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Knock-down of cytokine induced apoptosis inhibitor 1 gene sensitized leukemia K562
cells to imatinib

LI Qian'*, GAO Wei'" (la. Department of Laboratory Medicine, 1b. Department of Clinical Medicine, Weifang
Medical University, Weifang 261053, Shandong, China; 2. Key Discipline of Clinical Laboratory Medicine of Shan-
dong Province, Affiliated Hospital of Weifang Medical University, Weifang 261031, Shandong, China)

[Abstract] Objective: To investigate the biological effects and the related mechanisms of cytokine induced apoptosis inhibitor 1
(CIAPINI) on the sensitivity of K562 chronic myeloid leukemia cells to imatinib. Methods: Specific short hairpin RNA (shRNA) inter-
ference vectors targeting CIAPINI (CIAPIN1-shRNA) were constructed. Interference efficiency of interference group (K562 cells trans-
fected with CIAPIN1-shRNA) and control group (K562 cells transfected with scramble-shRNA) was evaluated using Real-time PCR,
Western blotting and immunofluorescence staining. The interference group and control group were treated by 2 umol/L imatinib. Cell
viability was detected using MTT assay. Colony formation ability was detected using cell colony forming experiment. Cell cycle and
apoptosis was detected using Flow cytometry and Western blotting. Results: C/IAPIN1 expression was decreased effectively by specific
shRNA targeting CIAPINI. The CIAPINI mRNA content in CIAPIN1-shRNA group accounted (29.74+4.03)% of scramble-shRNA
group, while the CIAPINI protein content in CIAPIN1-shRNA group accounted (21.57+2.18)% of scramble-shRNA group. CIAPINI

knock-down significantly enhanced the inhibitory activity of imatinib on proliferation and colony forming ability of K562 cells. The col-
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ony number and radius of the CIAPIN1-shRNA+imatinib group was (15.60+1.03) and (2.63+0.55) pm, which were all less than those
of the scramble-shRNA-+imatinib group. The knock down also increased the activity of imatinib to block the cell cycle at G1 phase and
to promot apoptosis of cells. The cell ratio at G1 phase of the CIAPIN1-shRNA+imatinib group was obviously increased while the ratio
at S phase was obviously decreased compared with those of scramble-shRNA+imatinib group. Hoechst33258 staining and flow cytome-
try showed that the proportion of apoptotic K562 cells in the CIAPIN1-shRNA+imatinib group increased. The results of Western blot-
ting showed that CI4APINI knock-down not only up-regulated the expressions of apoptosis related proteins (p21, Bid and Bim), but also
repressed expressions of cell cycle related proteins (Cyclin D1, Bel-xl, Bel-2 and Mcl-1), which had synergistic effects with imatinib.

Conclusion: CIAPINI knock-down significantly sensitized K562 cells to imatinib treatment, and the mechanism might be related with

cell cycle arrest and expression of apoptosis-associated proteins.

[Key words] cytokine induced apoptosis inhibitor 1(CIAPIN1); chronic myeloid leukemia; K562 cell; imatinib; drug sensitivity
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REBE WS IR E". T CIAPINI 223k 7] ¥ % A 3,
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1.1 mie 7 B £ 2K

N BT (I KS62 41 R [ 25 24 AL
B 1L 22 BF 9T AT« KS62 41 B 1% 7% 15 5 10 %if 48
I3 i RPMI 1640 55775, B T 37 'C 5% CO. 11

T BE 46 R 15 9% . RPMI 1640 5 9% 3 | i & &K
G418 J Jifi 2F 1fiL & W B Gibco A ] » TRIzol™ i 7] «
RNA i # 56771 & M Lipofectamine™2000 1% iR #4 4t
77 & H Invitrogen 24 & , SYBR Green SEH 52 15
& B 2 K2 A, Pt CIAPINT $ii A1 F Abcam 2
], P Cyclin D1.p21.Bcl-x1.Bel-2.Mcl-1.Bid.Bim
J GAPDH #4114 H Cell Signaling Technology /2 7]
CIAPINI #1 GAPDHPCR 5|9 th ik T AW T+
RERSA PR AT A . CIAPINI L5194 5'-AGT-
GGTCTGGGATAAGTC - 3', F i 51 # N 5' - CCT-
GGGACTAAACCTGAC-3'; GAPDH it 51 ¥ N 5'-
GAAGGTGAAGGTCGGAGTC-3', F i 5l ¥~ 5'-
GAAGATGGTGATGGGATTTC-3'. 5% B [
B 2R} 2 Bt ML 2 WF T AT

