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B IR, MTHENTEEIB I S MBI O BT X 2B LA L A 2SS S UEE
BEINTWDE, T/, BILA P L RARMEENTBEOAEIEOLETICB W TEELGMREAT T
HY, FRCHERBEREEOSIMBREZ 7)) - VAV EEEL, TEIN—YAZFHET L EE
ZHNTWA, KEFZETIE, BEREEZ GO L 22BN BEOBILA L AL BT R b=
ADEBRET N ZML L, TORARELHATL I 2HWE L. v b HIERR U937 Al
TV 3 — A TEEE, MBILKFE (H02) ICXVBILA MLV AZFERS S/ mr/va—
A TR L7z U937 Al 2 Ho0, 24 hr AL (05 ~ 10 mM), B X OilE{b#ITdH % N-acethyl-
cysteine (NAC) % 1 HRRIRTALE U722, BRALA b L 210 L TR EM (ROS) AR 2l
EL, 7HFbF—Y AMHIZ1Z single strand DNA, AnnexinV ¥¢ff, caspase-3 iifi ¥ % il %€,
EHIZI bary Py TEREMAEOZEI (MPT), JNK ®Y Y EALHE, glycation il & L 7-.
Hy0, 12 & 1) B EEARAE I IC ROS AR R8N, MPT RN, 7R b — 3 ZAFRMEH DA S N7z,
HO: X 22N ODERIEE VI —AAMIZE ) S HIRESh, FiILFITH S NAC
BIALGE TP & 7z, caspase-3 TEMELE, HoO, B TIXIRERARICEEIM L 7228, H27 v
I—2ZBMICE S5 5WMOMRIIRO LN o7 DX, B7IVa— 2R Tk
A M VAFHERET R — 21F, S5IEESN, AEBREFVOMEDLS, HKRICBITS
MLEENT BE ORE R AR ISR CERILA L AZAEL, TRV AFRZREL TS
EDBEDSFONT T BIONVI—RAMICE LA L AERET R b= 20k
13, caspase IARANETH 2 WREMEDE 2 5 7.
F—TJ—R:T7EM=VRA, ErVI—X, BLZ LR, BN, HAS—E

VEAE, MEENTBREICB VT, ENERICE )
LA P LADBERSINT, i, mEkMEoE
Mriidefh, ARG, MEEENTROEREETE, 5%
BRI T S RBGEE 72 EOB 52 E 2 b Tn
5. F72, DU LEEEZR TH A I Cu/Zn-SOD 3
M, FERF Cu/Zn-SOD mRNA O F$HILHE" 2 %,
MERKINE O EHT I X DAL A b L A5k L
L C, vitaminE-coated dialyzer fifH3?, vitaminC
ORI GIOMEDSNTEY, BIHEHFIZE S
AL A N L ADHER SN TS, F72, MEN
BHEOEMEDOEITICBWT, BLA - L 2 RHEL
e #% £ B W (advanced glycation end products :
AGEs) HEZELRGEHRKFTHD I LY9DWmESh
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THBY, FIERHEEOEMEREE7 ) -7
INEEAL, TRV AEFETLOEEZ
BNTVS. BIFHII by K 7OA— 8%
FYRT=F VAR L TR REAEBBLY
HETROS LX)V 2 FHXE5.
IPIVRYTIEA NV AGEMBO TR b=
AMIBEIERE R I B W T HEE R &ZE#H % K7L, ROS
DF =4y e ES54R5 ROSEROBIRHTH 5.
AR EN/ZROSIFTIEHEI FI Y MY TORE
{7 (mitochondorial membrane potential: MPT) 12
£ % R EEERATILZ ST 7 —4C
ZiEMES 5. F b 27 10— 24 C & procaspase9 D
Ak & 312 apoptosome % FEHK L caspase-3 % i 1
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L7 R b=Y 2A%FEST LY. 5, IR E
KT by B 7 oMREICK ST b
7\ — A C L caspase-3 BEEOWHEALD T K7D
ELANVICHET 2 ROSHHI&E &L 2D, @7V
I— A FTOT R — 3 AM caspase MAFEREE T
FEENLZ W ENALY, 42 I haVF
V7 PBICHFERAELTWDE TR b= ZAFRNT
(apoptosis inducing factor: AIF) 287K b —3 &
FHICLYI bV RY T XA L, B
b r2asr—3a v aRELHEDSNTY
BB K5\, BNV I—RAFERETEF -V R
1%, caspase KA THD, I by Y7L
BETOAIF S v2ur—Y a3y MBELTW
BEVIMEDLALNTVEY, ZOXIITHI IV
I— 225 %7 R+ — ¥ A caspase AN T 7213
caspase JEMRAF IR L B4 TH D W L5 ITH#F
HEhTwiwn,

