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[ Abstract | Objective; To investigate the apoptotic effect of rhein on human proximal tubular epithelial
cell line (HK-2) and the underlying mechanisms. Method: HK-2 cells were seeded in 96-well plates at an initial
density of 4 x 10" cells/mL for 24 h, and then the four different concentration of rhein (0, 25, 50, 100 wmol -L ")
were applied to test cells for 12, 24, 48 h respectively. MTT assay was used to detect the viability of HK-2 cells.
Rhein-induced apoptosis in HK-2 cells was evaluated by Hoechst 33258 staining and Flow cytometry. The
expression of proto-oncogene c-jun (c-jun), activating transcription factor 2 ( ATF-2) and cysteine proteinases
with specificity for aspartic acid residues 3 ( Caspase-3) mRNA was detected by real-time quantitative polymerase
chain reaction (RT-qPCR). The changes of phosphorylated c-jun N-terminal kinase ( p-JNK), c-jun N-terminal
kinase ( JNK), phosphorylated p38 mitogen-activated protein kinase ( p-p38 MAPK), p38 mitogen-activated
protein kinase ( p38 MAPK) and Cleaved Caspase-3 protein were detected by Western blotting. The specific
inhibitors of JNK and p38 MAPK were applied for identifying the roles of the corresponding signal pathways in
rhein-induced apoptosis of HK-2 cells. Result: Rhein inhibited the viability of HK-2 cells in a dose-and time-
dependent manners. The apoptosis rate of HK-2 cells in rhein groups was apparently increased. The RT-qPCR
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found that the expression of c-jun, ATF-2, Caspase-3 mRNA was significantly increased in rhein-treated groups.

The results of Western blotting showed that there was no significant change in p38 and JNK protein, but an

increasing trend in p-p38, p-JNK and Cleaved Caspase-3 was observed. After treatment with SP600125 ( an

inhibitor of JNK) and SB203580 ( an inhibitor of p38) respectively, the apoptosis rates of rhein on HK-2 cells were

significantly weak. Conclusion: Rhein induces apoptosis involving MAPK signal transduction pathway in HK-2

cells.
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22 24 s 05 A AR O ( MAPK) 20050 BLA% 2B )
MM EZENGES R, Haiph s si®k A B
HEA MAPK G B A 3 4% : c-jun %0 K I U ( -
jun N-terminal kinase, JNK/SAPK) MAPK jif % , p38
MAPK i@ P& F1 28 M 4b 15 = 8 55 & 5 ( ERK)
MAPK i g , Horp JNK, p38 MAPK i # (1 S iif = %
SRR R A T ERK SE B 04 S ) 3 2 4R
40 f A7 % B A0 T, B A ST &R B MAPK
T e T 0 TR R T B L 2
— U EHRT S5 R TRE T 0B 1 T
UL HZIE o PR AR S 55 DA K ST 25 R R TR
EBREARIF R E /NG LA HK2 {1,
HMT-HLEE S 5 MAPK {55 5% 5 36 A ¢, DL
APy A 8 TR X ' JORE e A LR R AL
1
L1 gtk ANIE®'E/NE 4 5R HK-2 (70
IR AR T ) o
L2 25 Koo R R ow B (b [ B 24
5 5 BF 9% B, #ik 5 110757-200206 ) , DMEM/F12 %
FeHk (£ Gibeo 24 Al fit5 8114402 ) , fifs 4 il 35
(FBS, 2 [ Gibco 28 Al , it 1414426) , 40 L I8 7--
Hoechst ZL a1 & (38 = RAWHE AR IT, #it5
€0003) , Annexin V-FITC 40 1 ] T3 7 & (B 50 &
A TR 5T i, it 5 G003-2) , & RNA 2 ik
A 3R sl & YRS RO R & (AE DAY T
TR A BR A A, it 5 A617KA3880, 252201312,
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00183446) , — 3 p-JNK, p-p38, Cleaved Caspase-3
(2 [E Cell Signaling Technology /A &), fit 5 0011,
0010,0006) , — 4T INK, p38 (L FHIT KA YMBHA
MRS 7,45 WLNO006, WLO01174 ) , B-actin Hi {A& F1 —
Yo bt (FE Bioworld /2 &), fit 5 AA24142,
AB03141) , JNK %54 1 5] SP600125 , p38 F
PEA 57 SB203580 ( #1 2= K A= W) £ AR B 5E i, it 5
S1876,51863) .,
1.3 Y %% Series 8000 WJ # CO, #5346 ( £ H
Thermo Fisher Scientific 2\ %) ) , DMIL LED DFC425¢
T3 B 98 B MBS (8 Leica /A 7)), VersaMAX™
T Z2 31 fE B b5 AX (& [/ Molecular Dvices 23 ] ),
FACScan % 37 =X 41 jtg {X ( 2 [E Becton Dickinson 2
F] ) , Mastercycler ep realplax %I 5z i 5¢ Y6 52 & PCR
A (1 [ Eppendorf 2\ %] ) , Mini-Protean 3 % 5 [
TK A5, ChemiDoc™ ® % 1% & 48 ( % [ Bio Rad
Laboratories 2\ &) ) o
2 FHiE
2.1 difukige IEW AN /NE LR R HK-2
FH & 10% FBS (1) D/F12 ¥535 4, F 37 C 5% CO, %
FRAANE TR . YA = 35 R 80% 24, TH AL
AR AEFFIZ AL AR o
2.2 K IMAHRES ) BROW AR KR HK-2 4,
b 1S B0 LJ YL, E RE  EE R 4 x 107 AS/mL,
T 96 fLtk, Bl 200 pl. #5355 24 h R 4525, SC8e s
NSRS A, XA, 25, 50, 100 wmol < L7
RERMH . Hige 12, 24, 48 h J5 , W ER AL N W AK , Jin
A 20 pL BB EEN 5 g L1 MTT 39K, 4k 28 15
F*4 h, A DMSO FE50 3 i , R BRACTE 490 nm 4k
I WO RE AT LS T o

