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Effect of artesunate on autophagy of leukemic K562 cells and its mechanism
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Technology Cooperation Base of Child Development and Critical Disorders ;
Chongging Key Laboratory of Pediatrics)
[ Abstract JObjective : To study the autophagy of artesunate(ART) on leukemic K562 cells and its possible mechanism. Methods : The
inhibitory effect of ART on the proliferation of K562 cells was detected by CCK~8. The cell apoptosis was examined by the flow cy-
‘tometry. Western blot was carried out to detect the expressions of LC3,p62, HMGBI1 and Beclinl. Results: ART inhibited the prolif-
eration of K562 cells in a dose-and—time dependent manner, with ICs valie of 30 mg/L at 48 h. In addition, ART could induce the
apoptosis of K562 cells and the apoptosis could incease when combined with CQ. According to the results Western blot, ART could up-regu—
late the expressions of autophagy—related molecule LC3,p62 and down—regﬁlate the expressions of HMGBI1,Beclinl: Conclusion ; ART

shows the effects in inhibiting the autophagy of leukemic K562 cells. Its mechanism may be related to the down—regulation the ex—

: pression of HMGB1,Beclinl,and the inhibition of autophagic
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degradation, and that ART-induced inhibition of autophagy may
eventually results in the death in K562 cells.
[Key words )artesunate ; leukemia; K562 ; autophagy



— 1458 —

ERERKFEIR 2017 £ 42 %2 11 88 ( Journal of Chonggqing Medical University 2017.Vol.42 No.11 )

B W B A M P A B R S R —F B R
R, AR IRE B 5 ME R R ARV, X
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ZHIEST , MREAMR TR B R BLE B
BEZ RERE B RES, R R g 40 i
Ve, ERT, A WE7E MR e AV FH R 32 31 5%
&, PR B W5 18 88 40 M L% (chronic
myeloid leukemia, CML)YI &4 JRYY W25  E RS
FHEEVIHRK, FEIEHE (artesunate, ART) 2N H
e ZEr PRI A RS, HARPR A i S 451
FEA R EALEFB S A TR, ART SHIE
H AR TE N B 20 B 40 i 39 B3 1 I 5E | 1
SR TR, B ART X E L5 B W2 0 B BF
SO IARIE . ABFSTHK ART /EHT K562 4/,
WEE ART Xf K562 4T B Mg B8 , 91 25450 7T A
IR AL

1 #¥5FZE

1.1 b -

L1.1 K562 4ifatk HERERIFE LB HE R,
112 RN ST HE SRR MR A RSB TR H]
(= 25 5 H10930195) ; B8 & 8 (£ E Sigma~Aldrich 2%
F]); RPMI1640 ¥ 523 (£ H Gibeo A8 ); F MIF(EE
Hyclone /A 7)) ; Trizol 1837 (3£/E Ambiong 22F]) ; CCK-8 HH
( H7 DOJINDO 42 &) ; Annexin V-FITC AT 50 &, 4
HAEBRR & (P EAEYBAREGRAF);LC3 p62 Hilk (3
& CST 4 %]),B-Actin, HMGB1 . Beclinl (Abcam 2 7] ) ; HiR
T EAYATC I ET S~ (P 24HF) ; SDS-PAGE BIR
Me(BmRAH),

