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ofe] & AFAtE 7] FawA AMTAA AAS BEE &
AR dotry] ko] AA Fa YA ERE 23 AlTAE
o] -83}e]  microarrayES  Al3EIH T @i streptozotocin
(65mg/kg)e H4 W= FASte] FEAzlen, Jad 20y, 2L
g gz 20vke S i e® 742 10vHd S B 2 6579
125 S0 3| AAZT Ab A= Alge] 250, 150, 125, 183 75
um<! stainless sieve® AdlZ TIHA|A R oW, G AR
AE A7lo wet 125 pm A&9] sieveol A™ AMTAE 2 A

A (large DM glomeruli, LG), 75 pm #|-&2] sieveol| A A}-A]

i

= Z& AFEA] (small DM glomeruli, SG)& 573t Al 2

O]

A
BE RNAE F=3F & Rat ¢DNA 5K chipg ©] €3t microarray s
TR o, {2k AR+ significant analysis of microarray
(SAM)E  ol&ste] ety &3 Folgt FdAe] 7o
National Institute of Health (NIH)®} Stanford tjste| A #|-&3sh=
Aol EE At /ST o)de] AAE Fote] ted &

e Ang 29wk

o] F7IER oY, ERToAAY AT F7H)

ekt (p<0.01). AT & A Ao Hl= tixdtel H|3te] T



oA oA =Tk (65 0.36 £ 0.01% vs. 0.65 £ 0.02%,
125 0.31 = 0.01% vs. 0.61 * 0.02%, p<0.01). H IS 4
Zaroll vste] Fmatol A omglAl Z=3koem (p<0.01), 24413t =
vl A E dizdol Blske] Dol FreoletAl =gt (6
F: 0.32 £ 0.02 mg/day vs. 1.28 £ 0.11 mg/day, 125 0.40 +

0.06 mg/day vs. 1.99 £ 0.13 mg/day, p<0.05).

2. Microarray A3 &3 AA FHAY Hd HgHS
hierarchical clusterings F8ste] #zst A A3 65 Fo&
22 Fiw ARAISE di 2 AFTAY]
dowbdel, & G ARPAlh A G ARAlS] FAA wd R
= A2 Aol oot Wi E, 125 $d= 2
22 G AbrAle] AR wE el ARSI Wb, tiE

ALEASE e ATAS FAA W Pl M Aol

3. 67 T WMo A B T G AbTAF 22 T AREA
Atololl ke ztolE Bl FxA F FDRE 7|Eo=ste] 68971
(FDR 0.06%)°] A5 A¥sGitt. olF & AbrANA 34
o] 1.5u o S7FE FHAE 14971010 om, HEo] 1.5

ol #ad A= 587U 125 T WAe] -, 10570
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HlS, Z1A R nle Al 9] Zjde] F3 So] 5FAY lew

4 A ATk o] F ALFA HlFE AATAIE PSR WA

9

AL SAE v Fof Al 9] 7He] 4 Fom QI3 AnE,
712 Aqte] <ol o] Ao protein kinase C (PKC)7 =,
mitogen—activated protein kinase (MAPK)7d =, #ld-<Fx] 2 &lAl
Al (RAS), TGF-B So] #olsl= Aog Buwa Q10 aeut

ANA G ARFACNA Doy FAAEe] WSkl e AT

rr

=53] dFEo SHde A Ak At
19959 Schena §''e] #3dxte] &S FHo= FAHIY] 9%
o microarray< A2 Aol =4 o] Z4E HIoA] o]
S o] &% AUt FEEH AAE L k. G AT
A% microarrayfg o]&% AT FF ANOH, HiFEe] A
7 A% AAE microarrayell A&AZ7] wiEol Fix AR Aol A
ko] W3lE 4r]E oy olFEA Y AbFAINES o] &3
microarray A77F 719 gl olf= F&E3 RNAS &5 F 3l
Q7] weltk, ey, H o A AR AuA wE A

A7)A oA Aol RNAZ A3 Moz 2FAT]E 71&5 0 o
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150 pym, 2831 75 uym o ©FE A7) sieved olgdto] &
g3k AbFAIE ol gl Ty G AbAlY] S 3 AlE e
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I As 2 W4H

1. 48 5&

7. WA

= e A4S odd AgAel wet AgEAY. 2Y T

et

5

= FA 250-280 g9 A Sprague-Dawley 40v}8]E& Gt 2

O

i

nhE]¢F B"Em tixw (control) 207kl 2 o] ARE-

FATE =

kr

= streptozotocin (STZ) 65 mg/kge WA &7} o] FAste]

Ao, a5 dE F39 9ok Folsidith. STZ +

o] 72A17F 3 AFE3lEl enzymatic test strip (LifeScan, Inc.,

Milpitas, CA, USA)<S o] &35} glucometer® d9S =H3le] G

= A J§FE ERIsGlT BRE WA As 2= 2d AJAA
5

o B3 BFE Y HolE AFEA A

v oA FEeE AU 2447 =gEEl wjAdsS ELISA
(Nephrat II, Exocell Inc., Philadelphia, PA, USA)E o] &3lo] =4

sheie.



