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PR B R SRR R 1, RERIRIC BT B
MIEAEE (ECM) OZRTH D, RERiEA v+
LA EBE SV - XA N TET S L, ECME
EMTIET 305, T OMFICRIAHLEANEZV, —F,
BERKR TR, EAEBLRIES LR £ -3z
NLT, BRIGEY A VR = VLAY TH B 3-F4
v rnayvy (3-DG) OEMBTTEL, WbYwEh
LWERZILZ ML ZAO—FE L TABESERBICEAS LT
W B TREME N B, AN, T0 3-DG ZIEEH
MEICRH T 2B ELEL, FTHT VTR
ErER (ALR) OHEMMSEHIN TV S, 40,
EEESNLI—-AEETOEEY XA 3 V¥ LM
fa (MMC) e85 7+ 7ox 2 F v (FN) EATL
EHEF~D 3-DG 0B 5 % #li 4 5 HH T,
ALR cDNAM#Z 77/ 9 4 VANT ¥ =%V T
ALR #BFIFRE S &7 MMC 2#/E®IL, #O FNE
HREOEERNY L, BEES VI -2 (25
mM) TEEELK MMCE, FEHFEE/7Vv3I—-2F
(5.5mM) OEAICHE L T FN EEMSTUE L 72755,
ALR BREIRBIC L - T31%ME s, BITEEEE
FNa—RFUL_UVDOFNEBEE -1, ORI,
WERF M BAE T A O N 2 REKIEN ECM F#&I23-DG
ik B HNVE=VR L IABEE LTS ABEEER
BLTEY, SHROBERELEZ TV LTEHNR
HREEbNI,

7 v b

#

jll]

SRR BE R AR I BV T, 1998 LIRS BT HTR
BADERNEEFE M EE->TBY, EREEEOTF
%BEU QOL KO RESBEETEEMEDD EDT
b3, REMEEEREICE - T, BERMEEENS
EOFRIEMEEHIE LB LRSS TED Y,
BREDRRRIC, Fifid 2 SMEORES SRR E 155,
ZF OFEMIS I I RIAL EAZ L,

Bl L 2 FEORIEEBOBMF LT, 7V r—
vaveH) A - vREoTUECESAERI AT
B8, S —va iR, Sva—-2REDETE
DERNOEAE LEBRMNCIGLI- T+ v 7
ay v (3-DG) A FNTNAFH - DL D BER
M0 RRAR DR %R T, A ORELRIGERED)
(AGEs) OFERICE S RIGORIRTH 5, —FH, £
= fREE, sva—2hov e L=, LT
TNT k=~ RDOERICE L ZEMORIGT, KRBT
HCORBMBITHEL TWVWB, BRKEHO T VI F—2R
B7va—z2kp bEAZEHEILT 2 HEBEVT L
BESNTENY, TORKENLTH3-DG K
TEIENERENTVLEY, -7, 3-DG i, 7
NIA—=ZAMo T Y r—va vER) - RFOMmE
ENLTERINESL & &8, SMEHRAH R
WL IBHEOREERBELEA S LTEEBYEL L
Z 5%, EBIC, BIRKI - McBLTEHho3-DG
BESENL, #hEEbK3DGHRAGETH S
pyrraline DMFEFE & LHE L T B I LM I N

F—7— N EEREREE, -FAXVIVaY Y, T TRRsF Y, TAFE FEILEEE, A¥ ¥ U s,

TIN5 —vav
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TWAY, £ MIBWT HRERFEREICE VW TIES-
DCEENERELTVWAEZ LP?, DG HXD
AGEs (pyrraline®B & U4 3 4 o v [LEHY) »
BEIRRBREOBERETICER L TVWA I LR N,
3-DG D¥EFRIRBIE D RIEEB DS B RE I N 5,
A, 3DGRAF VT Y4 —10 kD ERIGHE
DWW Y AR = L&Y, AGEs ORERELE LT
T, ZhEESHiaEEICEEE 5 A 5
WAt N, BRETEEINIVDWYWEHNVER=
WA PVRD—HESNBZ LI >TEN, THIC
BE#E L ¢, Suzuki 53, PCl2Hifawkicxt L T3-DG
BTEM—V2RE2FETBZIEERELTVWEY, &
U, BRBRAEERMIETH B 44 v F o sfEfdic BV
Th, AFLITNAFH -V E->TTEI— VRN
FEshLLpERsh, BEERBICOAVE=
2 ML ADEE LTV ARHREENSREEI NS, EEN
i, TOHNE=ZIR b L RISHT BBEEESE
L, 3-DG 2FEHDOEVS-FA+ vy 707 b =R
R#TIAEETHLT VT FBILHZ (ALR) b %
D—>o>TH 59,