ARIEBRIT BT, PR % &0 L 72 iglE s s
DIRALA ML AFRET R+ — Y ADERET V&
in vitro THEN. S A 720, IMEMILTH 5 b b HER
AR U7 M Z ML, M7y a— ABEET THigE
L, @bk FE (H0.) THALA ML AZFERL
2. 51T, B Va—AREFETFTO HO0, 5%
MILA DL ZIZE BT RN =¥ ZADREEEAM caspase
KA IR A e HICT 5 2 L & LT

G

1. WFgekr el & sy 28

b b HER % U937 Al iE (EC85011440) 1%, European
Collection of Animal Cell Culture (ECACC, UK) £ 1,
NAC (JiEE{b#Al) B X 0 H.0, 1, Wako Co. (Osaka,
Japan) X b, Fetal bovine serum (FBS) i&, Sigma-
Aldrich Co. (MO, USA) X VE§AL7Z. F72, peni-
cillin G sodium, streptomycin sulfate &, Invitrogen
Corp. (CA, USA) &1, 5-(and-6)-chloromethyl-2, 7’
-dichlorodihydrofluorescein diacetate; (CM-H;DCF-
DA) &, Molecular Probes (Eugene, OR, USA) X
DIEALZ:. &7 Vva—2Amo7zHI2, U937 #ill
13 289 mM glucose &4 RPMI-1640 55381 C 1 H~
6 H %53 L, high glucose #E & L7z F /-4
RPMI-1640 (D-glucose 111 mM & 4) ¥; #i T
# L7z U937 flifg % normal glucose #iE& L7z, U937
FHEIE 10% FBS, penicillin G sodium 100 units/ml,

1%
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PURNES

streptomycin sulfate 100 pg/ml % &t % 2531 T,
37C, 5% CO; T THIEIHE > THFE L 72,

2. FEYpALE

1 H~5 H M X% L 72 normal glucose #, high
glucose ¥ @ U937 M ME 12 H.02 (05 ~ 10 mM) #%
24 WERALIE L 72, & 518, P LA TH 5 NAC
10 mM AL 1E, HyO, ALiE O 1 B AIICALE L, #
DH%NAC 10 mM + Ho05 5 mM % 24 IRF[H AL L 72,
F72, U EoBEITRTERGEAETIT- 72,

3. 7R b= A

1) single strand DNA (ssDNA) il

H,0, (05~ 10 mM), NAC 10 mM, NAC 10 mM
+ H02 5 mM % 24 FEHJALE L 72 normal glucose #¥,
high glucose #® U937 Mgz 80% £ ¥ / — )V /PBS
THEER, 78— AL AFERITEE S
% formamide |2C DNA # 2 M &9721%. &L 7
DNA % ssDNA 26§ % —&KE / 7 10— F v Hifk
B X U horseradish peroxidase £ ikt~ 7 A IgM
(Chemion International, Inc., CA, USA) 2Tt
., 2, 2-azino-bis[3-ethylbenziazoline-6-sulfonic acid]
ZE st s, WOBEERE L7z, Negative control
L LT, SI nuclease (Takara Bio, Inc., Shiga, Japan)
AL L 7oAl A 7z,

