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H  #F7E S SRR (aristolochic acid, AA) X AT P /INVE | Sz 240 /i ( HK-2 2 ) 548 45 K vl BEAILRI

Jiid:

AN o>y 4 41 IR IRZH S AA30 60,120 wmol/L 21 (n =6) , 7305l fF I T HK-2 4 8% 5% 48 h )5 , (818 AH 22 B s

WL AT 25

,CCK8 {7 & ( Cell Counting Kit-8 ) Kl 45 , i 20 A AU P T, Western blot 43 #1ii% 8 Caspase-3 [ 3%
ik, 4 H B AR AN S L 33 W F LR I S0t ( LDH ) 1 B-N- 2 P9k S 2570 25 0 1 B (NAG ) i &
I & 745 (laser scanning confocal microscope, LSCM ) %% -

ORI

SE3E WUL3L B EH (smooth muscle actin, a-SMA ) 1 E-85%5 % H H

(E-cadherin) (3235, ELISA 5 [ 3 W P 74 1k A 4 [H F-B1 (transforming growth factor-B1, TGF-g1) A1 I Y i J& A9 431 o

ZEHL HK-2 43917E 30 .60 120 pmol/L AA YEH] 48 h J,

H B B ) U T, P B Caspase-3 K IAH% 2, LDH Al

NAG BF i, 5 55 'Jiﬁdﬁﬁfi 60 wmol/L ¥ AA if R P E-cadherin Fik I 55, a-SMA Fik 1458, TCF-B1 FIE Jit J5 43

BRI (P <0.05) .
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Mechanism of aristolochic acid induced injury in human renal tubular epithelial cells

in vitro

WANG Zi-hua, HUANG Yun-jian ( Department of Nephrology, Renal Disease Research Center, Xinqiao Hospital, Third Military Med-

ical University, Chongqging 400037, China)

Abstract: Objective To investigate the possible injury mechanism of human kidney proximal tubular

epithelial cell-2 (HK-2) induced by aristolochic acid ( AA). Methods

Cultured HK-2 cells were divided

into 4 groups: normal control, treated by AA at the concentration of 30, 60 and 120 pwmol/L for 48 h respec-
tively. The morphological changes were observed by inverted phase contract microscopy. The cell viability was
measured by the Cell Counting Kit-8 (CCK8) assay. Apoptotic cells were identified by flow cytometry. Expres-
sion of active Caspase-3 was measured by Western blot analysis. Automatic biochemical analyzer was used to
detect the contents of LDH and B-N-Acetylglucosaminidase ( NAG) in the supernatant. The expression of
E-cadherin and a-SMA was detected with laser scanning confocal microscope ( LSCM ). Enzyme linked
immunosorbent assay ( ELISA) was used to measure the levels of TGF-B1 and collagen Il in the supernatant
quantitatively. Results AA inhibited HK-2 cells proliferation, induced cell apoptosis and activated Caspase-3
expression, and increased the LDH and NAG levels. All of these were in a concentration-dependent manner.
AA at the concentration of 60 pwmol/L inhibited E-cadherin expression, increased a-SMA expression and
TGF-B1 and collagen Il secretion. Conclusion AA inhibits cell proliferation, induces apoptosis and epithelial-

mesenchymal transition (EMT) in HK-2 cells. AA at relatively low concentration ( <60 wmol/L) mainly induces

EMT in HK-2 cells, while, that at high concentration ( =120 wmol/L) causes apoptosis and cytotoxicity.
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1.1 ##

T i B /N b R 40 g Bk (human kidney proximal tubular
epithelial cell-2, HK-2) g 4 25 [E ATCC B FHEBAP O, SRS
2 F 22 [ Sigma 23 7], DMEM-F12 #5535 K i 40 1l 7% (£ H
Hyclone 23 7)) , bt A a-F# WUILEN & 3 (alpha-smooth muscle
actin, a-SMA) Hif& (F[E Abcam A HE]) , /NEPL N E-cadherin 3
(2 Santa Cruz A#]) ,/MNRYTA B-actin HTfK [ FITC Fric 1L
FHUNR IgCHLR A2 AR , Cy3 FRid il Fhif 1eG  ARbiil
T8 Caspase-3 $T i CCK8 iXF & (T EHBE R RAEYAH),
TGF-B1 Fo M BUREJF ELISA 350 & (P EfEEY AR Ha
TCHLER I Ry 7 A Al i
1.2 e Boa