1.2 2% CIAPINI 3 R T EAR B L3 1B £ Ak

2 H5 NCBI % [K] £ /b CIAPINT %5 X () 4% 1 R
%1l (GenBank: NM 020313.2) , F| Fi§ Ambion 2% @] $2 it
[ AE 2 A 5 3% R SiRNA 3 F1 BE T R 0] 5 348 438 4538 1)
SiRNA #EA p5 , 8 11 #8 [1) CIAPINT 3[R (1) T 48 7 %71
SshRNA-CIAPIN1 y 5'-GTAGCAAAGTGAAGACAG-
CA-3', B X6} FE B 45 57 14 7 51 scramble-CIAPINT A
5'-GTTCTCCGAACGTGTCACGT-3'; ¥ JF F #2545
b A W], 3% B PGPU6/GFP/Neo Jii K, 52 il
CIAPINI & K F§ 5 ¥ T #t # & pGPU6 - shRNA-
CIAPIN1 & H X} 4% 4& pGPU6-scramble-CIAPINI o
1.3 mpast ffelp R RIGMA

S5 5y 9 CIAPINIT % R -t 4H (CIAPIN1-shR-
NA #41) . BH 1 % 8 4H (scramble-shRNA 4H) . CIAPIN1
BT Pm 5 % Je 4b #E 4H (CIAPIN1-shRNA +
imatinib 25 ) 1 14 % BE A7 2 3% Je Ab PE4H (scramble-
shRNA-+imatinib 2H)4 #H .

V0T B30 AE K A K562 41 L, 18 5 4 i 85 FE o 1 X
10°4~/ml, % F0 F 6 FL#R - % ¥ Lipofectamine™2000
TR & U R 1E , % pGPU6-shRNA-CIAPINT T4
% 4K Al pGPU6-scramble- CIAPINT X} Jf 5 /& (1 pg/
L) %7 5% Y% 42 CTAPIN1-shRNA 2H 11 scramble-shR-
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M m] DLy K 8 35 IR AT, 55 97 1L R R & L 1
K562 4fi i,

Y CIAPIN1-shRNA ZH f scramble-shRNA 2H X}
H0AE K ) 20 B, A3 AT 6 AL (5% 10° 4N/
L, BT 37 C.5% CO MMM E &M N9 24 h
J& » TN 10 mmol/L A E E Je BRI 22 249 2 pmol /L,
4k 8235 7% 24 h J5 (48 i 73 9 4F 9 CIAPINT-shRNA+
imatinib 21 fll scramble-shRNA+imatinib 2 .

1.4 5202 % PCR & 4 M 4 4 77 & K562 % Jit
CIAPINI mRNA #9 % ik

250 W X A K ) CIAPINT-shRNA 2H F
scramble-shRNA ZH 41 g , 43 51/ F TRIzol™ 71 $2 HX
YH A A RNA ;85 2 pg 4 RNA I S i) cDNA , 1% [
SYBR Green S 5& &0 & B 53454 , LA GAPDH
HNHNZ I, 3T QPCR KM CIAPINI mRNA Rk, &
N2 :95 C 105,95 °C 55,60 C 34 s, 340 Mg
s H R A I8 ETHECR A 242 % .

1.5 Western blotting 7 # M| CIAPIN1 #= K562 %@ fie.
BB AT X E e kL

250 U 4B X 2 A5 K CIAPIN1-shRNA 41 .
scramble-shRNA #H . CIAPIN1 -shRNA +imatinib ZH. £l
scramble-shRNA-+imatinib 25 2 it , 77 71 ¥ F RIPA 24
FR VR AT B, B B 1, A BCA VRN £
FE , 365 B 4R AT 10% SDS-PAGE Bt FEL K
EFEEN 30 png/ikiE . IR EE R R R
A RN, FH S 10% T 9k 1) TBS 35 P = i &
11 h, NN —$HL(CIAPIN1.GAPDH.Cyclin D1.p21.
Bel-x1.Bcl-2.Mcl-1.Bid B¢ Bim %5/, 111 000) % &
A, NN HRP FRid (P % Pt (1:5 000D = I 7
H 1 h, i ECLAL = ROk B, i a5 3
1.6 %Iz 5 A kMM CIAPINI % 3%