2) Hoechst33342 3 & OF AnnexinV-Cy3 4eft

U937 Mila DRILRE % Bl 3 5 72012, H:0; (05
~10mM), NAC 10 mM, NAC 10 mM + H;0; 5 mM
THLE L 72 normal glucose #, high glucose # @
U937 #iliig % Hoechst33342 (Wako Co. Osaka, Japan)
TYeft L7, Hoechst33342 THeft X 7z U937 Allia
1%, PBS T#kiE#%, X 512 AnnexinV-Cy3 4t %
1T 72. Apoptosis i 5D WIHB B 12 B CTHINE X
K IR (2 4248 5 phosphatidyl-serine (PS) 7%
MR T A2 e Tw5D, PSIE
AnnexinV & BHIPEDE <, ARFEETIE Cy3 Bk
AnnexinV (AnnexinV-Cy3 apoptosis Detection Kit:
Medical & Biological Laboratories, Co., Ltd, Nagoya,
Japan) THeAh X M7z apoptosis Ml % Meta Xpress
Image Acquisition (Molecular Devices Co. Tokyo,
Japan) THHr L 7=

3) caspase-3 DM E

H,0; (05 ~10mM), NAC 10 mM, NAC 10 mM
+ H:0; 5mM % 4L L 72 normal glucose #, high
glucose #E® U937 il ? caspase-3 114, fluoro-
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metric protease assay kit (Medical & Biological
Laboratories, Co., Ltd., Nagoya, Japan) Tilll€ &
7. Caspase-3 DI L LT, DEVD (Asp- Glu- Val-
Asp)-7-amino-4-trifluoro methyl coumarin (AFC)
% v, caspase-3 12 & D YJWT - BEEE L 72 AFC I
Jhke P 400 nm, % P & 500 nm 2B B H#OLNR
Ex2HE 7L — 1) — % — (Berthold Technologies
GmbH & Co., KG, Bad Wildbad, Germany) 12 & 9
g sz,

4. WM (ROS) MIEIC X Z2MRAEA b L2

O FHli
NN ROS A K o #2121k, CM-H.DCFDA %
JAw7z. CM-H.DCFDA %, MBgAICILY AT 7z

%, TAT I —+EIZX-> T2, 7-Dichlorofluoresin
WAL, MBI ROS 12 & ) BB b s o Catsetko
2, 7' -Dichlorofluorescein % 2 U %9, Normal glu-
cose #EB X U8, high glucose #Eo U937 Al HoO,
(05~10mM), NAC 10 mM, NAC 10 mM + H:0;
5mM % 3045, 1WERJALE L, A4 S 7z ROS O
%% L7, CM-H.DCFDA 1Z DMSO (dimethyl
sulfoxide) T, U937 MIIE (3 X 10° cells/ml)
127 uM CM-H,DCFDA # fa#if L, 37C 5% CO.
FC 15 %7 incubation L7z. Z D%, B 7 PBS
T L, JBhie Pk 488 nm, 52 I & 525 nm 12
B 8% 467 L — M) — % — (Berthold
Technologies GmbH & Co., KG, Bad Wildbad, Ger-
many) (X D#HlEL 7.

5. Ihar Y TEEME (MPT) OZ{bopisE

Hy0, (05~ 10mM), NAC 10 mM, NAC 10 mM
+ M0, 5mM % Qi L 72 normal glucose #, high
glucose BED U937 Mifed I ha v K TIREME
1bix, JRBtEH 54> 70— 7 Tdh b azolcarbo-
cyanine iodide (JC-1) % I \», Mito Capture Apo-
ptosis Detection Kit (Medical & Bio-logical Labo-
ratories Co. Ltd, Nagoya, Japan) 2 & V17w, Jib
R 490 nm, M E I K 590 nm B X Y, 527 nm
IBUsHLmMELENE T L — MY —F — (Ber-
thold Technologies GmbH & Co., KG, Bad Wildbad,
Germany) THlIZEL, ¥ /3278 %7-10 » 590 nm/
527 nm DOHOGH Z KD 7z

6. JNK ®V »EALRED F#Al

H:0, (05~10 mM), NAC 10 mM, NAC 10 mM +
H:0; 5mM % 24 FEEALiE L 72 normal glucose #E,
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high glucose #£® U937 Ml (3X10° cells/well) 1
JNK (Thr 183/Tyrl85) ELISA kit (Ray Biotech,
Inc, USA) |2C, anti-phospho-JNK (Thr183/Tyrl85)
& anti-]NK % vy, 4 INK &47-0) o) bl 7=
INK &% KD 7.