A% AE W ARA 29

W% pentothal (50 mg/kg) v ol WEF F AFe A

gto] sieves A7 WHoR AAE 26l 4Ed A

o
o
A

e AEER F5ES ueh o R dAfg & UkeE sdvks
2]3}le] Hanks' balanced salt solution (HBSS) (Sigma, Inc., St.
Louis, MO, USA)ll <1 T, Al&e] 200, 150, 125, Z12]aL 75 p
m¢Q! stainless sieve® ZdlZ SIA AT, o] 125 umet 75 um
Aol AP AFAIE 4 dAnd stollA Eelste] A o] &3t
Ath 125 um AFe] ATtAE 2 AFEA] (large DM glomeruli,
LG), 75 um A& AHAl= 22 AFFEA (small DM glomeruli,

SGZ ERAAL,



Z RNAE F=3}17] 9989 RNA STAT-60 reagent (Tel-Test,
Inc., Friendswood, TX, USA)E A}F&3sF3th. RNA STAT-60
reagent 100 L= AAE A stal, 5243 &S 33 wHEslo
3l AFATE o719 700 uLe] RNA STAT-60 reagentE % 7}3hal
vortexdt & Ab2of 5E7F FAt}h 160 ule chloroforme #7}s}
] =59

oA 12,000 rpmo.Z 1587+ 94

W Aol Bk vy, 4°C

o

ke
T

M
ol
ot
22

i 30%%F =

= & = [e) o
9% F A3 A2

M

tube® HATH 7)o 400 pLel isopropanold H7}slal 4°Col A
12,000 rpme.2 3023t A4 26tk RNA =& 70% ice-
cold ethanol® A Z3g ¥ Speed Vacs ©]&3to] ZxA]7]a,
diethyl pyrocarbonate (DEPC)ZE #g]3t SHI2E I HES A 43

FER 3 A7l Y-S spectrophotometer’ 260nme} 280nmel| A

Nr

A% optical density (0.D.) #< o]&3to] RNA % % &5

.1

v

4 ssit.
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(1) First strand cDNA 343

Z RNA % 2 pg RNA°] 2 pg T7 oligo-dT primer (5'-
GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG-3’,
Genotech, Daejun, Korea)E& H7}stal 65°ColA 10%E-7F ¥H-2-A)71
T AL 587 WZAAZEE, of 7)o 4 ul 5X first strand buffer
(Invitrogen, Carlsbad, CA, USA), 2 uL¢ 0.1 M DTT, 2 uLe] 10
mM dNTP mix (Invitrogen), 1 pL RNasin (Promega, Madison, WI,
USA), 2 ul. SuperScript Il reverse transcriptase (Invitrogen)Z #

7hshar 42°Col A 1A1ZE Sk WS AR,

(2) Second strand cDNA 343

30 pL 5X second strand buffer, 3 pL 10 mM dNTP mix, 4 puL
DNA polymerase I, 1 plL DNA ligase, 1 pulL RNase HZE first
strand cDNA A &Eo| H7FsE % 16°ColA 2417 &<t vESAIF
t}, o]% o 4 ul.e] T4 DNA polymeraseZ #H7}3lal 16°ColA] 58

ZF 9EgA1Zl % 10 pl® 0.5 M EDTA®F 1 M NAOHE #H7tstaL
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65°Coll 4] 10+7F ¥HA171 tF3 25 uLe 1 M Tris—HCI (pH 7.5)
5 #H7tste] FEAIZT. oo AAS Fokel ¥HEoIZl double
strand cDNAT Phase Lock Gel (Eppendorf, Hamburg, Germany)

& ol&ste] AAS A

(3) In vitro transcription

T7 MEGAscript kit (Ambion, Austin, TX, USA) 3] Aol A A A3k
HhHo whEl 2 ple 10X reaction buffer, 2 pl enzyme mix$et Z+
7+ 2 ulL.9] 75 mM ATP, CTP, GTP, UTPZ 8 uL¢ double strand
cDNASE E3Hgk & 37°CeollA 5AIRF &<t whSAI R o] %ke] A
S %3t9 T%%¥ mRNAT RNeasy mini kit (Qiagen, Valencia, CA,

USA)E ol&3to] AAlstl.
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3. cDNA microarray

Microarray A3 & AAtHsn ofadist qhde] AT-4lH
(Cancer Metastasis Research Center, Seoul, Korea)ollA H3t
WS 0] 23519 T, cDNA microarray+s 5,08871¢] =171 A4
¥ rat ¢cDNA 5K chip (CMRC-GT Rat-5K chip, CMRC)?l
reference rat RNA (rat normal kidney)®} ¥ hybridizationA] 7]

