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Mechanism of hydroxychloroquine in reversing resistance to-imatinib of chronic myeloid leukemia K562/IMA cells YANG Yi, LI
Wenyan, SHENG Y ongjia, et al. Department of Pharmacy, the Second Hospiial of Jiaxng, Jiaxing 314001, China

[ Abstract ] Objective To study the mechanism of hydroxychloroquine in reversing resistance to imatinib of chronic
myeloid leukemia K562/IMA cells. Methods “Thetcultured human chronic myelogenous leukemia K562/IMA cells (resistant to
imatinib IMA at 10 micromol/L) were divided into~control group (Con group), imatinib treatment group (IMA group ) and
hydroxychloroquine + imatinib treatment.group (HCQ + IMA group). CCK-8 method was used to detect the cell viability, annexin
V-FITC/PI staining was used to detect the _apoptotic rate, and Transwell chamber test was used to detect the ability of cell
invasiveness. The expression of LC3 protein was detected by immunofluorescence staining and the production of autophagic
acidic vesicles was detected by MDC staining. Western—blot was used to detect the expression levels of autophagy-related
protein p62, Beclin—1, apoptosis=related protein Bax, Bcl-2, Caspase-3 and Caspase-9. Results The cell viability of IMA
group was significantly higher than that of HCQ + IMA group, and the apoptotic rate of IMA group was significantly lower than that of
HCQ + IMA group (P<0.05). The expression of LC3 and acidic vesicle formation in HCQ + IMA group were significantly lower than
those in IMA groupr (P<<0.05). The invasive ability of HCQ + IMA group was significantly lower than that of IMA group (P<0.05). In
HCQ + IMA group, the level of autophagic substrate p62 was higher than that in IMA group, while the level of autophagic protein
Beclin—1'was lower than that in IMA group (P<0.05), while the levels of apoptotic proteins Bax, Caspase—-3 and Caspase-9 were
higher than those in IMA group, and the level of inhibiting apoptotic protein Bcl-2 was lower than that in IMA group(P<0.05). Con-
clusion_ _Hydroxychloroquine can reverse the sensitivity of IMA-resistant CML K562 cells to IMA, and its mechanism may be relat—
ed to the inhibition of autophagy.
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o SR S 24 7= A ) R R AT, PR, WAl AT IMA
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1.1 AR CML K562/IMA 2 il bk (55 24T 45 — BEBr
SR F A, XF 10pwmol/L A IMA T2 ), IMA FIER5EME bR
AR (A6 RS AR B BR A F] L b5 7330441,
100582 ) , CCK-8 # ik 7 & (3 = R AW HE AR A R
N HES C0037), Transwell /NE (FET /A F] ), Annexin
V-FITC/PY A 8 T~ W Y3k 5] & (32 [ BD A #]), Hft
T ) e (MDD C) G 301 6 (AL st B AR A B AR A BR A
m S 25875), e DO Y AR & (B = RA Y+
RAPRAH L H#S P0179),1.C3 1 /11 .p62 .Beclin—1 DA%
Bax.Bcl-2 ., Caspase—3 Caspase—9 [ 5.z FEHTIA(Cell Sig—
naling Technology /AH] ,4it5 4108397493495 2772 3498,
9662.9502), HLF 43 B KV (Mg i) —FE L 2 AUAA BR
N RS ME204E ), DP11 B ics ( H A BARE A ] ),
PCR Y (#1-5 BS97MyCycler ) , Western blot H, WKAL (FY

5 1658001),FACS Canto Il =04 (SE[E BD 2AH] ).
1.2 Fik

1.2.1 23R 54040 K562/IMA 4tk E 705, %
JH RPMI 1640 52455553 +10% FBS 1535 , 14 A= K
EXEUE K 44> A5t B2 (Con 4) JIMA 4L
(IMA 4) F25AE+IMA T Hidl (HCQ+IMA 41). Con4fl
R RS AR, TC2G T IMA ZHR S 10pmol/L
IMA fi4 855 3% 3 5% 3% s HCQ+IMA 2H % FH & 10jwmol/L 32
GAE (R B S LB 9 (TR B ) 12h 5, FF FH 10 wmol/L
IMA W3EFREIG 55