7. Glycation ® &l

Glycation &7 3 /7 & A VK= VI o IERE
FWRALE IS T, ZTORIBT AGEs 23K S h
5. AGEs ¥, ®HRMRE, DNA IZERE L5 2
L3N Tn37. H0; (05~ 10mM), NAC 10
mM, NAC 10mM + HyO; 5 mM % 24 KpfijALiE L
7z normal glucose #, high glucose #® U937 il
® AGE % ¥ 737 BAL&W % OxiSelect Advanced
Glycation End Product (AGE) ELISA Kit (Cell
Biolabs, Inc., CA, USA) (2 THlE L7-.

8. MralaLEt

FLERARS AT P £ B E TR L 7.
5E 1% Dunnetts #E % F W,
kL7

HE AR
p<005DLDEAHE

&

ES

L. 7 Vva—Z, HOIZLB 7K =T AND
W
U937 MR L2 5 MR % Bl 5 % 720
H [ 289 mM @ glucose & A R 38 TR S 7.
high glucose # B X OF normal glucose # & b 12
B2 1 HB L OS5 HBIZ 24 KR HoO, 2 ALE L 72
U937 B IZ BT, HaO MR L 72,
WL HARIC, S HMOEEEZEOMILICB W T,
ssDNA 1 1% Hz0, L5 M H 12 Ho A % % ssDNA
oO¥MABH SNz (Fig. 1). 72, 10mM NAC Hi
ALEHINLIE 5 mM HeOz ALE ML (2 X ssDNA i
HEICHI S N7z, X512 high glucose # i normal
glucose BEIZHANAEIZ ssDNA = OF B B2
OLHN, \HmZVa—2AAE, H.O, LEIC LD, TR
b= ZAFHEPMEE SN TV B HEIMHEE SN2,
7R b — ¥ AFEFE R OIS O AH B R
AT 7FVNE) r (PS) 23 b, AnnexinV id
WAL, EMRLE 7R b= Al L X5l
A TEBW. normal glucose #E: D HyO, MEMLERET
13 Hoechst33342 et |C THMHILEZ R TED AMDS
E & N7225, high glucose BETIX, BOZH EM
N B2 ARt 9t % /R AnnexinV Fefa s i S5 7z

6

h,
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Fig. 1 Effect of high glucose and H30; on ssDNA in U937 cells. The selective
denatured DNA in apoptotic cells by formamide was detected. The ssDNA
was stained with the primary antibody to the ssDNA and peroxidase-
labeled secondary antibody for color development. Each value represents
the mean £ S.EM. of three independent experiments (n = 6 ~ 18).
Statistically significant changes are indicated as *p < 0.05 compared with
non-treated U937 cells at each time point. ¥p < 0.05 compared with U937
cells of normal glucose group treated by various doses of H:20. Yp < 0.05
compared with HyO, 5 mM; Dunnet's post hoc test.

(Fig. 2). %72, 5mM H,O, L2 X D AnnexinV
THeft S N7 DY HoOy MEALE A I Fe~BE D L,
high glucose #t® H,0, L& L 72/fa Tix, 512
% L OHNEA AnnexinV £t S TBY), 7R b—
VAR S N

BNV IA—ALBALA MLV RAICKDFEREINET
A I — 3 XM caspase HHEALIC L » THEITEI N L0
E 9 W R D 72812 caspase-3 G2 € L 72,
Caspase-3 1 ¥ 1%, normal glucose #f 3 & UF high
glucose #E LT, HyO, MEALE ML IZ IR H0, B E
RAFWNIEE L H 2 580 7225, 10 mM NAC FiiLE
HE T3 caspase-3 1525 5 mM HyO, AL E AL 12
WRFEICHH Sz (Fig 3). 72, high glu-
cose # X normal glucose #f 12 It -X caspase-3 1if 14
FAPEBIKRTLTEY, BV a— AMLEIC X
% caspase-3 G E DT 25588 & 72, caspase-3
1t Ho0 THEMEAL I 7228, BV a—AAMTT
A=YV AFEEMEESI N2 L LD, Bva—
ZAMIZ X B TR b— 2 2FFIT caspase FHKIFERY
GREREC O RS 2 S 7z,
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2. ROS WIS 287 Vv a—2, H0;, DsgH

ROS DAL, Hz0p MEALE ML IZ A, HyO, AL
A & D RN 282 S5 7228, 10 mM
NAC AiLEAINE T, 5 mM H.O, ALz I X
ROS A A VH BICHIH S 7z (Fig. 4). & 51,
high glucose %1% normal glucose # 12X ROS 4
WA R, REHOE 7V — AR TIZ
BT 5, HO WLEIZ X % ROS O B RR 2SR S
nrz.