+ indirect design WS ©]&3}o A5t}

7}. Probe 833 # X ¢} hybridization

Z2Z% mRNA 2 pgol 6 pL random primer (Invitrogen)E 37}
3tar 65°Col A 1087 ¥ A1 Zt}. RNA®} random primer?] &3+
g-olo] 8 ulLe] 5X first strand buffer, 4 pL 100 mM DTT, 2 uL
SuperScript Il reverse transcriptase, 2 pl. 20X low-dT/dNTP
mix, 1 plL RNasin, Z28]31 Z+2} 4 ple] cyanine 3-dUTP (Cy3-
dUTP; DuPont NEN Life Science, Boston, MA, USA)®} cyanine
5-dUTP (Cy5-dUTP)& Z7}skar 42°CellA 1A1%F 59k WA A

4], Reference tubed]+= Cy-3 dUTP, test tubeol+= Cy-5 dUTPZ

=3
Oft

first cDNAE A8t &9t #X4

FA T Wb2Eo] 15 plel 0.1



M NaOHE #H7}stal 65°Col A 30%3F vbgA1Z1 & 5 ple] HCIS
H7tste  FsART. FF=d 32 AT A9 cDNA
microarray®] 25 mm syringe—filter® oJ¥A]Z1 3.5X sodium
chloride/sodium citrate buffer (SSC), 0.1% sodium dodesyl
sulfate (SDS), 10 mg/mL bovine serum albumin (BSA; AMRESCO,

Cleveland, OH, USA)¥} &= 744 blocking €9 42°CoA 1

O

Al ZF F<F wkS-Al A pre-hybridization* F t}. Pre-hybridized &2

f
X
Y
rok
ot
(@)
(@)
(@)
=
ol
B
2
X
(@)

o|=+ &3} isopropanol® Z}7Z} 27}
= & 94 2] dxA3H. Cy39 Cyb= 344 probes

S QIAquick PCR purification kit (Qiagen)E Al-&3te] AHA|, &3
gk 9 20 pg human COT-1 DNA (Invitrogen), 20 pg yeast tRNA
(Invitrogen), &1L 20 pg?l poly(A) RNA (Sigma)E #7}3t v},
Microcon YM-30 column (Millipore, Bedford, MA, USA)E A}-&3}
o] 30 pL=2 sFAIFH oW, 7)o 20X SSC, formamide®} 10%
SDSE  #7isted  HFE  F97F 60 pl7b HEE St
Hybridization £ 100°ClA 2% &<t denatureArl oM,
13,000 rpmel A 223+ A4 ZEd & SEhol= 9o H7hekal
42°Coll 4 16413t "EgAIZ T HEg-o] & % 2X SSC-0.1% SDS,

1X SSC-0.1% SDS, 0.2X SSC¢} 0.05X SSCE o] g3dlo] zhzF 28

14
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M
AL
ol
ol
2

7+ &Etol=E AlFE Yo, 1,000 rpmolA 5

Az AT

. o]m R 273 F microarray 23 BA

Hybridization®] % microarray:= GenePix 4000B scanner
(Axon Instruments, Foster City, CA, USA)Z ©]-83}o] microarray
o] o]H|X|E 27|d$ ¥, GenePix Pro 4.0 software (Axon)E ©|
ot FF 2d AE SAHst FA St 2ol log,-H S
dole+ 284 o7E HAslsl7] 9] Lowess functions 7]
Hto 2 3} intensity dependent, within—print tip group
normalization®’ & ©]&3}o] E+3}3l% k. S-Plus 2000 software
(Insightful, Seattle, WA, USA)E ©]&3}o] M-A plotg =743}

A= 2 BZ39 o1 triplicate® 33+

W

Ewst 7 A5 ¥st
microarray®] A#LS F5A37] At log ratio @ Ako] <
Pearson 3 A4S A=83ith. 531 3 & B AgoA

100%% ¥¥3= FAAE AEsE o, FE FHA= t-apply
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t}. Microarray 23 &4

MicroarrayS Alddsle] A& AA A5 EL TreeView (Eisen

software, Stanford University, CA, USA)?*E o]&-3} hierarchical

clusteringS Aldlalo] AA st AEES morsldrt. T 7
o] o7t s t-test GaYFES HIROR 24 dEFE

ABIHA T olg Mud £ Qe gagFel F

N
X
g

Significance Analysis of Microarray (SAM)*& A}-&3}o] A A3
o} f-AdA7E 2 A= ¥ 82 false discovery rate (FDR)E %
Aot FAxE Adstglon, F a1t 19 & ZFol7t = A
Z}F&-2 National Institute of Health (NIH) H+= Stanford t3}e] A]
A &3k Aol EQl Database for Annotation, Visualization and
Integrated Discovery (DAVID) (http://appsl.niaid.nih.gov/david)
¢} SOURCE (http://source.stanford.edu/cgi—bin/source/source

Search) database& ©]-&3slo] A5}

16



4. B4 A

RE A g3t £ 2722k (SEME EAISITE FA A
MNAE AFE 5A Z=3 SPSS A%=$4 11.0% (SPSS Inc.,

rlo

Chicago, IL, USA)& ol&3ste F3sigiet. 2t w9 AxE

Mann-Whitney U # A o]y} Kruskal-Wallis T% H & H| S5 7
4& AHEske] mlalekgior, Kruskal-Wallis A4 A4 o=

z2Fo] 7} 9l A9 Mann-Whitney U AR o= ¢lal9ictt. P gkol

:

