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Ty MERFEBETTIVICBITAY M) v 7 AX 070 s 7 —
E2BLVER~MN) v 72X a7rar7 —L-10ORH

SRAPEFMELHNEE W (EE  IHE—5Z)
Ok Ex K

HERRA L D AREELOERBER, 20PN ERNERMABOBEIIBTIAT N v 7 A2 507057 —+
(matrix metalloproteinases, MMP) OS5 2B LI T 5 HWT, BREBESA > X)) VIEKEERBETFLT Y T
Otsuka Long-Evans Tokushima Fatty (OLETF) 7 v b % FW T MMP2 ORH, EHfbe, ZOFEEEETHLER~ Y
v 7 A Ay TS 077 — -1 (membranetype 1 MMP, MTI-MMP) O3B %3 L7-. OLETFS v FBLUWRBS v FTh
% Long-Evans Tokushima Otsuka (LETO) 7 v I {Z30mg/kg ®€./ 7 B % ) > (monocrotaline, MCT) % 36:&# & 0 48412
3RS U728 (MCTHH) &, ME&OLEBAEAKOAERG LB CEEl) OF 482 E8 L 508 T CBIE L7, OLETF4
'ﬁﬁwﬁ7»737#ﬂﬁ@,%@,wﬁ,wﬁmwfnmﬂ%uﬁwT%uno&ﬁﬁumLﬁ%u@mLfmt.ﬁ%
FHNZOLETF T OARBIIL A 2712, 40:8%, 50:HEE L b LETO AR ICIL LAZICHML TV, MCTEICBW
THREMBELRATT7IE, LETOT v P TR O b 27235, OLETF 7 v b T3 WHBRBEINERL, 50EETIX
OLETFAERFE LB L THHFEICHINL T/, A TOLETF - MCTEETIE, A4 0 ¥ LB & R BARRE E a0
[ERZRD, —HORRKIEHEECIREZ RO 72, SRBMAMILENRETTIE, OLETFY v F ® MMP23 & O MT1-MMP
BRI A F 7 DEEMATO A4 2 F7 Ll T PLOICHEILTBY, A% F9 LEBORMENBEEORKET L)k
WEBRZFRD . F72, OLETF - MCTEIZBWTIZ, SR EEMEmcd MMP-2, MTI-MMPOERLZ3BD/. ¥S5F %
HEL LT TS 7 LOWRETH, AIREIEE LB I268kDa, 72kDallfil 2 iE MR MMP-2 T3 5 62kDa /N> N %320,
5%@%K3H%%®Wﬁﬁ%ﬁ,UHOEﬁﬁ&K&T,UHO-NmTﬁT2B%,OUHFEﬁﬁTAB%,OUHF'MCT
BHTE5MIITTEL Tz, SO ICHBMABEEEHRINEETIX, 5058850 OLETF - MCTET A4 &% A5z MMP i
EROT. RIREL DI LASRNA % IV 22 MEEE-R ) 2 5 —F#ESHFE (reverse transcription-PCR, RT-PCR) #:12 & 5
MMP-2, MT1-MMP, MMP [H% K (tissue inhibitor of MMP, TIMP)2 B L U7 7 4 70 % & F v BETFHIBOMETTIX, 50
HEGDOLETO - MCT#E, OLETFA£#:, OLETF - MCTEC, LETO & & 21t L MMP-21Z#h2h 15.81%, 2.84%, 18.1
%, MTLMMPiX 196, 1145, 28 THERBEL T, /- TIMP2iiFhFh 1445, 11, 22, 774 70txsF %
221%, 2215, 30METHRIEL TV, DEORERL Y, MMP-2, MTI-MMP (35 R 1S5 O % B O BB 2 & O
MR OB ERIREREICB W TEAB I ERILENTWA I LASREN, MMP, TIMP & 4BEECM B4 0%
BOEALD, HERBUEEREOAREECM OBEBARIZB VW TEELRAZH L TV 2 EXRB S .

diabetic nephropathy, glomerulosclerosis, matrix metalloproteinase-2, membrane-type
1 matrix metalloproteinase, nodular lesion