£ o H AE K ] CTAPIN1-shRNA 411 scramble-
shRNA 40, 1H 45 772 2 EP & 1, PBS il ¥t J5 H
4% % 5 F S [&] 52 30 min, FH P4 ¥ PBSIE V. 0.5%
Triton i% i 40 #F 15 min, PBS i ¥ . 3 MW &) 41 30
min, PBS {5 ¥E.  FHR RS 47 LU ¥) CTAPINT e ho A4 i
HUNM, 4 Cib % . PBS & V5 F 6 B 4F L 14 PE
Fric BT R = PU kLI F 40 min, PBSIEYE. H 1
pg/ml ¥ DAPLEE G & QL4 i, % 32 97 & 10 min, PBS

TEWE. I 50~100 pl PBS, 8 % 4 o 55 52 Jim K 40
N FE BB /N I, A S R R Il s U A R
CIAPIN1 {1 3R

1.7 MTT 5= %o Ab ) 4m L 3% 78 A%,

250 SR N £ A K ) CTAPINT-shRNA 41
scramble-shRNA # . CIAPIN1-shRNA +imatinib ZH F/l
scramble-shRNA +imatinib 21 40 Jtd , FH & 10% A 4= 1.
JE Y RPMI 1640 55 72 1 B &, 1H 4. R 96 FLIK
(5x10°/FL) , B 6 N E AL LM 44> 96 FLIR
3l FREFEIE 01,2 F13 d B FL N 20 ul MTT (5 mg/
mD , 4R 40 F 4 ho 0 H BERLARR (100 pl/fL) , 4k &E
76 8 h &= HHt &AM, B TMERY & LRRE
i $ 21 10 min, F B AR € 570 nm &b Y6 % (D)
{EL, DARSH ] A8 AL b « D A R 9\ AL b 222 1) 41 B 34 5 ith
2. SR HE 3
1.8 @B 1R FE T A 55 B 4] 2m I8, 52 T4 S R AR 7

M-20°C UKFE s AR LR e R, B T = Ak
b, KR4 358 B i N IMDM 55 95 25 (5 10% Jia 24 1
B RIZNRAEFRER A . B O HUAE K
CIAPIN1-shRNA #H . scramble-shRNA 2H . CIAPINI -
shRNA+imatinib ZH F1 scramble-shRNA+imatinib 21 4H
i, FH PBS i& ¥, 114k, 240 T IMDM K5 72 & 1,
V2 5 B U R & 1 10° N/ ml, £ LU BE 2~3 N AN TR
1) 40 it 2% 5 DAARAIE B FLAE 77 2 150~200 A 41 iR 45 7%
Ko B 20 wl 40 HREOIN N B G 1 FE R AR 4 2
Wb RS EER T 24 AR A ml/AL) . BT 37 THE
FEFA R R R, 92 dE R AP Y R B RN D &
IMDM, B 1B H K 73 (78 K 5537 7~10 d Ja WL 5%
T R 2 2 i v B TR Rl D
1.9 R X fm e R A M) 4w e JB) 7 A B T

B0 US4 X i 2E K 11 1) CIAPINT-shRNA 4 .
scramble-shRNA ZH . CIAPIN1-shRNA +imatinib 21 I
scramble-shRNA +imatinib ZH 41 il , & PBS V& ¥t J5 &
OB AR 13104 /ml. B 1 ml 40 i &
W, B O UTIELN AL, Z3 B B35 JE IMAAE R G . A
1B B A I N TR 70% B 1 ml, 4 Cid ik,
EL SR, FH PBS 7B e 2 Bk OBE, IIN 500 pl 4
2% M . 10 ul RNaseA 125 pl P1,37 ClELF &
30 min ; £ I 40 i 9% T A 40 B AR X DN Annexin V-
APC PLKZ PI 4% 5 wl HH1R 2], VK LW & 15 min,
ST ASCAS DN 4 Y R 3 S R T SR EE R 3 UK
1.10 Hoechst33258 4= &, & P4 4 M) K562 4@ it /8 =

2.0 it 52 CIAPIN1-shRNA 4 . scramble-shRNA
2H . CIAPIN1-shRNA + imatinib 21 fl scramble-shRNA
+ imatinib 41410 T 1.5 ml B0 A, I 0.5 ml [i] 5
W, T4 °C & 10 min, 350 5 25 8 52 W, B e 2 074
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JHL, 35 0 AT BEASE A A0 A 2 ) TR B )
i 0.5 ml Hoechst33258 Je ik , G4 5 min, {3 F %
R RS I, R O 8¢ 5L R 0 1) 1E B 4 I A% AT
Je R AR T4
111 Gits i

KH GraphPad Prism 5 G5t H2#34K 4, B LA ks .
AR LLAECH har 56 , P<0.05 Bl P<0.01 2R 7 7 A Su it