1.2.2 CCK-8 A il 240 i 384 7 % X 202k K B Y
K562/IMA Zi a7 %) 96 LA IMA 21 F1 HCQ+IMA
ZHR S 10pmol/L IMA P3G FRBlRs 35 . 1R & I a] 55 K
0.6.12.18.24.30.36h, 4% 3% 56 B 5 A 10wl 19
CCK-8 ¥ , 4k 235 5% ah, FHBEAR AL AE 480nm A0 Al
WOGRE (A B . AHEIE A2 (%) =[A N2 )-A(ZS 1))/
[ACKIR)-A (25 F1)]x100%

1.2.3 “Annexin V-FITC/PI Y {0 J i X 40 M A I 40 ity
PHT R B SR KA K562/IMA 41 i 5270 5] 6 1L
B IMA 21 A HCQ+IMA 20 % FH JE R 10pmol/L /Y
IMA T, N2 8E5% 24h, BCEIMLS N Binding
Buffer & . i /5 /1A Annexin V-FITC # 10l 1E%],
WESE SN 10min, FEAIA 10l A PL 3% {5 58F 5 2 7
10min, PBS Yt K2R YL k)5, R FH it = 4t SR )
211 75 ez

1.2.4  Transwell /NESCIG KA LR 2201 FExT 4k
A KA KS62/IMA 4l L il A Transwell /N2 IMA 41
1 HCQ+IMA 4K FH 7 10wmol/L IMA 1% 37 5 3%
RigR 5PN FBS, i 24 FLAR T E A SE i R,
BRI 10%11) FBS, FFR 3% 24h JG BUR/INE 572505
IR, W 2 ST 0.1% 45 B ge o Mg X 12
RIFFIAIIEHE N WL,

1.2.5 38 28 6 Y €0 46 0 40 i I 98T b 7S B
LC3 1/ 3RiE  F XK I K562/IMA 241 it 42
# 6 FLAR T, IMA ZHF1 HCQ+IMA 4H % 1 10pmmol/L
IMA FYEFRHSESR B A% 77 55 25, HH e 1 2 s
H R4, PBS ¥k 3 1K, 1%AY Triton AL EE 30min, 1ML
THALFE 30min, LC3 1 /11 —40(1:500) % B Jo 78 4°C T iiF
H R, HH PBS Peid—dt, —hikric5 i T3 A
fif FH 2G4 6 TGN 5 S5

1.2.6  MDC Jetafaignfumrh ety B8R mim
K562/IMA 4 i 2 F0 21 6 FLA 1, IMA 41 F1 HCQ+IMA
20K A 10pmol/L IMA 3532 535 3% 6h J5 38 L4553
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512nm, 1Y PH M (B4R () 41 EL

1.2.7 Western blot ¥ K20 M B W AH 8 H p62 Be-
clin—1 } 8 1241 5¢ & H Bax.Bcl -2 .Caspase -3 .Cas —
pase—-9 MYFRIL X5 B0 A KIAY K562/IMA 4 g 2 %
F] 6 fLH , IMA 4 A1 HCQ+IMA £H K 4% 10pmol/L
IMA [ 35 2 5L 5% 3% 24h Je W AE & AL 40 B . PBS ¥k 2
WG, TEVK LA NP-40 Z4f# ¥ 100wl Z4# 30min,
3 000r/min 2.0 5 WA LI W s BCA V4 3F1 78R H @ &
Ja R T, RIEE e i E 8%~12%
1) SDS-PAGE &E/E , B I H 5x EAESE il Load-
ing Buffer b SEARFLZ 200, ¥k Smin Ji HEATHLIK
HLE 80V, ZJa ¥Ry 120V, 5 BE i 2 % 5 ok 17
PVDF A 5 55 ; 5% 300mA 18 3 B 0.5~2h , PVDF
JE A FH 5% i Bg W% £ P4 2h 3 TBST #i B —$i , — B g
B 5 PVDF B TBST ¥ 2 WK F FH HUR o 51k ) 1
PRGN ZHUE o I E 58 UE A RO A, SR
JEE| Image Pro—Plus 6.0 B #4706 B E i L
GAPDH AN Z &R U HMWEA S NS EAEEE
HELFR
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Eg 40
A fE] (h)
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H