Key words

AIRAFZEENE (glomerular basement membrane, GBM) & X
AT Y LEED S WD R EAHIA L (extracellular
matrix, ECM) (ZRERIEDREEE S & U1 BIRIE B &0
REDMRDOMIZ, 177 ) V& NTHMIRE DBEBEICD &
D HBEAN > 7 F TR E DG WK F % BT 12
THI LK oT, MO, Dbe5E, BEBRZED
HIE D BREREBHERLLTVWAZ LS TWE Y2,

PRI 11 A 24 B32AF, FHL124 1 A 18 A58

EHIREECIXIECMIZZ OREE L DRD/NT v ZADREE 2 HI1H
ENTWVBY, ZONT VP AZHEIFETLIEIZLY,
GBM DR A 4 F 77 LRIE & v o 72 ECM O REIEM 2 At
EIY, = CIEBEEREE IV ECM Y5 R LR ER AL
BLUBERMELICER LEZ R TVE DD,

B PRI PE B A2 A I AR ERE GBM D JRIE & A &y
LARBEOMMEEHRE L, TRLODECMIEBREMERE &)

Abbreviations . AGE, advanced glycation endproducts; ECM, extracellular matrix; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; GBM, glomerular basement membrane; IGF, insulin-like growth factor; MMP, matrix
metalloproteinase; MT-MMP, membrane-type matrix metalloproteinase; MCT, monocrotaline; NIDDM, non-insulin-
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T A0AE LT, ZOBEESFELTE I EFMLN
Tw5Y, BERRETECERBEINE, 7yIV4 710,
vy ReY >y, TRRYST Iy, Fov, LBEEF MY

o AFIRARTFF, —BCEEL COMEEBHEYRIC L 5%
BRAEME 2 5 N BRIEE 2 - - MTEHERE | SIEC
I Bk ME{LEY (advanced glycation endproducts, AGE),
= VREEE, TuirArdF—YChEoEEOR
B LUBEMEIC L 2WEERBEERET (transforming
growth factor, TGF)- g, M/MEHSREREF (platelet-derived
growth factor, PDGF), 1 ¥ XY B REF (insulin-like
growth factor, IGF)-1 % & D4 1 + 1 4 Y EERFE 2 L RS
LTwa", Chb0REE AT FY LMo MEERE
e FHEL, ECMEAEATZTLETHI LIZLY, T AMME
LEERTHEELONTWA, —F, HEEE, B3
g A £ F 3 VER%M (periodic acid silver methenamine, PAM)
et TARMR 2 MIREEE R L, BL I VARBEEEDOHAE
X DR ENS T BN &, PAM B o0 35 .0 B IR A
EERL, ELLTVERBEREOHAEIZ IR EhL I
EEO2EMEET S, I HEH IO E AWREIRE R
THETHZ LI DR EN, TEREEIE AT V7 LT
2R D BERICIER LR OBHBEARE TR E NG Z LR
BRHIOBIFICL DIEMEIN TV EY, ZO0TFHEBIETaci
BBEINTWEWIY L= %7, Otsuka Long-Evans
Tokushima Fatty (OLETF) 5 v Mi&, HARFRIEAS » A YIEK
FH R (non-insulin-dependent diabetes mellitus, NIDDM)
DEFNENT, B, A YA VIEEEE, EREEOR
[4%% 4 L5 & b NIDDM & 8o TEVHEEZRTO. X T,
F OFRGIFE ERIRERECM A O & bk b M ERIFEEE
KEOLNAEEHEBLTBY, WRFHEEEICBITS
ECMARHEME T2 ) A THRAREFVEEL LN TWE Y,

P2 ECMAHICBWTEESINTVEY MY 7 AAS
07 a ¥ 7 — (matrix metalloproteinase, MMP)-21dF & LT
A F e LI S AW SN, REEKECM OEERS TH
AVEBEMME, 532y, 7747027 F Y EOFHIIH
LR BEERALLTWE Y, MMP-2i34Bo> MMP & [FRRIZEE
FEIEER L2 VBERMMP & LTEESK, £20FEHKIE
MMP [HBEKF (tissue inhibitor of metalloproteinase, TIMP) (2
LoTHESNZ YW, MMP2I3ho AR MMP & 135872 4%
BRIEH LB E AL TBY, ) ¥y 7o5 7 —ETIREHEL
EhY, BAE< Y v 7 AAS 07O F T —+¥ (membrane
type-MMP, MT-MMP)IZ X DL Eh B Z LA LT
5%, B T5HEEO MT-MMP (MT1, 2, 3, 4, 5-MMP)
HREENTH Y, MTA-MMP LUAHE MMP-2 i LEE R A5
B EDHONTVA Y, #iZ MTI-MMP i3IBS L C O
PEALHEHEDSHE & M2 ENT VBN, REREECMAHHZBIT
BHIRENIRFIZTHTH 5.