0.05 WRKSl A5 Sl Ao hshgih
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. 23

1. 38 A=

e G WA BFdA AF 657 2 125 F AT &
ZFE o, gxztodAe] AF T7F SAHeR fofsiAl Bkt
(65 396.6 + 4.5 g vs. 266.7 = 9.4 g, 1251 557.8 = 25.8 g vs.
292.1 £ 9.6 g, p<0.01). °oldl wtsle, AT T A% FA H=
el Hlgto] Gl A oA F=dk (65 0.36 £ 0.01%
vs. 0.65 + 0.02%, 125 0.31 * 0.01% vs. 0.61 + 0.02%,
p<0.01). H dF 6F F = 158.2 £ 5.9 mg/dL, T

465.1 = 14.1 mg/dL, 125 & &+ 160.4 £ 5.7 mg/dL, F="

o

495.0 £ 2.9 mg/dL= thxatel Hlste] Gl A WA &
Fed

Oft

oft

t} (p<0.01). E3F 24A17F A8 wjdgE gzt H
oA FYsA =gt (65 0.32 £ 0.02 mg/day vs. 1.28 =
0.11 mg/day, 12: 0.40 £ 0.06 mg/day vs. 1.99 + 0.13 mg/day,

p<0.05) (Table 1).
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ZF 4 pge RNARYRH Hd¥84 FZ% WS F3te] 37 g
mMRNAE Ao, FZ% mRNAQS quality®} integrity:= 1.2%

agarose gel 7|9 % 3 Bioanalyzer 2100 (Agilent Technologies,

9} 125 (Fig. 1-B) %9 AFA] mRNAZHFE SZ3 mRNAE

0.2014 4.0 kb Afe]ol] FxF o] gllom, FH A mRNA +3E

Pt FAFSHALE,
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Table 1. Animal data after 6 weeks and 12 weeks

6 weeks 12 weeks

Control DM Control DM

(n=10) (n=10) (n=10) (n=10)
Body weight (g) 396.6 + 4.5 266.7 + 9.4° 557.8 + 25.8 292.1 + 9.6°
Kidney/body 0.36 + 0.01 0.65 + 0.02° 0.31 + 0.01 0.61 + 0.02°
weight (X1072)
Glucose (mg/dL) 158.2 + 5.9 465.1 + 14.1° 160.4 + 5.7 495.0 + 2.9°
Urinary albumin 0.32 + 0.02 1.28 + 0.11* 0.40 + 0.06 1.99 + 0.13"

excretion (mg/day)

'Data are expressed as mean = SEM.

*p<0.01 vs. Control; #p<0.05 vs. Control.
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Figure 1-A. Representative results showing the quality and size of

amplified RNA of 6-week glomeruli. (a) 1.2% agarose gel image

representing the distribution of amplified mRNA in the range of

0.2 to 4.0 kb, which was similar to that of the original mRNA

profiles (M: size marker, R:

reference rat RNA, 1:

control

glomeruli, 2: Small DM glomeruli, 3: Large DM glomeruli). (b—d)

Electropherograms of control glomeruli, small DM glomeruli and

large DM glomeruli showing dual peak.
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Fluorescence
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Figure 1-B. Representative results showing the quality and size
of amplified RNA of 12-week glomeruli. (a) 1.2% agarose gel

image representing the distribution of amplified mRNA in the

range of 0.2 to 4.0 kb, which was similar to that of the original

mRNA profiles (M: size marker, R: reference rat RNA, 1: control

glomeruli, 2: Small DM glomeruli, 3: Large DM glomeruli). (b—d)

Electropherograms of control glomeruli, small DM glomeruli and

large DM glomeruli showing dual peak.



3. Microarray 23}

7}. Microarray 2%

BE microarrayts Y% 27 SlA] triplicate® F-335FS] &
W, Ad 6F 3 imagedt A¥ 12F & image: ZHZF Figure 2-A
o 2-Boll YetdATE. FXstE A= AEke] WolE FHAg) st
7] 98kl EF38l o, M-A plotg o]&3te] #EEAh M-A
plotd AL xF3 3 2 7 spote] ZtE= log ratio®t
intensityg e

gt} Figure 3914 & & kol e AFdolA F A3 wWol7t

N
oldh
1
rlo
=5
MN
oty
4>
09—:1{‘
o
K-
f
o
it
=
fllo
o,
=)

A &gt NMP 100%E 7= 2 A3 659 125 AIFAZE
B Z}Z} 4538709} 4,532709] §HAE FHste BAS Aldsit)

Pearson 3 Al Hitgkol Ad 67 F<o 49, =+ 0.98,

2he G AREAIE 0.99, 2 i ARl 0.970]9eH, AE 12
T Afoes dxd 0.97, 22 T AAIT 0.97, 28l &
D AFAE 0.98 % microarray A7 A& o] w9 =UdTt.
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Figure 2-A. Representative scanned images of cDNA microarray with 6—-week glomeruli.

