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UCP2 £ B2 5| Bk B 155 S0 BIL 48 Rl BE K A 5916
HHwW LA OT,E A, R AT B A FRk, N BLARARE (400037 i Jk , 55 = ZEIE K= BiAR B B 1 R )

[(FZE] HI  ZRHEIEKE A 2 (uncoupling protein 2, UCP2) 7EAR S| Wik (indoxyl sulfate, 1S) 75 G0 JJLAA I AL K
FEVE RIS . T3 B RE I 4 Sprague-Dawley KR LAH I ,0.100,250.,500 .1 000 wmol/L IS FEE.ONLAIAE 1 h
8% 500 wmol/L IS W& .- ULANAE 0,15 .30 .45 .60 min 5, Western blot #:l.0> JLAN g UCP2 25 H #R k728 k., UCP2 185 25 5%
Ye AN i 5 a-actinin GaREDEOEYL A M AN/, H-52 2 e 8 AL PR 46 (4 % %, Real-time PCR A5 I A
AHFKILP] ANF BNP 1 B-MHC mRNA [ 3%, [] i 1 Mitosox™ 4541 46 3 3% 14 48 ( reactive oxygen species, ROS) 2f i
o &R SXTREZAHLL IS AL U IR UCP2 4 H K S (P <0.05) ; 5 IS A SHZHAH Lk, UCP2 i 3Rk AT
LA 58410 ) 1S 375 510 LAR S ROS A Ji AU K H-52 S W48 A K il SR AR S 56 5 ( ANF . BNP FiT 3-MHC mRNA) 1)
ikt s, ZFARITFEL(P <0.05) . &5 1S FHFO UMLK AT Ag 5 I 98 UCP2 323k AR i Ak N 80 G, T
UCP2 i3 23k s 1/F ] LA i ) el Ak R s 470 1S i35 O AN I

(R ] GRERMIGR ;. LA IE I ; S ARIDE 3 11 25 ML
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Effects of uncoupling protein 2 on cardiomyocyte hypertrophy induced by indoxyl

sulfate

Xu Xinli, Yang Ke, Guan Xu, Xiao Tangli, He Ting, Yu Yanlin, Liu Liang, Zhao Jinghong (Department of Nephrology,
Xingiao Hospital, Third Military Medical University, Chongging, 400037, China)

[ Abstract | Objective To investigate the effects of uncoupling protein 2 ( UCP2) on cardiomyocyte
hypertrophy induced by indoxyl sulfate (IS). Methods Neonatal rat cardiomyocytes were separately treated
with IS of 0, 100, 250, 500, and 1 000 pmol/L for 1 h or with 500 wmol/L IS for 0, 15, 30, 45, and
60 min. Then UCP2 expression was tested with Western blotting. After neonatal rat cardiomyocytes were
infected with lentivirus, we observed the expression of UCP2 by Western blotting and detected reactive oxygen
species (ROS) production by Mitosox . Cell size was tested by immunofluorescent staining of q-actinin.
ANF, BNP and B-MHC mRNA and [*H] leucine incorporation were examined as indicators of cardiomyocyte
hypertrophy. Results Compared with the control group, IS treatment reduced the expression of UCP2 in a
dose- and time-dependent manner (P <0.05). UCP2 overexpression significantly suppressed ROS generation,
inhibited the increase of cell volume and [*H] leucine incorporation, and reduced the mRNA expression of
ANF, BNP, and B-MHC induced by IS (P <0.05). Conclusion IS may induce cardiomyocyte hypertrophy
by down-regulating UCP2 expression and enhancing oxidative stress. UCP2 overexpression may antagonize IS-
induced cardiomyocyte hypertrophy by inhibiting oxidative stress.