F TR TIE, BRBERED U F ARG & 4
FAERZEOTEK BT 5 MMP-2 & MT1-MMP O 1%4&) % {4
BHIT, MENEMREERAZAT S EPMON TS
&/ 71 %) (monocrotaline, MCT)'®¥#% OLETF < » hIl4%

ELTAF ¥ L0REERET A2 Ll L DEEIERENE
BEHA, FORBICBITSMMP-2OREHR, HE(LE MTL-
MMP OFH & RET L 7. :

WERE L UFHE

1. ®BR7Oba-0

36 EEDOHEMOLETF S v M &, e LCHEEO— L
Long-Evans Tokushima Otsuka (LETO) J v b % Hva/z (KRR
(B MBI & b 4:5). MCT (Sigma, St. Louis, USA) #
1IN HCL, IN NaOH 5 & Uk & v T2 % B Ml LY,
30mg/kg % LETO % & UFOLETF DJg MR- 3658 & 1 438
A SR TS LB (BLF, MCTH) &, FEOAHAE
KOAESHIES LE T, £&H) oft4H (OLETF -
MCT#:, OLETF4 &%, LETO - MCT#, LETO4&#) %
e L7z, FfEOERT 2mITY, £ 18I, 8L, 11JE, 10
L& L, OLETF - MCT R340, 44, 4638 X UT50 R #F,
OLETF#frf#, LETO - MCT#, LETO A &H X405 LU50
BV T F VT — T VIR ARREE T, EBAIEK50ml B &
UF RPMI 1640 (Gibco, New York, USA) 10ml TE# @it L7720
LRI L, SEENRES L URERMERELCH L7z,

L. R7NVT I >OAE

36, 465 & USOEEMNIAH Y — VI T 24RMEBER LR O
—EEAVT200 X g, 55MH, SRTELLARKRYZHREL
721, LiEZ-40CTHE T THRAEL L. WE I ELISAE
(Nephrat, Exocell, Inc., Philadelphia, USA) 2TV, —HR7
VT PR E LTERLE.

. REFLRE

1. JeieiEMsR g BleE

MR 10% ) YEHEE SRV ¥ (pHT.2) K CEER, 4
pam®DNT T 4 YN EERL, B3 THERY v THRE
(periodic acid Schiff, PAS), PAM O &#efh % 4T L 7. JEHHE
2BV T, PASHHEEWEIZL 5 A ¥y AFBOEKE 4
L L ER L, ARBELOREL EERILLL. T4b
LARABRKICITE A LB RDL LN VWE O, ARIREDO—IRIC
PASI S O KARD 5B b D, SREREEAE I PAS ik
OIRDTED SN B SO, PASHEYEEAHLA L THRERHIRIZ
ELLESEOEAMEZMED Do, TS X URFRERE, %
FhERO, 1, 2, 3, dEE A 7ILL, 20M8L EoOKERKE
BMEOL, F-—X370RKEREZNFNNO, NI, N2,
N3, Nd: L, UTFOFERICTHBEORREMILA 2T &%
728, RERKEALATT = [(OXNO-+1XN1I+2XN2+3X
N3 + 4 X N4) / (NO+ N1+ N2+ N3+ N4)] X 100