3. I ha v Py TEEMZE (MPT) 39 5,
BV a—, HO, D

TERF=Y AV AT AIBWTIE, MPT A IZ
TRV ARBEORTLEZONTWS, #BE %
ROS EHiid MPT A 238 %, 748 b— 3 ZM
M3 % #5389 5. MPT i& normal glucose BB L O°
high glucose #3102, HoO, MEALE M NE I HE X H0,
AL A IR BEARAE AR T L7228, 10 mM NAC
AL E AT T, 5 mM HeO, ML i il i 12 kX,
MPT O T 238l S 7z (Fig. 5). & 512 high
glucose #£1% normal glucose #EIZ X MPT 254 &
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Fig. 2 Effect of high glucose and H202 on apoptosis in U937 cells. After U937 cells were
incubated with normal medium or high glucose medium for 5 days, U937 cells treated
for 24 hr with 5 mM H,0, were processed for staining with Hoechst 33342 and
AnnexinV and then analyzed by a Meta Xpress Image Acquisition.
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Fig. 3 Effect of high glucose and H202 on caspase-3 activity in U937 cells. The
caspase-3 activity was determined by using the substrate Asp-Glu-Val-Asp-
AFC. Each value represents the mean = S.E.M. of three independent
experiments (n = 6 ~ 18). Statistically significant changes are indicated as
*p < 005 compared with non-treated U937 cells at each time point. ¥p < 0.05
compared with U937 cells of normal glucose group treated by various doses of
H20,. Yp < 0.05 compared with H202 5 mM.; Dunnet's post hoc test.

WIERTLTBY, 7 va—2ABRETIZBIT A, JNK @) »EE{b#ElE, normal glucose #EB &L O
H0: ML Z L A I ba vy B 7TREEI MRS L. high glucose #F 312, M0, MEALE ML H~X Hy0,
4. INK OV Y BALRICH T 28 7V a— X, IEFEARAE N % 320 7225, 10 mM NAC RidLiE
H,0, D% ML TlX, 5mM H.Op LML JNK DY) »
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Fig. 4 Effect of high glucose and H20; on ROS generation in U937 cells. Each value
represents the mean = SE.M. of three independent experiments (n = 6 ~
18). Statistically significant changes are indicated as *p < 0.05 compared with
non-treated U937 cells at each time point. *p < 0.05 compared with U937 cells
of normal glucose group treated by various doses of H0.. Yp < 0.05 compared
with HO, 5 mM.; Dunnet's post hoc test.
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Fig. 5 Effect of high glucose and H;0; on alteration of mitochondorial membrane
potential in U937 cells. Each value represents the mean = SEM. of three
independent experiments (n = 6 ~ 18). Statistically significant changes are
indicated as *p < 0.05 compared with non-treated U937 cells at each time point.
#p < 005 compared with U937 cells of normal glucose group treated by various
doses of H;0s. Yp < 0.05 compared with HyO, 5 mM.; Dunnet's post hoc test.