[ Key words | indoxyl sulfate; cardiomyocyte hypertrophy; UCP2; mechanism
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UCP2) 1k — F 11 i1l 15 4 48 ( reactive oxygen species,
ROS) A= i bR i ia B 1, AR R R s o 3 H:
O ERIVE BHESRTE IS R0 UIE K &
FEVERFEARTE R . ARBFFE LR 1S 75 .0 LA A IE K
IR UCP2 RN ARAL, il 1 12 #/ 5 UCP2 B4 L
OV, B UCP2 3 %382 mT LA B IS 5 519
O WUABRAE R, LUIR A48 78 IR B AR T 262 % T2
1Y K A= BLRL, A DREEE O WU R 2T I B TR B A5 o

1 #R5ETE

L1 Lz b RARIE I 5 1% g A 4%

A0 ~3 d 1y SD KB, MEAEA R (55 =42 K250 5 3
Wyrbu AL ) 75 % TR VS B B S , PR B R O
TR 1) PBS #2125 3 25 1l ¥ S 48 , ¥ PBS Pk0
JF 2 Yk, Bl FHIRB BRI BY 25 1 mm® 2247, PBS 34 4141
1Ko MIAE = 0. 125% f) [ ( Sigma-Aldrich, USA ) 22 2 4T
OV R AARAR VR ), 45 B J2 9 A 3 4 o I 2 I T
(HyClone ,USA) (B 03 N, B 3 K. HEMAGE 0. 1%
{1 T0 24 52 J5 il ( Sigma-Aldrich , USA) {5 fb B A 41 2, e e e T4
Wa , R ERHE A — R F & T 37 CHBAH (5% C0,.95% 0,
37 °C,3&E NAPCO4520) 1 h Z2 47, JirfSiH 4k H 200 H jE M
S U8 AR, 1 500 r/min .0 5 min J5, F RIS, WA PBS
TR, AR SR T 0 1 RUREEANAE . FH & 20% G 2R 1l
15 [ =4 DMEM (HyClone , USA ) $5% 2 5L 85 B 40 ML, $2 /0 =15 57
Mo AUME T 37 CHURE 2 BE 90 min J5 BUH 8% 9800,
PN A B2 TR B 20% R 2R 1T 19 = M DMEM % 37 43038 24 Hr
BIFE R A B3R A 1, 8 F 37 CHRUHE IR .

JH12 952 Le-UCP2 Jz Le-GFP( Vehicle ) B 4.0 L0 ML, 0>
LA RN 48 h Rl 32 5 SR T LI B 24 h )5
FEEINEER R, N & 10% FBS 535 55,24 h J5 W8
1.2 Western blot #m)

B AR Z 3R 72 h )5, AR B2 Y 1S (0,100
250.500,1 000 pmol/L) ZbFRAMMI 1 h, 5k 500 pwmol/L IS 4b 1
AN[EEFEI (0. 15.,30.45 .60 min) 5 U5 4 20 i, $2 B2 A 5,
BCA il 2 2 Bk o 45 2HER 50 pg B EHMA 1: 446 FLRY
5 x SDS BERCINAEZ vh il (B = K, i), 100 °C & 5 min, &
10% STk 168 J6e L Ik 5,90 V1 [T HE %% 15 90 min, 5% BSA
£ 30 min J5 ,—#HC(UCP2 1: 500, Abcam; GAPDH 1: 500, 4 7
K4 CHEE R, TBST PRl 3 ¥k, 457K 8 min, IAFH DL AR
SRR IC Pl (B K, Lig)37 CHFE 1 h, TBST P
3 K, BHK 10 min, #4 PVDF B3R A {22 RZOLiAF (B =K, b
), HIGsRAL 2 kO 8% G, SR H Image J KR 23 AT 4K
PRI . DL GAPDH 52 N 2, K DN 28 11 03 19 AR 6T 2 i, S0 50
EHE3W,

1.3 R ieE

B G TR B Yo 28 TR LA B, AN B BE AL A A 4 4
D%t HELL ; IS b HZH ;RIS + Vehicle 41 ;@IS + Le-UCP2 41 (1S
RbFRHE BE R 500 wmol/L, IS ALFRIA] A 48 h) , 4% Y22 S IS