2. Mgt

AR —EE FSATAA - TN THHILznAFH
Ik YRR, 7 A A Yy b Tissue-Tek ¥ A 7 4 (Miles,
Naperville, USA) 12X 06 miZ#EILA. V2 A5 70Y
F2TF v P MMP-2 5 & U'MT1-MMP 23 2 A8 2 RG A
MFESNTVAHE P MMP2~ Y ZE /& 0 —FVHE (42
5D11, B4R T%, BR) 8L 0P F MTLMMP < 7 R &

dependent diabetes mellitus; PAM, periodic acid silver methenamine; PAS, periodic acid Schiff, PDGF, platelet-
derived growth factor; RT-PCR, reverse transcription-PCR; TIMP, tissue inhibitor of metalloproteinase; TGF,

transforming growth factor
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7 7u—FVHE (1135B7, BLHEAKTE) s W HE7E
FEFF T NHR) T+ AT 7 ¥ —EHE (Vectastain ABC-AP
kit, Vector Lab, Burligame, USA) 2 & 2 RSk gm 2T,
MMP-2, MTI-MMP O &Mz BT A HBEEMET LI, &8,
HERETVH) T+ A7 75— BEEE LNV VIR &
DL,

3. EFREmMsEn e

B —ERE 25% SNV F — LT VFR FIZTHEEL, 4%
FAITABIZTHREELZH, =8y 7812 (GHIEE, ®
O WA LS LA BERYS -0, s UEMCE YT
BELe L%, ETHEME (I HE00E, HX) CHEL /L.

V. #HED 5 OXBRGEEE S L URE

BB LBREEDOK T SHHEMA & L, 250, 150, 106 4
mODsELVERAVZY—E Y ZENI L) ABRETRIUL .
95% LA Bl Hib S h7- BB RERE %, ~=3 1) ~ (Gibco)
100U/ml, A ML 7 k=4 ¥ (Gibco) 100U/ml$ & 180.2% F
7 b7 VT 2 (Sigma) % &t 2ml @ RPMI 1640 4E M 755 C
B AREEREIX10Y/ml & U, 24E%ICEEFEE
FETAR

V. ¥4 £ 35 L% 5 ICHBABREEREE TOMMP

BFEEOTM

MMPOSFEB L UELEBIIESF » OMLIEECRTY
AT ATEML. €55 (Sigma) 0.8mg/ml % & 8%
RUTF2)NT I FIVER, ¥BEEELIFEETREBIICE
FRBIZ AT L2, KEHROS VL, 25%0 1Y kX100
% & ¥ Tris-NaCl-Ca (TNC) #& 1 1 [50mM Tris-HCI (pH7.4),
0.15M NaCl, 10mM CaCl,, 1 M ZnCl;, 0.02% NaNs] T 304-F4,
2[EFEE L721%, TNCREH1TITCTUREEEL, ¥55
Wb EE SRR =TT N T — TR L
otk BBL, ¥5F ¥y FELTERSE, ¥1ES
FHELED, BNV FOXTF ol s EEETE 7T 7
7 4 NIH Image 1.56 z IV CHEIT L, Z2NFNROEE * E=RL
L7z %8B, KEEFOSTBAZHES IS Prestained SDS-PAGE
Standards Low Range (Bio-Rad, Richmond, USA) & 7=,

ML T O MMP BEEIE MO 13 Okada & P 0 i 20
WTHTo e, BREEGE LT, MMP2IZ L DIl &5 &5
BHENERT B AT F FNFF-2 (MOCAc-Arg-Pro-Lys-Pro-
Tyr-Ala-Nva-Trp-Met-Lys (Dnp)-NHy) (< 7F FEF3ERT, KR) %
FAn/®, FEEEEVAFVALERY F (Sigma) CHEBRL
ImM & L7=%%, TNC##E2 [50mM Tris-HCl (pH7.4), 0.15M
NaCl, 10mM CaCl,, 0.02% NaNs, 0.05% Brij 35], 2mM 7 3 /
7 = ZOVEEERKSR (Sigma) I0Z, RAK500 M, £820 142

Table 1. Primers used for RT-PCR analysis

7

LA, WA LT, 37C48HRIG S0,
WE () /¥ AX80, HE) £ HWVT, UMWURIRT 1 L
-zl L CHREL.

V. REFERMMP-2, MT1-MMP, TIMP-2, 7%« 70O

* 7 F > mRNARE

1. 7’947~

7 v F MMP-2, MTI-MMP, TIMP-2, 774 7047 F
BICFZ7) VTNV FR F-3-) YT Foy i —+
(glyceraldehyde-3-phosphate-dehydrogenase, GAPDH) ®%&
cDNAMEERF LY, RILRTFIITX I L FFRTI(4=
—EEET L, FEERICHEL .

