:10 000F4 ), 37 °CiF B2 h, Yl 5 £ECLK
B ERG WA . Quantity One K143 4T 457 K JEAH,
X Shp2/B-actinf {3 Shp2 2 4 [ AH X K IA
1.8 RT-PCR#1Real-time PCR#& 5% x40 Bfaber/
ablgi & EF B FRIE

e RS B AE TP pSilencerd. 1Shp2/560
41 fu, pSilencer4.1/NC4I e LA S 40l fifd, cDNATK 3K
By TR1.60 J-TRT-PCR ber/abls W) 13 5-GCA
AGC TTA CCA TGG ACA TCC GTG G-3', Fijif: 5'-
GTC GAC CTT GCC ATC AGA AGC-3', B-actin_L-Jj:
5-ACA CTG TGC CCA TCT ACG AG-3', F iif: 5'-
CAC AGG ATT CCA TAC CCA AG-3', PT-PCRY" 1
F2J7: 94 °C 5 min, —MJEFF, 94 °C 1 min, 55 °C 30 s,
72 °C 30s, 30MEHR, 72 °C 10 min. SN F=)22%
B G B e vk )5, Bio-Radit ik K414 . Real-
time PCR bcr/abl5| ¥ I ¥5: 5'-CTT CTC CCT GGC
ATC CGT GGA-3', Fifi: 5-TGCA ACG AAA AGG
TTG GGG T-3"; N Z:GAPDH%| ¥ )T %1 [7]1.6, Real-

time PCRY™ ¥ 1445 ] 1.6,
1.9 Western blot#& 4% 240 fiber/ablgi & & H
Ry FIEKFE

i 7% BIR 1T 2 85 A 0 2 ZpSilencerd. 1Shp2
/5604 1, pSilencer4.1/NC4H Ji L 2 25 41 g, K H
Western bloth il % 4 41 fiuber/abl il 75 8 H 1 1A 7K
-, HARTTVEIRI1.7. Quantity Onef A4 43 Mt 4% iy 2K J&
{H, Fibcr/abl/B-actinf{ & ber/abl & [ [AHX KA & .
1.10 MTT AN E: 20 pa LA sE

pSilencer4.1Shp2/5602H . pSilencer4.1/NCHI 4¥K562
2H A0 B 3 DL 0Y/ LB R T-96 LR, 1234 I [H) £
(361, 2, 3 d), TSI 0] SURELL A0 M 152 54N 5L, RIS 1
SUIMBE FRBA AN M it 2 (1 FLAE A 0 B #5440 e
H37 °C. 5% COIEFRFEN 73 IG5 28 2 1) AU,
FLIIA20 pL MTT(S mg/mL)J5 4REE5 574 h, SFAR L
BOFE L E I F TR S0 pLER FESIE, bR X
2541490 nmAb KOG REDIE, TS FEME. K
KA 3R L, g IR, DAL A RIS 2R i,
2l gk, 40 HIE iE % =(1-pSilencer4.1Shp2/5602
Do /K 56240 Doy {E) < 100%.
1.11 ERAREARFCM)F NS L MmpE T F

pSilencer4.1Shp2/5602 . pSilencer4.1/NC41 1 7%
KS6220 4H g4 LA 1< 109 LEERT - T6FLAR h 5 5%, U6 4L
AR 25 2 4 T B0 R, 1000 t/min, £5.0:5 min,
3+ L3, M2 PBSYER 2K, 15 H 1 mL PBSE & 1EP
B rh, SR H] Annexin V-PIH I TR IR &l it
AN NI T 7O, SBT3V
1.12 FitEaHh

JIT A SI 56 4 R F 38 b v 22 (ks ) Ko, A
[Fi) S 56 2H 2 1) 14 LU 38R FHFRS 56, A HISPSS 19.0%Kk
PEREAT e 2 0 W, LAP<0.05 0 Z A St 5 .