MITES) = (A~ Agmznm )/ Asma ~Agmaam) X

100%

2.3 Hoechst 33258 QiGN A0 ML g 1= IG5
LR BT 6 FLAR P, B HK-2 40 i 33 ki 5 20 40 o
BB 1.6 x 107 /mL, 38 T 6 fLHR,
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AL 2.5 mL, R AMEICH . W24 h JFensy, 5
By 4 X IR K 2 (W E 25, 50,
100 pwmol - L™") o %525 24 h J5, [ & W &,
Hoechst 33258 44y Yy 4, % 41 Jf € Jr & T2t 1
(CE APV 38
2.4  Annexin V/PT QYA 40 Bo T2 81,6 x
10° A4~/mL % J¥ /) HK-2 40 g 3 %0 F 6 fL e, 45 4L
2.5 mL, 53¢ 24 h R4, ok M g 25 4k TR TR
2.3,4525 24 h JEIH AL EE AN ML, R A B FE R 1.0
107 A~/mL {4 5020 2, B 1 mL 20 B 2 L0
£ - ) | I LI GO 1 T QS SN /N =03 ) AN
Annexin V-FITC, fll fb 79 g 4 9%, E R 860§
15 min 5 & T ok b, Bl B 47 3 =2 40 e ASCRS DU
2.5 c-jun, ATF-2, Caspase-3 mRNA Fisfi
MR TSR, FF A M A K 2 80% Ao 4R 2,
SR R AP R PRI 2.3, 4525 24 h S AR 40, T
Trizol 277 24 i 41 g $2 B2 RNA | L GAPDH fE i IN
Z:, FI I B s PCR AR S35 K5 I Caspase-3 mRNA
& INK, p38 1 F i % 5% A 7 c-jun, ATF-2 mRNA
)% ik, PCR 51 ¥ /¥ %1: c-jun 1E [ 5| ¥ 5'-
GCAGCCCAAACTAACCTCAC-3', [ [n] 5] ¥ 5'-
TAGCCATAAGGTCCGCTCTC-3"; ATF-2 1 [/ 5| ¥y 5'-
CTTTGACCCAGCAACATCCT-3', Jx m 5| ¥ 5'-
CTCTTCTCCGACGACCACTT-3"; Caspase-3 IF [a] 5| ¥
5'-AGCAATAAATGAATGGGCTGAG-3', Jz [n] 5|4y 5'-
GTATGGAGAAATGGGCTGTAGG-3", %4 ib ¥ % ]
FEX i TP A 2 7T A R R R A AN SR Rk
7K F
2.6 p-JNK, JNK, p-p38, p38, Cleaved Caspase-3
g S PRy ALl I G R 2 LU RS R A i N4 SR IS
2 80% LA a2y, oyt M s 2 A PR IR] 2.3, 4524 24
he 5 OB 20 M, o A A0 i 2 A AL A, R B 1 O e
i, U R B T SDS-PAGE HLJk 4355, UG 75
% NC JE,5% BSA # iR E M 2 h,4 CTF 5 B-actin,
p-JNK, JNK, p-p38, p38, Cleaved Caspase-3 i A Z¢
S, TBST ¥ RTEUE, & i iR 2458 2 h,
TBST % Wi 1% Ve 5 I b ELC &G, A BE e 1%
O BEE, {l ] Gel-Pro analyzer 4. 0 % /FXF 4% i i
1178 B 43 07, 459 1 4 2% BUAr OB B2 TA, ) B-actin
YER NS AT IE