2. MERER) 2T — VEBERIE (reverse transcription-PCR,
RT-PCR) %

HEEARIREL D ERNAR V7oV 072/ — VEMIZLE S
THItE L, RT'PCRE:CTMMP-2, MT1-MMP, TIMP-2, 7 7
A 7047 FrORETFEHRYBERE{L L. RT-PCREIZIZ
RNA PCR¥ v } (AMV) Ver.2.1 (EilixE, THE) M7z,
FTIUvFaAFYT—% iS5 M~ — & L MEERERE
ZiTv, cDNA%R &R L. T2bb, 1 g OFRNA Z R
ELTHIEEEEEICTDNAZ AL, KRIZH mRNAIKERDY
L7 F4%—%FWT, Tag DNAKY X 5 — ¥ |ZTPCREIEG

200 7

150 1

100 1

50

0__—_55==4* e o
36w 46w 50w

Fig. 1. Urinary albumin excretion. Results from saline-injected
LETO rats (&), MCT-injected LETO rats (&), saline-injected
OLETF rats (O), and MCT-injected OLETF rats (@) are
shown. Urinary albumin excretion significantly increased in
saline-injected OLETF rats compared with saline-injected
LETO rats, but did not change by the injection of MCT.
*p<0.01 vs. saline-injected LETO rats by one-factor ANOVA.

Gene ) Sense primers Anti-sense primers Product size
7 v FMMP-2 5-GTCTTCCCCTTCACTTTCCTG-3' 5-CGGAAGTTCTTGGTGTAGGTG-3' 248bp
Z v PMTI1-MMP 5'-GACTGAGATCAAGGCCAATG-3' 5-TGTCATTCCCATTTAGATCC-3' 398bp
Z v FTIMP-2 5'-CCAAAGCAGTGAGCGAGAAGGA-3' 5'-CAGGAAGGGATGTCAAAGCTGG-3' 206bp
Sy T4 TARTF Y 5'-AGATCAAGGCCAATG-3' 5-GCTGGATGGAAAGATTACTC-3' 294bp
7 v FGAPDH 5-CAGAACATCATCCCTGCATCC-3' 5-CACCCTGTTGCTGTAGCCATA-3' 363bp
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#4Fo7. PCREUBIE, BWEMEZM4CTIHM, 72— 7
%#55°C 14, DNAOMEZ72CC1aME L, IThi 1y
£ 70k LT MMP2i340% 4 7 v, MTI-MMP 24094 Z ),
TIMP-21235% 4 2 v, 77 A4 7B 2TF 335414 7 VTIT
o7, BONIPCREWIZ2% T H T — A5 WIS TESIKEIL,
IFVYLATETA FICTH AR, RETHOMREZITo2.
X 5 2% Ny FOMEEE % NIH Image 1.56 % JV CHRIEMATL,
354 4 7 L THENE L 72 GAPDH # % B & L CERIL L7,

V. f#EEHnE
LEMOLKEI—-TREEMHSTBLTZ I AIN - T

ANERLFIRE TIT o 72, EIRE (p) 250060 T % b - THEE
EHE LT B, BT e CIR Lz,

39 18

1. R7NT I HE#HE

LETO =MD RT V7 3 YRR, 36:E#E 1.5+ 0.6mg/
H, 4638 1.2+ 0.1mg/A, 5058i# 1.0 0.3mg/ A TH o 7.
OLETFAERBOR T V7 I v it &, 36:8# 86.6+
30.6mg/ H, 4638H#% 155.0 £ 22.7mg/H, 50:AE 112.0 &
164mg/A &, WFROBEKIZBWTLLETOEAER L VAR