2 FR
21 EHRNOWEREE
pSilencer4.1Shp2/560. pSilencer4.1Shp2/1435.
pSilencer4.1Shp2/17832H F 41 ki 3 7l 42 EcoR 1511
UIs SRR AER H vk ), 72668 bpFil4 289 bpZiti/r
A —2% H R 2katr, 54 AR (K. e
45 WAL W] 5 GenBank P $2 i 1) Fp 81— 2, AESE =41
A ORI B R -
2.2 EHFR TR
Real-time PCR&5 43 #7: pSilencerd.1Shp2/560-
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pSilencer4.1Shp2/1435. pSilencer4.1Shp2/1783 41
mRNA ) 5 ] 2 73 5l 4(64.5240.51)%. (48.55+
3.24)%- (20.20£10.41)%, 55 P9 X 18 41 48 L, pSilen-
cer4.1Shp2/560. pSilencer4.1Shp2/1435 4 Shp2
mRNAF 6B &, 22 5 A 40 ih 2% & L(P<0.01), 1M
pSilencer4.1Shp2/1783%% 4+ 241.Shp2 mRNAH il A
W2, 72 7 E 48 ik % & X (E2A). Western blot4
R IR, & HA TR 2 Y nT FEARShp2 28 1 11 K 1k
JKF-([#12B), Quantity Onef& {43 #7, £ 1 &KL IKF
g 400 1) % 43 )k (42.35+1.08)%- (32.96%2.34)%.
(21.09+1.11)%, LipSilencerd.1/NCZ] FIKS56241 #f
Lt pSilencer4.1Shp2/560+ pSilencer4.1Shp2/1435 2
SR G5 U(P<0.01). TR K m 1)
pSilencer4.1Shp2/5603F47 i £ 554 .

500 bp —>

2.3 ber/ablgh & B E R FTIEKT

RT-PCRy™ ¥ £ 5 5 Bl 5k i v vk, 7T L654 bp
KN Fber/abligh & FE K 5336 bplf] N 2 B-actin it 4]
pSilencer4.1Shp2/560%: 4% 41bcr/abl mRNAZR ik 7K
- 245(0.44+0.01), SpSilencerd. 1/NCZH(0.71£0.01) /1
K5627° 141 R 2H(0.69+0.0 1) Eb ¢, HAT B &M 257
(P<0.05). ULHHTHShp232 15 T B AN HIKS6240 i
Hiber/ablEE ] [R5 5% 7K P (I3 A)..

Real-time PCR&S 1 27, 5[] ) B 4 0
[ 41 g 41 A b, pSilencer4.1Shp2/560%% 4 4l bcer/abl
mRNAZKF- B2 AR (E3B).
2.4 Western blot#&llpSilencerd.1 Shp2/560%% 3%
‘MAEZAber/ablfl & & B HIFRIE K

Western blot4h 2 I 7%, pSilencerd.1Shp2/560%%

M: DL10000%> T-#Anic; 1: EcoR T pSilencer4.1Shp2/560; 2: EcoR T[] pSilencer4.1Shp2/1435; 3: EcoR TH#.fifJ]pSilencer4.1Shp2/1783; C:

EcoR 1H1ffgP)pSilencer4.1-CMV neo.

M: DL10000 DNA marker; 1: pSilencer4. 1Shp2/560 digested with EcoR T; 2: pSilencer4.1Shp2/1435 digested with EcoR I; 3: pSilencer4.1Shp2/1783

digested with EcoR T; C: pSilencer4.1-CMV neo digested with EcoR 1.

Ell shRNAFEIIEE
Fig.1 The identification of the 3 groups of shRNA digested with EcoR I

(A

Relatives Shp2 mRNA

R
IRNRRNNNRN &
SIRRRARANNNNANNANAARY

0.0 -
1 2 3 4 5

B)

A: Real-time PCRFG U #-41Shp2 mRNAZK L KT, B: Western blothill #-2H Shp2 £ [ 2614 7K F; 1: pSilencerd.1Shp2/5604H; 2: pSilencer4.1Shp2/1435
2H; 3: pSilencerd.1Shp2/17834H; 4: pSilencer4.1/NC41; 5: K56241. **P<0.01, 5pSilencer4. 1/NCAIFIK56241 LL% »

A: expression of Ship2 mRNA detected by Real-time PCR; B: expression of Shp2 protein detected by Western blot; 1: pSilencer4.1Shp2/560 group; 2:
pSilencer4.1Shp2/1435 group; 3: pSilencer4.1Shp2/1783 group; 4: pSilencer4.1/NC group; 5: K562 group. **P<0.01 compared with pSilencer4.1/NC

group and K562 group.