(a) Control glomeruli, (b) Small DM glomeruli, (c) Large DM glomeruli.
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Figure 2-B. Representative scanned images of cDNA microarray with 12-week glomeruli.

(a) Control glomeruli, (b) Small DM glomeruli, (c) Large DM glomeruli.

25



6 week 12 week

i1 b e 1o E Wl e U e e -

Wi 150 b s o k) Wl iearim| I

[TT1E0T T RER P il Hirpinl bp e ss e ol e

Figure 3. M-A plot after normalization. Black represent spots
before standardization and orange spots after standardization.
Data were consistent with little variation.

(a): Control glomeruli, (b): Small DM glomeruli, (¢): Large DM

glomeruli
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1}, Unsupervised hierarchical clusteringg ©]-€3F AA| f-2 =219

Td FE

Microarray A&@dS Fdg dA  FdzAe I S
hierarchical clustering= ©]&3sto] A st Aegd dA 74
Zke] hierarchical clusterings &3to] Al 7ol Lw3tE & Zlo] #
ZE ek AE 657 FolE 2 G AFEAS g2 T AFTEAIY] #
AR 2E Fgo] FASER Y HEH (Fig. 4-A), 125 Fole &
G AbFAIeE A2 G ARRA] T Aol wlaw A ARSIt
(Fig. 4-B).
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SG1 SG3 SG2  C3 c2 Ci LGl LG3 LG2

Figure 4-A. Unsupervised hierarchical clustering of whole sample
with filtered 4,538 genes in 6-week glomeruli. Small DM
glomeruli represented hierarchical clustering similar to control
glomeruli.

C 1-3: Control glomeruli, SG 1-3: Small DM glomeruli, LG 1-3:

Large DM glomeruli.
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C3 C1 Cc2 LG2 LG3 LGt SG3 SG1 SG2

Figure 4-B. Unsupervised hierarchical clustering of whole sample
with filtered 4,532 genes in 12-week glomeruli. In contrast to 6-
week glomeruli, small DM glomeruli and large DM glomeruli
showed similar hierarchical clustering.

C 1-3: Control glomeruli, SG 1-3: Small DM glomeruli, LG 1-3:

Large DM glomeruli.
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SG1 SG3 SG2 LG3 LG22 LGt

Figure 5-A. Hierarchical clustering of 689 genes specific to 6-
week DM glomeruli.

SG 1-3: Small DM glomeruli, LG 1-3: Large DM glomeruli.
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LG2 LG3 LGl SG2 SG3 SGf

Figure 5-B. Hierarchical clustering of 105 genes specific to 12-
week DM glomeruli.

SG 1-3: Small DM glomeruli, LG 1-3: Large DM glomeruli.
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O Catalytic activity (10.8% O Binding (9.3% O Cell (11.3% O Catalytic activity (9.7%)
M Celular process (7.8% 0 Extracellular (4% B Cellular process (9.7% B Unclassified (38.7%)
B Transporter activity (4% O Development (2.3%
W Signal transducer activity (1.8% | Structural molecule activity (1%
O Transcription regulator activity (1% O Regulation of biological process (0.8%
B Unclassified (30%)

Figure 6. Functional annotation of DM glomeruli.
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Table 2. Specific genes of large 6-week DM glomeruli.

ID Name of gene Ratio
AA819059 Similar to hypothetical protein MGC28394 5.2
AA900319 ESTs 3.8
AA926342 Deoxyribonuclease | 3.5
AA925690 ATPase Na+/K+ transporting beta 1 polypeptide 3.5
AA924591 Cytochrome P450 4A3 3.3
AA818967 ESTs 3.2
AA925291 Nerve growth factor, gamma 3.1
AAB819756 Arachidonic acid epoxygenase 3.1
AA924590 FXYD domain—containing ion transport regulator 2 3
AA900546 Heat-responsive protein 12 2.9
AAB818440 Beta—alanine—pyruvate aminotransferase 2.9
Al059479  Uromodulin 2.8
AA955087 ESTs 2.7
AAB858732 Lysozyme 2.7
AA818896 Cytochrome P450, subfamily 2E, polypeptide 1 2.7
AA964431 Secreted phosphoprotein 1 2.6
AAB819821 Lactate dehydrogenase B 2.6
AA818595 ESTs 2.6
AAB818439 Phosphoribosylpyrophosphate synthetase— 2.6

associated protein (39 kDa)
AA926296 ESTs 2.5
AA901316 6—pyruvoyl-tetrahydropterin synthase/dimerization 2.5
cofactor of hepatocyte nuclear factor 1 alpha
AA955106 Aldehyde dehydrogenase family 1, member Al 2.4
AA818332 Kidney—specific protein (KS) 2.4
AA998239 Calcium channel, voltage—dependent, T type, 2.3
alpha 1G subunit
AA958018 CD24 antigen 2.3
AAB859729 3—-hydroxyisobutyrate dehydrogenase 2.3
AA955232 Similar to EGF-containing fibulin—like extracellular 2.2
matrix protein 1 precursor (Fibulin—3) (FIBL-3)
(T16 protein)
AA900983 ESTs 2.2
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Table 2. Continued

