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FERBICH T IRBEZTORE - EEHBICEBEX ML XPEELTWBZEFHES »
EBE-STVW3. BERAMBEERBRICE(T S, EHEBFRICLSI IV MU 7HERE,
I h3ZKFY7DNA (mtDNA) OBREHEBHOEERP ZDOEEICOVTRETL £.
streptozotocin (STZ) ¥ERRET IV EER L, T FEMEIRET CORBREREUEFTR
FICOVWTHREF LA, 3> bO—-VE (CH) CHEL, RIRENTOEMBRREREDE
ELEMERD . RIS, REOBEAZERDIREE % 8-hydroxy-deoxyguanosine (8-OH-
dG) Z1EEEL L THREIL . 8-OH-dG OR+BHHB I SMIEBA%L, FEICHEML £
(C## :325+34ng/H vs. 8881347 ng/ H p<0.05). B##ICH (5 8-OH-dG DFE*%
HEHEBERICK YR L AL T A, 8-0H-dG DERIF I RBREFLE S LUA LK
ICEEHoh/. MIlEATIEEELEL THIREICBEL Ts Y, mtDNA OB{EMEEDER
PHAS NS, mDNA BEFORRECZREFLAEZS, I b2 N T7HIRE
complex I, MiERKF Td 5 NADH dehydrogenase 2 T cytochrome b OEZFHKEH
PERIBEICBEVWTETL TV

RIZ, EERE AL AT, mtDNA OBRERIEEH ESEEIC S 2 5 LI
DWTHREIL . I hAY N 7RRHEEFRE complex | RU T OFSRAEERZ AV
EZ A, HBARICEMBRREEEDOTTEZED T (p<0.05). %7/, REF ERMIR%E &M
MEICLVNIEBLA-ECA, S RNUTEEMDET & apoptosis DFEE #5365 7-.

LEDHERELY, BREMBEICEVT, RBARNTOEMBREEDITTESL, Z0OK
RELC B3I FAYFUT7 RV mtDNA OER{EVEEY, HBEEOERICEASLTVWSE
PEES kS (FH124E10 27 H 52 58)

Role of Mitochondrial and Mitochondrial DNA Damage Due to Oxidative
Stress in Diabetic Nephropathy

Hidekazu HATTA

Augmented oxidative stress induced by hyperglycemia possibly contributes to the pathogenesis
of diabetic complications. We studied mitochondrial injury induced by hyperglycemia and its
relevance to the development of diabetic nephropathy (DN) using a streptozotocin (STZ) -induced
diabetic model. We examined mitochondrial oxidative damage and mitochondrial function relative

to reactive oxygen species (ROS). ROS were generated in diabetic glomeruli. Urinary excretion
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of 8-hydroxy-deoxyguanosine (8-OH-dG), which is a product and biomarker of oxidative DNA
damage, significantly increased after induction of hyperglycemia by STZ. Immunohistochemical
studies using the monoclonal antibody against 8~-OH-dG revealed accumulations of 8-OH-dG
mainly the cytosol of glomerular epithelial and endothelial cells. We examined the expression of
the NADH dehydrogenase 2 and cytochrome b genes, which encode structural proteins consisting
of complexes I and III, respectively. The expression of these genes was inhibited in STZ rats. We
examined the effects of mitochondrial respiratory chain inhibitors on ROS production in rat
glomerular epithelial cells (GECs). Rotenone and antimycin A, which inhibit complexes I and III,
respectively, increased ROS production. The direct influence of ROS on the mitochondria was
examined. Following the addition of hydrogen peroxide, the GECs showed loss of mitochondrial
membrane potential (AWm). Chromatin condensation and nuclear fragmentation of GECs were
demonstrated following the addition of hydrogen peroxide.

These results indicated that oxidative injuries to the mitochondria and mtDNA play an important

role in the development of DN through oxidative modification of mtDNA. (Accepted on October 27,
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PERIFOBEINC L0, FERBUEE L, KM
BArE0FREBOE 2 5D LICED, I
FEOENBEROFHEMOFEERN & % -
TWwb., 3512, BNEA#KDL, ZoMoRA
WKEBBEAEBHELLBELT, AaTHIIHS
PICARTH 5. BERIFVERE D BN % 8 L,
AN EREORBEI RN TV 5.