[& %€ 10 min, 0.3% Triton x100 ZEIEFTFL 5 min, 10% L1 2 1L I
37 CEFA] 30 min, il A 1: 25 i B — %L Mouse Anti-a-Actinin
(Sarcomeric, [+, i) 4 CHF LR, FH5 1:200 fFik—
Bt ey3 pRic L ZEP/NR eG (= K, 6 50)37 CHHEIHE 1 h,
DAPI Jefe 5 1 J5 030 IR A Gl T I 4i i R/
1.4 “H-ZZRBRHE A FA S L2 IR G A R

F5 P2 B IR 7 e 8 D AR LA AL, AT L BE AL 40 R 4 4L
DX IR ;1S 4bFELH ; BIS + Vehicle 41 ;@IS + Le-UCP2 41 (1S
Ab BV FE 7 500 ol /L, 1S AR BR8] A 48 h) | B J5 7 25 ¥ 3 n
AT 85 75 IR B )’ H-22 282 (1 pCi/ L) ( PerkinElmer,
USA)YER. 18 h J5 FHJC I 7 15 35 L Ve A il 3 Wk, in A 46 &=
0. 125% () R B3 A0 e B . FWRINAY (186500, USA Beckman)
ORI LTS , 225 5 PR N AU 3 B S ik i 8 ( epm) 7R
1.5 Real-time PCR 4|

VA8 5 2 IR 2 Y 2 SRR LA A, 4 M B AL o 4 40
DX HREH ;@IS 4bFRZH ; BIS + Vehicle £ ;@IS + Le-UCP2 41 (1S
AbPHHR S 500 wmol/L IS &b BT[] g 48 h) . PBS ¥ 4 i
3 WA, A TRIzol, 3% 37 Uk o K 40 e 48 25 G EP 45, A
L/5 R =4 ke, B%IRA1G T 4 °C 12 000 x g B5.0> 10 min,
W& LVE A SRR N R IR A G T4 °C 12 000 x g B0
10 min, 5 F#FEMA 1 mL 75% ZEERES T 4 °C 12 000 x g
B0 10 min, FFE T INAGE it DEPC /K FE LI RNA, 6
D20 RNA #e B A3 AR 1000 ng, B RNA i 5% 5
A cDNA, DL 24 438 kiR & ] Applied Biosystems step one #E47
Ko A8 245 5L 1,

®1 SIMERREEEERFT

M K

FF ) R EE sl TS

ANF 205  5'-ATGGGCTCCTTCTCCATCAC-3"  5'-TTCATCGGTATGCTCGCTCA-3'

BNP 236 5'-TGGGAAGTCCTAGCCAGTCT-3"  5'-GATCCGGTCTATCTTCTGCC-3"
B-MHC 196 5'-TGACAGTCGGGAGAACCAG-3"  5'-CCGAACTGTCTTGGCATTGC-3’

GAPDH 221 5'-CTGCACCACCAACTGCTTAG-3"  5'-TCAGCTCTGGGATGACCTTG-3"

1.6 #FHA A HAL(ROS) K

A 087 B TR U 28 D A0 UL L, 48 L AL 53R 4 AL
DR ;IS 4bFEZH ; BIS + Vehicle 4 ;@IS + Le-UCP2 44 (1S
AL FYR BE A 500 pmol/L, IS AbIMEF(AI2H 6 h) o #2454 3F H Tl
75 DMEM J& PEAE ML 3 ¥k, Bk 5 min, #1 M A T 1L DMEM
e 1 Mitosox ™ (5 wmol/L, Invitrogen UK) 37 °C it 0F &
30 min, G135 DMEM W 8% B3 ¥R 4L, PBS PE4i i 1 s, i H
510 nm ¥k %K ,580 nm & §HE K, fiEAR{Y ( Thermo, USA) £
W ZE e s, P4k 2R A5 30U ( Olympus , JPN) WL R £ 210
LI,
1.7 %itso#

K H SPSS 17.0 Geit i, it s BEpH i & = s 30K, 241
HEBER LK R 7 2230, 22 3 LUK Tukey %