Fig. 2. Light micrographs of the renal tissues. Histopathological examination was performed using renal tissues obtained from a saline-
injected LETO rat (A), MCT-injected LETO rat (B), saline-injected OLETF rat (C), and MCT-injected OLETF rat (D, E) at the age of 50
weeks. Mesangial expansion was not seen in LETO rats (A, B). The increase of mesangial expansion was evident in a saline-injected
OLETF rat (C). Mesangiolysis (D) and diffuse glomerulosclerosis associated with nodular mesangial expansion (E) resembling human
diabetic nodular lesion were seen in a MCT-injected OLETF rat. A, B, C, D, PAM stain; E, PAS stain. Scale bar indicates 20 nm.
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ZHEIMLTw7 (0FRd p<0.01). —7, LETO - MCT# o
RT VT I HEE L, 36:8% 5.1+ 1.1mg/H, 4638 1.3+
0.2mg/H, 50 0.8+ 03mg/HTH Y, LETOARFEL OH
I2EZBED LD o7, OLETF - MCTHORT V7 3 Y HEltE
b, 363Aikh 68.4 = 16.4mg/ H, 465@KH 112.4 + 13.5mg/H, 50
SR 1068 +13.2mg/H &, TR OBE#IZBVTH OLETFA
B OMICEEBD Do ("),

I. R

LETO 9 v » Clas &8, MCTH & b ICHBFENEL TR
Lol (M2A, ®2B). —F, EEFOOLETF 7 v FTid A
Ty LABEEOPRIFEE L2 ) (M2C), MCT#® OLETF
Sy bTIR, A UFEILEGOWEICMAT, AT UEYL
AR (0 2D) L ARERBARBF N OB 25RO (K3), —#HD
AERAICITHEEEMREEHO - (M2E). I hE R EEL
A3 T CHET AL, LETOEAMTIZ408% 13.3+£3.3, 50
S 29+ 1.8TH o7z, OLETFAEARBEOAREKMEELA 2714,
40;B# 166.7 = 23.3, 50:8E6 154.0+284 &, W OBE#EIZ
BUWCTHLETOA AR LIV AZICHML TV (wFhd
p<0.01). —7, LETO - MCTE D AKAEME{LA 2 713, 4058
B 275+ 111, 508 86+46TaH Y, LETOLEER L DI
EERDOLD oD L, OLETF - MCT B DA ERARTE(L A
a7 E, 4058% 140.0 £17.3, 448 160.0 £ 4.1, 46:8#
205.0 £ 18.5, 5038# 219.3 £ 6.0 L BEFMICHEREMERL
(p<0.05), S0 EBTIXOLETFAAM LB L CHAEEIEN
LTz (p<0.01) (14).

. feEmEre

50 B # D RERAF THOMMP-2 5 H & MTI-MMP&EH O

Fig. 3. Representative electron micrograph of the glomeruli.
Electron micrographical analysis was performed on the
glomeruli from a MCT-injected OLETF rat at the age of 50
weeks. Scale bar indicates 0.5 zm.

VI3

% RIEMAMALSEA (255 L 7. LETO A& &%, LETO - MCTH#
Tk, A4 F7 A HBICEM R MMP-2, MT1-MMP D%
W7z, OLETFHEEW T, #4E LI A4 v ¥ 2505
DAY T AR E O MMP-2, MT1-MMP S8 0 # 0
FRO, INSE AT UEYLREOBENBEDRKAETE
DB LTz, OLETF - MCTETIE, A > Fyast
B EEAIZ BT A MMP-2, MTI-MMP D5 ASE & (28
L, SEEROWALMERZE & 80 5 485K BV T ERIE L
HICOREFFO LN, & HIZOLETF - MCTETIX, A%
¥ F 7y AEEISIN A TR L EAINZ I b MMP-2, MT1-MMP
DFEFEFED T (M54, K5B).

V. MMP D41 £ 5 Ll 5 UICIRBAEEESEE Y
FA RS T L EFV: MMP O Cld, LETO HERHO A5
FEEEFIIBWT, TN P EE MMP-2, 75 MMP-2
IZH Y% 3 % 68kDa, 72kDalzilz TiEMEE MMP-2TH 5
62kDa DEEEIEE# RO 72 (W6A). Zhb62, 68, 72kDad
NY i, LETOAERBIZHK LLETO - MCTEETEFN 2123
f&, 2.31%, 3.84%, OLETFAEAM T4.8%%, 2.7/, 4.61%,
OLETF - MCTH:T5.5%%, 3.11%, 63/50KHEEEH 72 (K
6B). MEMEEEEREETIE, MMPOBEEGEN %,
OLETF - MCTEIZB VT AH ¥ ¥y A4 ERH 7 (7).