AN RIBE = (B K E My [A/B-acting,, 14)/

(E TR 1 g [A/B-actin g 14)

2.7 Annexin V/PI X4 1l SP600125, SB203580
STATM TR 1.6 x 10° A~/mL % M

HK-2 4R F 6 fLA, AL 2.5 mL, 557 24 h |5 %
2§, S 4y 100 wmol - L' K 8 R 2H, 100 pumol - L™
KR 5 20 pumol - L' SP600125 4L 5% & 41, 100
pmol - L ™' K2 5 10 wmol - L' SB203580 L4 &
M., JasedRiER 2.4,

2.8 geitia et S s I SPSS 19. 0 A ik
Frgeit o, @R x x5 o, 2 0 B 09 4 H L
BRI B 2R T7 22 93 B Tukey K55, P <0.05 N AY
it X

3 &R

3.1 MTT @k f il 40 e is /) 5 X A A L,
Wi A A B TR Wk B 3G I, 240 PR 0 3R R L O FLBE
EAYAE I ) 9 E 4, A0 M s o i 3 N R, R
A DI e 2 5% s [ R 5 A R ) K 4 1 ok HK-2 40
MO H1 o DL 1o 25 pE B A0 i 58 T R 25 9 1 Ak
R JE S A IR #5524 ho

#1 KEE HK2 BE A AR S BT RAHI (x 25,0 =3)
Table 1 Effects of rhein on HK-2 cells viability and early apoptotic

rates (x £s,n=3)

, 24 h
e g I B 3% 1/ % .
415 R TR
/p,mal'L’l
12 h 24 h 48 h /%
Xt B - 100 +9 10013 100 +4 5+3
KE R 25 98 +8 89 +15" 53 5% 71
50 91 13" 71 £11% 46 x4 18 +3%
100 69 =62 56 +6%) 39 £4? 34 +4%

X RA Y P <0.05,7 P<0.01(F£2~3[H),

3.2 Annexin V/PT XL RGN A0 0 8 =% AH L
FXF B, KR 50, 100 pwmol - L™ 2H 20 i 5 391
T2 W 5% 5300 EJHE] 18% ,34% (P <0.01), #i
K R AT i &6 S HK-2 M T, W 1,
3.3 Hoechst 33258 L e kG N0 g = A0 Hf K
A T M o v SR AR WL RS s B
T/IMASE AP T TE A, 4 Hoechst 33258 L4 J5
U8 T 200 i 5 OB MR G SRR HOIR BOR Wk g, O R
SRS, AN T OE R AN K % R 2H 4 i
SR D0 [ O s B O, i Ak s B R € 0O, A A A
TE ) 0 1 % 5 25 AR 3 T 45 K B R 25 ool - L' 41
BRI D /b B B0 Tk e 65 Y R T 48 G, 7 S0,
100 pmol~ L ™" 2 A W K 2t 550 %% e Yo U 7 40 e B i
Fo SR BN RER ARG HK-2 40T,
3.4 c-jun, ATF-2, Caspase-3 mRNA E s/ AH
HF X BB c-jun, ATF-2, Caspase-3 mRNA f) 3£ ik
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Yoy it 3 DR R A 4 1 N T T s L 7 50, 100 pmol -
LB R B ETE (P<0.05), WE2,