2 R

2.1 IS st e i UCP2 &k 6%
Western blot 255 k7w , 5XFHEZHAH [, F 500 pwmol/L IS
B0 BEAS R A1) (15,30,45 .60 min) J&, 40Py UCP2 FEH
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RXAFIH TR, 25 G5 E L (P <0.05,& 1),1 hAf . 12 3 4 5
FIUR . 15X BEAUA L, TR [V JE ) 15100250500, Gf;fjgjig;*-ﬂ o =0 a
)T —— — — —
1000 wmol/L) B2 0 LN 1 b J5 , 40D UCP2 4 ik i s ®
TRE(P<0.05,[8 2) . $&78 IS 0l LR P85 AR K B0 AL g i
UCP2 [y /KT =0
5 L
1 2 3 4 s 3
verassto)— [ 5
GAPDIE7<10) | ————
@
0.10p
0
- 0.08 1 2 3 4 5
E 106 1488205 2; 100 wmol/L IS A 32415 3; 250 wmol/L IS 4 22
5 ' 45 4 500 wmol/L IS 4328 5; 1000 wmol/L IS 432 40
g 0.04 A:Western blot #301 ;B: £ % 54 a:P <0.05, 5 s B 41
5 002 B2 ARREWRE IS £/ 1 h B0 AEH UCP2 Ba kit
8 2.3 UCP2 it A #F IS i 5 L 2a M0 IE X A8 % 35 4%

1 2 3 4 5
124 P82 ; 2. 1S FAMF 15 min; 3:1S FU# F 30 min;4. 1S FAM 7
45 min;5:1S FiM F 60 min - A: Western blot 4 ;B: ¥ & & 547
a:P<0.05, 5 5 Bk dx
B 1 500 wmol/L IS 1 Fi 7R E & i8] /5.0 AL AR UCP2 & B 3Ri%

2.2 UCP2 & 4018 %2 45 42 5 Lt L

SR YLER 21 R R ORL UCP2 (4.0 ILAT M, ZE 586 s
BT 434,56 50, 75 Ye i 2R3k 90% , 3 W] UCP2 7E.0 L4 g v
PRI IR, 25 AR X B AR ] DL B R i SR Ok (B 3) .
Western blot £l 25 5 7R, 5 25 (1 0 B4 (M X Rk &5
0.4722+0. 110 8) Ak, 25 # Ak 41 UCP2 %35 (0.575 1 +
0.028 3) A& WL B @ A% 1k, i Le-UCP2 ¥% 4 4| UCP2 ik &
(0.7058 +0.076 9) B EH N, 2R B AGHIFFE L (P<
0.05),

Xof N2

% v

500 pmol/L IS WFF .0 WLANAE 48 h J& , 0 L4 Ml {4 B 184
KCH-ZE SRR B AN, JE KK E 3L ANF BNP 1 B-MHC
mRNA FkH e #R 1S nT LB E B S oK. 5 1S
20 J oz iR e 1S 4UAI HE LIS AR FEAY UCP2 5 ik 4 4 i (AR
/N 4) 38 G B 818 (2924 1S 21114 69% , 1S + Vehicle
M) 67% ) , ZFAGI2HE (P <0.05, & 5) . XA
It:,1S 20 ANF . BNP . B-MHC mRNA [AHX} 283545 51,32 +
0.09.1.74 £0.23 2. 12 £ 0.24;1S + Vehicle 41 3 F1 3£ mRNA
BYABXT A A 1.43 £0.16.1.94 £0.32.2.29 0. 44,;1S + Le-
UCP2 # 3 FpEL[H mRNA fMIXS £k 1.04 £0.07,1. 18 =
0.05.1.11 £0. 15, 85300 R 1S + Le-UCP2 ZH.0 WLAR I AE K
FHEHEP] mRNA iK% 1S 2H J% 1S + Vehicle ZH B 5 T (P <
0.05) , 4/~ UCP2 3 F3K 7T LIS ST IS 5 T A0 W4T AR K .

