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Induction of apoptosis in human renal tubular epithelial HK-2 cells by emodin
and mediation of endoplasmic reticulum stress

GUAN Cui-wen, JIN Jing, ZHU Shao-hua, WANG Yi-fei, HUANG Zhi-ying

School of Pharmaceutical Science, Sun Yat-sen University, Guangzhou 510006, China

Abstract: Objective To investigate the induetion of apoptosis in human renal tubular epithelial HK-2 cells by emodin and whether
endoplasmic reticulum (ER) stress is involved in its mechanism. Methods HK-2 cells were cultured and treated with various
concentration of emodin at different time points. The cell viability was determined by MTT assay. The gene expression of
glucose-regulated protein 78 (GRP78), CCAAT/enhancer-binding protein-homologous protein (CHOP), activating transcription factor
3 (ATF3), and X-box binding protein 1 splicing (XBP1s) was evaluated by quantitative real-time PCR. The protein expression of
caspase-3, GRP78, CHOP, and eukaryotic initiation factor 2 alpha (elF2a) was detected by Western blotting. Results The viability of
HK-2 cells was decreased by emodin in a dose-dependent manner, and the apoptosis of the cells was associated with caspase-3 shear
activation. The treatment with emodin in HK-2 cells caused the increase in elF2a phosphorylation, XBP1 mRNA splicing, the gene
expression of GRP78, CHOP, and ATF3, and the protein expression of GRP78 and CHOP. The pretreatment with 4-phenylbutyric acid
and salubrinal significantly increased the viability of HK-2 cells, indicating the role of ER stress in emodin-induced apoptosis.
Conclusion Emodin induces the apoptosis in HK-2 cells and ER stress is involved in emodin-induced apoptosis.
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Z IREMEAR 1Y, Thermo A #]; Lightcycle 2.0
SO E R PCR (RT-PCR) 1%, Roche A7]; CO,
9746, Thermo /A wl; Mini-PROTEAN3 Hiik R4
Mini Trans-Blot ¥ 2 4t, Bio-Rad A7) HER MG
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KIEEHE (TR >98%), HH 2556,
frsE T, 5 110756-200110; DMEM/F12 $5574E,
FKH Gibco AH]; THIE MR 4IREE TR, MEM
W (MTT) K ZH A (DMSO), K13 [H
Sigma /A 7]; salubrinal, [ Santa Cruz A #]; fii
A+ 113 » 32 Hyclone 2w ;s 25 B cocktail
ProteoJET™ 4l o 244 4 , £ [H] Fermenta 2 ) ; Trizol
7). PrimeScript®RT X7 % . SYBR"Premix Ex
Taq'™, Takara 2475 5149t KEFR AW TREARA
ARG G R caspase-3 PUAR. BT Bip [Hi4
BT 78 (GRP78)] it hifh. HPriii
EYAENR T 20 (elF2a) Fifk. RPiBEmRILEIZ
WA AT 20 (p-elF2a) Piik. T CCAAT/
Wag T aAEAFEEN (CHOP) fifk. Rt
B-actin PriA B E A bR C L PT R 1gG —
P BT E AR bR L SE PN 1gG b, 3B
CST Awlo ARk [H =it 1 5 ati .
1.3 4ipR

NE/NE R HK-2 400, f i K2z B R 5

— PR B 4 R SIE G B AR AT U B A R
2 HiE
2.1 MTT Z#&0 HK-2 ApaEER

O K K HK-2 4, 4% 2 X 10° LI T
96 fLAR Y, 597 24 h T, KBS AL AN 3,125,
6.25. 12.5. 25, 50, 100 pmol/L I K#E 25, X M4l
HIA 0.5% DMSO; & 4 L 48 Jfl, A 0.5% DMSO
AER, fEH] 24 h )5, Wk B FSEFLINA 180 pL
DMEM/F12 F120 uL MTT % (5 mg/mL), &4
Fig® 4 h Ja ook & RIS, &AL DMSO 150
ul, HRG RS i, BEAR O E 490 nm P AR
WRE (A Al TF 5 M A 7% 2 A0 B i
(ICsp)o SEHHEL 3 K.