12 ZEEFk

1.2.1 ZHMEESE  KS62 QUMBTRAEK T& 10%M 4 MiF
RPMI1640 55556, BT 37 °C.5%C0, WANE B fiEsea
BEgR , BOWHUE K BA40 A M T35 56

1.2.2 CCK-8 LA M4nfuitss BOTSE K4, AR
MIBEFE R 6 x 10* /mL, #HEFL 5 000 R F 96 FLAR, XF
MR AL BHZIH K RPMI1640 52383858 440 1,558
H4rBIMA RPMI1640 5523 FR MR T B JEES , (A&
WA BIR 6.25,12.5.25.50,100 mg/L BABE , 8 96 FLAR A4S
FLAERFRA 100 pL, BHE 4 MR, BETF 37 C.5%C0, 1Y
SR PR, 4y BIHE SR 24 48,72 h R EFLABIIMA CCK-8
10 pL, BREEHESE 4 b 5, B 450 nm ., EEAR U TR
(absorbance , A){H ; 4340 2. BX 1 Bl {g 5 A S0 B A B 40
J, o3 o AR N 2 4R B AR B R N2 4, 4% K562 4B 4K
K562 fNZH4H M K562 K MZGLE , ez in A ART, {15
LUREH 48 h ICs CE BB A ML H MR M REH
L FTIRE E TR IEH ), 2040 3. X B R34 1, e

HRAAIIA ART.CQ ART+CQ, AR 43 . IC ART
10 pmol/L CQ.ICs ART+10 wmol/L CQ, N A RPMI1640 {45
FUABLR 100 pL, 3% 5% 48 h fFHA CCK-8, BRI A &,
K562 ZRREAKAMHIR (%) 1-(A spn-A zen ) V(A ssma—A san)
x100% ., SLHFL . A M AT IR R . CCK-8 1z ; = AL
AE A FZE YR FREE . CCK-8; X BBFL . &6 M i 5 3%
# CCK-8 AEHY,
1.2.3  Annex in V-FITC/PT BRI A 240 M 248 40 i
T BUTHUE KN ARG 3R 1x10° M/l
T 6 FLAR, SLILHAF BN A ART(48 h IC) .CQ(10 pwmol/
L) . ART+CQ, ¥ B4 M A SR A K& RPMI1640 T 2855
e, WA A RN A ER 48 h #9 K562 4, 1 Bl
3 Annexin V-FITC/PT BT 3A AU, AL 1 x 1084011
F|ET 500 uL 1 x Binding Buffer, #KIKANA Annexin V-FITC5
wL.PI 5 pL, ZIEEOEEE 15 min, ARG IIET-2,
1.2.4 Western blot WK ALFRA MM (L 6x107 1), 3%
BylE2E ARG & R RRARAEA TN EED
WE ., BL100 pg BETE 15%H53 B & S%URAREH) SDS-
PAGE LAYk, 160 mA #4152 110 min, ZIR T 5%{HBLAGF it
B 2 h,#% 1:1 000 InA—$1,4 CRE LR BEET 1:2 000
=¥, EEWE 2 h 5 ECL B, @BRBBEZ &AW
REME, LB H&E S B-actin MKBEZ WAENEBREA
HIAHXT R,
13 %itss

Sk F SPSS 20.0 A4 GE it 4, BALH M B 3
WO AR + 3L (225 )TN, R LR 2EHAEER
B EMT R 3 R4 RS FRRNETZSNEE, 1
TKYE a=0.05,
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2.1 CCK8#m 4%

2,11 AFRE ART XF K562 48 mmEm K562 4ife

7EAR MR EE ART(0.6.25.12.5.25.50.100 mg/L) A BIWEF24 .

48.72 h & ,ART Xf K562 41138 58 3 il 4F A BA .38 i , 2 6

&) IR, A B A R, R T TR

ART 33 F25 A Xt AN KS62 BB RA G ¥ F
X (F=2 133.590,P=0.000) ; {b Bk BEM AT , B M B F £

Sy #Ab R [F) Bt 6] J5 K562 A3 78 41 il R A G it 22 B X

(F=489.220,P=0.000) ; /7 22 5+ M7 45 SR 38 B 7~ 18 AT i [B] =

Bi#& ART ¥R FITA R (F=22.200, P=0.000)(# 1), ¥

48 h ICs 24 30 mg/L, RN BTS840,

2.1.2  ART X @R BLAE A SN A 7 2 40 LA B K562 4l

WK LA 30 mg/L ART XHaBERAE A SN R L8 2
#HE K K562 40 AT T, 4 BIVEF 24.48.72 h, @M
2540 Jx K562 NZE4H R4 A: K ¥ 32 35 B $] (F=498.440,