Vehicle

B3 RHABHMETWEREHEBFSFHA UCP2(Le-UCP2) # L £ XR O  ( x200)
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IS Kb FHZH poyileE)

IS+Vehicle 41

IS+Le-UCP2 41

AR a-actinin

DAPI

B4 o-actinin RETREMEOIMMEETR (2R E M4 x400)

250 r
200
150
100

50

0

1 2 3 4

1.5 RB40; 2.1S 42240 ; 3.1S + Vehicle 28; 4:1S + Le-UCP2 28 IS
A 22 R FEH #5500 pmol/L, %L 2Bt [a] 3 % 48 h a:P <0.05, 5 xf
LB RIS + Le-UCP2 ZA b 3%

&5

‘H-m S EANO AN E A& BER

2.4 UCP2 i &k b flam i ROS A ik 49 % v

T 2 BAEG UCP2 33 32 3 3 a0 WLAE B IE R Ay LA
B, FATWEL T 500 wmol/L IS X 1F % F1 UCP2 i3 F&3k.0: L4
e ROS A= LA sEma . 55 X HEZHAH H, 1S 21 &% 1S + Vehicle 2141
JEHR (& 6) ,ROS A= st BA 18 & (25 % HRAL Y 2.3 i) 5 1
IS + Le-UCP2 £H %% IS £H 1 IS + Vehicle ZH 2T YR EE 455 (& 6)
ROS 7= 4 B & 3 /0> (43 5 R 1S J% IS + Vehicle 41 Y 42% .
36% ) . WIS v LALLM P ROS A 5, i UCP2 i3 3%
AT LAME IS 5 S H9 ROS Az A, 4278 IS 5 S0 WLAN i AE K
AT 855 4H 0 S0 Ak N S8 SR A G, UCP2 3 3R 34 Al el i J 4%
2t i 4L R KA O LA AR AR
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A sFREAE ;B IS &2 40;C ~ E: IS + Le-UCP2 2845+ B \ROS = & M s # 45 4 F ~ H: IS + Vehicle 2145+ A \ROS = & 1% J& & 45 3

415, Mitosox ™ 3 ks 4k 12 R & B R B

B 6 Mitosox ™ REHGT ALK ROS =8 (LR EZMAE x400)

3 i

O L5 I 2 M P 5 0 R v A AR 88 10
I HRIRIRAE B B RAE TR PR T %R
S o JULG 9 2 3 ML 3 BEL 1 G 28 A 2% TR R Ay 24 T 3
IR, PSR, O LA AR A O JUL VD 55 2T 4 4k
SRR O UK Y BRI N
AR Y TS R, R AU i AR, B T
5% R IR AT B DR 2 A0 5 AR I EE 2 (0 VE T, RAAS I8
Fetfk AR 0% 1S B—F/N> TR R R, A
i R 2 A R % 28 T CKD (9 3 .4 #9356 CKD 1
AR i IS WA 7E CKD 3 W HE T,
PR 1S B % 50 UL JE ¢ R %01, Bk £ o
G B IS WU SO NUIE R, (2, TR K25
IS LLZE F145 4 R S A7, AR EE 3 BUAT 09 07 e 5 B
DRI, 3 1S 75 500 JULAH AR A 4 L) B H REL B 7 12
HATEE X, ABFSELE B 1S 420 L4 AR A
FHI RN, % 30 1S 7T LR .0 WL iy UCP2 3
PRKOE i R R A S0 LA UCP2 3 363k, & 3R
UCP2 AT LIFEHT 1S S0 LA BAE K . ABF5E N 1S
750 LR IR S LRI B S S8 T T 7 1o