PER IR Ol 23 B E 5 - # B I121E, advanced
glycation endproducts (AGE) O EFEY, KV f—
WREBOEEALY, 754 »FF—¥ C(PKC)
DIEMEALY, LA + L 2ADI#EY 2SS LT
V5. AGE JERGBR I B WV CIEEEE R A A5
ETLHEPHON TV, BIEICE > THE
B, MBAOBILA b L ADTHET 5L RE
Eh7z. BILA b L R i3 AP-1 ®° NF-«xB %0
RERFOEE L A L CEEOBETRERE
HEL, MESEDRIE - ERICEE %S
ERLELTVWDREEZ SNRTWSYY, L2
FL A X B IEEENERS T L LT, ThiE
THERAZRHREVMON TV 225010 4,

(@ Oxidative Stress
@ Mitochondrial DNA

DNA SE DR b BRAL I 2 1586 % 2\ ) 5 25
BL 7209, BB x 2T 2B E L
Tix, AN DNA, MilBEAX 7 LA F F, 3
b2 ¥ 7 DNA (mtDNA), 7% 5. mtDNA
BUTOBEEIZEY, BALREHEiz B 5%
HIENHEINTWAS, Thby, I hav
FU 7 TOBREH Y Y BEEIZ X 5 ATP &K1
BELT, A=—=FFTF (0;) »E%EH
BICEBEINTBY, I bary FY 7ANEHERE
FOMBARAER L 2o TWBH I EW®  F
72, mDNAIZbL A b VS DREEH L OKLY
Z/R &, % DNA IZHEALRIIBET % i ¢
WEEZ LTV, BERIIM 2 2B
EZ\TBED, BTH, rrovIiEESNORE
WIKBBIL I N TH U7z, 8-OH-dG O A B A3iE
HINTWS., BRERFIIBWTEDORER
FHOETIZOVWTOEENRESI LT
AHIW10.19 0 FAPIZ vy, mtDNA 1281 5 8-
OH-dG DEHLBS N> TH Y, Mk
bt DEELMEINTWASY, 8-OH-dG 1L
e Z B &, 8-OH-dG Zxf L T DNA # 8L
IZ50% DHEFRTT 7= Y HBHBIIHEAL, &
WIIZG:C 25 T A D transversion 254 L,
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point mutation 252E i, X h 52, F 72 8-OH-dG
DER L & 12 mtDNA @ delation 2381 L T
CHEIREIN TV S22, mDNA X3 b
v B 7TIFRSERE RO L 2 OBIRICH T
74 IRNA #2—FLTE), mDNA Ot
W5 & 2 D& FA L %5 mDNA D% RO ERE
WX, LM CERLEEDIRT & ATP G
DT, DWTIFHEEEOERT2EREL ) %
ENESHBINDG., S5, IbAVF
7R ANVF—EEDORTH D LRI,
apoptosis DFE /B ICLEE L TwLH I LR
B 5227 5 T 5220,

ARWFFEO H L, HER B SR AR IS
J5, HHEBERCLISAITISFYTRY
miDNA DAL BEHOBERZLYHO I T 55
IZHh5b.

M#EETE

1. streptozotocin $EFRIFE T IV T v b DIVERK

M Sprague-Dawley (S-D) 5 v I, A 14108 %
(HAZ L7tk KR 2R L. gid—
skl (MF-41) = ¥ VEERE) LBk Z B
IR S E, ZETICHE L. BRBEETV
X, =FNVIT—F VI ARKEE T 12 streptozotocin
(STZ) (Sigma#t, St. Louis, Mo) 60 mg/kg %
ERIR RS LIERE L7z, 2 O B 55 b 1 2 1)
EFL, W 300mg/dl L ETHDHZ L 2
L7 MBECIIFRESDS-DIy M2
M L7z, REBE, NIBEMKFEMERER
KDOAB%ZF (No.99-076), JIIFER K%
DOEYEBIREHCE DT EHmI N