—F, BREEEECHENSEBRIE, UAH
B L UREHETE (Kimmelstiel-Wilson $587) O REKE
B{LETH 2™ ¥, T, SRS NcBREK
RO 24 v Ey sFRICRECHAARESE (7470
%0 F v, NBlas—5 %) oBERIETL TRIK
FEEOREREL XL, TOkDRIKEEIEDX
IO S N CIREEICBRRERERRIC IR 2 S IRRET H 517
BEEAY ¥y sflilazER LK in vitro EBRRT
bEEESVI-RICED 7 4 T X0 F v OEEMR
BT 322 EAMESNTVELL D, FO4AH =X
LADFEMIIAATH 5, AAFHTIE, ZDOEEAH v
FoafEOT7 4 7o x s F UEETLEOKREIC,
3DGDEHSMHE TNV -ZAHXROSRIGHE Y H VR =
MEEWHES L Tuwiwh 2T 2 HH T,
3-DG %3EiEM LT 3 ALR 2 B8R REs LY R
HR2 v ¥y sl ERILT, 207470 %7

F VBRI THEEBERET L
A&

1. fERkER

Ch7BL/6<% 7 X (CLEA Japan, Inc., Osaka, Japan)
&0, BEHE O Sieve B P THIEE L 7o BEARERE D
LAY VE Y AEETRIEEL, SV -2 EBEL
g/1 @ Dulbecco's Modified Eagle Medium (DMEM,
GIBCO BRL, Rockville, MD) i 17% Fetal calf

serum (FCS, JRH Biosciences CSL Company,

(64)

Lenexa, KS) #inZx T#MARL, %655 8H#HRHE
TLUTOERICER LI, ¢XTOEBRICY MY
) v (100u/ml) EX ML h=A vy (100 ug/ml)
ZESIL 2o

2. %Y RAYVFEY LFHAREESMY

6cm dish T confluent ICE L HIEE< Y X A ¥V
F v sffifIc5.5mM B & UF25mM 73 — X BED
DMEM (1% FCS&) 15mliNA THEL 2, &
BARLTR 48K E T, TEHWICEERR AL, 207 4
ToxsFVEBEAL) Tay NETEWL I,

3. ALR EHDBREFE

5 v b ALR @ ¢cDNA %, BEHIOBERTE2S2%E
LT3y FBDNA 54 75 Y —%2#RIc PCR
THRL, ZOLEFRICCAG 7aE—F— (F4 b
AHAIANVRZ YNV Y —, FRURN=FTIFV
7aE—4%—) LRI TF/ 94 VAT 7 —
(Adex ALR) % Adenovirus Expression Kit
(TaKaRa Biomedicals, Shiga, Japan) %{#H L T
PEBIL 720 U 4 VAAMMERE L IEE Y « VX 24
fass B ML TG &, ALR BEIFEHT
% 24K5fE#% A 6, i EFERRIC 5.5mM B L U 25mM
IV a— 2 BEORERR TRIB % B L 6~48KFhH
BoEREER 7 4 Jox s FUvERBEAL/ Ty
MNETEIFL 72, OB, v 4 VZEEIC K 2HaE
MAERAT BB, v 4V RABRELIER ORI EL
UM EHE L cEladitotE Ciavwy VR
BRE L, T, EBIC, ALRZAVSAFREREL
TWBELEILEIS y b ALRYYFRY) 7 o—F
AR CRERKE, ROEZEELOHE) 2HWT
AL/ 7oy METHER L, SoIBERELT,
B-#30 vy —-¥EH%EI— FLAZUAREEE
D77/ 9 4R (Adex B-gal) 2HEHMMDOY 4+ v
ZABETHERL K,

4, BEELERY « TuxsF v EABROBIT (A
Ly 7oy M)

FROBERTRINL 26 u1 OFE £z, SDS

¥ NNy 77— (62.5mM Tris-HCI (pH6.8), 2

%M SDS, 10% glycerol, 50mM DTT, 0.1%
bromophenol blue, 1mM PMSF, 1 g g/ml

aprotinin, 1xg/ml leupeptin) 4 u1 A, 6%+ Y
T2 YNT I R VEROTERKBEIT>70 = b
oo —2X 27 Ly (ADVANTEC, Toyo Roshi
kaisha, Ltd.) & FS v R 7y —=L1tk, HSv b7«
TaexsF vy FRY) 7 a—F i (Calbiochem-