MIRAEER = (A sz —A 20) | (A um—A 201)
2.2 RT-PCR #&0 A 5= W Bz e X B E B =ik

HOM B K HK-2 400, % 25X 10%/ L3R
T 6 FLHR T, 5597 24 h G, 0 il A [ FE (6.25
12.5. 25. 50 pmol/L) KNI HEFEHHE 3 200
nmol/L 43 24 h, 53 L 50 pmol/L KIEZALEE 1,
3. 6+ 9. 12, 24 h, &I RNA, £l GRP78. CHOP.
BB IR 3 (ATF3). BV X &4iaEA 1
(XBP1s) 3K I K- o Trizol — L HEHUE RNA,
K ILal s S5k, B 1 pg RNA W5 cDNA.,
WL SARZ TN PCR 4 3644 R B RN % A340 4 ik
FlE % E. 4 GAPDH WEKIE, K HK
FEDRFIAINS FIE KOs SXE IRALAR B, A L3 A
ARSI ST H IR 1.
2.3 Western blotting ;%1% caspase-3 BIt1 5 A /&
M 7 HE X B B R R

O BB K HR-2 40, 4% 6 X 10°/4LEFh T

F1 LW ESE PCREIYIFT

Table 1 Primer sequence of real-time PCR

FEH 1975 UK /bp

GRP78 1El: 5-GAACACAGTGGTGCCTACCAAGAA-3’ 142
A 5-TCCAGTCAGATCAAATGTACCCAGA-3’

CHOP El: 5-AATCAGAGCTGGAACCTGAGGA-3’ 74
K 5>-TGCTTTCAGGTGTGGTGATGTATG-3’

ATF3 1Elf: 5-CTCCTGGGTCACTGGTGTTT-3 268
M H: 5°-AG GCACTCCGTCTTCTCCTT-3’

XBPls 1Elf: 5-CCGCAGCAGGTGCAGG-3’ 70
S 5-GAGTCAATACCGCCAGAATCCA-3’

GAPDH 1ElA: 5-GCACCGTCAAGGCTGAGAAC-3’ 168

KI: 5-TGGTGAAGACGCCAGTGGA-3’

b=y
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-3, 12 100, BLAHIREC), UK FJSCE 1 min,
FIF 4, W T 1.5 mL EP 45, vk F244#% 20 min,
4 °C. 12000 r/min 5.0 15 min, W, % 5
SCREVENE B A ) H . KPR SR AL 100 pg &
FEES, 99 ‘CAEYE 10 min, 12% SDS-PAGE HiJk
I3, A S PVDF I b, 5%ARY R B4 2 h,
BEE—PT (Bh 101000 Fks), 4Cik, WH=E
% E HRP i =3t (1210000 5K 1 he
HHAT NSz ni 8 Tris #h2% 0 (TBST) %
Uk PVDF Ji5 3 Y%, £ 10 min. ECL plus ¥EBEE X
FeIE R EN 1255 5, K Image-Pro Plus 6.0 3K f:
A4, BT K AR

HOMBUE K10 HK-2 410, 4% 6 X 10°/FL4Rk
T, 5595 24 h 5, IS R BE 11 (6.25
12.5+ 25+ 50 pmol/L) ¥ K3 25 R BH 1 %) e 24 23
% N 200 nmol/L AbFE 24 h; B LA 50 pmol/L K
BRI 1. 3. 6. 9. 12, 24 h, REGIMEEN,
Kyl eIF20. p-elF2a. GRP78. CHOP &[4 #ik/K

100

HMAETER /%

0

X 3125 625 125 25 50 100

K% /(umol-L™)

371J] caspase-3

“F-. Western blotting J77%[A] I,
2.4 MTT EMENARMEETFIRAMN KERIF
5 HK-2 @A T1ERREN

HOH B0 KT 40 B 540 M K 2 X 10° /AL Bz
T 96 Ltk . KiF: 24 hJa, SE40 TN T
25 4-283E TR 1 mmol/L EY salubrinal (Sal) 20
pmol/L AP 2 h, Fi45 T K3 3 50 pmol/L 4L P 24 h.
MTT VAR A5 5, TR “2.17 T
2.5 RITFAE

HHEILAX £5 25, KHI SPSS 13.0 Zril-#iftdt
T8k ortlr, Z41R LLECR - BRI 207 2500, 4HN
PP LLEERFH LSD %, WAL Z R LR « k%
3 EREHN
3.1 X HK-2 ifa7F/E 2 caspase-3 BB SN0

MTT KL g5 R0, BAG K0 SR B I =,
HK-2 g A3 R B W AR (18 1-A), 1Cso 4 14.51
umol/L. 4 HK-2 4l A JH T2, 40 Py i 44
caspase-3 #BIVIEAL, BWOE TUfAHOC caspase 118
IS E040 B 1 . Western blotting A&7l 25 3 iR,
KRR IRE R EHE T caspase-3 BI Y], R
T HK-2 40 iH1. 458 WKl 1-B.