E2 LAY+ Shp2 mRNAFIE B RiKKF AN
Fig.2 Expression of Shp2 mRNA and protein levels in each group
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P2 o Zber/ablih & 8 A RIBACF I RS, 5 2.5 MTTARNEE 40 pnigE R

SC A P AL AH T, BAT R R 22 7 (P<0.05). pSilen MTTAS W 45 SR 8 R, M 282K e, pSilencerd.1
cerd. I/NCZ FIKS6241 th 3%, %= 5 L4 ih % = X Shp2/560%% G4 20 41 Ja (1) 3170 1l 34 5 26 43 1) 2h39.42%
(P>0.05). RYITIShp2RIE A2 N HKS6241H  58.21%, W GG T HALBIA141 i (P<0.05), oAt 240 iy

Fber/abl il 1 R IA KT (14). (] Daoo A FEAAHIT, ToGe vt 22 57(P>0.05, 1415). 45
A B -
(A) (B) PRE
Z
=
] ) 3 :g 1.0 1
g
p-actin 0.0

1 2 3

A: RT-PCRK; MlipSilencerd.1Shp2/560%% YK 56241l it i ber/abl mRNAZK “F-; B: Real-time PCRAS: illlpSilencer4.1Shp2/560%% YK 56241 il )i ber/abl
mRNAJK>F; 1: pSilencer4.1Shp2/5604H; 2: pSilencer4.1/NC41; 3: K56241. **P<0.01, 5pSilencerd.1/NCALRIKS56241 Lh 5% »

A: expression of ber/abl mRNA were detemined by RT-PCR in K562 cells after transfecting with pSilencer4.1Shp2/560; B: expression of bcr/abl
mRNA were detemined by Real-time PCR in K562 cells after transfecting with pSilencer4.1Shp2/560; 1: pSilencer4.1Shp2/560 group; 2: pSilencer4.1/
NC group; 3: K562 group. **P<0.01 compared with pSilencer4.1/NC group and K562 group.

El3 RT-PCRFIReal-time PCRAibcr/abl mRNAB5% R K
Fig.3 Expression of bcr/abl mRNA in K562 cells detected by RT-PCR and Real-time PCR

1.5
-o- pSilencer4.1Shp2/560
ber/abl -# pSilencer4.1/NC
10+ = K562
B-actin Q@
0.5
1: pSilencer 4.1Shp2/56041; 2: pSilencer4.1/NC41; 3: K56241 . 00 . . .
1: pSilencer 4.1Shp2/560 group; 2: pSilencer4.1/NC group; 3: K562 ’ 1 2 3
group. Time (day)
El4. Western blotiiiliber/abl & 5 Ri&K F IS MTT:#40MKS624RARE 4 1438 4%
Fig.4 The level of Shp2 protein was detected by Fig.5 The proliferation of K562 cells was detected by
Western blot MTT assay
120914 AY.003 120914 AY.001 120914 AY.002
(A) B) | ©) |
10 10% 10 4
10° 4 10° 3 103-5
3 0.79% 1 0.04% 1.47% 1 o0.04% 1.47%
m 107 4ok = 10° 4537 = 10* 0757
10! 10' 4 10! 3
3 3 : 3
E 2.83% ]
E 15.57% 5 o 3.74%
10° e 10" v 100 Arrrremsp—rrr g b
10 10t 102 100 10 10 10t 10> 10° 10 10 10! 10> 10° 10
Annexin Y FITC Annexin Y FITC Annexin Y FITC

A: pSilencer4.1 Shp2/560%% 4441 ; B: pSilencer4.1/NCHEJe4l; C: K562 f4l .
A: pSilencer4.1 Shp2/560 transfect group; B: pSilencer4.1/NC transfect group; C: K562 cells group.
Ele 4R A INIKS6240 A TR
Fig.6 The apoptosis rate of K562 cells was detected by Flow Cytometry
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BRI -