Novabiochem Corporation, San Diego, CA)( X 2,500)
E—Rpuik & LT, ¥ ¥ IgG HRP #i/k (Santa
Cruz Biotechology, Inc., Santa Cruz, CA)(X 2,000)
AZRPERELTA L, TOy b ETo, 7470
27 F oy Rk, ECL Western blotting
detection reagents (Amersham Pharmacia Bioteck,
Arlington Heights, IL) 2{#H L Ca/f{kLl, Zo
iE % NIH lmage Version 1.56%{EH L TEEIL
Lo

w R

1, BEAYVFysiladR7 « 7o X7 F v EH

BlckiFdT /S Vva — RBEORE

BEEXF ¥y LARIICEE T TRy F UEH
DRUWMIEFBE V3~ (5.5mM) RUSEE
Va3 —2Z (25mM) OFEEHET & H300RICIEFD S
h, TOERASE 48R T TRREMKGEEICHL
foo WEEFMGR 6 RRLIETRERBE S Vo - 2544
TTEELIAY v Fy oiifdoEE LEH Y + 7o
27 F vEBIIEEBE S VI - 2 TEEOEEICH
RLTHEMLTEY, 48RfRICII24%EMEL - 12
(Figure 1)o

2. ALR ZEAOBREIFE

FHERT, Adex ALR #&E 4 v v ¥ v 440l
RS T, JERFEMICHEE®ROE LT VY 11
ZEERELERICH W, TOFE, Adex ALR R
k24K O » + v ¥ v s4fAIc B 5 ALR EHO
B, T4 VZAERMURED» > Ay v ¥y sl
ICHB L THRIAEICHEINL TV 5 2 E BRI M
(Figure 2) F£t, 77/ 7 1 VARBRPHOEE LIF
hO7 4+ 7oxsF vEABOEKMEREZBT LK
B, WFAD /N3 — 2BEICBWVT bEEIREEIC
74 70x7FvEARBREML TV (Figure 3)
INiE, EBREGE, v v RBRICE - TH, 2
Y v ¥y AfEREOMIEANEEE L O SRR IEEED &
EINFTRHERINTVBIEERLTV B,

3. AV vEYLMEREY « Tu X2 F v ERBK
K33 ALR EFBREBOLE
Adex ALR BYUEE A v v ¥ v sfilacid, EF
BEIS VI -2ARUSEE VI - 200FhoRHt
TTAv+an—va v LEEETH, BEBERORE
BEER7 « 7ok F v EHBE, TF/ U4 VR
FERFD 2 v F o AL TR LTV
(Figure 4A), $HiC, SBEI VI —2ZETTD7 4

(65)
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FIRER (h)
2 3 5 6122448

0051

5.5 mM
ga—-2x

25mM
JVaA—2x

[ s.smMzia—=x
B 25mMZ L a—2

Z470x0FEAOR
(arbitrary unit)
O = N W A OO N

0051 2 3 5 6 122448

PIARE (h)

SBE VI - AR MBI L BEET T R
A% v ¥y AR LEPFNERROEMN
BEEIIIAS Vv FEy LA IEEEE 7V
I—2 (5.5mM) RUSEE V3 -2 (25mM)
DEBFETTREEL, BRRH®RFE CERICES
BERERL, 7470%x2F v (FN) EHESE
AL/ Tay METEIFL, MEHETED,
3093 & 0 K EME I FN ZEH O AR D
S, Fi, HERBR6BMLKETE, E
HEBEIS VI -RKXHETRELT, SEES
a3 —ZEHTTFN ZHEOEINMEA SN T,
NIH Image Version 1.56%{#HMH LT FN ©/x
vIEEAEBILLELEZA, BEES V-5
HTFCTOEBELERFN SBEIEFEE S Vo —
REHETICHEL T, 6BREI#% TH22%, 48R
B TIHH4%DEMTH - 72,

ALR Adex

Figure 1.

iy

B)

4

IB: 2 Rat ALR

Figure 2. Adex ALR 2 & % ALR EHDOBHEFE
BE<v 224 ry¥Fy affildic, Mlastiel
e 4 VZED Adex ALR 2L 720 ALR
EARBEAI S v M ALRYVUKERVWCTA 4/ 7
oy METRT L, 7« VRSERINOEE< Y 2
AYUFEY LAMBAEEE LT, v 1 v RIERMOLE
B A4 ryEyaMEE LT, HAUZD
ALR ZEHOBEREASHER I N1,