B-actin

X 6.25 12.5 25 50
K3 / (umol'L™)

Hy AR "P<0.01

P <0.01 vs control group

1 KEZEN HK-2 MEFEERIENE (A) FIx HK-2 4R caspase-3 BIYIAYESMER B) (x+s,n=3)
Fig. 1 Effects of emodin on cell viability (A) and caspase-3 shear activation (B) in HK-2 cells (x + s, n=3)

3.2 3 HK-2 B0 M R W R X B E RIER 0
RT-PCR taill 45 R Wor, K FE T GRP78 I
RIS, RIBKFE A R IEADE, (HICHREEAH
Kk (Bl 2-A). K Z W3 CHOP # ATF3 JE[H
(PFRIL, FIATKPBifi I T RO FE (34 i $g =y (&
2-B f12-C). K ZiE T XBP1 mRNA HEV],
fff XBP1s mRNA Fik/KV-{E45245)5 1.3, 6 h 125,
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I EI ] BRI (18] 2-D).
3.3 % HK-2 ZARE M R M A3 X & B RIERI S0
KEFEAEFE S HK-2 418 GRP78 EAMIE
ik, JF 5 (R)FI AR BE AR OGP s AR DAV B AH ¢ Uy X
753 CHOP tr KA, JHHAE 0~12 h S KA AH
K, 12 h i) CHOP & (3R IA L B0 AH, B o1&
HNBE: G BES HK-2 410 elF20 B,
IFRIREEA G . K3 6T HK-2 41 i AH ¢ 25 (1
Fak 55 o5 2 I 1] 1R AR O MR 5 R B ) AE DG 1
5 WK 3-A Fi 3-B.



+ 1624 * ¢ 3% Chinese Traditional and Herbal Drugs 3% 44 % 25 12 3] 20134E 6 A

10 - 15 A
= wk i s
';"S‘J 8 B :HK%J *k
g oL *k E 10 k
P P
:Zj 4k % E
£ T E T
IOS 2 I ’l‘ §
[
~
£ Ol N e
XM 1h 3h 6h 9h 12h 24h ¥ & YIE 625 125 W MR
KIH /(pmol'L )
40 15 .. B
jéH sk thﬂ-}
g 30t X
ﬁ ® 10 | sk
% . ;»g sk wok
; 20 | :
% N E E 51 *
10 | * El
& a
: ainlill : ]
O le=r= 5 I/
MM 1h 3h 6h 9h 12h 24h FHHE P WHE 625 125 25 50  HEME
K#ZE / (umol-L™)
60 o 30
1 " ¢
iz =)
o ®
K40 = 20F
= =
= *k <
< x z | ﬂ
E 20 F Ry Dé 10 F **
E * ok = III
< 0 A o L=
S 1h 3h 6h 9h 12h24h ##iE b X 625 125 P MR
KIH /(pmol'L )
5 10
D
3‘]3 foloR J]JEH Hk -
H%% 4+ —S\J 8 *k
#®
= 7
E 3 = 6
I s
E |l‘ |l‘ % |
= 1 = 2F
m =9
=L il 2 M [ ]
MM 1h 3h 6h 9h 12h 24h FH¥ pE I 625 12.5 50  EHYME
N /(umoLL")
x4l "P<0.05 TP<0.01
'P<0.05 P <0.01 vs control group
B2 XKEZXMHNREMMBEXRERRENEE (x+5,n=3)
Fig. 2 Effect of emodin on expression of ER stress-related genes (x +s,n=23)
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3 REEWMARMNHEXEARIENEME (X+s5,n=3)

Fig. 3 Effect of emodin on expression of ER stress-related proteins (x +s,n=3)
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P <0.01 vs control group; P < 0.01 vs emodin group
B4 4-FETEEF Sal 3 HK-2 HAEFERFN
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Fig. 4 Effects of 4-phenylbutryate or Sal on HK-2 cell

viability (x £s, n=3)
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