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A5 7 dEHQ A&dy HuE ¥ 4 do
D olejgh AMEA) AH3EL transforming growth
factor (TGF)- 81 2|8k M=2¢] 714 (extracellular
matrix)®] VIR Qs dojdrin «e|x glom
wHolA e #H¥FEe TGF- A1 promoterd 254
A TGF-B1& FEANIL ol AEY 7)Hel fi-
bronectin, collagen ¥2 ¥4& FAANF Y, A%
] AE97Ee #Fe ALFA HF (glomeru-
lar sclerosis)& Z#ste] A= ©7] AFAH o2
%44, 5).

TGF-81& A Ae BE AFEe 4%, ¥,
71%8& ZHE3tE cytokineelth. TGF-A12 R34
i

Az}

(anchorage dependent growth) MEFQ
o] MR{ZAE (fibroblast) & ®l%34A AFAE (an-
chorage independent growth)2. 2 7}93lsl= Q1AL
Z F2A4%8E fEsie EJ2 AL deigen o
of At 1 olgo] FHHAY " ey, TGF-
B1& Uutx oz A& FAAIVIRTE AFHARE
(epithelial cell), WM % (endothelial cell) §& %
e o] MRS disted 4 A4 AAE R
Jol A, £ TGF-81e T-cell AT
Abst el = weldte Ao musm YoH? B
ol o7 AMAPM TGF-519 EdL Bo] B
Ha A FEA Y FEARE ofA] =& gy
o] Hi glow, 3 A1} o|&eo] HYE] A
ook whEbd P AFge] 2RAH X857t o
HE Bk olue} Ak AHY AHErE dojubd
3| Bo] Brlsdly] wiiel TGF-819 2@A719 9
AE e Ao F23Y, oj7lg EUR s Fnd
4 AAE Aawdel AAol 7Hes d eolth

Otsuka Long Evans Tokushima Fatty (OLETF)
HiE 19939 YA Jidd Asd M EFY I
He AYEE L9224 24 F Az 6o}
24770 FmHe] WEEy e uEA glown,
Adwrg oz Algdel A 28 ZwwId {AS S
< UeshlE Fom YR AEo] shsEnh P
Long Evans Tokushima Otsuka (LETO) #& #
HMH oz OLETF #& A Gxe whie] Q1
T £22 OLETF #H4 "dizvo2 AMHrh

¥ A7 OLETF #HE B3 2xwyd a3
#o] gl TGF-A19 2dA 7 2 9% o %
HP g dolr izt &t

Nz ¥ 2y
1. JESE

HA¥EEEE OLETF &, 2722+ LETO #
g UB Otsuka A72NN 3o ol A2aRTh
Z}7] 307t2]9] OLETF& LETO #+& 205 4H=
AFER FLAPANAN 572 AHSD F 257 ol
2o A9e AAsAn 2A A% 712 Fo Aol
neafe AYEE ARE FASAT. 30F oF
40774% OLETF® LETO #% 27] 30124 34
Sn %5 AFe HEAAT

605 o]¥-¢] OLETF$ LETO# 9 4% =2&
WF YU dods dRstudEre 24
2 wol Mgl Algarsrh

2. ¥ ¥ we &3

OLETF¢ LETO #H+= 15 HEez AFE 34
8lal, ¥9-& Precision (Medisence, USA)& AH&-3}
o d3%FE SAsArt

3. yEpniE a

OLETF$} LETO #eld #&# 43 22& 10
% F4 XU nHsn AY dI3EE g5
o AFERHE AR gded Telg AAR F 2 pm
o] vbd#-& wuhEo] hematoxylin ¥ eosin (H&E)
d4E AlAsrath

4. SHAZI|SaHM

TGF-81 & Wy g gotry] jsf @284 &
AE AHgste] W9z sty dAg sk et
Zolg A% 23& 2 yme] FAR FEA EEAR
A g geolmd ol @A E AAH AT
o} wgk-gol A% 3% HpO» &9l 3087+ Al
o] A Fagaad hE uhe-E Adsta 0.01
mol 1% @F e 1087 AHEHch TGF- 41
o] i3k 13+ A (Cellscience, USA)E 37CeilA 30
#3t ¥hg-A]7)3l,  biotinylated anti-mouse IgG
(DAKO LSAB kit, USA)E 23 A2 AlE-3to
37T 2083 ¥gAZ] F, streptoavidin peroxi-
dase (DAKO LSAB kit, USA)E 243l May-
er hematoxyline 2 gAML 3 F Fggn4de
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Z g
5. mRNAQ| 82| 3 HTA-SEELHES