2. REEARIRK LM

T v NESRERIR L D BERENL L 7R BRAR BRE
MR 2 BRI GARTRZEE S — NFD
L hftEwz22&, ERICM LA Mo
RoFEZRL, FXIAFURB XU b7 I F
YBEtETH D SRERE LM TH B Z & 2 HERR
L7z, Dk ORI E1310% FCS & H RPMI-
1640 # F\ T, 37C, CO;, 5 %DM THT

-7z,

3. invivo {GPERE R 5 AL O M

STZ#t5 2 A%, =F VT —T VO ARK
Feth, &> 7% — I X B IERENREE % BEAT L,
PEEBIEHEIB %, BB 2R L, sieving
BASTRIEkAZ 58 L7-. [EHRERA OB
HIRBANTRAE L-EERECLVERILES
%k fo 6 & 34 A dichlorofluorescein—diacetate
(DCFH-DA, Molecular Probes #;, Eugene, OR)
WX DT - 72570, S EERERAEE 1mM O
DCFH-DA (2C37C, 4043-%5%8 L 7z. Phosphate-
buffered saline (PBS, pH7.2) 2 C#H&#K,

THE L. ZHBOLRBIIRIREKIIBIT HF
BE MR TIT - 72,
4. JR 8-OH-dG kil & 5E &

ERIIAH I —V2fHLT, 2, 4, 8,
Vgt 4 BB & 12008 % TIT o 72, BRIREE LD
L, #A& 1Y enzyme-linked immunosorbent assay
(ELISA) kit (HARZALHIEATEA, &4 %
F TR 8-OH-dG HEil & % & L7z,

5. SRIERMR S RIRRET

IFNIL—T VORAKRBR, +> 75—
W2k BIERENRRE R T LT v P ERER L.
JEERIE YR, BEICE A R LB R E IR
% A4~5mm AICHIYIL, 4 %/8TF RNV AT VT
t F (4% PFA) ([ZTRERE, 7Va—nwil
THABEINT 74 VA EITo72. 2 um D
YR EERL, BT 74 2%, <7 A8
OH-dG &/ 7 u—FVHifk (HAZ{LHETZ
Ft, 484), KA copper/zinc superoxide dismutase
(Cu/Zn-SOD) ¥ifk (StressGen Biotech. £,
Victoria, BC Canada), & UF, K ®% Manganese-
SOD (Mn-SOD) $ifk (StressGen Biotech. #t,
Victoria, BC Canada) % —X&$iifk& LTHWTLL
T o BEFEPUKE: % 1T - 72. IR peroxidase
% 3 % H,0, Jjil methanol T30% [ FE4F B L %
7ay 7 Lz, —RPUR%E 2RI T 2 B UG
&4 72, KT avidin-biotin complex 3 (Vector
#t, Burlingame, USA) TRE S &72#, 5
% H,0, % 1z 72 0.02%3, 3-diaminobenzidine
tetrahydrochloride |2 THt & € 7.
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RIBROOERZ LT OHETERERWIZEE
filiL7z. &R OfREA20\EHFRLE L, 8
OH-dG |2 L TIZA IR Y b BtEMiL o & o
2EEZ 0L 4Bk (0, 0% 1+,
=25%; 2+, =50%; 3+, =75% ; 4 +,
<100%), Mn-SOD & Cu/Zn-SOD |Zf§ L TiZ
SRERRG ) oM, RAEREICOWT
&Y, MAHEBEY ) ogtEE s e L
(NIH image B {7V 7 MEMH) 2> bo—
VR MR L 7.