P=0.000) ; YE F B V] S5/ RV B — B, BRI 25 40 55 K562
SN 2 RIFFEES ¢ 2 R (F=332.660, P=0.000) , ART %
JE SR I B A% A0 B A AR 4 B B T KS62(F 2),
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F1 ART 3t K562 G ERKMMEER (x £5,n=3)
Tab.1 ART inhibits the grouth of K562 cells in a dose—and
time-dependent manner( x +s,n=3)

AR (%)
ART

24 h 48 h 72 h

X R 0.00 0.00 0.00

6.25 mg/L #H 1551 £4.02%  30.51 +0.66"  47.43 +2.27¢

12.5 mg/L 41 2778 +4.21%  4152+1.86"  58.52+1.62"
25.00 mg/L 41 3090 £2.57% 5120+ 146"  67.10 £ 1.05"
50.00 mg/L 21 4953 £3.90% 7533+ 1.69"  88.56+ 0.68"
10000 mg/L 4 59.70£0.99" 8420+ 115" 93.91 =0.12¢
FE(r4) 2 133.590 PAH (M) 0.000

FAEL(ITa)) 489.220 P (1A 0.000

F A ()< 434 22200  P{E(AHIx5ML) 0.000
TE:a, by 24 h X RREH LLAR, 25 AT SETH2F ﬁ‘x P<0.05;b: 5 48 h &
72 h HER, 25 A L P<0.0550: b 48 h W IR He A, 25
i 5512 ‘a’: Y, P<0.05;d: 5 24 h M2 72 b LLEG, 25 AT SRS L,
P<0.05;e:'5 72 h Xfﬁ.‘?ﬂlt!m }f S AL X, P<0.05;1: 5 24 h
K 48 h HAS , 22 R ATA TR X, P<0.05

x2 ARTHEREASNEMBZAMER K562 4 A A< HIHI A 700
(x+s,n=3)
Tab.2 Cell growth inhibition of ART on healthy adult peripheral
blood nucleated cells and K562 ( x +s,n=3 )

PR AR (%)

Wigd:!
24h 48 h 72h
AR 2420 18.40 + 1.46 27.16 +2.01 35.05 + 1.31
K562 N4 4034 +2.16°  49.02+1.42"  60.47 + 1.99°
FAR(7r41) 2133.590 P74 0.00
FA () 489.220 PAE(FE]) 0.00

FAE (A RIxs34) 6.090 P {H(IHIxs34H) 0.25
112,24 h K562 2520 SR 25 40 2 Il 7 A e 11 2F 25 5, P<0.05;
b:48 h K562 244 SN2 4 2Z MAFfE S 1T 25 5, P<0.05;¢
72 h K562 Jn2h 20 St 4l 2 [afE e e 11235 5, P<0.05

2.1.3  ART il it & F EIHIFR CQ JaXF K562 4 M4 5
AR LS (12 B (B 0.00% ) , 30 mg/L. ART 41,10
pwmol/L CQ #H } ART B4 CQ ZHALFE K562 4L 48 h )7 , 45
ZH 156 FEAM R 43 0 R . (47.57 £2.08)% ., (7.15 £2.13)% |
(70.85 +5.57)% (% 3), 2240 4 LHANMIE BN HIRA ST
SFFE(F=982.480,P=0.00)., MM HELSA B/R 30 mg/l. ART
ZH .10 wmol/L. CQ #H K. ART HH CQ ALAIX F 25 41 1S
70 B 3% i (P=0.000) , H. 10 wmol/L CQ ZH K562 ()3
S0 T SR T ART 4 ; ART BES CQ 41A X T 30
mg/L. ART 4 % 10 wmol/L. CQ #H 384 5 411 i) 3 0 fa 3¢ it ( P=