R, THLShp2RIE rTAT MK 6241 Had i 5 o
2.6 SRR B A AR T E

DI W B N R A R B O e N
45 B 1 7R, pSilencer4. 1Shp2/560%% 4 241 41| {1 1
# 20 (15.3040.30)%, i J-pSilencer 4.1/NC41(2.81+
0.14)% e 2% [IKS6240 il 2H(3.61+0.44)%, % 57 A
4t (P<0.05), TMipSilencerd. I/NCZFIK5624%
i M 2 T TG W 2 e (K16). Ui W HiShp2 3k
A BEKS6240 MO 1.

3 e

A o 440 0 1 095 34 L 4 R 2 1 488 A 9
TR TS L G B AE 22—, DRIk WA 1 a0 4
0 S P 1 5 R TR 23 WL T e B 1 T
RAFH K il 2 BE A R R YT SR AT 4y L
B o Shp2 J& T+ H 1 1 2 Il 19 Il 5K I A I 2 —,
VE ML 7y AR R S A AR R R
WHfE 5001, HRIE THUER &R A g b, 5
VI 22 L 1) 40 M A= o 35 B 4 B A 4k 3T
PHT I B A 501, IR TAE 52, Shp23k A
FE N E 97 40 P AL F5 CMLAH i v 3 45 AE 1 i %
IEILGLL, [A] i, CMLIP) BUE (Kl ber/abli 4k, 16 1Ml
Y o 75 BLShp 24 G0, Shp2v] i i 5p210 ber/ablEL
S B I 20 TATAB FAR 58 2 (1 90(HSPOOYfE I, 2k
p210 ber/ablEUi 4 (A BEAR . UL EBF$ER, Shp2
AR R — BT B T s 2y o T, BT
FERIRIT %08 Lo %1 I, AWFSE RGBT RNA T3
FiARUTBRShp 2 5L A, A Jir g JE DRI AEK 56241 Jifd v 52
BURIE, MITTAEAN AP ER I BT 1 s R o

SEEGAIF IR B, # 4 ¥ pSilencerd.1 Shp2/560
S b 20 A 255 e mT W S A RIS 6240 M Hh Shp 29
IRl M 85 A B2 TE K R VA ().Shp 2 R0 40 Jfa 189 it
HAL AN M T, 15 ChenZEOWFFY 45 AMFF o [F] A,
AT R LT R (1) Shp2v] 1 2 PR AL CMLAN g 25
S e Rlber/abl o Jo 8 AR IA KV o HRILRIA, FTfE
5 Shp2/Gab2 () HI HAE A K. Gab2(AE K152 44
4545 ) Mber/abl i) {5 5 7 S5 H, fECMLA
i R R I . B 6 Gab2 Y452 X 35 11 i 45
PEBEIR AL AE ), 385 5 X6) 1 22 I S 40 1 75 R K
T Gab2 2% Jik 11 4 fig 55 l7 A SH3 M Grb2 25 11 1
1, 1T Cifg ¥ 22 A I 24 IR 5% JE 71 Gab2 2 [ 3G 5
REH BRI IE 5 & & SH2 I B (5 5 #5187 T 45

4, WIShp2(fp8S I #A7 . PLCY K CrkZE10, ik hy
SCHEER 1, Gab2 ] 5 iz R VRN R L0, VS AR
U7 Shp2/Ras/ERK FIPIBK/AKT2: — R 45 5 1L G 1%
2, FEAN MR A P ROEB S A B R b
PR TR IS, FRA D, R iAShp23K A, nlfgdl
i 7 Shp2 55 Gab2 A BLAE T, 1 Gab2 B I 10 7K - %
AT R FE DT AR RN o ASHIEST A0 KT 52
DUERShp2 FLAT WY R I bt s 7 H, 5 S B 1k 0t
— PR Shp2/Gab2 (1) A1 HAE I L] K 047 7R P 1
ILJ55 B) )R TR A W
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