—40-
1 3 HANMIISTE 2R B (5 Con HHER,"P<<0.05; 5 IMA 4
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& 1A 5555 6.12.18.24.30.36h I, 3 ZH 4
O3 TE R A 22 A Gt B (3 P<0.05), H
HCQ+IMA 21 <IMA £ <Con # (34 P<0.05). Con ZH4
Jii, 0~36h B[] B PN S 38 FECAR S, 6 A5 1 [a] %) B4, 240 it
BEGE A R 5 IMLA ZEL 240 0 Bt 5 s ] %) 4, 4 3 7 3
JeWI AR L, U6 A0 A AR 4K A2 B s HCQ+IMA ZH 4
L Bt 2 i [ A9 S, 20 B3 o I, HL A S
JIBWREAR . S ULE , RS AL S , IMA 7] LLBH
TP K562/IMA 41t il 1452

1.3 Seitsfab s i SPSS 17.0 Sty i 2.2 34T R i WK 2.
Con 2 IMA 241 HCQ+IMA 4
“To.0% 0.0% .| 3-57% | 4.58%| 10:14.52% . 23.87%
104 ] :
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Annexin V-FITC

2 3 MR A A LA

& 2 7] UL, Con . IMA \HCQ+IMA ZH 20 i i 1~ R4y
510K (0.98+0.22)% . (15.35+2.14)% . (38.65+5.32)%, 3 4
Y TR L 25 S A G L (P<<0.05), HHCQ+
IMA 41 >IMA 41> Con 41 () P<0.05),
23 3HYNERZERE I LA 3.

& 3 7] WL, Con . IMA \HCQ+IMA ZH 40 3T #% H
39 4 (59.32+8.32) . (63.22+7.52) . (25.32+5.32)4N/41
B3 I = R A G R L (P<0.05); N L,
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HCQ+IMA £ <Con 41(P<0.05) ,HCQ+IMA 4 <IMAZH
(P<0.05),Con 5 IMA 4l b B2 R G I E X
(P>0.05), B HCQ+IMA ZH 40 i1 {2 28 fE 11K T Con.
IMA 4.,
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Kl 3 LA MO FRZRHE ) BT T BT WL (S S, % 200)

IMA 4 HCQ+IMA 4

4 3 UMM A EEOE AR LC3 T /11 FaR 00 Lk (S Eues b (4, x 400)

RVLTE ; IMA 40 LC3 T/ EAZOGREN B & T JOURE I W R, UERTANAE A w3z 2] 7 .
Con 4H; 1M HCQ/IMA ZH4NAE S IMA 2 b4, LC3 EH 2.5 "3t dmye o v an itk s WA 5.

HCQ+IMA 21

Con 41

5 3 eI YO P IR EL b (MDC B (a, x 200)

H & 5 AT UL, Con IMA \HCQ+IMA ZHPRPERE Y (0 W 11005 AT LAY/ 4t i rh R PR v i 1
BH 40 8500 ) M (16.3642.56) . (56.35+6.68) . (35.65+ 2.6 3 ZHARMI H MEAH C & p62 Beclin—1 K T-HH X
3254/ EY, 3 A i 2 A it 2R B X (P<0.05),  #  Bax.Bcl-2,Caspase—3 ,Caspase -9 2 ik 1% I H 3¢
H IMA 41 >HCQ+IMA 41 >Con 41 (¥ P<0.05). Hi¥E UL 6-7.
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%A

W Con 24
EIMA 4
HCQ+IMA 4
*
%A
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*
*
#0
Bax Caspase-3 Caspase—-9 Bel=2

7 3 AT AHICHE [ Bax Bel-2, Caspase—3 ., Caspase—9 FRik L AL (5 Con 41 HLER,"P<<0.05; 5 IMA 41 EL3E, 2P<<0.05)

