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Simvastatin-induced apoptosis of K562 cells is mediated by
endoplasmic reticulum stress

XU Guo-giang', HUANG Wen-fang’* , LIU Hua®, YANG Yong-chang®, LIU Wen'

(1. Department of Laboratory Medicine of Chongqing Medical University, Chongqing 400016, China;
2. Clinical Laboratory of Sichuan Provincial People’ s Hospital, Chengdu 610072, China)

Abstract: To explore the apoptotic effect of simvastatin on K562 cells through endoplasmic reticulum
stress, morphological change of apoptotic cells was observed by Hoechst33258 fluorescent staining under
fluorescent microscope. Apoptosis rate of cells was determined with annexinV-FITC/PI double staining by
flow cytometry; Intracellular calcium concentration ([ Ca’* ],) was measured by laser scanning confocal
microscope (LSCM) ; The expression levels of glucose regulated protein 78 ( GRP78) and calpain gene
mRNA were determined by RT-PCR; The expression levels of caspase-3, -6, -7, 9, -12, calpain and
GRP78 proteins were evaluated by Western blotting. In this study, K562 cells treated with simvastatin for
72 h exhibited typical morphological change of apoptosis cells. After 72 h exposed to 10, 20, 30
pmol - L~' simvastatin, the apoptotic rates of K562 cells were 12.41% , 19.08% and 23.41% ,
respectively. Simvastatin induced the increase of [ Ca’* ], in K562 cells, fluorescent intensities were 43,
54, and 64, respectively. The expression levels of GRP78 and calpain gene mRNA were up-regulated.
The cleavage and activation of caspase-3, 6, -7, 9, -12 and upregulation of GRP78 expression were
determined by Western blotting. These findings suggest that endoplasmic reticulum is an important pathway
of apoptosis in cells and participates simvastatin-induced apoptosis in K562 cells. It is implied that
simvastatin may be suitable for clinical usage in the treatment of myeloma patients.
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Bl RAFEE & RS R RIE 18 M BE40 i
H 1% ( chronic myelogenous leukemia, CML) FJA5 3
FB, BRERAY25% W BETURIIALAH
JEi$E R (human leucocyte antigen, HLA ) #5-6 HI ‘B B8
ft, BrLixt CML gy r A e B, Ml 2824
YR —KMHE A BRI, S AT KGR
JEE AR MAE . 5 fRAMLTT ( simvastatin, Sim ) 24772
i) —Fb, BE 5 R B Sim BN K562 40 f 3% 56
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W g GIBCO; 41 j&EW B GM; AnnexinV-FITC/PI
BHE, FAF MR, &L GRPT8, caspase-12,
-7, 6 ZFLEHUA . BHLA caspase9 BT EH A
WEREEY TRARAF; BPLA caspase-3 B
FERELR . HPR ARICH 58 —Hi ik (1l 390 R
IgG) W) B Santa Cruz; calpain, B-actin It B 18+
#] ; Hoechst 33258, Western blotting % #iK57 35 K4
Sigma /A& 725 ; Fluo-3/AM 4 H Anaspec,

gREiETE K562 MM T 10% M54 . 7
BE.HEERA 100 u - mL™'f9 RPMI 1640 558
H, 37 C. 5% CO, HFFMEMIESF 72 ho LH5)
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WABMERE BT IR HE ML HE K562
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min, PBS ¥t 2 3®, & 040 A 4e Bl Hoechst 33258
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AL %A AnnexinV-FITC/PI X
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Ja RN A M LR AN, 4 CH% K PBS

VR4 2 IR, 458 R b I E T2 40 Hd 250 pL, 4
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A, A Annexin V/FITC 5 pL F1 PI % 10
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Yl HRAN 73T