2 &% B

2.1 shRNA T4 5T A 2 T 8 K562 it CIAPINI % %34
qPCR i I &5 5 Iéll 1A) 7~ , CIAPIN1-shRNA
ZH ) CIAPINI mRNA 5 & N scramble-shRNA ZH ]

A B Scramble-shRNA
1.5¢ B CIAPINI-shRNA
=
.S ** ok
2 o — —_—
o L
2 & 1.0
g g
g E
ARG
z =
£ € 05
S
0
mRNA Protein
C
GFP

Screamble-shRNA
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(29.74+4.03)% ; Western blotting £ il 45 5 (& 1B) &
7~ » CIAPIN1 -shRNA 41 ] CIAPIN1 & H &R iA & N
scramble - ShRNA 2l [ (21.57+2.18)% . CIAPINI-
shRNA 4H CIAPINI f{) mRNA FlI 2 ([ %k B B #H KT
scramble-shRNA 2H () P<0.01) . 5% 2 Y6 F A T
Ja (10, 1T PGPU6/GFP/Neo Jii ¥i & 45 GFP %
A, W %2 Hj‘ CIAPIN1-shRNA 4 fil scramble-shRNA £
YU RIS B 4% th, CIAPINI 55 1 &85 fo )% 5 G (ol e
R4 . CIAPIN1-shRNA 40 /Y] CIAPIN1 21 {475¢ 645
5 M E & J5 10965 5 B ZAK T scramble-shRNA

H . U6 B shRNA T $t B8 H 2 F 8 K562 41 jg
CIAPINI H1 LK

6&& R\ a¢
S &

B 37kD

CIAPIN1

GAPDH | s «—

37kD

CIAPIN1 Merge

“P<0.01 vs Scramble-shRNA group.
A: mRNA and protein expressions of CIAPIN1I; B: Expression of CIAPIN1 protein detected by Western blotting assay;

C: Images of immunofluorescence assay under laser scanning confocal microscopy(*40)

&1 shRNA FIigE

T IAKS62 4 CIAPIN1 BYFRIAKF

Fig. 1 The expression level of CIAPIN1 in K562 cells was effectively down-regulated by shRNA interference

2.2 TR CIAPINI & ¥ BAF B %5 o 39 4] K562 48 i
849 38 58 Fm Fo 15 TS PR ARG

MTT fa I &5 5 (B 2A) K B, CIAPINT 3% N i
RERS AT M 4 07 I B Je AR B s K562 4 BB 34 B e
F7o 00 I TR RS 56 A N 5 B2 BH , scramble-shR -
NA-+imatinib ZH [ 48 il ve [ T2 i8R (37.75+7.40) 4/
P, 70 B 2 12 N (5.49+0.88) pm. CIAPINI -shR-

NA-+imatinib 2H ¥) 48 g v [ 7 5 h (15.60+1.03) 4™/
YLET , TE 1% 4 (2.6340.55) um, CIAPIN1-shRNA+
imatinib 25 i) 41 g v [ TE BCBORN v 1% 2 42 B, HY
/N F- scramble - shRNA +imatinib 21 (1] 48 it 72 % JE Ak
e, B2 D 5 e b3 S5 , CIAPINT 33k T BE %
A A K562 4H il 1) 7 B T il BE 7 (P<0.05 B, P<
0.01,&2B.C).
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A1, 55 . R CIAPINT PRI 3 e 11 M5 K562 40 % 67 15 5 J i iUk 3
A -@- Scramble-shRNA B C
-v-CIAPIN1-shRNA
- -9~ Scramble-shRNA-+Imatinib 24 h
QR 2.0 -A-CIAPINl-shRNAﬂmatinib?h Scramble-shRNA CIAPINI-shRNA. Scramble-siRNA CIAPINI-ShRNA & TR——
= _ — + + 5 1.5
g 1.5 &5 - CIAPINl;shRNA
2 8 2'1.0
s 1.0f ggl
3 £ .S
= £305
§ 0.571 S, % i
(=9 3 2L
3 3] 0
5 0 S Imatinib - -+ + - -+ o+
© O Number Radius

Time (t/d)

A: Cell proliferation ability detected by MTT; B: Pictures of colony forming assay for K562 cells of various groups;

C: Statistic analysis of colony number and colony radius for K562 cells of various groups;
"P<0.05,"P<0.01 vs Scramble-shRNA or Scramble-shRNA-+imatinib group
2 CIAPINI FE T RREB B HNFI K562 ZRARAY S FERZ A BE
Fig. 2 The colony formation of K562 cells was effectively inhibited by down-regulating CIAPIN1