(Reverse Transcription-Polymerase Chain
Reaction : RT-PCR)

OLETF¢} LETO #H¢ H&3 Aoz FE AA
RNAT RNAzolB (TEL-TEST, Friendwood, USA)
g /Mgt &3 39 EA (Beckman, Pea-
pack, USA)E RNA9| ¢£&9 AAd ¥& T8t
8% 1 puge RNAE F3O = 1st strand cDNA
synthesis Kit (Boehringer Mannheim Co., IN,
USA)E ©¢]&3l9 oligo dT primed first strand
DNAE A&l 49 cDNAE F328 Mgl
9 %%7} 1.5 mmol, dNTP 0.5 mmol, 25 U/uL¢]
Taq polymerase?t PCR €=dd 27 25 pmol¥]
TGF- 813 house keeping gene$l GAPDH primer
2 &3 PCR %37] (Perkin-Elmer Cetus, CT,
USA)olM FEsldth. GAPDHS primere ¥A ¢
FAzpl A aksld e, 5 -GTGGACATTGTTG-
CCATCAACG-3', 5'-GAGGGAGTTGTCATATT-
TCTCG-3'& AH&sle] 351 bpe AHEE A%,
TGF- 319 primers 5 -CCTGCTGCTTTCTCCC-
TCAACC-3’, 5 -CTGGCACTGCTTCCCGAATG-
TC-3'8 AM&-3te] 598 bpel AEE AUt PCR A
R REE 9TAAN 28 HAdAZ F 94TAA
30&, 60CA 18, 68CA 287 vheA7E 27
o8 253 S8sla, 68T A T WEAR ©
g7 Qo FEAEL 2% agarose geldlA 27|
Fakel #Assith

6. Western blot

OLETF$} LETO #9| &3 NS lysis buff-
er (50 mM Tris-HCl, 256 mM EDTA, 650 mM
NaCl, 5% Triton X-100, 200 mM Phenyl-methyl-
sulfonuyl fluoride, 0.02 mM Aprotinin, 2 mM Leu-
peptin, 5 mM phenanthroline, 28 mM Benzami-
dine)ol #el Y3 homogenizer® T3} & F,
13,000 rpmell M 30832 LA Ees A& Qs
stk AA wddE Zby] 100 g2 A e
10% polyacrylamide gelel X H7|9F o2 E&3 i,
o oA polyvinylidene fluoride®t o2 o]
AZet 13 A E rabbit TGF- 81 polyclonal an-
tibody (Santa Cruz, USA), 2% A2 anti-rabbit

Ig horseradish perocidase linked whole antibody
(Amersharm Biosciences, UK)E& Al %
ECM™  western blooting detection reagents
(Amersharm Biosciences, UK)dl #-8A1711, film
of w2 A3

7. BH BN

AEEEA g AF ¢ dIA= T AU
2 R EAH.

| ot

OLETF #i= AFo] A% Frlstrizt 3774
olze|ME F73 AFol F7Iste 600 g7tA F7}
ATt 405 o] Fole s 60F e 573 g
£ fAEA LETO #9 AFS HTFHL=2 440
g FEE AS fAY FHo| Frietd wet g9
Al FUbsle] 60 FHolE 634 gol ©lEFT (Fig.
1), ¥89%& 37349 OLETF 7t 3T 237 mg/
dLel o)23, 60F#HolE 286 mg/dL7HA F718HRR
o}, Wb LETO #+= H 131 mg/dL& ARHA
YA g ngon, 60FHNME 7 121 meg/dLel
kel d3AE AT} (Fig. 2).

H&E HH& B8 %9 gy DA
OLETF®} LETO 3 E% 6057 % AbEA Ase
WAEEA] et 605739 OLETF FolA& AbA
3 w7 % Au# 3Ee &80 Frhatgm, Al

) ®: OLETF, O: LETO

g

g8 & 8

i i i i i i M i i

32 33 34 35 36 37 38 39 50 60
Age (weeks)

Fig. 1. The changes of body weight for OLETF
and LETO rats. Values are means =SD.
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xd AEAXe Ayt ged=9det (Fig. 3A). 28
U LETO #HE w3 ey s #3sx g%
t} (Fig. 3B).