&2 XKEBEI c-jun, ATF-2, Caspase-3 mRNA KX M (x +5,
n=3)

Table 2 Effects of rhein on expression of c-jun, ATF-2, Caspase-3
mRNA (x+s5,n=3)

e i mRNA/2 ~ 446
415 B
/pmol - L c-jun ATF-2 Caspase-3
Xif 1R - 1.00 +0.24 1.00 +0.38 1.00 0. 23
KE R 25 1.40 +0.24 1.68 +0.38 1.30 £0. 12
50 2.40 £0.07%  2.22+0.24"  2.12+0.18%
100 2.93 £0.74%  2.71 +£0.31%  2.35+0.08%

3.5 p-JNK, JNK, p-p38, p38, Cleaved Caspase-3
BEARKKW 5 XA, KRR 2 25 4 p-
JNK, p-p38, Cleaved Caspase-3 {4 1K [ 4547 Bl 0 1y
A G, M INK, p38 iy A L R E AR, WA
1o FBWOGEE 53 M e i 45 B R WY, A X T X B4,
INK, p38 i H # R KT B F A4, p-INK Fip-p38
R K A W, B AE 50 wmol - L7 5

®3 XRERHK2 HEEXEARZEHEM(x£s,n=3)

Table 3 Effects of rhein on relative protein in HK-2 cells (x +s,n =3)

WINE B EMNHEZER (P <0.05) ;Cleaved Caspase-3 7K
P 2% 1A Bifi 5 R B R vk 2 Y 3 i AN Wy A, 7E 50, 100
wmol L B B 2 B (P <0.01) . W% 3.

- actin R Wt -

p-JNK
—— T
F>o ii ¥
ol & 4 &

— - .- =
P S e e
Ao et

P38 e  cmms SO =S

Cleaved

Caspase-3 it e
A 25 50 100

K3 /umol L’

B1 KREBY HK2 AREXEAQREHORME
Fig.1 Effects of rhein on expression of relative protein in HK-2

cells

e BRI RO 3y s
415 »

/pmol - L p-JNK JNK p-p38 p38 Cleaved Caspase-3
xif & - 1.00 £0.29 1.00 0. 30 1.00 0. 21 1.00 £0. 15 1.00 £0.21
PN 25 1.48 +0.13 1.05 +0. 05 1.05 +0. 08 0.97 +0. 08 1.21 0. 12

50 2.98 £0.41% 1.00 £0. 15 1.84 +0.49" 1.13 £0.23 2.25 +£0.29%
100 2.86 0. 36% 1.15 +0.12 2.33 £0.17% 0.92 0. 04 2.44 £0.35%

3.6 SP600125, SB203580 X 41 Jifd 5 T & (4 5% mi
SP600125 J& JNK 55 £ P 4 i 5510 , w7 LA Sk 35 1 410 161
JNK Ar § 1 c-jun @ i2 1L ; SB203580 & — Fft & ] 1)
p38 MAPK il 57 , & 7] LA 35 48 ffd 4 ) p38 MAPK
MBERR AL . ST R KW, 5 100 pmol - L™" K ¥ iR
ZHAH L, 100 pmol - L™" K # 5 20 pmol « L°'
SP600125 L 7 #H, 100 wmol - L' K # R 5 10
pmol + L' SB203580 A % 7 41 41 Jiig & 109 94 1= F M
34% 439 F % 23% ,25% (P <0.05)
4 itig
AP T, RRFR T R AR M TS (PCD) 24