MALREA I S 7z (Fig. 6). %72, high glucose 5. Glycation {283 48270V I — A, H0, D38
1% normal glucose # & D AR LN ZEOT, & Glycation 13, ®mZ7 Va3 — AT, 5 HMEEL
NV — AREIZ X B INK ) YEEILREICK9 5% high glucose # Tl, normal glucose # & 0 glyca-
AESTRCY (R /el tion 2VH FICHIM L Tz, F72, NAC BiMLiE I
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Fig. 6 Effect of high glucose and H20, on phosphorylation of Jun NH2-terminal kinase
(JNK) in U937 cells. Each value represents the mean = S.E.M. of three
independent experiments (n = 6 ~ 18). Statistically significant changes are
indicated as *p < 0.05 compared with non-treated U937 cells at each time
point. *p < 0.05 compared with U937 cells of normal glucose group treated by
various doses of H:O.. Yp < 0.05 compared with H,O» 5 mM.; Dunnet's post hoc

test.
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Fig. 7 Effect of high glucose and H:0; on glycation in U937 cells. Each value
represents the mean * SEM. of three independent experiments (n = 6 ~
18). Statistically significant changes are indicated as #p < 0.05 compared with
U937 cells of normal glucose group treated by various doses of H.0s. Yp < 0.05
compared with non-treated U937 cells of high glucose group.; Dunnet's post
hoc test.
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X 1 glycation DI TFH RSN 7 (Fig. 7).
%z

PR, BRILA ML ARBE®EEAEICL ) ERS
N, WILE, OIER, MRk, i, BhEo s
5E, ML, TARMN—VADERE L CHER fER
HWFEasnTBY, EFBRICBITLBILA ML X
OICERMERH I N TV D, MALEN Z 2T b
RIEREEFZZBUT B AAM i O I AW 2= 1 E T
B & Bk & oML, SR IMEKEIGHELL,
ROS #3219, R I 12 1% R WM AT B
TH 14 £% @ ROS 8 23 #i5 & ™, Hijm L 7z
ROS 7B L 72 LRk MU L3R5 2 5- 2 22Y. Raj
SIEMBEN BE DY ¥ 8ERIZB VT, ROS R
Bme MPTIRFICE ) 7R P =Y AREFE I NS
LR LA, REBRTHW2 U937 MLz
W T b HoOp ML BT ROS A B HE i, MPT X T,
caspase-3 WETEEMASA S, 7R b= A5 S
N7z, MPTHRFIXI Fay FY 72 oMIBHICF b
ra—2uC &KL EE, ATP 4T, procaspase-9
L Apaf-l D#EAIZ L Y apoptosome & FE)H$ 5%,
Apoptosome DI 1 procaspase-9 DFIZ % 5| &t
Z L caspase-3 = {ii 1t L, polyadenosine diphos-
phate ribose polymerase (PARP) ZfEH L, apo-
ptosis 5| Z# 242V, EHWELHET TCoMBIZE
WTlE, ROS LWL DR (superoxide dis-
mutase, #¥I—X, FTNFFF I RVFFT I —
YhL) Lo THESN TS, RERIIBWT
NAC B LB 7S, ROS W % A & &, MPT % i
L, NAC OPIBAL/ENIC X 2 B R EEH A R
S, BLA N LVADT R = AMIBEICKE
WhboTWwb I ENFEDLNT.

F 72, BERIRIC X B SRR, TV —F D
WaEEAELBIEA MU AFEET R = A 2 35E
THLEEZOLNTWATY, REBRTIX, HRKEZ
AP L7 MgENT BEDOMALA L AKX DEL S
TRN =Y ADFEBREF V% in vitro THEN. L, %
O¥T 2 WIS 5 20 I MERMIILTH 5 & b HERGR
U7 Miaz il L, @7V a— ABE T CTHEEL,
H:0p THILA P L AZFER L. HI/Va—2f
WIS X DREEZWINESE LA, D~y = b=
ZHW30mM & 270V — 2 L R DR E IS
FELZERICBWT, BRELERAET LYy =

o~

i 8- 13
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b= VLE T, TR =Y AR, R
T T & $HMEALE control & HFEETH Y, 30mM &
V= ZHFI L BIRBEOWMTIET K b= A
MR IX D BN h o 72, REBRICBWTE Y
VI — ZEMIT X D H05 12 & % ROS A 34 m,
MPT T, 7K b —3 ZFZHAMEHIZH S A I
Sz BRI & % IMBE IR 2 B v T AGEs
&, I hay FUTHIRREICAAES S NADPH +
¥ ¥ — itk % /i L ROS AR &8k L, M1t 2
FLUAERTGESES EMESN TV EP, KEERIC
BWTd, H7Va—AAMTAGEs ER AR
glycation D¥EIMATFRD B 7=

