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® A/ F Dl IR -5 HeA o

1,25- 346 E 2R D, X Eiis T B /NS R 40
FEEFIIDR B 1 2 38 S AR I B 5

IR 2 KAEA

(2] (ASNEIRRY HK-2 450 M IE F X FRLE (NG 41,5, 5 mmol/L D-F 24 ) | At B4 (HG 4,
30 mmol/L D-FZ585) 58 X FRZH (MG 4H,5. 5 mmol/L D-Fi4515+24. 5 mmol/L D-H #2R%) . i1 7 b
IMARIF R 1,25- " #4425 D,[1,25-(0OH),D, ] 40 (V1 ~ V3 2H)  N-Z Bt e 42 R 25 3 vt R 40
(NAC 21,30 mmol/L D-H#j %54 +1. 0 mmol/L N-Z, [k B 20 /2 ) F G 7K 2 st 77 %) HE2H (SG 41,30 mmol/LL
D-HiZHE+6. 86x10 7 mol/L L BE) o Ak I 200 Ji 3 4 4 i 98 S0 | S A I Fl A3 ik R EBR 2 11 2 (UCP2)
mRNA ZE 255 AL RS (SOD) 1% A1 FITR T REK O, 459 HG 2H 40 MG 1 2ok A< T e 67 1) (ARG
F NG 4 (P<0.01),1,25-(OH), D, b3 Ji5 40 i () e b A S L 67 5 HG 41 L35 2 35 T % (3% P<0.01) ; HG
415 SOD 3% 77 i FH K T NG 41(P<0.01) , I & 5 W i 5 T NG 41(P<0.01) ,1fi 1,25-(OH) , D, kb B
YA SOD 1 1% HG 41 3544 5 (P<0.05) , N B KF 83K F HG 41(P<0.01) ;HG 41 UCP2 mRNA
H5EAXRKDERT NG 4 (P<0.05) 1 1,25-(0H), D, AL M5 4l UCP2 f553555 HG 41 Fbis W R
(P<0.01) , SE5ERUIRMIAT SRS F2 10 HK-2 40 M A AL S e 43 51 ,25-( OH) , D, T RESE i WA 2k r
AR R (57 375 1 A A B R R B P UCP2 23k 3] e s 5 10 S A U R

[82iA]  BEIRFE B 1,25- 23443 D, ; HK-2 4L ; @RI A 2 A LRiig

Effects of 1,25-dihydroxyvitamin D, on high glucose-induced expression of uncoupling protein 2 and oxidative
stress in human renal tubular epithelial cells GUO Han-cheng, LAN Shan, WU Qiao-ying. Department of
Nephrology, Teaching Hospital of Fujian Medical University, Zhongshan Hospital, Xiamen University, Xiamen
361004, China
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[ Summary] The HK-2 cells with different culture media were divided into normal glucose group ( NG group,
5.5 mmol/L D-glucose) ; high glucose group ( HG group, 30 mmol/L D-glucose ) ; mannitol group (MG group, 5.5
mmol/L D-glucose+24. 5 mmol/L mannitol ) ; 1,25-dihydroxyvitamin D, [ 1,25-(OH), D, | groups( VI1-V3 group)
which were exposed to medium containing 30 mmol/L D-glucose and different concentrations of 1,25-(OH), D, ;
Nethyl-cysteim control group ( NAC group, 30 mmol/L D-glucose +1. 0 mmol/L. N-Nethyl-cysteim ) ; and ethanol
control group( SG group, 30 mmol/L D-glucose + 6. 86 x 10~ mol/L ethanol ). The level of intracellular reactive
oxygen species, mitochondrial membrane potential, activity of total-superoxide dismutase ( T-SOD ), level of
malondialdehyde , expression of UCP2 mRNA and protein in HK-2 cells were detected. Compared with NG group, the
mitochondrial membrane potential significantly decreased in HG group ( P<0. 01) , and the mitochondrial membrane
potential in V group was lower than that in HG group( P<0.01). The activity of T-SOD in HG group was significantly
lower than that in NG group ( P<0. 01) , while its level of malondialdehyde was significantly higher than that in NG
group( P<0.01). Compared with HG group, the activity of T-SOD in V groups was significantly increased ( P<0. 05)
and the level of malondialdehyde in these groups significantly decreased ( P<0.01). The mRNA expression of UCP2 in
HG group was increased significantly in comparison with NG group ( P<0. 05) and the expression in V groups was
significantly decreased in comparison with HG group ( P<0.01). The results suggest that 1,25-( OH), D, could
reduce the mitochondrial membrane potential , the production of reactive oxygen species, and regulate the expression of
UCP2 in order to suppress the oxidative stress induced by high glucose.