0.000) ,
2.2 Annexin V-FITC/PI 32 4732 k4 m ART st K562 48 fie,
R bR

PLZS A A X IR 30 mg/L ART 41 .10 wmol/L CQ 41 &
ART B A CQ 4HALRE K562 ZMi 48 h J& , £ 4LIH 12520501 H -
(9.48 +1.00)% . (8.28 +0.97)% . (16.67 + 1.34)% (£ 3), Jr
203 0T 4 AN TR A G2 F 25 R (F=115.45,P=0.000) ,
I LSS B 7R : 30 mg/L ART 40 .10 pmol/L CQ ZH K ART
A CQ AU F2s (AL T3 B g 3 Jin (P=0.000) ; ARTHK

A CQ ALHIXT 30 mg/L ART 415 10 wmol/L CQ ZH 34 5 4
IR A (P=0.000) ; 10 wmol/L CQ #H5 ART 4 IH 1%
TEH 25 5 (P=0.170) (8] 1, 3),

%3 ART.CQX&MBMAMAATRRIGHEMH NI
(x+s,n=3)
Tab.3 Cell growth inhibition and apoptosis of 30 mg/L ART and
10 pmol/L CQ( x +5,n=3 )

il TR (%) G (% )
X RE2H 1.96 + 0.09 0.00
ARTEH 9.48 + 1.00" 47.57 + 2.08°
CO#H 8.28 +0.97" 7.15+2.13
ART+CQZH 16.67 + 1.34* 70.85 + 5.57*
F A 115.450 982.480
P 0.000 0.000
T ca, B HREH HOAS, 25 AT 0127 3 X, P<0.05 ;b ART+CQ 2 5
ARTHIAALL , 225 HAT A7 8 X, P<0.05 ;0 SRR LA, 22 7 fy

iR L, P<0.05;d: ART+CQ 415 ART AL, 2 7 HAT B4
B, P<0.05
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Fig.1 Apoptosis effect of 30 mg/L ART with or without 10 wmol/L
CQ(x+s,n=3)

2.3  Western blot #& M ART 2t K562 Zmfie 240 X & &
LC3 ,p62 HMGBI1 Beclinl ik ¥R
PLZS (LA X I 455080 20 1.C3- 11, p62 1Y KT8 K V- B
IV E R TG R AR X Tk BR AT TR O 254
FA 13-  p62 M RIEKFALG 22257 (Foa=
1 906.820, P51 =0.000; F,,=331.550, P,,=0.040) ; fifi & ART
WL, Beclin] HE I RIRGBMT T R%, 5%t ZHAALE , 7
2250 R ART 7EBLEHRE (25,50, 100 mg/L) I Beclinl 45
FIIRIRATHE T 26 5 (F=58.460, P=0.000) , fEAR M (6.25
12.5 mg/L) 25 K481 & X (P>0.05) ;HMGB1 & {1 fi &
ART ¥ JE (R BN 2K R W, 55 % B AR 1L | ART 7538 v e
J¥ (50,100 mg/L)f HMGB1 2 19 KK G Bit i 2 5 (F=
90.350, P=0.000) , 7EfIGHE ¥ (6.25.12.5 .25 mg/L) 225 L4
R SL(P>0.05) (I 2A €, % 4).,
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30 mg/L. ART 43 51| 4b #8 K562 40l 12 .24 48 72 h fi7,
LC3- 11 p62 & TR 1] SEA 1ML 38, AR5 B 4 A G 3
o 2T A4 LC3- 11 p62 I RR KA Giit 2425
(F=165.290,P=0.000) ; 5% BREHAH L, J7 2553 BT 45 4HHHMGBI |
Beclinl 2 F1HY KK, B T 12 h Beclinl AR 2L TS
THEE2E R (P>0.05) , HiAHTTE] 25 HMGBI1 Beclinl & [0 #4
IR A Gt 25 57 (F=148.990, P=0.000) (¥l 2B D, % 5),