TGF-A1 & ade] ojer AGz3geA A
A3 LETO #9 8 459 %E 365 ofF AL3A
el iEAEed A HEe] FRixgley, 1 ¢ &
Hool e w@e FAEX ekske) (Fig. 4),

OLETF #H¥& 3550A 38F71x19] 7% AbFA
Wl zet A oA E E5dA wde] #<lE

mg/dL e: QOLETF, O: LETO

300

250 r

200

180

100 1 +
32 33 34 35 36 37 3 39 50 60

Age (weeks)

Fig. 2. The changes of blood glucose level for
OLETF and LETO rats. Values are
means £8D,

Aok 18y 605 olFdE Ui MEdMe TGF-
B1 = wEol s el Awy AIA A
o] wd e vl e AeA eyt (Fig. 5).

RT-PCRel 9& #2118 TGF-81 mRNAS &d
ANME thEwQl LETO #ofl ulste] OLETF # A
aA F7HE-E A% £ AU (Fig. 6A, 6B). =
&, 6058 LETO % OLETF #e¢ TGF-41
o wdo) 9lolME OLETFAAM 2A Z719g &
&kt (Fig. 6C).

@
Fugy AFe BYHQ PR wske AT

ZiAute] v gl duzt V14 ggow, AxgrE
of o} A4t m Balel zhae] Qske Row

geid QoY B8 dup s1de g3e gnw
n DS AT HEY A B GEA AF9
A4d 27 YHY BAE Hol=d, @y
27|l ALTAG Adel nzt #EED o Wl

B TGF-419 d%oz 4ztEv Hxer)|de| %
th gAe AH AZ ALTA Aghe wr)ARAZEo
2 ol o galA U™

TGF-B10] Zw4 A7al &4¢ wists 3
2 AR Fo sUele LTEFL M A AE
2 23 #Agqy?. nxEgde Ao e @

Fig. 3. The light micrograph of kidney from LETO rats (A) shows un-
remarkable changes, but that of OLETF rats (B) at 60 weeks of
age shows evidence of tubular necrosis (H&E stain, <200).
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Fig. 4. The immunohistochemical stains in kidney of 60-week-old LETO
rats show increased expression of TGF-/81 mostly at the glo-
merular (A) and peritubular capillary endothelial cells (B)

(x200).

Fig. 5. The immunohistochemical stains in kidney of 60-week-old (A,
B) OLETF rats show increased expression of TGF-£1 at the
tubular epithelium and the glomerulus shows negative staining

( X400).

LA ZAX TGF-B1°] proteoglycan T4-& F7HA|
Fln, n¥x=F9 A Ex HEO 2 fibronectin %
A€ F7HZIGR ok md, G AL7A
W TGF-£1 mRNAS} the] M3 mzlm 24
o7 Frketa, duAd AF #BAtel AW TGF-
81 &L fibronectin = 4 HA3) FrlEE
Ao A A,

L¥FFE A TGF-£1 @9 wH#HS 2=
e F8 AIY?, Asd Mgz ¥Be Y45
g FxaFe A HAdoM TGF-F1 o w3
Ao v ofsteoin g, =g n¥YT n
APFE duiid AF59 AYL& 7153091 F2
A AAeln] TGF-81 @wel Rl 7)e18ch
o A, TGF-81 ¥ sude OLETF #
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TGF-B1 (598 bp)
W GappE 351 bp)
5 4
® 3
2 s
3
:"é 2
G
=
k4
E
L]
2 ol e :
= L-32 L-34 o0-32 0-34
&
© 1eem .

Fig. 6. The Expression level of mRNA and pro-
tein for the TGF-£1 in LETO and OLETF
rats at different ages. (A) Representative
RT-PCR showing mRNA for the TGF- 58
1 (B) RT-PCR results are quantified by
scanning densitometry. Data are normal-
ized with GAPDH mRNA level and are
presented as relative values. (C) The level
of TGF- 21 protein in kidney of 60-week-
old LETO and OLETF rats. The analyzed
by Western blot. Coomassie blue staining
of the gel is shown for protein control.