F & 6 AT UL, 3 240 A WEAH 25 H p62 \Beclin—1
FIRACE LR 2 R B A Gt L (¥ P<0.05) . 4iiffl
H WIS A 1 p62 FRIKIKF- I AL, Con 4 (0.80+
0.11)>HCQ+IMA #1(0.35+0.05) >IMA #H(0.12+0.11)
(¥ P<0.05); AWE s34 [ Beclin—1 Fik /K
G 9 L #2, IMA 4H (0.62+0.08 ) > Con 2H (0.42+0.10) .
HCQ+IMA #1(0.40+0.03) (] P<0.05),1fii Con 415
HCQ+IMA 4 g 25 57 st it# 5 X (P>0.05). & 7
] UL, 3 2H 4 B 8 T A ¢ 2 Bax Bel -2, Caspase=3 .
Caspase—9 RBIKF 2RI AH G 2R P<
0.05). fAT-#E 1 Bax.Caspase-3 . Caspase~9 ik 7K-F
Wi HE#5 , Con £H(0.32+0.05.0.20+0.03.0.15+0.03 ) <IMA
24 (0.52+0.06 ,0.32+0.05 .0.26£0.03) <<HCQ+IMA #1
(1.15+0.13.0.45+0.06 ,0.42+0.03)(¥] P<0.05) ; JriA T
1 Bel-2 FRIK7K I EL L Con 41(0.50+0.05) >
IMA #H(0.13+0.02) >HCQ+IMA 41 (0.06+0.01)(¥] P<
0.05)

3 itig

20 Hh4l 90 4EAR R) Y IMA 2 —Fh PE £ A 4 21
P2 R IR AT, S (Y I R0 © 2 UE P, 400mg/d 7
I IMA K IR AT LAE4S 80% LA I 9 9) & 1] CML
FEF IR B CCR, 2N A 38 AT A% 34%D I, & —
FIATT CML AR Y . (BRI IMA, #4518
BB 2y, X 24 B8 M R R B
G IR 27 B 0L B TS A N SR RS R A ARGk 21
PRI, X T IMA T 245, H Al R 57+ A
B, K IMA FlsR R . AR, IMA 7
N E] 600mg/d B 800mg/d XF 30%~50%4k % 1T 24

-1600-

SEE AR AR RSB B, AR IR SR R K
N Y & A1) iR A% vk 0 AT AT MR A R E— 20
5% WAL R I, T IMA Tt 25 7] ISR 555145
T B B AR BT, FE AN Ras AR 3013\ PI3K 3424
Tl AR BRSSP I AILRIR B, i
PRIES T Z it — R A A G

YA s A S A K oAk R T T LAY
ARG . FERMMRALZIR, AR R B N E AR
FH, — 77 TET 240 B 1 5 T DACR 3 T 20 A, 00 6 ek g 248
A, 3 — 5 T A] DK S0 SR % 1 e 4 i)
07, BE— AR R A R A . AR R I, E
JeR i 225 v, 240 RS T OCEE R MR S0, MY C
FTRAL PN AT Z MR T R 4 M fS X6 75 s 23 AN REURE, 40
JI 5 7K S ARG 2 b Dk L A4 L P 5 400 e 25l A
I XoF M Iz T3 8 28 7 A T 24518 T A I P 7 A T 24
i AR A O AWFIE R B, /NF B bR 25
Py feit AT LA b3 4 B S 2 9, A R R 1
TR BRI 09 A0 B 2 55, NI AR AT S iy it

EH A AETTABFSE T 2B, #0H] Beclin—1 £E[K
eIk ] LIRS KS62/IMA 4R 0Nt T IMA Fl R e,
AR, AIHE A WA TS 7E K562 4 XT IMA Tif 25
PR R SR S — I PR FH A 28 R O
TRIGIT Y . AWFREER B, FRE s n LU il
K562/IMA 21 it [ e o i b i 1k 2 3 1 7= A=, 0 ) ) e
WAL AR R EER S IMA FER T K562/IMA
YR, 25 R & B, 2 S T AL B S AT DA 2 i A X
T IMA (RBURNE , 20 00 08 TR A 5 [R) B H B 5 T R
FHEC A IMA BAA B 22 5% . IMA Ab P K562/IMA #H
JarT LAgE S LC3 T/ A ARk, LC3 1/11 /2 A Wi
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TR EE A T B WEAR AT R, 1 (5 FH 8 S0 Tk
S, LC3 I/ H M FRINE 2 . p62 /& A BT
VIR, 75 F W & AR o Rk B AR, 17 4 S s 0 Ak 3L /5 ]
PA4E R K562/IMA 4 p62 3Rk K- A, 4H M H T
IR R IBK R . X DAUi B K562/IMA 4 fits
JAsh TIRT- T IMA e 25 bk b E 5 4015 1 40 R
Hifse 1.

L5 FRTIR ARG R B A T DL IMA

Mt 25 CML K562 20T IMA B98UsdE, HAE AL
ERSEEH B SN ST
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