[ Key words]  Diabetic nephropathy; 1, 25-dihydroxyvitamin D,; Human renal tubular epithelial cells;
Uncoupling protein 2 ; Oxidative stress
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1,25-— % 4k 4= % D, [ 1, 25-dihydroxyvitamin D, 1, 25-
(OH), D, 2T (R 55 BRI, A M v 410 11 40 e 1) A 24
Gy54, RAEPINGTE PUor Ak AT A0MYA T A S B RN S AR
Y HETEUESE 1,25-(0H), D, a3l ik 5L Z RS &,
il I J5 40 B9 A #3125 1 ( uncoupling proteins, UCP) ik |
YA 2 D S2RIE R a5k BRURE B2 TR R FESUIER N, MR IR B 41
fedgsm' o Li B0 el 2 j 2 A s & B 1,25-(OH), D, A]
80/ 200 M PN ) SRR I, LA e 2 A L AR

UL I 5 W DR I 0 R A R TR DA G R RS2 TR
PEAFRR EZORIE, UCP SRR py 5T HLAT 715 T 85 5t
PR RAIR R 1, W] e 538 U8 Tk AR, 9 g R
Feig AR A, UCP2 MU ME—FE B IER A UCPs ™,
1,25-(0H),D; 5B /ME UCP2 3Rik AR N S AL R 6 &R
HERZ WF S, AT i 1,25-(0H), Dy XF T & Sh B % 14
HK-2 2l UCP2 &35 I GRS ), 45 A0 PR B
AN SRR A3 T AR

— BRI I

L PR AR (5.5 mmol/L D-Hj % B ) DMEM $5 572 55
B (25 mmol/L D-i %1% ) DMEM 5 773% i 4 1L 0. 25% Jik
HEAN T8 P E 55 E HyClone 23 7 ;1,25-(0H), D, |
N-Z B DS W2 24 W T 25 [ Sigma /A & ; 21 RNA #2507 &
( GeneJET RNA Purification Kit) | 1% %% 5% i 77 & ( RevertAidTM
First Strand ¢cDNA Synthesis Kit) Y04 H Thermo 23 ] ; /N B AT A
UCP2 BLsi PR ( H I —H0) /INEBLA COXIV (NS —9i) 1
TEREHUAII H Abcam /AR, HRP FRIC I %t/ B IeG( —41)
W F BN AR AR 4 R 20 ) 5 R STk IS L i ( SOD) AT —
Pt ) 1) T o A B ) 2 D 3 GRS D 37 ( reactive
oxygen species assay kit) C1300 W [ Jb 5% 5 I 328 w5 5 AL 4 ffd
HBE R 20 T A U ) £ ( KGA317 ) W [ By mtol A= W
A, HK-2 ZHHikI T i [ 2 5 32 AR 0 (CCTCC) A
T B N b B ARk, A 10% i 2F I35 B0ARBE DMEM 55
TR AL EE SR

2. AR AR I A BB SR AN 5 8 A (1) IE
WXTIRLAL (NG 41) ;5.5 mmol/L 4 D-A A4 ; (2) w5 WAk B0 21
(HG 1) :30 mmol/L 1) D-H Al ; (3) =5 XF fRZH (MG 41) -
5.5 mmol/L Y D-7 % ¥¥ +24. 5 mmol/L By D-H & B, (4)
1,25-(OH), DAL 1 41 (V1 4H) :30 mmol/L Y D- 2 ¥ + 1 x
10~ mol/L 9 1,25-(OH),D,;(5)1,25-(OH), D AbBE 2 4 (V2
2H) :30 mmol/L Y D-F % ¥ +1x10 "  mol/L #J 1,25-( OH), D, ;
(6)1,25-(OH), D, ZbFH 3 41 (V3 41) :30 mmol/L {1 D-H 2 +
1x107mol/L # 1,25-( OH) , D, ; (7) N-Z Ik Bt 42 R 25 300 R
2 (NAC 4) :30 mmol/L i D-Z54+1. 0 mmol/L i N-Z Bt}
WEZR ) 5 (8) J/K L EEHS NS HEZH (SG 4H) :30 mmol/L Y D-#j
ZHE+6. 86x10 7 mol/L (Y Z %,