12

FIMERE (h)

6

High glucose

17 OssmMyia—=z
W o] E25mMyra-2
i
¥ o
Q2
15
S []I
AR
N

0

6 12 24 48
FIBEE (h)
Figure 3. x4 v ¥ v sffifldd FN EARKEEIC R

9 Adex ALR Bgrm g

Adex ALR @MU B~y A x4 v ¥y 4
fiic B W THEE FED O FN ZEHEORKMNZ/L
AL/ Tay METHEIT LI, ERBES Va —
ZBLUHEESI VI —-ZADVWTHORKETS,
FN &R EEEFA®ICHENLTBY, 1 v +a
N—v g YHiEbD A4 v F Y a0 ARG
EHEROWBRERIEEs LTRSS h TR EE
Zohb, EE{LiZiZ NIH Image Version 1.56
ZEH L,

7o % FrEHEEIME, Adex ALR izt 3
ALR EHOMABREIC L - TEHICMEI SN, w40
2 IEREE DB I B L T31% D LTz (Figure
4B)o —7F, WHBHD Adex B-gal 2R X #7154
i3, COMERNREED ShEh - T,

£ =

Alal, =20 AY vFEY LAEICEWT, SEE
T3 —ALE TN TREET S L, RIEEIEHE 6 BFRRGLL
BOER EFERO T 4+ Toxs F o EARE, EEE
V- 2% Togas s L Tl Tvw3C
EDHRINI, THET, S bDAFVF T LM
ez U BUERORENE 20, SEE/ va—
2 DFEEINH 5N B O IREE 4RI A & 2 B
THbHIENEL, RFEOERICHE L TRIRTH
BHEMAHLNE, CNBEEIZLDZ HDELOD, B
HAEDHEICLZ O BI SR EST 3, %
FIZOWVWTIE, &< OBED ELISA 2 Ay Tw
I LT, ARTREA L/ Toy MEEHVWTE
h, 51T, REAMEBREEABRILTEIEIcL-T
MR OEAMED A fetE 20k L7 2 EER L2

(66)

A Adex (-) Adex ALR Adex p-gal
[ [ 1 [
Highglucose — 4+ = 4+ =~ 4
B
51 OssmMora—x
2.l masmona-x
m ~~
N E
th S 3 4
Q2
% 221
as
NS -
\.. S
N
0

Adex(-) Adex ALR Adex g-gal

Figure 4. BFE x4 v ¥y o lAHK FN EHEIC
*iT9 ALR EOREIFREOZE

A TF /9 4RGN L, Adex ALR RN,
Adex B-gal RMOEEE<Y 2 A4 v ¥ U LMl
faicswt, EE/NVva—2&BTEL05 7L
- AW T8RS v Fa—va v, B
BERERO FNEHEEA &/ 7oy NETHENT
L7co Adex ALRBHMETR T 7/ 9 4V R
FERAA I R L €, BEELEPR FN EB 8
&SNt Bz, 77/ 9 4 L RIERLEOHEE
THONIEBE S VI —2&BETTOFN &H
Bo®iNi: ALR EHOBFIRBIC L - THEX
N,

A8EFRARI B RE D FN 3/~ » K% NIH Image
Version 1.56%(EH L CTERILLIET A, 7F
/U 4 WAFEREHRD S 7 Vv 3 - 2EET D
A0 FN ZHZICHE LT, Adex ALR B
BT, FEETTOFN EOBIE3II%ED LT
Wico —7F, W& L THW Adex B-gal %
BALXE-laTIE, CoMERRIEALNIES -
7o

L)

B)

Db L, 518, COSEE VI —25&MH
kB A4 vEY MO E FET T 4 Tz F
VEAROEMATF /94 VA EH O ALR EH
OBFRBICL->T, Hifland I EMREINALTE
"o, TORFIC ALR OEE TH 53-DG 5 L
TV EMREENS,
HERBEBEORECHERICBVWT, REKKIcB8T
574 70 x7F v RECHIBEAREE ECM) EHD
EHEIEELRIE LTV, ZOBFEELTE, 5
MIBERARERANIMITEIRER T CREMANSME) i<k
W, A v EF v sfiaicB VT PKC BIEHL® P
itz b L 2% AL TGF- 81 7B LIc X 3 ECM
EOOEETIEL EBRIESh TV 3, ERIEE D
BE T TOL S BEFESEZ SN b, 1. SINE