HK-2 206 FH & 10% JiG 4 35 1) DMEM-F12 B2 3% {408
F%, 400 37 °C,5% CO, . 430 4 1 (n=6) : 1EH XF B4 (X
IMASEFE W) , AA30 21 (AA (2 ¥k BE 30 wmol/L), AAGO 21
(AA (2 60 pmol/L) ,AA120 41 ( AA L)% 120 wmol/L) ,
W% 48 h 5 S5 Hbrny 2Rk .

1.3 WEIEAR
1.3.1 4
WAL,

1.3.2  CCK8 IR @A s fs ol HK-2 HeFh T 96 L
FEgEtR 58 12 b ZE RN BE J5 4 Ry G I T B 3R AR 3R 24 h
A FEAPIRAS A AL B R 25 4% 3% 48 h, BEFLAIA 10 ul CCK-8
VW, TR IR EE A TP E S 0.5 ~4 b fff FEEI Se e AL L 450 nm
SR, A HFLIAE S BOLE EE] D(450) 1,

1.3.3 3= A AR I 4t e o HK-2 #7050 ml 537
A ,24 b [F 2540, A AL PR R 48 h 5, AR A B,
PBS 0k, F 250wl 45 6 28 v = I 40 0, 1 4 M ECH 1 x
10°4~/ml, B 100wl (9 48 AR T 5 ml G0 o, A S wl
AnnexinV/FITC F1 20 pg/ml fIBAL P52 10 pl,iR21E T
FEREOCHEE 15 ming 76 RN TOIA 400 wl 256 28 il , T
R w1 R

1.3.4 Western EJi /#4157 Caspase-3 [ F 1A &40 4m
M2 RIPA #2434 ,12 000 t/min 4 °C B5.0» 30 min 2 B4 il 25
M. F Bradford 3200 %2 85 S0 BE LA FARZE & 5 min
J547 10% SDS-PAGE I F % 58 B UK, P-4 2 (1 T L 55 6 3
PVDF i I, 2T 5 % IR A W4 2 h, TBST ki) 43 31
S5GPriiG A Caspase-3 Hrii (1: 1 000) 5/ R IT B-actin ik
(1:1000) 7€ 4 CFWEE S, FEAH 151 000 F B BAR i 2k
FEERIC AL BT RE L 25T/ 16,37 C,1 h, TBST ¥ e/

TEE BB T S 48 h 5 LAY

JEAEREZE o ECL & a0, X OB A TR, W ML ik 8
ER o F Gel Doc2000 &% 5 F G 4 AT DO H 59 F W 5% 18
AH , FEXF 8 SlF AT MG AT 4307, W0 2 AR 431 %5 B2 1 (integra-
ting optical density,[0D) , 318 # 1% Caspase-3 & B-actin 10D
W LA, 1 8 2R R AE R B
1.3.5 LDH 1 NAG [ 4 2 2 HK-2 J 2 x 10° /4L 45
F 24 FLEGFRAR R NN BH K5 48 h, R 4 H o ks
DUASCAS: DU 4 = 35 3 LDH 1 NAG B9 1% 4t
1.3.6  AReid ey il E g o-SMA Fl E-cadherin )2 35

HK-2 3580 TH0A 3236 h 19 24 FLEs AR b, W BEJS , 40k 6
MUE G FRFEERG SR 24 h 5 IMAKHWRBER) AA 1537 48 h, il
& F 2 4% 22 3% F A 1 %8 , LT 5 P15 N AL E-cadherin Fi i,
4 Cad e, inA FITC ARic B9 —Ht,37 CHFH 30 min, PBS ¥k,
0. 1% K triton $TFL 30 min, AT «-SMA ik ,4 Cid B, Cy3
FRICH —HieE 37 C I E 30 min, PBS SV, RE R e (55
DAPI(1:500) 2 i T #E6YL A% 30 min, PBS Mk, /KA 3 A )
B, it LSCM O EEATHA T 2O
1.3.7 ELISA #M  HK-2 DL 2 x 10°/FLEFN T 24 FLIE Ttk
HOIA AL PR %5 48 h, il it ELISA 35 & 2 b i
TGFR1 i Il BYE S5t i) &% ko
1.4 %itsam