F ROS A6 45 5 w] %61, 1S W S 494 i UL 40 L 1
ROS £ Ji, $577% 40 i A4 A 107 04 08 17 0 i 9
H RS A % Real-time PCR 45 523 7% 1S H
AU MAEAAER . P, AT R 1S Wl Al it

e A AN S T T O UK, 4518t gk 2 T 58
WESE . Fujii % 78 FRFEAE S PR v R BUR P 1S 5
JR KU JIUHR AR A B AR R R IE R G, 55 AST-120 2
AHEL , X BB 2H A N 5 P 3 s o1 SO LB G, 3R
A AST-120 AT LL3E 3 98 4% 1S 42 480 A A P A HH Tir 1l
FLCUIE K. 55 4, Lekawanvijit 251 1 % B 1S ] 38
13 % ROS Fi#( 518 M MAPK 37 S0 WLAR I AIE K
BT, Yisireyili 250 75 5 10 A5 74 B bt % B 1S A L)
PEBE AL N HOFHE— 2 R O WA 4Efb B K. fit
Al UL, CKD B E R A E MRS 1S By fe A AN JAE H ¢
FEY) A E B, X T IS 38 i e Fp AL ] f2 A Ak
LT AN T R

UCP2 JEZ R R NI IR B FRis A, T iz
FIRT AR L LY, 7T LR A 5 4 5 T
RE AT L AN, JELAG 30 ) 0% 1 460 A, T RE ARl , Bt
AU T AR AEZE T fE . IR RIS IA Y UCP2 nf fiE
3 R RE A AL O R 0 B R Ok
LTS R UCP2 [0 U5 A 4P A 2 L
Al Ees UCP2 Mt E LM PE A G, BAE 1997 4E,
Negre-Salvayre %'/ 3 % Bl UCP2 al LA 1 41 1 4
ROS A % . BfiJm , Teshima 2517 3 i s 75 45 e
i UCP2 3 23k )5 & B, UCP2 A Dy 2 ROS A= Ji ik
T LA MR T f i, A Tian 250 & Xu
AU R DY B 40 MLAE 52 T UCP2 440 4804k 17 804
IR, 410 o) S A I A mT E J2: UCP2 i AR 2 —
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{H2, UCP2 J257E 1S 5 5 (1.0 WLAE R Hh & 454 F
DULRGE . FRATTE SR T IS Xt HLAH L Y UCP2
FIRBYEZEM . Western blot 255 i 7R, 1S ] LR .0 L
YN UCP2 A8 KiK. X —45 R #7R 1S v gE il
i R UCP2 kA7 ROS A1 ZIF ik — ik S
O

FyitE— A E ST UCP2 78 1S 5 S0 L 40 i AR Kk o
Y CBEAE FH o FRAT A8 0 18 55 2 7 o0 LA L £ UCP2
IR FLER IS 15 50 ILAN I AE K 9 175 00, 45 5% 2
N5 IS A FE AN IS + Vehicle ZHAH [, IS + Le-UCP2 21
ROS 4 ji B 2. 05 /0, 4 A B /IS, 40 i P 2R Ak
WD O AR AR K AH 5& 3 ] mRNA AT, KW
UCP2 5 2k T AFI ] 1S 3755 ) S8 A0 07 3 A L4
NERK . $7R UCP2 i 5K ] Rl o 41 il 201k 7 3 e
IS i .0 WLAT B AL Ko 48R, A BIF 55 1 hy 400 i 7K
-, UCP2 J& 45 1] LL3E £ 45 9000 WURE AR 400 e A5 F55
TR e g — 2R S

g Bk IS B D LA MR KAE I AT RE S5 R
P77 UCP2 eIk A &, IS X UCP2 iy F I f# 5% T
UCP2 %} ROS A= il , ZM L Py ROS (34 2485 T
YAt P ) B AR KSR I A T O IATIAE K, X
Al BB PREEAE O WU AR I 2 R AL PR 1
W JCIE R IS SR A4S AR A0, Bk RAR
A AST-120 A DLy /> 1S (438, (EAK SR b FHR K B
BE, T ARRAE 2575 280600 LA A 40 AL AR 15 S
B, AR5 L I UCP2 78 1S 550 LA ML K
A E BRI, $7R BRI UCP2 ik ] e & el 38 IR
BEAE 25 R B0 U, A PR BEAE O LS 1 I R IE
I PR TR T A
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