ART(mg/L)
0 6.25 12.5 25 50 100

LEI-TT (16 kD) ™ oo o, i, s, A 20

PO2(62 kD) e ——— ek . S

A A[AIHRE ART AbFE K562 ZifHd 48 h J&5 1.C3 . p62 AYEE 1 4k K-
1) Ch)

0 12 24 48 72

LC3-TL(16 kD) — oo s,

p62(62 kD) mw

B-actin(43 kD)

B-actin(43 kD)
B. 30 mg/L ART 1 FR[EIHE] 5 LC3 \p62 3K 113 kKT

ART(mg/L)

Beelinl (60 kD) " -

HMGB1(25 kD) wm m a—

pracin(43kD) 8 - ——

C. RIS ART 4bFE K562 411 48 h 7 Beclinl HMGBI
EASESIV/ S 8

I [0 I
0 12 24 48 72

Beclinl (60 kD) e . cmmes e <o
HMGB1(25 kD) s sl S S ..
Bractin(43 kD) s e — — —

D. 30 mg/L. ART fE AR [E] /5 Beclinl \HMGB1 (98K 1181k 7K F

& 2 Western blot %l B 48 X & AKFRIE
Fig.2 Expressions of autophagy-related protein detected
by Western blot

%+ 4 Western blot #7|& H4AKE ART iR EZ{LE LC3.p62 0
Beclin1 \HMGB1 WE B RILE (x £5,n=3)
Tab.4 Protein expressions of Beclin1, HMGB1, LC3 and p62
under different concentrations of ART detected by Western blot

(x+s,n=3)

% 5 Western blot ¥l &% A4 7E 30 mg/LART 43 5I4EMA 0.12.
24.48.72 h Bt LC3.p62 #A Beclin1 \HMGB1 HIEH M RIZE
(x+s,n=3)

Tab.5 Protein expressions of Beclin1, HMGB1, LC3 and p62
under different time points of ART detected by Western blot

ART(mg/L) LC3 p62 Beclinl HMGBI
0.00 1.00+0.00 1.00+0.00 1.00+0.00 1.00=+0.00
6.25 1.72+0.49* 2.01+0.08 0.88+0.04 0.93+.01

12.5 2.10+0.48" 2.14+0.02* 0.87+0.09 0.85+0.02

25.00 260042 243013 0.78+0.01* 0.51+0.12
50.00 3.14£0.08 254+0.88 0.62+0.01° 0.33=0.05
100 490+007° 3.82+0.11" 052+0.01° 0.26 +0.06°
FiH 1 906.820 331.550 58.460 90.350
PAH 0.000 0.040 0.000 0.010

TE sa, SO0 HEZH FUAL, 225 AT e B, P<0.05

(x+s,n=3)
] (h) LC3 p62 Beclinl HMGBI
0 1.00£0.00  1.00£0.00 1.00+£0.00 1.000.00
12 335+044" 268+091° 095:004 0.75+0.04"
24 474+059° 3.66+074* 0.93+0.03* 0.50+0.03"
48 959+039° 533+041° 0.41+0.04* 043 +0.06*
72 9.99+084* 675+1.11" 021+0.04" 0.35+0.04"
F Al 165.290 27.120 385.910 148.990
P 0.000 0.000 0.000 0.000
T ca, SO IRAH LUAR , 25 AT ST 3 L, P<0.05

331 18

ART 73§20 CoOgHayg, T EAE R — P i 241K
BEES D 2RI . ART HLA P04 e 3
S BT T RAE RO Al ART Bk —Fhde ik o
ey, HAE ALK a2 B o IR s . AT
KW, ART XF K562 2 L4 5E A W S il 45 | i %ot
et BRE N A0 8 1A A2 200 A 90 ) 5 553 ¢ T Sk
MM AR PR RE M, FLHL 48 h 1C5, 8 30 mg/l, AR
S0 T BE M) SE B0 e BE AE ART (194 423 [ (0~150
mg/L) , 5 VA E —EB7,