BAELL v =5 2w, R A SPSS 13,0 Sl i, 4l A Heigiz

JHRR R I 22537 o

2 HR

2.1 AA 3t HK2 Z80 7 A 69 %A

TEH G B2 AT W, HK2 40 i 3% 4 5 8, B I B 2
REOWATRE . AA30 4 AT UL AN L 4 B2 M 8, 348 2 A0 i 2Kk 25 RS B A
FERIEA, BIK 225K . AAGO 21 7] UL £ B0 40 i b 4 522 45
BRI AT 440 HE . AA120 21 mT DL 2 2 5 A B 4 /NAE [ B2
TP L RN A T RS 2 (E 1),
2.2 AA 5F HK-2 @ fe 38 38 Fe B 1 6 %5 ve B St 4w L 7

B

HIEE ST IRAA L, AA30 2 F1 AA60 ZH 411 g 48 D (450)
(A FTREAE (P > 0. 05) 5 7E AAI20 ZH 1% D (450) {8 &b 2 K& 1%
(P<0.05) 20t BLRH B A3 sE i . 500 % X IRZH A e, 4%
WREE AA AT Y BRI (P <0.05) , AA120 AT (A ik
Ff KM . LDH A1 NAG i & B AA V3 104 & ni kg
T, 4500 [ T 3 o R 4R AA30 4 Fb %, 78 AA 60 4 G E 86
(P<0.05) 7€ AA120 4, I ERHE 3R B R K (P <0.05) ,
I HK-2 20t 5 b i (2 1) o

A}

. I.u\'"' _.r
o) =~ \IIII '.”Il i".n'fff@ :
A EF TR B: AA30 28, C:AA60 28,D:AA120 48
E1 4% HK2 ffiE5F48 h EREFLER (4 EA4£ 2 H4 x400)
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*1 BERER AA I HK2 HptemEinEtnesmeE
MAEN (n=6,% £5)

B D(450) JAT-AH (%) LDH (U/L) NAG(U/L)

EHARLAL  0.445£0.068  4.4320.30  224.47+17.24  7.8720.24

AA30 41 0.442 +0.062  10.65+0.12*  249.62+20.17  8.03 +0.11
AAGO 2 0.422 +£0.051  27.93 £0.75%>  279.04 +29.94% 15,25 +0. 122
AAI120 24 0.335 £0.076°> 38.86 +0.56°" 325.85 +24.67°" 28.53 +0. 142>

a:P<0.05,5 EF 2Bk ;b P <0.05,5 AA30 41k
c: P<0.05,5 AA60 41 1b4

2.3 AA xf HK-2 s fe &k & A Caspase-3 4937

Western blot K 85 FH A X & A 7R , #7574 Caspase-3 7
IEFXTRRZE LT Jo 263K (0. 04 £0.01) , 7] 1E 5 XF B4 AH L,
76 AA30 2H(0.38 +0.04) . AA60 2H (0.60 +0.08) . AA120 21
(0.64 +0.03) FLHEFEAM (P <0.05), AA120 4[5 AA60
AAH L, FRARA B B (& 2) .

1 2 3 4

Active caspase-3—> o — —

Bactin— —————
1:E-cadherin;2 : AA30 48 ;3 : AA60 48 ;4 . AA120 20
El2 AA 3 HK-2 fA R I%#iEE Caspase-3 HI15500

2.4 AA 33 HK-2 #m ¢, E-cadherin #= o-SMA %R
1E X HE 2 HK-2 40 1E % 2235 E-cadherin, JL°F-JC a-SMA
B ERIE s Al TR AT BRZAAR LG, B AA ¥R EE R3S hn, HK-2 41 g
E-cadherin [{J52)G3 Ji  FFEAL(P <0.05) , 7E AA 120 pumol/L
WL Ao R IE % FRZHAH LY, AA30 ZH R AAGO 2 4
Ml o-SMA FZEGHRBE ik 35 3 5% (P < 0. 05) 5 [a] AAGO ZH 48 I,
AA120 ZHHA o-SMA 1285 B RS (P <0.05) , il gE 5
AA FREAM A DG (K 2) o
R2 KIRE AA /EAJF o-SMA #1 E-cadherin (555 5k
BETH(n=6,7+s)