3. ZNHE NS P SRR TR . AR B AR 2 6 FLARING B S 421
T 5 h,PBS ¥ 2 3, 43 B A 1 ml B DCFH-DA TAE%% ,37°C
B F 30 min J5 PBS ¥t 3 i, 29t B MBEMEL,

4. A ARSI SR AR A7« WO 3 20 T BUS 1Y 4R
FEE 1x10°4/ml; 4% JC-1 UaAAFARAEIE AL , 05~ &

WA 488 nm AbLT (T,

5. ZRME N AL SOD I M MY —IE K AN« Wi 4 4% 41 4H g
MR 43R B B4R AE , 23S 7E 550 nm F1 532 nm AR E B
SOD FIN &Ry OD fE, 1445 SOD i 77,

6. RT-PCR.: ¥ HR 2 RNA $& B G At 4 sl & idd i
PP BRI S RNA JFR 0 7% S cDNA, 2 ] B 119 5
Al (NCBI)NM_003355. 2, 5| ¥ )% 5 i iH4n T . uCP2, EifE514)
>4 5'-TCTCATCACCTTTCCTCTGGA-3", F 31414 5/ -ATGGTC-
TTGTAGGCATTGACG-3' , ¥4 F- Bt Jy 414 bp; H e -3-B 2 A
S (GAPDH) , L5 #1758 5'-CAAGGTCATCCATGACAA-
CTTTG-3", FiE7 4% 5 M 5'-GTCCACCACCCTGTTGCTGTAG-
37,084 B 496 bp, 519 M B AR TAE A R A K, A
PCR " 44U 4T PCR [ i, % I8 F 3 & AT 9 3 . 95C 2
min FAEH:;95°C 30 s 251 ,55°C 30 s 1B 2k ,72°C 30 s IEA#, 338
35 MG, THE YA SRS R (B4 EE R 454/ GAPDH [
WO ) . SEIE 6 1K,

7. Western E[JII0 . Y 2 41 By - FH 002 (1 S 0 BB 8, Ky
R LA A 109% M AR AT i) G 1 ] 5 R B oh 1k
EIHRAE, UCP2 FINZ: COXIVIIFH 12% 43 B 1, I 21
N 5% He4i it , L _FARE 80 pg, #EAT SDS-PAGE HLIK 5,250 mA
TR, 5% WG W58 IR BT 1 b, —BU4% AH B L )
(UCP21 :500,COXIV 1:2000),4°CE&EE®, WK H MU
JiEE 5% 40 W55 M Quantity One %1 2047 6 B {8, 318
UCP2 £l il COXIV 4541 1Y LU AEAE 0 B 8 H AT R A 8
THEE 6 K,

8. Geil*FAb B SIS BT AR i SRR L kx5 /R, 2
AR RE g T 25 50, 6 SPSS 19. 0 Geit- 4k AT 483t
8T, P<0.05 N2ERFHITHEX,

—

M

1. 1,25-(OH),D, %] E M S T HK-2 4H f Py 3 2 SR 1 52
M)« 9 R EE 55 I P T AU K I TE [ . HG 2R 05 P 4 ¢
JEoR R NG 4180 B T1 5, T VI 415 NAC 4196 i B 3 55
HG ZH 855 .

2. 1,25-(OH),D X & 05 S T HK-2 4 i 2 {4 Ji i 37
FIFENA : LA Q47 (Q2+Q4) , RIS AR IR e A5 T [ Ay A WAm ofi
SCIREE AN HG A AN ) 2ok A 5 B (v 8 359I F NG 4 (P<
0.01); V1 ZHERAIE AL S HG 4 i B3 TR (P<0.01),
5 NAC 4t —3,

3. 1,25-(OH), D % = 55 T HK-2 40 &2 SOD ¥ 1
A B KSE (52 m . S /R ] HK2 40 24 h 48 h.72 h )&,
Hofudk o2 SOD 7 J1 L NG 41 5 F FEAR (¥ P<0.01) , i —
T 7K 12 35 T R (24 P<0.01) |, I 52 I [R)ARSEE 5 i AN [+ i 2
1,25-(0H),D;(V1,V2 V3 4) ,7F 24 h 48 h F1 72 h J5 & SOD
PR HG 4B THE (1 P<0.05) | TN B K F B 2R A
(¥ P<0.01) FFEFERIBIME(FR D) .