2.3 F 4L CIAPINI % ik ) B A7 B % & [ i K562 4@
fieL B A itk

A B ARAT I &5 R (3O R, £ 55 e 4t
P24 h J5 , CIAPIN1-shRNA-+imatinib 2 i\ ZH s G1 1
21 Ji0 LY 49 Lt scramble - shRNA +imatinib 2H B & 14 £
[(40.53+1.60)% vs (26.61+1.38)%, P<0.01]; CIAPIN1-
shRNA +imatinib 21 1 2 i S B 41 A Lt 431 bE scramble-
ShRNA + imatinib 2 B & Ji 7> [(30.64 +2.200% vs
(48.56+1.18)%, P<0.01]. b iR&h B i 0, 47 o
Je Ab PR J5 , CIAPINT 335 T i e % 43 24 FHL i K562 4
O] 30 3 i, LGB 5 JE SR 1 S 3 AR L T
T 35 JE A T 5 15 6 54 4 . G2 314 i EL 43 T B iR
AU
2.4  FHL CIAPINI % ik ) B A7 B % RAT 3 K562 4@
iR

Hoechst33258 1 4% th 25 I (K 4A) BIR , &7 5
¥ Je kb P J5 , CIAPIN1-shRNA+imatinib 25 ) K562 4
i S0 e G DL R 0 £ R 1 PR A i B A5 B R G £ 42
AR T M LA 8 0 o 9t A B AR Rl &5 2R (&1 4B
C) % W, scramble-shRNA-+imatinib 2 APC'PI' . APC"
PI'. APCPI"4H i B 151 51 45 scramble-shRNA 2H If & 444
15 (P<0.05 B P<0.01) , Ui B & & Je Xt T CIAPINI
TR G 4RI T A (R EH . CIAPINI-shR-
NA-+imatinib ZH 1)) K562 2 g 5 1 3 7= DL K i 1A 9
-3 & T scramble-shRNA+imatinib ZH (P<0.05 &Y, P<
0.01) , ¥t B T3t CIAPINI 33 7] UL k47 0 %5 8 4b
PEKS62 A I T
2.5 F 4K CIAPINI % 35 Wh B A7 B % R840 41
K562 2 JitL Al 448 X & & & ik Aot 4m 08 T AR K &
8k

Western blotting £ Il 25 &7 , 28 0 % Je ab 22
J&i » CIAPINT 33K 1 RE 4% 2 25 H il K562 41 g P 4
Ji & 340 9% 2 19 Cyclin D1.Bel-x1.Bcl-2 K Mcl-1 [

FIAKF-CE 5A) , Bets i 2 172 3R 40 Mo P 40 B T2 41
S8 1 p21.Bid LUK Bim [ %7K F (B 5B) .

80 - B8 Scramble-shRNA

Il CIAPIN1-shRNA
%k

Cell number (%)
N
(=)

Imatinib - - + + - - 4+ - =+ +
Gl S G2

"P<0.01 vs Scramble-shRNA group treated with or without imatinib
3 RO RAIEIT CIAPINI F&ik T LG PR
K562 4 E HA R
Fig. 3 CIAPINI knock-down could effectively block the cell
cycle of K562 cells at G1 phase after imatinib treatment
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34 I 248 i ) B0k 1t AR S 3 T CML R A
Lt (9; 22) (34; ql1) Y Ak 5 31 ¥ 1 BCR-ABL it
GRR, RIEMEEA. ZEA MBI Z R R
T B S IR B R AL, BOR AN — RAGE 5 7 3
% LA S RASPI3K . AKT.INK & SRC % 5 i ity f $t
& B I T HE Sk B e R EE AT AR
Yy, i BEPEAEH T IS A IR, 5 ATP S 1 45 &
ABL W% If) ATP &5 & 4 £, 7] 5 2 #0) ABL, PDG-
FR UMM A K R 15248, e-Kiit A1 Arg (abl FH K
FE TR I 2 I A 1) B R A i R, T % BCR-ABL FH
P 240 ) 8 BT SRR S PR A s S A T R
B R 2B CML WA 838 A7 1 3 Je A7 S 1) I v
Y BB AL 7 S B, AR AH 24— 40 R A , I 32 ook 44
SR 28 R NP 1 B JE 7 AR R R BOERAS M T
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25, TS 12% 24 A6 7 R8OR o LT 25 BL I 14 1) 1]
CL A R 55 B PR MBI S . CML 2 &
AR 1 53 AR L A7 JE I 3 31 1 — KR M gt 2 TR

A B
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