V. %Ik MMP-2, MT1-MMP, TIMP-2, 771 70

% 7 F > mRNA RE D5

RT-PCRIZ & 5 MMP-2, MT1-MMP, TIMP2, 774 70O %
5 VmRNADKEBRZMBAITRLA. EL—r 28T 5
GAPDH L otz X b & Efb+2 &, LETO4£ERICIL,
LETO - MCT#, OLETF4 &%, OLETF - MCTH# T3,

250

* ok

200 7
150 1
100 ]

50 ]
L‘b —g

40w 44w 46w 50w

Fig. 4. The glomerular matrix score. Expanded extracellular
matrix in mesangial area was semiquantitatively determined in
each group of rats as glomerular matrix score. Results from
saline-injected LETO rats (A), MCT-injected LETO rats (&),
saline-injected OLETF rats (O}, and MCT-injected OLETF
rats (@) are shown. Glomerular matrix score significantly
increased in saline-injected OLETF rats compared with saline-
injected LETO rats. The injection of MCT after the age of 36
weeks markedly increased the glomerular matrix score in
OLETF rats compared with saline-injected OLETF rats at the
age of 50 weeks. *p<0.01 vs. saline-injected LETO rats;
**p<0.01 vs. saline-injected OLETF rats by Kruskal-Wallis rank
test.

0
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e Ml b s

Fig. 5. Immunohistochemical localization of MMP-2 and MT1-MMP protein in a MCT-injected OLETF rat at the age of 50 weeks.
Immunohistochemical analyses were performed as described in Material and Methods using anti-MMP-2 (A) and anti-MT1-MMP (B)
murine monoclonal antibodies. MMP-2 and MT1-MMP protein were observed in the mesangial cells of the expanded mesangial areas
(arrows) and the glomerular visceral epithelial cells (asterisks). Scale bar indicated 20 xm.

il &

A

72 kDa -
68 kDa -

62 kDa -

Fig.7. Enzymatic activities of MMP in the renal tissues. In
situ detection method of MMP activities was performed on
renal tissues obtained from a MCT-injected OLETF rat at the
age of 50 weeks. Blue fluorescent deposits (arrows) resulting
from cleavage of MOCAc-Arg-Pro-Lys-Pro-Tyr-Ala-Nva-Trp-
Met-Lys (Dnp)-NH; were observed in the mesangial areas. G,
Glomerulus. Scale bar indicates 20 pm.

7

LETO LETO OLETF OLETF
+saline +MCT +saline +MCT

Fig. 6. Gelatinolytic activity of MMP-2. Conditioned media
obtained from isolated glomeruli from each group of rats at the
age of 50 weeks cultured for 24 hr in serum-free RPMI 1640
was subjected to gelatin zymography. (A) Polyacrylamide gel
containing gelatin shown are representative of electrophoresis

O =MNwWhoo~N

followed by coomassie brilliant blue staining. Lane 1, MMP-2mRNA I, FhFN15.8#%, 2.84, 18.1%F, MT1L-
conditioned media from saline-injected LETO rats; lane 2, AR E
MCTnjected LETO rats; lane 3, saline-injected OLETF rats; MMPmRNA(E, 194, L1, 28®ORALRDL. 1
and lane 4, MCT-injected OLETF rats. (B) Analysis of TIMP-2mRNA X, FNFN144E, 115, 226, 77470
gelatinolytic activity of MMP-2. Values are expressed as »-fold A7 F v mRNAI, 2.24, 224, 3.0BTHRIEL T (B

of increase vs. saline-injected control LETO rats. [, 62 kDa;