Al059491
AA925897

AA925452
AA924991
AA859371
AAB819682
Al058495

AA964628
AA900837
AA818402
AA818106
Al111917

Al072060

AA956998
AA925091
AA924305
AA900030
AAB899079
AA875544
AAB66442
AA860061
AA860001
AAB59674
AA859339
AA819477
AA819207
AA818963
AA817866
Al045017

AA925220

AA925145
AA924368

Ureidopropionase, beta

Solute carrier family 27 (fatty acid transporter),
member 32

Sorbitol dehydrogenase

ESTs

ESTs

ESTs

Platelet—activating factor acetylhydrolase, isoform
1b, alphal subunit

Glucose—6—phosphatase, catalytic

Similar to mKIAA0287 protein

Similar to melusin

Similar to hypothetical protein

Solute carrier family 16, member 7

ATPase, Na+K+ transporting, alpha 1
C1-tetrahydrofolate synthase

Fatty acid binding protein 4

ESTs

Laminin, alpha 5

ESTs

Nuclear pore glycoprotein 62

Cytochrome ¢, somatic

Retinol binding protein 1

Flavin containing monooxygenase 1

Ankyrin 3 (G)

Scaffolding protein SLIPR

Serum amyloid P-component

Procollagen, type I, alpha 2

ESTs

Glutamine synthetase 1

Cytokine—induced neutrophil chemoattractant—2
Acetyl-coenzyme A dehydrogenase, medium
chain

ESTs

Interleukin 6 signal transducer

2.1
2.1

2.1
2.1
2.1

00 00 © © © © © © © © © © © © © © © © ©

—_—
®
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Table 2. Continued

AA924275
AA901229
AA875194
AA819336
AA819241
AA818827
Al070884

Al060068

Al059076

AA956058
AA926010
AA925794
AA925675
AA924858
AA923977
AA901287
AA901258
AA900866
AA900207
AA899952
AAB858948
AA858850
AA819358
AA818808
AA818574
AA818406

AA818196
AAB18168
AA817765
Al136137

Al112775
Al070587

Nyggf2 protein

Amiloride binding protein 1

ESTs

Cathepsin H

ESTs

Glutathione peroxidase 3

Kidney androgen regulated protein

Fatty acid binding protein 3

ESTs

Solute carrier family 16, member 1

Fatty acid coenzyme A ligase, long chain 2
Diazepam binding inhibitor

Collagen, type lll, alpha 1

ESTs

ESTs

ESTs

Similar to mKIAA1225 protein

Laminin, gamma 1

Similar to coatomer protein complex subunit alpha
ESTs

Kynurenine 3—hydroxylase

Calnexin

Cytochrome ¢ oxidase, subunit Vllla
Similar to GTRGEO22

Similar to oxysterol-binding protein — rabbit
Similar to U6 snRNA-associated Sm-like protein
LSm6 (Sm protein F)

ESTs

ESTs

ESTs

Propionyl coenzyme A carboxylase, beta
polypeptide

ESTs

Carboxylesterase 2 (intestine, liver)

—_— = A
o~~~
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Table 2. Continued

AA955299

AA926170
AA926041

AA925370
AA925107
AA924969
AA924933
AA924710
AA924053
AA924018
AA900410
AA899814
AA899494
AAB899254
AA875661
AA875408
AA875020
AA866401
AA819769
AAB819232

AA818855
Al145620
Al137102
Al112130
Al072338

Al059316

AAQ98164
AA996401
AA965187
AA964981

Similar to serine/threonine—protein kinase pctaire—

2

Acetyl-coenzyme A acetyltransferase 1
Similar to type
transporting ATPase

F-spondin

ESTs

ESTs

Munc13—-4 protein

ESTs

ESTs

ESTs

ESTs

ESTs

Caldesmon 1

ESTs

Similar to Bcl7b protein

Similar to actin—related protein 2

Solute carrier family 2, member 1

ESTs

ESTs

Similar to BTB and kelch domain containing
protein 1

Solute carrier family 15, member 2
Tropomodulin 1

Transcription factor 12

Phosphoglycerate mutase 2
Succinate—CoA ligase, GDP-forming, alpha
subunit

Enoyl coenzyme A hydratase, short chain 1
Cyclin BT

High mobility group box 2

Lactalbumin, alpha

Cytochrome P450, subfamily IVF, polypeptide 14
(leukotriene B4 omega hydroxylase)

IV putative aminophospholipid

JFS G\ NS\ G\ W U WL N WU U WU WU UL
DDDDIDDIDDDDIDDDDD DO O

—_ L A
ooo oo

—_— A L
oo g oo

oo
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Table 2. Continued

AA956929

AA956787
AA933159
AAQ25724
AA925705
AA925530
AA925330
AA924697
AA924538
AA924535
AA901247
AA901144
AA900970
AA900891
AA900275
AA899472
AA875267
AA874908
AA859846
AAB59335
AA858920
AAB19774
AA818680
AA818572
AA818422
AAB818386
AA818043
Al144896