o) T
A P,

olelg BuwA Hzel Wejgd Fa% A
TGF- 819 28 ¥9is AHg Wil 948 wo]
glo) fAe opAE ghal WHAX e Aol
aRe TGF-Ale &48 $8 4 A+ 49 =
A BAE @ olfolth B ATHE Aduw4H
9l Pu#el OLETF #% tjyoz wWelzysisty
94 2 RT-PCR 59 wig Awste] dua A
Zol Beldt= TGF-A12l AE59st A7lE w8
23 ST

A 28 @#x H Ed F9 3yl OLETF #He
Ae wgdoz wwET Yo WARE A=,
Aol A 28 SnEAR 1YY AW v, A
A A o] vehpe Bol o] Al A 2%
Fugn A3 fAld 9w A sdeldn @ # 9

NEe) Az o) Y= Ao ot

o 12 14%5 OLETF A& Zud 17 @A #
ARgE £4& Uelds, TGF-A1 mRNA7Zl 433]
Z7 s ST, EE 3070 &y e
Y e EAL, AFH olE2YMe ded 9
24gudel £4¢ yedgn g9, OLETF
79 AFe LETO st waste] 145004 465 A}
olofl A A3 Zrbslal, o|Fele Mk ZAdtd 54
Fo olzXE F #7+e Aole givtn st
B A7z OLETF #9 AFE 36FA7AA A%
F7lsttrt 37FAC ol2eME FA4% MF Z7t
£ Rgoen olf HFo] st 40F olFedE
LETO # ¢} #o]& Ro|x gttt

OLETF #A+ o] Z7igd wet dIFAE o
Z7¢ LETO #H¢&} @&l Ads F7rdv sdot
120 =3 382 OLETF e ¥3x7t fo8 @
& Z7tels ol A& wASyd DmolA d&d
Sy dnze ABI AL FAG. 2y

Q7o OLETF #E 33F7kAE 170 mg/dL
MR Attt 3559 oj2ejAE FAsgch 36
F ol tia] A5t 37FA s FA 7t 237 mg/
dL7HA Asstacizt g4t olF 200 mg/dld
F&g FAEHY 2 olF AFEe 60FAdE
286 mg/dL& #3189tk LETO 9o ¥FA=
A& G

A Feo] Al TGF-F1 99 Axd A%
A LEEE wE 7rEe) AREE Qg A4
= Ang AudEst DAATAN F2 d@dnn
sy, AMEAN PASE TGF-41 @9 3t
Ao A3 A 1 Tag Jgg vt g
A dow®®  adhupdEds BHFHE TGF-
A1 @2 ¢33} cortical fibroblast®] F4-& %
goia soi® . OLETFSE LETO #9 A4 Al
SANEE TGF-51 A dis) gstA J4ad &
W, Af37F 18" OLETF #e ztd Axst 713
oAM= TGF-81 Aol dial wi-¢ kA g€
I AT, Ichikawa §7& 40%F ©]¥ OLETF #
o] AlAE vlhaixla ARFEAIzEE v)Ee] &3 A
A 71AEre] wlErh dojur] AL, wiRkd A}
TFA et A AREAYE FEFTL st 05 o]
% OLETF ¢ Ande A3574 Az H§ol
dojuie Aeast AP 9. a2y 86
ZF OLETF #¢9 At7Ave] MEA= TGF-41

olN

>
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Ao} s GRS Roll: AErt Ao H2HR
#Ad? . Yamagishi 5% ¥ & d7atse
OLETF 9| dfatgl Al AEoAA TGF-81
2] Lol 5—7?8}%101% OLETF #e AF#AelA
TGF-£1 @ dde 30546 dAlHez E71g
thr} 5454 Olaew—-— Fagohn Basl.

& A oA OLETF 9 A4S 605 olF A=
#Aze A&¥ AFo] AP oY ATH e MG
sl AR gttt TGF- 81 @ vty 355
A 38F A el OLETF #Heldi Ay Woqzel A
w=@ e Ed AN Flssdth ey 60F o) Fde
A AEANE TGF- A1 @wle] dtdo] #15x|
ook, At Aud¥oMe] wEe wl$ AEA
e, Shilling 570 Baeh dxjshE AnE BY
o ey obF¥ ey wan: dojvix &2 dix
To 8 A8 LETO #Hi= 355 ol Abide] i
HENM TGF-B1 wife] o] oksiAl gelHgl
o, 8 o H9diAe] UdEE gth Do
gt 22 A TGF-A19 B F3 A
ol dojipe Aog A ot HE Mud A
AN E FEHE oz wudgn Yo B
ATFANAME OLETF #9 AbFA Af-3e 605 7H4
= w9 =g Mgsdent, TGF-A12 w#o] A}
T M EA] e opiel IR 2L A4
Ao ATy E drp dEsE 2E $IY
F ANRTH