6. S EERERMAD 5D DNA Hifi 3 X 0 mtDNA
&4 DS

—80CIZ THAMEIRLE L TB W - 5B R ERIKIC
STE i (100 mM NaCl, 1 mM EDTA, 50 mM
Tris-HCI, pH7.4), 10% sodium dodecyl sulfate
(J#%0.5%), 10 mg/ml Proteinase K (F#% 0.5
mg/ml) %Mz, 37CTI2REMLL LA ¥ F 2 _—
bLlze Zad=/2 802 x WHEEICTHE
EALBRICTY ) — V% iN%, DNA 247
Bl S5I270%x% ) — )V Tk, TE
i (10 mM Tris-HCI, 1 mM EDTA, pH 8.0)
IR LAV OFEBRICH L7z, mDNA (21 8-
OH-dG fLLIAMZ b AR, RAREDOLI
EVRETIEIHONTEY, Tho a2k
ICERMS A A& LT, Ballinger 512X 1 3
Far B 7 EEAERS] (whole mtDNA) % %
# & L 72 quantitative PCR (QPCR) EASHI % &
NTW R0 =ik, $% DNA b2 156
WHRIEERERAM 2 EDFHET 5 Lt
DNA polymerase {Z & 2 IERIE MK T35 =
EEFALTWwA, BamHI YT EEAS mtDNA |
W15l nwZ e %2FIH LT, % DNA %
GO DNABHRICOWwWTEREFR
BamHI WLEET%, 0.6% 7 #'0 — A 4 W2 TR
&), etidium bromide {2 THeth L 7248, densitometer
Z H W Tl 42 DNA i H @ mtDNA & % 58
BILL7Z:. ZOHRICH LT X PCR DR L
% % mtDNA &% —E & ICHE L%, Tio
JHET PCR %175 7.

whole mtDNA % ¥EHE 3 % 72D 12 LL T O LS
DT 5 A4 ~=—%FFH L 7%, Forward primer : 5’ -

(BB27% 5815 2001)

CCT CCC ATT CAT TAT CGC CGC CCT TGC-
3’, Reverse primer : 5’-GAT GGG GCC GGT
AGG TCG ATA AAG GAG-3’. wax (AmpliWaxTM
PCR Gem 100, Perkin Elmer ) % ] L7z Hot
start {3 C Long and Accurate-PCR (LA-PCR) i
% v "C mtDNA O &35 35| O BIE % 17 - 7.
PCR tube D FBIZE£T T4~ — 0.2 uM, 2.5 mM
MgCl,, 10 mM Tris-HCI (pH 8.3), 50 mM KCl,
% dNTP 400 uM % fN 2 #3820 ul & L, wax T
T %3 A%, FREIC25ng D8R mDNA, 2.5
Hif @ Taq DNA polymerase (LA TagTM, TaKaRa
#1), 2.5 mM MgCl,, 10 mM Tris-HCI (pH 8.3),
50 mM KCl, Zmz, # & 30 ul [ZF% L PCR
#4iT-72. 94C 1 %[ @ initial denaturation
\Z, denaturation (94°C 30#) [#), anncaling 33
& Wextension (68°C 2041 o Kt %309 A
7 )V (PTC-100, MJ Research ) 17\, fH#&
extension (72C 104M) IS TRIBE&T L.
PCR D iR FEMIL0.6% 7 A2 — A7V ECTHE
K UkEh 4, etidium bromide THefa L AL L 7-.
% 5 77z PCR %14 Luminous Imager Ver. 2.0
TIINAA—VBRY 7 MN(TAYyaxzE
ZtL) &AW THERE L.
7. SERMRIZEBIT A mDNA © mRNA HEH OB

Gl

mtDNA 13 3 2> FY) 7 IR SEEE R E (=T
Z3—FLTWw5., HERFERRKEIIBITS
mtDNA (22— F & 715 mRNA R E(L % et
L7z,

sieving {EIC T BE L —80C IS CHMERAEL
TBW7%REKIED 5, Acid Guanidinium Phenol
Chloroform (AGPC) T total RNA Offith % 47 -
72, RNA 3 = % J — VvV Cibl&k L 7,
diethylpyro carbonate (DEPC) #L¥f 2% ¥ /K T
L7,