HER Ca’ REME B Hd K4,
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AR SR AH X HRH 40, PBS ¥ 2 3K, WA Fluo-
3/AM(5 pmol - L™") F 37 CHHH 30 min, PBS ¥ 2
W F LSCM 434, WER4HMI N IR
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Y4814 10, 20, 30 pmol - L~! Sim 1 pmol -
L~ TG, 3% 72 h, Yt 538 45 At B 4H 40 Mg , Trizol
WARBUS RNA B RNA 2 pg #4756, 1B
B REH U, HEiR R cDNA FARE
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GAGTAAGACC-3', T % 5'-AGGGGTCTACATGGCA
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AnnexinV-FITC/PI Wk & W & 78 , A [5] k&
Sim #l 1 pmol - L™" TG fEA S K562 M # T, &
—EBENEREKEXR, 10,20,30 pmol - L™
Sim # 1 pmol - L™' TG #J1 K562 41 72 h f5, %
%554 12, 41% ,19. 08% ,23. 41% {1 26. 52% ,

53U, ZREREFHRITFEL(P<
0.01), ¥ 1.H2,
3 FRATHBAE MK Ca' REMNKRE

10, 20, 30 pmol - L™" Sim # 1 pmol - L™' TG
YEH KS62 41l 72 h )5 , ZIBA IR E S A A
BEMAR. RAEREKEE. KBEAERTMH
FflPy Ca®* PR, 9 RGR, Ca’* WRE RS . SRR
U, EZREHIHFEN(P<0.05), %2 K3,
4 GRP78 # calpain mRNA F{iEKE

RT-PCR &5 &7, 10, 20, 30 pmol « L™ Sim
11 pmol - L™ TG #ER K562 4 72 h J5 , X B4
M 4] KS62 410l GRP78/GAPDH mRNA H.{H 4
$%41.09+0.21,1.32+0.23,1.59+0.19.1.77
0.22 f12.4 +0.24, calpain/GAPDH mRNA {4}
F1%1.14+0.21,1.38+0.20,1.52+0.23 1.58 +
0.25 71 1.85 +0.24, LR45 041 .3, GPR78
1 calpain B[ mRNA FiE/KF#H Eif,P <0.01,
RE4.5,

Table 1  Effects of simvastatin and thapsigargin on Table 2 Effects of simvastatin and thapsigargin on
apoptosis rate in K562 cells (¥ +£s5, n=3) intracellular [ Ca’* ], in K562 cells (2 5, n=6)
Group 72 h Apoptosis mte/ % Group Fluorescent intensity
Control 4.220.19 Caontrol 36127
Sim 10 pmol - L™° 12.41 £0.32°* Sim 10 pmol « L™ 4312.9°°
20 pmol - L 19.08 £0. 26 * 20 pmol - L°° 54427
30 pmol - L' 23.41 20.36" " 30 pmol - L™° 426"
TG 1 pumol -+ L' 26.5240.41°° TG 1 pmol - 1, 73428

"*"P<0.01 s control

"*P<(.01 v control

Figure 1

Morphological changes of apoptosis cells (200 x ). A: Control; B:
simvastatin (Sim) ; C; 20 pmol - L™ Sim; D: 30 pmol + L™" Sim; E; 1 pmol - L™ thapsigargin ( TG)

10 pmol - P
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Figure 2 Apoptosis of K562 cells induced with various concentrations of simvastatin and thapsigargin for 72 h.
A: Control; B: 10 pmol - L' Sim; C: 20 pmol - L' Sim; D: 30 pmol - L™' Sim; E;: 1 pmol - L™' TG

Figure 3 Confocal Laser Scanning images of Flou-3/AM fluorescence in K562 cells (200 x ). A: Control;
B: 10 pmol + L™" Sim; C: 20 pmol + L™' Sim; D: 30 pmol + L™" Sim; E: 1 pmol - L™" TG

5 Caspase-3,6,-7,9,-12, GRP78 calpain EEK 72 h )5 ,GRP78 F k8] B4% 0, ifii calpain ,caspase-3

T 6, -7, 9, -12 MR AK T BA R EN TR,
Western blotting £ {il] 25 52 8 7=, K562 #i i & HZWHENHEETHIFEL(EG) .