OLETFe LETO #2235 23 #Hi RNAE
Bedled TGF-B1 mRNAS] WdE=zg AR 43
32%#e) OLETF #& LETO st uwlaste] 80%
ol F7MES Sl

olg{gt AMER wFo] TGF-A1 mRNAS oyl
o] wHe A His AN YHTE AAS sl
o, & 9 AEsE AMHdA TGF-81 mRNAS &
wWol Mg BEe zAMEokst & Aolv)h Al &
A dalg dodlis FuFdre B dF Ay
g Ed2 B 9 Aged duddrE olg %A}zﬁ
ANE EY 4 U2ER Iy XNEE AT F
712 287t 9 Heg Az,

= Abstract =

Expression of Transforming Growth
Factor— A1 in Spontaneously
Developed Diabetic Rats

Hyung Yup Kim', Jae Hwi Jang, Sang Mi Han,
Ki Sung Ahn, M.D.*, Sung Bae Park, M.D."
Hyun Chul Kim, M.D."
and Kwan Kyu Park, M.D."

Dongsan Kidney Institute, Departments of
Pathology” and Internal Medtcme Keimyung
University School of Medicine,
and Departments of Internal Medzcme !

The Catholic University of Korea’, Daegu, Korea

Background : Diabetic nephropathy is a common
cause of end-stage renal disease by means of glo-
merular and interstitial fibrosis. Increases in extra-
cellular matrix (ECM) and changes in its compo-
nents have been documented in the glomeruli of
diabetic nephropathy. Fibrogenic cytokines, particu-
larly transforming growth factor (TGF)-£1, play a
central role in progressive renal fibrosis. Activated
TGF-A1 is known to increase the production of
ECM as collagen and fibronectin. Otsuka Long-
Evans Tokushima Fatty (OLETF) rat is an inbred
strain that spontaneously develops non-insulin-de-
pendent diabets mellitus which progresses to diabetic
glomerulosclerosis. This study is examined the time
points and localization of TGF-A1 in diabetic glo-
merulosclerosis of OLETF rats,

Methods : OLETF rats, a chronic model for hu-
man type 2 diabetes mellitus, and age-matched con-
trol (LETQ) rats were used. Blood was assayed for
glouse and body weight were measured. From rats
aged 30 to 60 weeks, animals were sacrificed under
ether anesthesia, and both kidneys were removed.
Portions of these tissues were processed for light
microscopy and immunohistochemistry of TGF-£1.
TGF-81 mRNA levels were measured by reverse
transcription polymerase chain reaction.

Results : The body weights of OLETF rats were
significantly greater than those of LETO rats from
the age of 30 to 40 weeks, but those of OLETF rats
gradually decreased after 40 weeks of age. There
were no differences in body weights between these
two strains at 50 weeks of age. Blood glucose levels
of OLETF rats increased significantly with aging
and were significantly higher than those of LETO
rats after 32 weeks of age. There was no significant
fibrosis in kidney of OLETF and LETO rats at all
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ages examined. The TGF- 51 protein was detected
in the glomerular endothelial cells and tubular epi-
thelial cells of OLETF rats at 35 to 38 weeks of
age. The TGF- 81 protein in tubular epithelial cells
of OLETF rats was strongly expressed at 60 weeks
of age, whereas the glomerular endothelial cells
scarcely detected the expression of TGF- A1 protein.
In LETO rat kidneys, the TGF-A81 protein is de
tected in the glomerular endothelial cells at 35 weeks
of ages, but is not detected in any other cells. The
TGF-A81 mRNA of OLETF rats were increased at
32 weeks of age, higher than that of control LETO
rats,

Conclusion : Until 60 weeks of age, glomerular
sclerosis became very weakly in OLETF rats, How-
ever, in 30-week-old OLETF rats, the blood glou-
cose levels and TGF-531 protein increased signif-
icantly. The TGF- A1 protein was detected in the
glomerular endothelial cells and tubular epithelial
cells of OLETF rats at 37 weeks of age. (Korean ]
Nephrol 2003;22(2):165-173)

Key Words : OLETF, LETO, TGF- 81
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