reverse transcriptase-PCR (RT-PCR) #EIZX D,
mtDNA &2 F EIZFEET 5 2 D0 #EIET,
NADH dehydrogenase 2 (ND2) & OF cytochrome
b (cytb) DFEBEMRET L. UTOTI514 ~v—%
f# ] L72. ND2 : Forward primer ; 5’-GCC GCC
TAA TCA CGA CAC TT-3’, Reverse primer ,
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5’-GCG AGT GAG AGT GTG TTG AT-3’, cyt
b : Forward primer ; 5’-ACT CCT TTA TCG ACC
TAC CG-3’, Reverse primer ; 5’-TAC GAC CCC
TCC TAG TTT GT-3’. ¢cDNA O &L, 2 ug D
total RNA % & LC, 5mM MgCl,, 10 mM
Tris-HCI (pH 8.3), 50 mM KCI, random hexamer
2.5 uM, % dANTP1 mM, 7.5 fif ®» MuLV
(Murine Leukemia Virus) reverse transcriptase
(Perkin Elmer #1) %Nz, & 60 ul \ZFEL
To7z. 42T 300 MLE R, 99C 5D
BICTHEZEOFEEMEILZIT- 72, PCR RS
0.12 ug ® cDNA, 754 <— 0.2 uM, 1 mM
MgCl,, 10 mM Tris-HCl (pH 8.3), 50 mM KClI,
0. 5H.47. ® Taq DNA polymerase (AmpliTaq, Perkin
Elmer #£) Z Nz, #& 20 ul IZF%L PCR %
17572, 95C 2 %[l initial denaturation %12,
denaturation (95C 1 47f), annealing (56C 1
53-1), extension (72°C 14 WH) @ K %33
(ND2) 7\ 128 (cytb) #4 Z )L (PTC-100,
MIJ Research 1) 7V, ##& extension (72°C 7
) TRIGEET Lz, BEWEY A 7 VL
SE R M Rl 23 5 721, 20~35% 4 7 v
DOBTHRE L, LY 4 7 VEUTHE L.
RT-PCR O E M EWIX1.6% 7 7 H— A7 VI
THELKE) %, etidium bromide |2 THeta L,
Luminous Imager Ver. 2.0 73 # W 4 X — J#AT
V7 M EHGTHBRE L.

8. I NIV NV TIFRSEBREHERIC X A1E
VRIS A ORET

SRERME BRI Z 25em? 75 A 312 1x 10/

ml ¥ % L, 1% FCS &4 RPMI-1640 £ 41 CHl
M EMRH 21T - 72, 24KEH]f#%, rotenone 5 yM
(complex I FH % #l), thenoyltrifluoroacetone 50
uM (complex T fH % %], TTFA), antimycin A
10 uM (complex M FHEH]), (LL L Sigma #t,
St. Louis, Mo) #7777 XA 3ZiRmlL, 37
T, CO, 5% D5 MT 3 KERMXEL LY,
PBS |2 Tk, DCFH-DA 10 uM &4 RPMI-
1640 (2B L37C, CO, 5 %D 5 T40%5 1
BEL Btkar bo—n e LCamgbkE
200 uM TN L 72 MRS (1040 F) 2 AW 7z,

PBS |2 TPk, b7~ - EDTA IS CHIBE
L, flow cytometry (Becton Dickinson ft) (2T
AT L7z, 7o, HESL - —BFME (TCS-
NT, Leicatt) IZTHIZELZ.
9. WEMMEICLSI bay MY TIREME

SHERAR BB %2 8 chamber-slide {2 1 x 10%/
ml TH;# L, 1% FCS &7 RPMI-1640 3531
Ez, MERRFALIT o 72, 24K, &
BRiL K% 200 uM Z3RBOL, 0.5, 1, L5,
2, 3, 4, 6RMBENOI b N THREN
% 1t % membrane potential-sensitive dye T& 5
MitoSensor (CLONTECH #t) % W THEF L
7z. H#OBBAMSE (LEITZ-DMRD, Leica #) (2
TIOHRFEIZE L, BEEMERRREDO YV
2iTo 7z,
10. {EMEBEFEC X % apoptosis O F5E