205 E-cadherin a-SMA
1E X R AL 789 42 45 +4
AA30 41 537 £442 156 112
AA60 4 270 +294b 393 214
AA120 2 220 +2]abe 167 112

a:P<0.05,5 E% x4 ;b P <0.05,5 AA30 44,
c: P<0.05,5 AA60 2014

2.5 AA 5t HK-2 2@ oo ik B F 609 % v&
[7i) 1 3 %k BE LA 1L, AA30 ZH 20 04300 TGF-B1 A T L fie J5
Yok s 25 5 R B3 7F AA60 2 TGF-1 Al I 2RI J5 43
WA R N (P < 0.05); [A] AA30 4 fil AA6O 4 L %%, 7%
AA120 21, TGF-B1 AT AL R X5 B 8 TR (P <0.05) , X AT
55 40 . s BB S ) 3B A AN A BB AT e (3R 3) .
#3 ELISA UZE EFR&$ TGF-p1 M ARG FEH il (n=6,x +5)

2H 5 TGF-B1 (pg/ml) T 7 5 )5 ( ng/ml)
1EH X R 4L 83.37 £0.78 10.55 £1.33
AA30 41 84.41 +£0.91 12.59 =1.69

AA60 4 128.27 +1.014> 58.63 +3.37%

AA120 20 77.48 +1.122b¢ 9.43 +£0.93b

a:P<0.05, 5 E% x4 E ;b P <0.05,5 AA30 44,
c: P<0.05,5 AA60 411t

3 i

AA 2 T YRR 2y, AL

B NE MM, FrEEORE IR AA, BE Z AR
AL B DD RE R, BTN AA SAGALTI R S84 TR
AT L TCAE BN, BT LA AA BOBOR AL, XTI
RIGITA H H B8 T2 L, ARSI R MTT 7%
R A MR CCKS eIl HK-2 41 Jid 4 434
B, DA S A M AR I R 12 A5 R s, TR AR B
(30,60 pmol/L) AA B, 4 fu$i 58 D (450) {54 T %
GBS #2257, X 5RATES AA W E DA &
SR A0 MG 58 15 PG ¢, (HFE 120 pumol/L ¥ B 1), 44
a3 FE A ) -5 1R X IR 22 A St L, UL Rl
F AA VREERBE N, HK-2 34 5E I 0 22 B 52, 5 1EH
STHRAIAR HE , 7645 v BE AA 2 U8 T (B34 B 10, AA
ViR BE A, HK-2 8 TR B 2, 76 120 wmol/L ¥k B I,
VU RE A B R s B A e e 2, LIRS R
AA WS, HK-2 A 3G 7 AN 8 T B . AA
Sl A B AR IR Bl B INE A B PR T ML SR AN
o WP IR B /K A i ( Caspase ) 75 % 51 /i &
) B R0 B b o AR AR PR T R MR B G
L, Horr Caspase-3 S L3I A0 L8 T (0 SCHE B 1
il ) T AR I R T A TR Y Caspase-3 , L1
LIS 14 200 6 5% 10 200 S A% S B T % S A i g 0 s AR
SZ I Western blot {78 7F 45 Wk BE AA 4, B4 36 7Y
Caspase-3 FEIR NN, %A FH 2 W BRI, 3R I AA
Al i 1 s Caspase-3 BT PE 1M 5 HK-2 2 i
FTI . ABFIEE AA120 41[H AA60 4AH L, 15 1k
Caspase-3 ZRIK KA B 0 384 1, m] 58 A9 J X2 AA 7E
120 wmol/L st A5 B I8 441 Jfd B 250 07 , 48 J 433 475 AH % ™
S5 PEIIR , £ Fh R 1 IR B SR # . {H Caspase-
3 HL A i ] B AR O A — T

o W5 /NGS5 405 B A5 7 i A LDH  NAG g 55,
LDH J2 W% R fft it 2 v —Fh S 2L 00 T, NAG J2& 20 JHO 155 ity
DA P ) TR S A T, 28 76 B IR b DU /N & i s
SUPE O B, B P A R R T A b U e e
w ARSI R R, A B R LDH Il NAG Y
TEREE AA WRELR TR RGN, $EoR AA VRSB,
AE AR A ZEELE™ F, 7 AR A 40 B RN B