Al136981

AlO71874

Al044968

AA962997
AA957282
AA957068

ATP synthase, H+ transporting, mitochondrial FO
complex, subunit b, isoform 1
Cytochrome P450, IVA1

ESTs

Transcription factor 2

S6 protein kinase (Rsk-1)

ESTs

GDNF-family receptor alpha 3
Acyl-CoA oxidase

ESTs

Similar to 8430411HO09Rik protein

ESTs

ESTs

Homeo box A4

ESTs

ESTs

Similar to RIKEN cDNA 3230401013
2,4—dienoyl CoA reductase 1, mitochondrial
Similar to lobe homolog-like

Actin, beta

Troponin I, slow isoform

ESTs

Similar to hypothetical protein FLJ11305
Ornithine aminotransferase

ESTs

Microsomal glutathione S—transferase 1
ESTs

ESTs

RT1 class Ib gene, locus M3

ESTs

Pleiotrophin

Mast cell protease 9

Hypothetical protein LOC29390

ESTs

Carboxypeptidase E

U G G U G G UG G GO G G G G G R G G QU O G §
SIS IS, IS IS, WS IS, WS IS, S IS, NS, IS, NG IS, NG S, NS IS, NS S, BNG IS, NG RS, ISy

o

oo o oo on
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Table 2. Continued

AA955301

AA925419
AA925332
AA924864
AA924381
AA924108
AA900958
AA900322
AA899990

AA875617
AA875203
AA875159
AAB858779
AA819716
AAB819295
AA819205
AA818938
AA818937
AA818796
AA818416
AA818144
Al030702

AA997856
AA997371
AA956887
AA925353
AA925256
AA925225
AA924110
AAB99725
AAB899159

AA858941

Mannosy! (alpha-1,6—)—-glycoprotein beta—1,2-N- -1.

acetylglucosaminyltransferase

ESTs

Apoptosis antagonizing transcription factor
Similar to X83328 protein

ESTs

Similar to hypothetical protein FLJ20189
ESTs

ESTs

Similar to NADH:ubiguinone oxidoreductase B15
subunit

Similar to RIKEN cDNA 4931408L03

ESTs

Protein tyrosine kinase 2

TGF-B inducible early growth response
Synaptojanin 1

Similar to RIKEN cDNA 1190006A08

ESTs

ESTs

ESTs

Similar to SPI6

ESTs

ESTs

RAB26, member RAS oncogene family
Dimethylglycine dehydrogenase precursor
MAD homolog 4 (Drosophila)

Chemokine receptor (LCR1)
Lysosomal—associated protein transmembrane 5
ESTs

Unknown (protein for MGC:72638)
Similar to RIKEN ¢cDNA 1110033G07

ESTs
Microtubule—associated protein,
member 1

ESTs

RP/EB family

oo anor oo

OO OUIONOOOOO 00O a O
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Table 2. Continued

AAB819712
AA818401
AA925654
AA924878
AA900184
AA875406
AA819554

AA817938
Al145920

AA963856
AA899126
AA819420
AA819293
Al385139

AA996605
AA900107
AA926256
AA956793
Al146192

ESTs

CG6210-like

ESTs

Plasminogen activator, tissue

Kinase D—interacting substance of 220 kDa
ESTs

Brain—specific angiogenesis inhibitor 1—associated
protein 2

Dopa/tyrosine sulfotransferase

ESTs

Endothelin receptor type B

ESTs

RhoB gene

Guanylate cyclase 1, soluble, alpha 3

ESTs

ESTs

ESTs

ESTs

Early growth response 1

B-cell translocation gene 2, anti—proliferative

NNN~N~NOoO o

© © M W0 0 W ~

9
-2.1
-2.2
-2.3

ID: Genbank identification number. ESTs: Expressed sequence
tags. Positive values indicate upregulation in large DM glomeruli,

whereas negative values indicate downregulation.
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Table 3. Specific genes of large 12-week DM glomeruli

ID

Name of gene

Ratio

AA926342
AA924656
AA900150
AA818827
Al059871

Al030295

Al029771

AA925037
AA924591
AAB818759
AAB818595

AAQ97T722
AA955087
AA925356

AA925145
AA924590
AA924146
AA901043
AA900546
AA900319
AAB99805
AAB58962
AA819821
AA818967
AA818896

AA818439

Al146077
Al070852
Al043961

Deoxyribonuclease |

Similar to brain—specific angiogenesis inhibitor 2
NAD+-specific isocitrate dehydrogenase b subunit
Glutathione peroxidase 3

Aryl hydrocarbon receptor nuclear translocator—like
ESTs

Adenylate cyclase 5

Similar to hypothetical protein

Cytochrome P450 4A3

LOC361083

ESTs

Similar to ribosomal protein S9; 40S ribosomal
protein S9

ESTs

Complement component 1, g subcomponent, beta
polypeptide

ESTs

FXYD domain—containing ion transport regulator 2
ESTs

ESTs

Heat—-responsive protein 12

ESTs

Similar to Dishevelled 2, dsh homolog

Retinol binding protein 4

Lactate dehydrogenase B

ESTs

Cytochrome P450, subfamily 2E, polypeptide 1
Phosphoribosylpyrophosphate synthetase—
associated protein (39 kDa)

ESTs

ESTs

ESTs

GG G U G GRS G WU G G

.
22> B AEREAAERERERAEAED B M DN OO0 O OO
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NG PR G R U G G W W W
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Table 3. Continued

AA997188
AA925654
AA925618
AA924231
AA924080
Al146192

AA819560
AA956793

Germinal histone H4 gene -1.