4. 1,25-(OH),D, X @ #HiA  1 HK-2 4 UCP2 mRNA &
IERIFEIR AEEE IR 72 h B HG 44 UCP2 mRNA Rk NG 41 &
ZENN(P<0.05) , V1 21 UCP2 mRNA i 3R5% HG 40 /0 (P<
0.05) ,J:Bfi%5 1,25-(OH), D, ¥ B34 i1 UCP2 mRNA [ 33k
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R 1 £4H HK-2 MME R SOD 1% F7 KR K (r+s)

£ S0D [Tt
25 1% (U/mg prot) (nmol/mg prot)
24 h 48 h 72 h 24 h 48 h 72 h

NG 6 35.19+1.55 32.96+1.35 30.02+2.11 1.24+0.13 1.62+0.16 2.07+0.24
HG 6 24.47 +1.32° 18.88 £1.79* 11.84+1.10* 4.06+0.29" 9.52+0.22" 13.55+1.25¢
MG 6 33.73+1.48 31.58+1.24 28.19+1.71 1.31+0.32 1.79+0.11 2.45+0.49
V1 6 28.67+1.39" 22.71+2.05" 18.18 +2.38°¢ 2.73+0.20°¢ 6.97+0. 14¢ 8.89+1.09¢
V2 6 29.01£2.16" 23.03+2.23" 22.34 +1.95¢ 2.39+0.18° 6.55+0.17¢ 7.26+1.37¢
V3 6 29.22+2.08" 26.87+1.19" 25.61+2.12°¢ 1.99+0.10°¢ 4.92+0.13¢ 5.93+1.40°
NAC 6 28.44+1.78" 23.80+1.61° 22.88+1.57°¢ 2.51+0.37¢ 3.36+0.09¢ 6.15+0.77¢
SG 6 24.99+2.43 19.24 +1.66 12.56+1.62 3.88+0.45 9.37+0.14 13.13+1.44

NG AEH X R HG w2 s M. R B X HRA 5 V11 ,25- 2R iR 3R DA BI 1 205 V2. 1,25- 2R 4 A 3 Dy 31 2 215 V3. 1,25- 4k
F Dy ALFE 3 41;NAC: N-Z B e E RR 255805t BB Y1 5 SG . JO/K Z BV 7 X%t HR 41 ; SOD . #8 AL ¥ AL A ; 5 NG L3, *P<0.01;5 HG i, "P<0.05,

“P<0.01

1.0

0.8

0.6

0.4

UCP2/GAPDH

02

0

NG HG MG V1 V2
T UCP2 . fHBIBE AR 11 2 ; GAPDH . H {1 85 -3 - 5 I S0 i ; NG . 1E %
YFRRZL HG . BB HEAL ; MG . BB X HR AL, VI . 1, 25- 3 4k 3R Dy 4b
B 41;V2.1,25- 24k DA B 2 41 V3.1 ,25- 4R D 4b
FH 3 4 ;NAC N-Z T2 e &0 R 25 300 BR A SG . oK L R 7 % A4
5 HG H#¢, *P<0.05, " P<0.01
1 44 HK-2 402 UCP2 5 GAPDH mRNA #ik lL#

V3 NAC SG

201

151 ¢

101 a

UCP2/COXN

05 r

0

NG HG MG VI V2

V3 NAC SG
1 UCP2 : MFERBIBE AR 1 25 NG IEH X HRZH  HG . iy BEAR B s MG 5
BRIV 1,25- 2000 3 Dy AREE | 415 V2.1,25- 24 E % D,
AbFE2 5V3:1,25- " FME A Dy ARIE 3 41 NAC N-Z B B = e 2y
et BRZH  SG . oK Z BRI A 5 HG g, *P<0.01
B2 1,25-" 544 % D,/ 72 h T HK-2 4l UCP2 5 COXVEH
Feik LB

¥ HG HB W (E 1) .

5. 1,25-(OH),D, % =5 5 1 HK-2 4ilig UCP2 R 3%
SKESEIE A0S 3% 72 h )R HG ZH 40 UCP2 3 32155 NG
2 ERIN; VI 4 UCP2 R IBH HG Ak (P<0.01) ,Jf
% 1,25-(OH), D, ¥ B3I, V2 V3 41 UCP2 & R iB K
HG 4z (F 2) .