L2 L, caspase-3lfithix, HoO WLif TIIiE K
FRZHINLZ2, B Vva—AEMIZE D
caspase-3 TEMEIC & 5 2 NI ERD Sk o 72,
CORRIE, BTV T — XM F 72 TR IE A
caspase T R =Y ZAZ2FHTHE VI LU
R OWEHD LR o> Tne, ZOFEIR, Rad
in vitro BTV, BHELHREREICL 500 L
N, Ll s, MEMNBMEZ 528
2B W T, HeO MLFRIZ X 1) caspase-3 1P & B4
L7235, @270V a—ZARIZ X % caspase-3 i PEHE
MEBEDLNT, BV a—2AMIZLETHE S —
VAR, caspase FFIKAAERETH Y, AIF ©
IMNAVFYTLOBANO N VAU =28 00
WMz R L72HmED»H 2. AIF Z@FEI Fa s F
U7 WICRAEL T2, 7R M= AFFEHIC
DI by Y TEERIECEIN S A L S
n, 2of, Bicrsry2auar—yary$5h. AR
EAT BT RN — ¥ AT IIENE R M- THHE T
WCHEREND ZLBMBENTWED . RERIZBW
THEINVI—AFTTOMRILA ML AFFEET K
h— 3 2% AIF %4 L 72 caspase FEMEAFRRR I A%
BboTwaiulgetrZzohsz. F70va—2
&5 7B L IRERINCIUG L, — 4% Amadori
EMIC XV RERT T I ThAH Amadori FEY
KT S, AR LED I S S ICER LAY B2 R 4L
MR ISIZ L ) AGEs # = L, % ¥ /87 Bk
R debn 2%, REBRICBIT 2 EHMOE 7V
a— 2B T glycation B L TWwW7-2 L X D,
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HIGH GLUCOSE PROMOTES OXIDATIVE STRESS-INDUCED
APOPTOSIS VIA A CASPASE- INDEPENDENT PATHWAY
IN HUMAN MONOCYTIC U937 CELLS

Shuji O1sHI, Mayumi Tsuj1, Hitomi HASEGAWA,
Makiko TAJIKA, Yuko IRIE and Katsuji OGUCHI

Department of Pharmacology, Showa University School of Medicine

Abstract —— Recently, oxidative stress caused by direct contact of blood with dialyzer membrane
surfaces in hemodialysis patients has been reported. It is well known that oxidative stress serves as an
important risk factor for the development and progression of several complications in hemodialysis pa-
tients. In particular, patients with diabetes mellitus are associated with increased oxidative stress. High
blood glucose may generate free radicals to induce apoptosis in cells. The purpose of this study was to
elucidate the mechanisms of cell apoptosis induced by high glucose and hydrogen peroxide (H:;O:). To
induce oxidative stress, human monocytic (U937) cells were exposed to high glucose for 2 or 6 days;
H»0, was added to the cells on the last day. Exposure of U937 cells to H2O, resulted in a significant in-
crease in cellular apoptosis and the generation of ROS, and a decrease in mitochondorial membrane po-
tential. Under high glucose conditions, treatment with H2O. significantly promoted these actions; howev-
er, pretreatment with antioxigen agent N-acethyl-cysteine (NAC) in H;Osinduced apoptotic cells
significantly suppressed the induction of apoptosis and oxidative stress. After incubation with H>O, or
high glucose and H20,, caspase-3 activity also significantly increased in U937 cells; however, pretreatment
with NAC significantly reduced the increases, as compared with HsO: or high glucose and H20,. Treat-
ment with high glucose and H20- did not promote caspase-3 activity, compared with treatment with H:O.
alone. In conclusion, these results showing that high glucose promoted and amplified apoptosis by oxida-
tive stress in this model demonstrated that patients with diabetes mellitus undergoing hemodialysis
treatment accelerate apoptosis induction. Oxidative stress by high glucose may induce the caspase-inde-
pendent apoptotic pathway.

Key words: apoptosis, high glucose, oxidative stress, hemodialysis, caspase

(=fF:5A31H, =#:6H24H, 2010)

325