ESTs -1

Similar to bromodomain—containing protein BP75 -1.

Peroxisomal membrane protein 4

Inositol (myo)—1(or 4)-monophosphatase 1
B—cell translocation gene 2, anti—proliferative
ESTs

Early growth response 1

R T IO
N = = =

ENERCRNC NN N N NN

ID: Genbank identification number. ESTs: Expressed sequence

tags. Positive values indicate upregulation in large DM glomeruli,

whereas negative values indicate downregulation.
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T 0.32 £ 0.02 mg/day vs. 1.28 + 0.11 mg/day, 125 0.40 *
0.06 mg/day vs. 1.99 £ 0.13 mg/day, p<0.05)
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Diabetic nephropathy, the leading cause of end-stage renal
disease in many countries, is pathologically characterized by
cellular hypertrophy and increased extracellular matrix
accumulation and clinically by proteinuria. While the diabetic
milieu per se, hemodynamic changes, and local growth factors
are considered mediators in the pathogenesis of diabetic
nephropathy, the molecular and cellular mechanisms responsible
for these remain incompletely resolved. The role of some genes
in diabetic nephropathy has been described, but their
interrelationship remains largely unclear. With the recent
advances in genomic research including microarray technique, it
is now possible to screen the RNA expression of thousands of
genes in parallel. Although a few gene-profiling studies with

whole renal tissue have been described in experimental diabetic
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nephropathy, there is only one microarray study performed with
diabetic glomeruli. Furthermore, global gene expression or
transcriptional profiling specific to hypertrophic glomeruli has

not been explored.

The purpose of this study is to elucidate gene expression
profiles of hypertrophic glomeruli in early diabetic nephropathy.
Forty male Sprague-Dawley rats were injected with diluent
(N=20) or streptozotocin intraperitoneally (DM, N=20) and were
sacrificed at 6-week and at 12-week. Body weight, kidney
weight, blood glucose, and 24-hour urinary albumin excretion
were determined at the time of sacrifice. Glomeruli were isolated
by sieving technique using sieves with pore size of 250 um, 150
pm, 125 pm, and 75 pm. Diabetic glomeruli from 125 pm and 75
um sieves were classified into large (hypertrophic) glomeruli
(DM-LG) and small glomeruli (DM-SG), respectively. After RNA
extraction, RNAs were pooled, hybridization was performed on
the Rat cDNA 5K chip in triplicate, and slides were scanned and
analyzed. The significant genes were selected using significant
analysis of microarray, and functional annotation of the genes
was based on the website of National Institute of Heath or

Stanford University. The results were as follows;

1. All animals gained weight over the 12-week experimental

period, but weight gain was significantly higher in C compared
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to DM rats (p<0.01). The ratios of kidney weight to body
weight at 6-week and at 12-week in DM (0.65 + 0.02%, 0.61
+ 0.02%, respectively) were significantly higher than those in
C rats (0.36 £ 0.01%, 0.31 = 0.01%, respectively) (p<0.01).
The mean blood glucose levels of DM were significantly higher
compared to C throughout the study period (p<0.01).
Compared to the C, 24-hour urinary albumin excretion was
significantly higher in the DM group at 6-week (0.32 £ 0.02
vs. 1.28 * 0.11 mg, p<0.05) and at 12-week (0.40 * 0.06 vs.
1.99 £ 0.13 mg, p<0.05).

At 6-week, hierarchical clustering revealed that gene
expression profiles of DM-LG were different from those of
DM-SG, whereas DM-SG and C glomeruli showed similar gene
expression pattern. In contrast, gene expression profiles at
12-week were similar between DM-LG and DM-SG, whereas
C glomeruli showed different gene expression pattern from

DM glomeruli.

To identify the differential genes expressed in DM-LG
compared to DM-SG, 689 genes (FDR 0.06%) at 6-week and
105 genes (FDR 0.70%) at 12-week were selected based on
the FDR. At 6-week, a total of 207 genes showed greater than
1.5-fold differential expression. 149 genes were upregulated,
whereas 58 were downregulated in DM-LG. On the other hand,

differential gene expression greater than 1.4-fold was
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observed in 37 genes at 12-week, upregulated in 26 and

downregulated in 11.

In conclusion, these results suggest that the gene expression
profiles of DM-LG are different from DM-SG, and the gene
expression patterns change with the progression of diabetic

nephropathy.

Key Words: diabetic nephropathy, glomeruli hypertrophy,

glomeruli size, microarray, gene expression
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