=.itie

W5 PRI B 5 ) & R L 4 B2 2, B AT, O B 22 Y 4
R U | S Ak R CRTORE PR S I 2 e =2 TR B MIAROE T

Brownlee ™ $ H (1“1 FR 956 I 2 i 1 S [RIHL A7 22 U 0 8 i
WG LR A s MU T 22, BB 20 i ke A 4 A
T, B BB PRI 125 T O R o 18 Pk SRR AE WS PRI B 1
KAERREPEREEEEA, A 1,25-(0H), D, FT#E T HT
g6 PN TE | T R Bk R RE S LM HLH K E
SELEH PRI B VR R Rl YIHL R o A B8, At
— 5,

YN BB K R B Z i Tt E R S Ak
R, EIER ARSI T, WA T 0K A S M0 & R
TRt 2SR Ab N T 3ok ST B TR T R A AR 0 T 3R
PUAE A PN TE PR AR & 2 T U 2SR 09 T R DL 2 4
PRI A F= s 255 AR IT 45 SR R 0 . 1 WA B AT At 5 %
PR /() 3 i 3 = T NG 41, ThiEL SOD ¥4 1 W i A%
F NG 41(P<0.01) ;1,25-( OH), D, 1] LI S5 4R ik b 1 58
YA PN S SOD FTE P eI 4 M P 3 M AU R D9 B AR K-
$271 1,25-(OH) , D, 7] BE 3 i3 42 /= 20 i P P A Ak g 1, i 4
[ F 3 A BKC 35 S 5 SR AN AR 1

UCP2 J2 1997 4E & BLH UCPs Z 5 i — AN i A, S22k
BLRPIRE b —Fh i F 2 B A, v LIRS BT A A M
AT LR AR BE BRI, RS SRR A A L UCP2 S
—TEBNERIAN UCPs 211 . MLz By e Bl 7
TR T ST 20 B PN R PR U RN A TR B UCP2 M 3RA L |
PEUOT - T A AR L AR R AR 2 P e O 38 4
AR 0 B P 95 G AR B UCP2 R AR P Rk K&
TP I B A P A TS UCP2 T TR S M T S
BRI TR S - R —3,

B 1,25-(OH), D, J , il P96 PE 8 K- UCP2 Rk &
TR AR B L5 HG AR, # (UK UCP2 Rk s/ sy
AR, W T AU AR ST RN s (A J i o7 B8 B Ry 22 b T 8
Sun %" L HL 1,25-(OH) , D, 7 7 T2 BRI ] 412 38/ BT
75 240 JH 2 A A B i 57 T I 3 Weeitsman 257130 ,1,25-( OH) ,D,
of PR SR A B 175 5 1 7L 9 200 P R R R 47 T B A
A, BIE,1,25-(0H), D% HK-2 2 i ELAG BRI 1 4% LU
BRI MEH . FALHIWT B2 1,25-(OH), D, i A
B B B SR TR 3 SN HK-2 Sk AR LA
P LM, D T PR R A S L4574 R A 174 95 1 4R ) 3 R o ik
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b PSR RED )5S T X UCP2 AYIS , UCP2 ARkt
B2k, IEAN, Brand %200 $H — A~ UCP2 673 45 B4 B 5045
AU 3 S 7= A R T AR P S A T A2, M IR T
T 2E T i o A 1 7 A A T R 5 A SR et
FEFP A PE UCP2 Y PN RS U T35 P, TS1 0 5 s R A5
FLASE TS A, T L2 — 7l 52 5 [l i %) 7 X PR A 1 o AR 84k
YiegrEa, L, AP A . 1,25-( OH) , D, T D)8 2 A A i
FLOE 25 76 B AR K ST, 1 B3R AN I P T P 4 5 0 T 1) 55
UCP2 [y ik, I 5 H R FEARBOCR

25 TR, 76 1,25-( OH), D, T m iz S 19 HK-2 44
J&i , JE SOD Y& 1 [l - 200 L Fr £ Ar A R mi A7 3 1k G T
PAK UCP2 IR 5 TR %, X %W 1,25-(OH), D, B
P HK-2 A0 FT AL R GG Pk B0l it SRt Al R 2
IR A7 JF R UCP2 Rk Bk K IE Kt AL e fE A,
1,25-(OH), D, 7] il it 815 B E UCP2 3= 3k B il 4 1 5 3
TG B TR PR B O AR it R (R LI LI LA A R il —

s % x #t
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