HRERMR BB A RED & MRS TREL,
24W¢ [ %, WER{LKFE 200 uM 2L, 0.5,
1, 1.5, 2, 3, 4ZLT6REBEOKE
& & 1t # Hoecyst dye 33342 (Molecular Probes
%, Eugene, OR) % W CHeET L7z, @6BEM
#% (LEITZ-DMRD, Leica #t) 2 C1081 852
L, #4 chromatin BeEEMRaE D 7> > + 21757z,

ZBER O Bz 12 Mann-Whitney U test TAT -
7z, pfEIZ0.05LAF2HFEE Lo,

5 £

1. BEIRIG T v PRERIRIC BT BIHERFE 0L
1
EHEBFICL D R EGE 5T 5 DCFH-
DA % W ThRERRIZB T 2 EEREREOAK &
MRET L7z, e L — Y — BRSNS BT g
Tizar ba— (Fig. 1A a) 12N, R
R AR B TH M L - OB B S
(Fig. 1A b). SRERMARY ) O PHHOLEME D H
BIZBWThay ba— VEEICHARSTZHT
A EICHMME 07z (Fig. 1B).
2. JRH 8-OH-dG & DRl E
JR i 8-OH-dG HEl B3 mEsc & D 3 %
ZENH SN TV A 728 age match X & 72 &
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Fig. 1. Confocal analysis of ROS production in isolated glomeruli obtained from a control rat (a) and a STZ rat (b) 2 weeks
following an injection of STZ (A). The DCF fluorescence of ROS production (B). A. DCFH-DA was added to the
culture medium. After 40-min incubation, the glomeruli were examined under blue illumination by confocal microscopy. A
strong green fluorescent color was observed in the isolated glomeruli of the STZ rat. All pictures were taken at the same
magnification (bar =100 pm). B. The fluorescent intensity of isolated glomeruli from the STZ rat was significantly higher
than that of isolated glomeruli from the control rat. Values are means = SD (n =10). Significance values (*p<0.0005)

are determined vs. control.
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STZ

Control

Oaryhua—) L7, SIS AL S M
VB, 3 bu— VBEIC A ISR T 8-OH-
dG PEl-E DM % Ao 7z (Fig. 2).

3. EHBICBIT S 8-0H-dG DEFE, SOD ¥
Hlo Sz f k-2 et

8-OH-dG ICFAL T, v Fu— L EETII%
BRAK - IRAIE M & DI E 1T A LR
W7 h o7 (Fig. 3A, B). STZ EF IV Tlik
BRfk - RAE R E Mg S h, Rk
RNTIEFEIC B MIR, PRRIRS, PRAAE R
IR IRAIE FR A, PR R PR S I

B M 2 Btk W& 7@ 72 (Fig. 3C, D). 5Rilk
RKTHET 2L, BOGMIIEMTHIENIC
SRR R Z 58, 8-OH-dG O FEREATE L L
T mtDNA TH 5 Z LAl s 7z (Fig. 30).
8-OH-dG D BRI i A £ 48 & OV PR AN
R D Je i i A % AR LB L 72, SRERIKA
PetEdIlf I g P — VB B L 458 H X
h (Fig. 4A), IRAIEME ClZa >y ba— itk
WL 28 H X ) BRI Z 207 (Fig. 5A).
Mn-SOD IZBJ LTI, a2~ b —Lv#ETIX
SRERIRN I & O A7 PR A A B A e S B A
Baasti i & 7> (Fig. 6A, B). STZ EF )L T
&, SRERR R BT R L o3 & FRo
7z (Fig. 6C). F 7-KME LEMBEIZE VT
X, IEETHECEIE R L@ R O A
O TIENRAEICBWT LW 2D
(Fig. 6D). [IARIZRERAANIGEME L X O
FRAM G 1 O Bt T AR % R I L 7.
HERRN MR EGE T > b a— VB & g
LC8HAHIC (Fig. 4B), JRMIEME TIda >
Fo— VRS HERL 28 &) ARSI R
¥7: (Fig. 5B).

Cu/Zn-SOD |2 LTIZ, o~ bu—LEECH
WThH STZEFNVIZBWTYH, REMAEE X OR
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Fig. 2. 24 h urinary 8-OH-dG excretion in the STZ rats (@) and control rats
(CJ). After eight weeks, a significant increase in the urinary 8-OH-dG
levels of the STZ rat was observed in comparison with the controls. Values
are means = SD (n =5). Significance values (* p<<0.05) are determined
vs. control (matched for age) .