10, 20, 30 pmol «+ L' Sim fl 1 pmol - L™" TG £
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Figure 4 Effects of simvastatin and thapsigargin on
GRP78 gene mRNA expression. M; Marker. Lane 1;
Control group; Lane 2; 10 pmol - L~ Sim; Lane 3:
20 pmol - L™" Sim; Lane 4; 30 wmol - L™ Sim; Lane

5:1 pmol - L' TG. n=3, ** P <0.01 zs control
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Figure 5 [Effects of simvastatin and thapsigargin on
calpain gene mRNA expression. M: Marker. Lane 1;
Control group; Lane 2; 10 pmol + L™' Sim; Lane 3:
20 wmol + L' Sim; Lane 4; 30 umol + L™' Sim; Lane
5:1 umol - L' TG. n=3, *"P <0.01 s control
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Figure 6 Cleavage and activation of calpain, caspase-3, -6, -7, -9, -12. Upregulation of GRP78 expression
induced by simvastatin and thapsigargin in K562 cells. n=3, "P <0.05, "*P <0. 01 »s control
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JIELFE L I S ERE YT o B SR KR, Sim BB 55 2 T i
FEAMF T, RRIEFR AR CML 4 fu 3§58 37 %
SHAT, BB ATLERE, RIPILE Sin /E
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JB P e B — b 2 AR AR ER L, R P J5 O L S B A
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PR R P 3852 1 4 R T R — R R T 32 4
A FRLREAN FHFT MR -8R, Caspase-12
BHETHEMEL AR ERETRET X
SYER . dMfiZ TG ALIEET | P o Y N 3 SN 5
TP TR, YRR I 4 caspase-12 F1 GRP78 3%
KIGIN, HFIE B caspase REK 2N K caspase-9,-3 1Y
BYYIEAL"T T caspase-12 BFa /N BUBEHEHL PI I
PEBHESHRE T . AHEBR" AEM Ca®t
AT DS N, T calpain, {H 4L EY calpain
YIEI P9 R P& Y caspase-12, 724k caspase-12 T i
FE BES AN, ARHBRFAT, Tan £ 5
TR IR, calpain FEPRI R 2% 5 WE G £F 45 53 40 il BB HKHT
PR I 38 15 R A T2, $8 7R calpain 5 caspase-12
HIE S LA Ko PR P R 80 b i, B 5 H #Y
caspase-7 B B & b, L B P Jiw W B B 4T I
caspase-12 {8 caspase-12 ¥E 4K, {H Xie 21 B
TR P, caspase-12 B G 4L 5 caspase-7 JX caspase-3
HIHER—B, Ay caspase-12 {HLEY EEHHIA R
caspase-7 FYIE 1k, i 541 H8 Ca™* KA %, TG
B—Fh Py W B Ca’* -ATP B3 i, 7 9 9 5
BN, ARG , S BN R Ca™ Wk
FEAR, B3R Ca™* YR BE T+, AT 52 P9 5 I 7 8 R
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Pro A, Sim YEF K562 4iffl)s , REiA S 400
FT-, [FEHEE 3] GRP78 mRNA #1 GRP78 & /K
F FiF, SREFEBRER—, 10 pmol - L' Sim
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A K562 41 Py Joi P R S S g, {ELRE & Sim ¥ B g
fn,GRP78 ZEHIFRIEM, AF¥KE Sim /£ K562
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Wi, BAWEERBME, Ca’" W8N INTT B85 9 R
WPy Ca’* BEHUA . 4UMEPY Ca’* ¥ F N5 3
calpain mRNA 7K ¥ b i X H & 5 89 R 15 1L,

Caspase-3, 6, -7, 9, -12 FHH/KFFE Sim & & 1
I TR, R AR EREE, 7F Sim 75 K562 41
P SR PO 7 388 R I PR Tk AR P, caspase R H R A=
B EA AT RRT REREEN, IR
B, BAR 10 pmol - L™ Sim ] F|E4UHEM Ca’* ¥
FEH MBI A T3 calpain B HRM L, X T
85 calpain & A3 FHATFERD —F Ca’ Ik
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caspase-12 2 HBY Y] \IH4L, i H L7 calpain £ H
AR TG, 3278 caspase-12 FH BT U]\ 154k
T REFAE HALR R

&5 BTk, Sim W] BE5E 1 N R N DL BUR R
K562 Zi AT, BRI R Ca’* 54, Bl E 41 HB A
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caspase-12 , caspase-12 1L )5, 51 T i caspase9,
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2, caspase-7 B H S 5%k caspase-12 K H Sim
3 K562 4 fu i 1= B A A7 HA @2, v 75 3t
— W5,
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