TTRARTEL 7 AGEs ic& B 2 4 v ¥ v sffifgic
B BTGF-B10BIZTRHOFEED, 2. ECM £H
FOHON AGEs o & > TEME N TEOS FM
DIEEE AT L, matrix metalloproteinase (MMP)
superfamily ® & 5 27 07 7 — ¥iZ & 3 SRkt
ARG ED, 3. FTurT—EHEHEN AGE Efish
5T Eicky, TOERABSBIEMESET T 5 TREH,
INS5OVWTNOBFICBVWTH3-DG I, AGEs D
RIEKAE L CTEERREEZT I EBELONE, E
B, FERRRMEEE OREHIC3-DG HRD AGEs T
% 5 pyrraline® 4 3 ¥ o L&YY OEREAHIE
BHahTwaIEns, BBV T3DGICL 3K
EHBERETIEL TVWA I EREBEN G, 12,
ALR BE bAEEATHELEN =X, ZOiEEMAE
T4 32 EMMESNTVEY, 20, HERFIRE
T, Srva—bsz0iF, FhhrSHERL3-DG
I2& » T ALR bR s N, € D3-DGicxid 3
WMBEFENDBET TR EICE-T, E5IEKADS-
DG BEAHENT 2 &V BEREERT 5, £, &
W, 3-DG D& ST H K= LAY AGEs TERK
AfNsnoT, BHE MlagkicEEr 52 5 el
i Eh, BRFETEEINEZIVFE= LR LA
D—FEshTwb, FlZid Akhand 53, 3-DG
ERBICVINKR=VEETTEXAF VT ) 44—
WM LT MAP ¥+ -€7 7 3 ) —%7&
MAbd 22 EEBEL TS, MAP*#4+ —€7 7 3

) — A TGF- 1 iEHEHIEICBE L TW 5 & LRk
SNTVWBRYZ LA EET L L, HERKTE, 3-DG
EEDIVANE= LY X - TERENE H
F=WAMLRA, MAP*F+—+7 7 3 -0l
Wy 7+ VizEE N LT TGF- 81 2EHALT 2 Ak
HebEILOND, 5%, ZOLHINIDGITLS
ECM EABF OFMAMH L TV T EPEREAE
MEBbha,

&), HRETERTEL TWE Y VK= LE
¥ TH 53-DG O HEEFE ALR 2 BRIFEBI L /12 # &
yEY LBV, BEEIS VI -RILLBT 4
ToxsF vELOMEINED SN LG, KB
PEBE O B HARA (L T b 5 R ERIAN ECM EEAETT
HIAHVRZ VR L RADBEELTWB I EEREL
TW5, £1, COHMRR, SHROBEEEDS =7y
FEEZTOL ETEELSERE S IR O
%,

#H OB

WEKRABIchicy, WiEE HSMAZBEYELL

(67)
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FH BAHBBICEMELET, £, TOWEICE
LCHtg/, iEEExE LAEH HLEc#HE:
*LE4,

X B
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Abstract

One of the characteristic pathological changes in diabetic nephropathy 1is the
accumulation of extracellular matrix (ECM) in the glomerular mesangium. Although ECM
production has been indicated to be accelerated in the glomerular mesangial cells cultured
under high glucose conditions, the precise mechanism still remains unknown. On the other
hand, formation of 3-deoxyglucosone (3-DG), a highly reactive dicarbonyl compound, is
accelerated through both the glycation reaction and the polyol pathway under diabetic
conditions,inducing so-called carbonyl stress that probably contributes to the development of
diabetic complications. Aldehyde reductase (ALR) has been postulated to play an important
role in the defense systems against carbonyl stress in vivo by metabolizing 3-DG to a
relatively inert species. In the present study, we evaluated fibronectin (FN) production 1n
mouse mesangial cells (MMC) with ALR overexpression, in order to clarify the involvement
of 3-DG in the fibronectin overproduction. in MMC cultured under high glucose conditions.
MMC secreted more FN in 25mM glucose milieu compared with 5.5mM glucose milieu, that
was suppressed almost to the latter level even under high glucose conditions when the cells
were overexpressed ALR with the use of an adenovirus vector. These results suggest that the
involvement of carbonyl stress raised by 3-DG in the development of diabetic
glomerulosclerosis due to the accumulation of ECM in the glomerular mesangium, providing

useful information about a novel approach to the treatment for diabetic nephropathy.
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