ARELIGEERIB LR AA TERARUER BT, B /INE 4
M BT EMT SR8, 'B/INVEGM & EMT B 258
IRy 24 YRR 1A R % 2 4%, E-cadherin 3K A&7 1)
#, FE3k «-SMA I EH ., E-cadherin FEAKAT o-SMA
Rk B kA EMT () F 2388, Hrh E-cadherin J& [+
P O S Ty ks e i Qi st Vs ] 51 R oS U o = e )
T EAFEEMIER . BSR40 % K a-SMA
2 ] JUBCET 4E 40 . ( myofibroblasts , MF ) %% 43 AL i b
AT IRATIE BRAE AA GKF] 60 pmol/L i} EMT
BN, AT W 2B M b, R ERIR AN MY, O 18
BRAAERYTEAR , Rl E-cadherin Z2IKI8 55 , a-SMA [)5£



5523 1]

TR, AR SRR R XN B /IVE L B 2B A ) R AT SR 5 2305

IKHESR (HAE AA 120 wmol/L i, PR 41 i 1% 74 52 31| 52
Mo, b iz -10) e i oAb R B i AN B2 . I AE AA
AR BRI, B /NS — T T 0 B B A TS
oy —J7 1 B -] R B oA, X 5 AAN I PR 4y
RSP AAN R B — 5. BNE g RS
a-SMA ZH1% L 5 TGF-B1  TNF-a  IL--1 , CTGF 453
AL A O, Horb TGF-B1 /EHIECA I ., A I
ARG J5 45 41 i Ah B BT TR, in i RIFY A BIF 5
ELISA iR, [FX REZHAH HE, 7F 30 umol/L AA ¥ i
B, 40H 53 TGF-R1 I R Jig 43 b X5 A5 T 38 i, A
60 wmol/L AA ¥ FE I, TGF-B1 1 I %4 it J52 43 Wb 1 B
WG, $ERTE AA BN B EMT &4 5 TGF-B1
FikA K. EMT & RIF A9 2 AN O, BT
AA B EMT HLEIXT FHRARBORIT kA HE R L,

Moz, AA AT 5] HK-2 4 58 5 4 0L 08 T 0
EMT, 75 A W] 2 52 i) 48 B35 ) FEG 28 15 &0 &, AA A
W B/ INE M & A EMT  (H S ik B 24T, 4 A mT
B B S P 20 B R T RN A A A EE L, A B A R 4
JEE R N, R IR AT LB 4 8 8 T 5 HK-2
Caspase-3 [ilf i fL. 47 )¢, EMT 5 HK-2 TGF-B1 43 W) 4
T 5 (B TEA ML 75 L — T
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Malma X 7165 58 T~ (353 i £ 5 EAT T R i SE e T AE, 45
WK 92 BIfFFE B R e RN 1. 28% . TEFG B IEAT I —
TRLR 1) 7 G 2R A9 e KGR 4344k e ke S o 2 e LR 5
A, LU S S (o 2280 88 , 4520 L B 3 A Ok 1 B 3L | 2
ASF G EBEE T R BEE . AME BR,50% ~
70% BIFLARE R A T H R L SR Ok 1 A 22— T K
ik 15 AEATSE BN , 3569 1 JF& M F LR SR A 27 il
(19 S S PEFLR L A2 30 8 2 AT ] ek B g 34 T 388 1o L A
BEE, LRWME R AT B BRI, E2 0T M &L
R e R N S R = R e s A S AN R T | e
S I PR K B kA 5 A I R AR A B R TR . 9%
S BRI PRI AR I A S L S Al Uk 2E Y 0 T 43 F AR
04T B IX 43 B P I E R AN R S A O RS M LR . B RS
PEFLIE 2235 : ER 72% , PR 33% , GCDFP 78% Fil CK5/6 61%
Wi B % Pk 9 % 35 ER 0%, PR 0% , GCDFP 0% , CK5/6
149% ), CK7 F1 CK20 7 % S5 W7 h I R 4 4 55 B2 15, CKT
BHPE 2 s A M, T CK20 B 38R S J5 & 9
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