VT AT AT 5T & BR, Fifrd 400 e ml ) 1 e LA
XA AR B 2 RO PR A E S B Rk
AR5 DN fef oo 20 ML R PLAR YT BT R e ia
JrEo FEE A A AT L i BR ) DNA i S
FIPET, BG HMGB, 1 BRAZ40 10 40 i 2% 12 AL R
AR, SR F BI040 M 88 R A S AR
AT FH i R4 i o2 PR, E R L i
PR HFRA N 2 R AR g AR MO VR MR AR £
B St B, E WER A o AR TR B B, L6 X
PRl 3% it PR AT 1) 5 6T 1 WA 5 A BRI Rl 15 A 0 5 %oF
H WEATE B CQ 1 A28 MLy [ w51 , 76
F W P 2 A B B i o IMCAS VR AR PHL, 300361 /K i i )
T SR LRS-V B AR A SR B ) W 12 M
Z M I K562 At /R H , A58 CQ il
SRS ART JEAbHE4N M, 30 CCK-8 X4 it 2
KA MEAF G R AR T 250 iR, CQ 1EKS62 4
i FF B R WA S A ST T (ERR LA T
ART B(A CQ FhAb B K562 40 i il S35 W 2 19 40 iy
ST, R, ARSI IR [ EAE K562 4 b A& 1442
i A0 LA 75 A, 5 SClikv e — 2%,

F AR — Rt BEPERYAE caspase MM K FE 7
PEAMIAET , EMRE Al R Ay R Y A A
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W 2 EE IR S 5K &, I LC3.,p62 Beclinl |
HMGB1 %057, Heh 1L.C3 K 1 BN BZ 4y, RE
A [ e A A R LC3 &3 T, BN W
PERG LC3- 1 , X4 AMgiERt, LC3- I RERREIT
145 , SREASEE Z Bk (PE) 854 TE R LC3-11 . LC3-
2 awhrEltEA, 'ﬁaﬂéﬁmﬁﬁﬁzﬂﬁ%op@
e —R 2B EN , Bl HEEN LC3 4
MBS Ak FRE S LC3 454, A ﬂﬁfé’%ﬁi
PSR, 51HE p62 T8, Beclinl J& A WA Bt
BPH—IOR/SF A REMERERENTE
WEN, PR B AR ATE S B, T HMGBI & T 1E
R Y S8 I B H 4N, HMGBI 71 5 Beclinl &
BEHBAEFARKNEL, AR, LC3-TE
HRIAE ART 1EF T K562 40 Ma #41E B 18] A
FE2AEEEE LR, R AmEnEENE, 5
MR 2 FIRTRE . — 2 H kA i %, —
2= B RSB IED B AR BB RIS B AL S B
RlE 5 IS & A O30 R R T 3 30 B WA 7E 4 it

MR RPN, MBARABII B A AR Z R

(&, fl Western blot KUl T p62 B H KR XBM , 5
REBR p62 2RTEIFEKEEFEE LR, UL
5T LC3.p62 R B E EIREHA T B M AR A R4
BZ5 HBEBIANRME BB H X, R
ART 7 7] BE3E 3 B B Wik 5 VA BRI Rl & SRR,
HET S 3 AR B, B A IH K562 4 B,
DIt E BRI A, Fet, e amE
CCKS8. Wi 40 B 4 At -0 B Ry SL I 4
AT UL  ART Frifs S8 K562 43t 6k
5 ART /- 309 5 ISR 5, W0 B v, e 40 i
XPERI B E R R T SRS R RN
7 4 3E IV BB T RES , T K e yed 4R B 7, B 3K
K562 ZHMIFET-HE /0, 55 Button 85T H ART @1
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