RN E B T AR T R AR A A A g
Rk an i Gk, B 2, DNA REfg, P2 AR R T
AN S LR R TR AT A T AR
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Mg SeEe WoR R R AT S 2 R AN
EHT LG R A0 A S TR S e 2 Ok
WK AT RE R A B R, LR AT RE RS S B NE
A IE T, A S8 H MTT, Hoechst 33258 4t
£, Annexin V/PI 4t {6 £ ] K 8% /2 X HK-2 4 il Y
BEHAEH . MTT 4558 Wos KR A/EH T HK-2 41 if
1) 4 B 3% 7 it 2 A P B ) | 245 4 e 5 g 35 o R B
S ISP R] v B AR , 3R B R B R T HK-2 4 i B
B . 7E Hoechst 33258 YU (8 5 55 v 25 24 20 13
IR B0 e L B R PR OB VR e L R B R UG
(R T 40 L, L0 T 4 M B A 24 0 v R B i
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Z PR KRB R 5250 B AR PE b 5 i HK-2 20 g
T Annexin V/PI XUHe 45 5L b 7 B0 08 7~ 41 i b %
G BE G T s g . DL B SRR, KRR
RS RE RS W 55 HK-2 4 1=

MAPK J& ELAZ 4 N )2 A7 78 B — 2K 22 B R/
I R AR VN L B AT LABIAS [R] 68 200 JE A0 300 SR T o
FLIE R 2H i f 5 MAPK kinase kinase ( MKKK) ,
MAPK kinase ( MKK) ,MAPK  3iX 3 7t 5% [ 4K ¥ 38 7%
FRL T — AR SF I = P S . MAPK #3006
J5 BRI AL T W A e T L MO AR 2 R IR
T RH DGR R Y 3K, R 2 5 A0 M AR K oAk
X ER BT I B OE B A 2 AR T B,
WEFE I g A H 5 40 M 0 T2 5C & fie % UJ Y MAPK
i % 32 =% JNK A p38 MAPK, &7 32 % iy 48 4E 4
! VOGS RN Z 7 N =R L IV 5 | R N PR R R A
WG BRST A W INK (TR A0 T ML 3 A
5 FasL 323K A T2 AH 5C B DR 1) 22 S 3 0K LT
Caspases % Ji% , c-jun & H i B W) F U7 K ¥ ; p38
MAPK 7] DUid i 3 58 c-mye ik, BEMR ML p53, 25
Fas/FasL A 30 12, 15 5 Bax % 7 S AL 75 5 40
MU T, ATF2 EHFEHF iRy . Lkt
PCR #4552 & 7/~ c-jun mRNA, ATF-2 mRNA L) K&
Caspase-3 mRNA [y F L 5§ E M F ., Western
blotting | 15 25 25 41 JNK , p38 & [ 3K i5 5 XF i 2 4
& W % M A b, {5 p-JNK, p-p38, Cleaved
Caspase-3 £ [ 3 15 5 W G 59 0, 3% 38 B R 8 R 7 175
T HK-2 40 T2, INK, p38 i 18 A 7 F- 48 i ik
M % 1T INK, p38 MAPK {5 5 ¥ 5 i §; [F] i)
Cleaved Caspases-3 JFEi B E M- A4, X 5
T 45 R A —E0, BEJE 200 i INK, p38 4 5 41l
#il57 SP600125, SB203580 3£ — A 6 1l 40 M 9 T~ , %
B2 Fhe i 3R] X 8 08 . 2 R AR OR B R 5 3 19 HK-2
ML TR Xk — R INK, p38 MAPK 375
Z 5T RERES M HK2 g Tt 2,

g5 bRk, AR S TE B K BT R E A8 0 ) HK-2
2 A 5 015 S LR T, B UUE B O T AL AT
AE 2 i i S INK, p38 MAPK {5 5 % 5 fi 3k i
4k Caspases-3 SCILAY o SR K B R /2 75 30 BE A% 3
b HA A AR 5 5 HK-2 240 B 04 7, 2 A RE 8 B %%
BUE NE &8 B U, B T 22D
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