5 S e

Fig. 3. Immunohistochemical detection of 8~-OH-dG in control or STZ renal
tissues (8 weeks following injection of STZ). No staining was observed in
the control rat renal tissues (A, B). In the STZ rat renal tissues, strong
staining of cells was seen mainly of the cytosol of glomerular epithelial/
endothelial, tubular cells and the peritubularcapillary (C, D). Original
magnification x1000 (A, C),x400 (B, D).

AL FEHET 5 &, it DNA
polymerase (2 & % ¥EIRZIZEAVKT
T5IEDPHEIN TN L0,
oy bu—)b ek LAEEEREE
DHEVWL DD STZ EF )V 8§ B
BT, mDNA @ PCR HiE%h%
KT Z /R LT/ (Fig. 8A,
C). ¥4 DNA Bam HI 1Lk
DT HU— A7 VEFIKEE T,
% DNA XA X T &R 505 YW
E N 7- mDNA (X — A& ® band &
LCHEET& % (Fig. 8B).

5. mtDNA i3k mRNA ZH D
HeEs

mtDNA 3 FRALHY )~ BRAEIC &
% ATP EEA DO HLIYIZE %2 H -
TWwhb 3 bar Y 7IRkEREE
DEBETFEI—FLTW A,
STZ £ F NV DOREREFIZB VT,
I ha v Y 7SR complex I
W FTdh s ND2 (Fig. 9) 5
& Weomplex MK 5T THh 5
cytb (Fig. 10) @ #Efx T3 HEH
IR Y (G AY AR

6. I b N 7 SHBEERE
EHNC & B IHMEEEELE OME

I by R TICBT LR
BEFZ OREFEIIHNC & 2 iGVERE R
BT D W THE L 7.
antimycin A J&H0 (Fig. 11A b) |
X0, BEEARBRAKR LM BV
T, a2 v brua—) (Fig. 11A a)
EHB L CTIEERRE O AN %
b7z, flow cytometry |2 X 5 fi#
H T D, rotenone, antimycin A 7
M cIza Yy ha— L e iR L

HHE B B R % 525 72 (Fig. 7A~D). TEFHHECBEORF BRI % 580, [EHEEE
I PU—VEBELSTZEFVEDORICEE R EAEMINIVR S/ (Fig. 11B, C).
BHEALE RO -7z (Fig. 4C, 50). 7. WEHEERICLAI bay N TREMNEL

4. QPCR {12 X 5 mtDNA &£ O #ET Ibav

FY 7ERECER SO N4 F D

mtDNA b (25 filE IR B RET M LD B’AEFIZE DR ENLBEEMIGFET S.
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Fig. 4. Quantitative analyses of 8~-OH-dG, Mn-SOD and
Cu/Zn-SOD positive cells in glomeruli. A. The 8-OH-
dG staining score for STZ and control rats is shown.
There were increases in the 8~-OH-dG staining score at 4
and 8 weeks following injection of STZ. B. The numbers
of Mn-SOD positive cells per glomerulus are shown for
STZ and control rats. There was an increase in Mn-
SOD positive cells at 8 weeks following injection of
STZ. C. The numbers of Cu/Zn-SOD positive cells per
glomerulus are shown for STZ and control rats. There
was no significant difference between the STZ rats and
the control rats. Significance values (*p<(.05) are
determined vs. control. Values are means = SD (n =
5).