, 68 kDa; B, 72 kDa. 88).-
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Fig.8. Gene expression of MMP-2, MT1-MMP, TIMP-2,
fibronection, and GAPDH analyzed by semiquantitative RT-
PCR. Total RNA fractions were extracted from isolated
glomeruli in each group of rats at the age of 50 weeks. (A)
Agarose gels shown are representative of electrophoresis
followed by ethidium bromide staining. Lane 1, saline-injected
LETO rats; lane 2, MCT-injected LETO rats; lane 3, saline-
injected OLETF rats; and lane 4, MCT-injected OLETF rats.
Expected size of RT-PCR products is 248 base pairs for rat
MMP-2, 398 base pairs for rat MT1-MMP, 206 base pairs for
rat TIMP-2, 294 base pairs for rat fibronectin, and 363 base
pairs for rat GAPDH. (B) Quantitation of MMP-2, MT1-MMP,
TIMP-2, and fibronectin mRNA levels. The bands are
quantified corrected with GAPDH expression. Values are
expressed as n-fold of increase vs. saline-injected control
LETO rats. (a) MMP-2; (b) MT1-MMP; (c) TIMP-2; (d)
fibronectin.
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The Expression of Matrix Metalloproteinase-2 and Membrane-Type 1 Matrix Metalloproteinase in Diabetic
Nephropathy in Rat. Miho Shimizu, Department of Internal Medicine (I), School of Medicine, Kanazawa University,
Kanazawa 920-8641 — J. Juzen Med Soc., 109, 60 — 70 (2000).

Key words diabetic nephropathy, glomerulosclerosis, matrix metalloproteinase-2, membrane-type 1 matrix
metalloproteinase, nodular lesion

Abstract

To clarify the role of matrix metalloproteinase (MMP) in the sclerotic process and endothelial cell injury in diabetic
nephropathy, this study focused on the glomerular expression and enzymatic activity of MMP-2 and membrane-type 1 matrix
metalloproteinase (MT1-MMP), which activate specifically proMMP-2, in the Otsuka Long-Evans Tokushima Fatty (OLETF)
rat, a model of spontaneous non-insulin-dependent diabetes mellitus. Monocrotaline (MCT) (30 mg/kg body weight) or only
saline were injected subcutaneously 3 times every 4 weeks in 36-week-old OLETF rats and control Long-Evans Tokushima
Otsuka (LETO) rats. Urinary albumin excretion significantly increased in both OLETF rats injected with or without MCT
compared with the control LETO rats. Mesangial matrix expansion also significantly increased in OLETF rats compared with
the control LETO rats. In addition, mesangiolysis and diffuse glomerulosclerosis associated with nodular mesangial expansion
resembling human diabetic nodular lesions were observed only in MCT-injected OLETF rats. Under immunohistochemical
analysis, MMP-2 and MT1-MMP proteins were detected in the mesangial cells of the expanded mesangial areas in OLETF
rats, and also in the glomerular visceral epithelial cells in MCT-injected OLETF rats. Gelatin zymography revealed
gelatinolytic bands at 62 kDa, as well as 68 ‘and 72 kDa in the cultured supernatants of isolated glomeruli. The activated form
of MMP-2 (62 kDa) increased 2.3-fold in MCT-injected LETO rats, 4.8-fold in saline-injected OLETF rats, and 5.5-fold in
MCT-injected OLETF rats compared with control saline-injected LETO rats. Methods allowing in situ detection of MMP
activities, showed enzymatic activities in the mesangial areas in a MCT-injected OLETF rat. To investigate the gene
expression of MMP-2, MT1-MMP, tissue inhibitor of metalloproteinase (TIMP)-2 and fibronectin, total RNA was extracted
from isolated glomeruli and analyzed by reverse transcription-PCR. MMP-2 and MT1-MMP messenger RNA increased 15.8-
fold and 1.9-fold in MCT-injected LETO rats, 2.8-fold and 1.1-fold in saline-injected OLETF rats, and 18.1-fold and 2.8-fold
in MCT-injected OLETF rats compared with control saline-injected LETO rats. The level of TIMP-2 and fibronectin mRNA
also increased 1.4-fold and 2.2-fold in MCT-injected LETO rats, 1.1-fold and 2.2-fold in saline-injected OLETF rats, and 2.2-
fold and 3.0-fold in MCT-injected OLETF rats compared with control saline-injected LETO rats. These observations indicate
that MMP-2 and MT1-MMP are produced and activated in glomeruli through the progression of diabetic glomerulosclerosis
and endothelial cell injury, and that the alteration of MMP, TIMP and ECM components play an important role in the
remodeling process of glomerular matrix in diabetic nephropathy.
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