2 weeks

Control

apoptosis D FHFE BRI B VT Z OEEN AN
KT HEIIRENT VD, IEF SRR Rz
BV TIIBEEMOMERIC X ) #BmEHS

I FYTICHYAEN, FL Uy IaOELE
FLTWEOVBEINL (Fig. 12A a). —
75, BEEEKE 200 uM RN L 725 Bk LR 4

(%27% 1% 2001)

i
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Fig. 5. Quantitative analyses of 8~-OH-dG, Mn-SOD and
Cu/Zn-SOD in tubuli. A. 8-OH-dG positive areas are
shown for STZ and control rats. There were increases in
the 8-OH-dG positive area at 2, 4 and 8 weeks following
injection of STZ. B. Mn-SOD positive areas are shown
for STZ and control rats. There were increases in the
Mn-SOD positive areas at 2, 4 and 8 weeks following
injection of STZ. C. Cu/Zn-SOD positive areas are
shown for STZ and control rats. There was no significant
difference between the STZ rats and the control rats.
Significance values (*p<0.05, **p<0.005) are
determined vs. control. Values are means = SD (n =

5).
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Immunohistochemical detection of Mn-SOD in control or STZ renal
In the control rat renal
tissues, weakly stained cells were observed (A, B), while in the STZ rat
renal tissues, strongly stained glomerular epithelial and tubular cells were
noted (C, D). Original magnification x1000 (A, C), x400 (B, D).

Immunohistochemical detection of Cu/Zn-SOD in control or STZ renal
Stained cells were observed
Original magnification x400
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etidium bromide. B. To ensure quantitative condition,
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Conltrol

STZ with ND2 oligonucleotide primers. A. RT-PCR
products of mRNA were electrophorased on 1.6%
agarose gel and visualized by staining with etidium
bromide (upper). Total RNAs including 28S (4718bp)
and 18S (1874bp) rRNA, which were used as house-
keeping genes for relative intensity analysis to quantitate
ND 2 expression, were electrophorased on 0.8% agarose
gel and visualized by staining with etidium bromide
(lower) . B. Relative intensity analysis of ND 2 expression
is shown. Expression of mRNA encoding ND 2
was inhibited, 8 weeks following injection of STZ.

Significance values (*p<<(.05) are determined vs.
control.
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B. Relative intensity analysis of cyt b expression
Expression of mRNA encoding cyt b
was inhibited, 8 weeks following injection of STZ.
Significance values (*p<0.05)
control.
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Fig. 11. Confocal and flow cytometry analyses of ROS production in rat glomerular epithelial cells (GECs) induced by
mitochondrial respiratory chain inhibitors with DCFH-DA. A. Control (a) and antimycin A (b). GECs were pretreated
for 3-h with antimycin A. DCFH-DA was added to the culture medium, After 40-min incubation, the GECs were
examined under blue illumination by confocal microscopy. In the GECs preincubated with antimycin A, a strong green
fTuorescent color was observed (b). Original magnification x1000. B. C. Typical histograms of ROS production, and the
mean channals with flow cytometry. GECs were pretreated for 3-h with mitochondrial respiratory chain inhibitors (1 :
control, 2 rotenone, 3 I thenoyltrifluoroacetone, 4 @ antimycin A}. DCFH-DA was added to the culture medium. After
40-min incubation, the GECs were collected and analyzed with flow cytometry, Rotenone and antimycin A, which inhibit
complexes I and 111, respectively, increase ROS production. Values are means + SD (n=4). Significance values (*p<C
0.05) are determined vs. control.
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Fig. 12. H,0; induced changes in mitochondrial membrane potential of GECs. A. Fluorescent micrographs of Control (a) and
GECs were treated with H;O, for 2 hours (b). Note the loss of yellow-orange mitochondrial staining, representing
membrane potential-sensitive dye aggregates that accumulate at high membrane potential, in treated with H,0, compared
with the control. Original magnification x1000 (a, b). B. Time course of the decline in mitochondrial membrane potential
of GECs detected by membrane potential-sensitive dye. The rate of decline in the mitochondrial membrane potential of
GECs had already increased at 30 minutes after the addition of H,0s, Values are means = SD (n = 3). Significance values
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Fig. 13.  H,0: induced apoptosis in rat glomerular epithelial cells, A, Fluorescent micrographs. GECs were treated with H.O,
for 0 (a), 1 (b) or 2 hours (c). Original magnification x400 (a~c). B. Time course of apoplosis detected by nuclear
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(n =3). Significance values (*p<<0.0005, **p<0.0001) are determined vs. control.
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