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.1t i - . icytoskeleton
Probe sets | Tedllal | cortex/ )\ medallel| e cvnvmoL GENE_NAME channel | Metabolic |, etiutar
papilla | papilla | cortex transporter | enzymes matrix
g . aldo-keto reductase family 1, mem-
1398612 at | 3518 376 14 | Alelel? predicted |y 5 (predicted)
13846302t | 516 | 490 11 | Dplil_predicted jg;““’d in polyposis I-like 1 (predict-
1368627 at | 497 357 14 |Rgn regucalcin
1368366_at | 471 421 1.1 1Cmi2 Camello-like 2
1387234 at | 442 42.4 1.0 [Azgpl alpha-Z-zlycoprotein 1, zing
1368163 _at | 433 432 1.0 1 Dppd dipeptidyipeptidase 4
1372841 at | 417 | 323 13 | Dplll_predicted gg“{‘“’d in polyposis 1-fike 1 (predict-
solute carrier family 15 (Hi/peptide
1398255 at | 387 20.9 1.8 |SkiBaZ transporter), member 2
" ectonucleotide
1367905_at | 382 29.7 1.3 |Enpp3 pyrophosphatase/phosphodiesterase 3
1370688 at | 330 | 2738 12 |Gde gluamate-cystcine Higase,  caalytic
1368374"3” 318 202 1.1 | Ggtl gamma-glatamyliransferase 1
13872318 at | 302 23.1 1.3 (T3 trefoil factor 3
i??(}’?}é_aw 30.0 171 1.8 | Siatl stalyltransferase 1
1373773 _at | 294 25.3 1.2 | Gpmba glycoprotein méa
1387357 ot | 281 24.8 1.1 | Tmlhe trimethyliysine hydroxylase, epsilon
Angiotensin 1 converting  enzyme
1380967 at | 276 233 12 jAcel (peptidyl-dipeptidase A) 2
Gipbpd MW G proteinbinding protein CRFG W/
1370144 at | 269 18.1 1.5 (LOC364763 similar to GTP-binding protein NGB
LOCA98786 Hi similar to GTPhinding protein NGB
) o regucalcin gene promotor region re-
1387209 8t | 246 22.3 1.1 [Rgpr Jated pmteig
1367838 _at 24.5 179 14 {Cth CTL target antigen
1390855 _at 239 12.7 1.9 | Prep Prolyl endopeptidase
1371013.a¢ | 234 | 118 | 20 |Tafbi ransforming growth factor, beta in-
uced
1368234 a1 234 121 1.9 Prep projyi endopeptidase
1388145 at | 225 224 1.0 1 Toxa tenasein XA
1370365 _at 223 14.3 1.6 | Gss glutathione synthetase
1381350_at | 203 174 12 jIdb4 inhibitor of DNA binding 4
1394022 at | 180 11.8 15 |idb4 inhibitor of DNA binding 4
1368164 _at 17.9 14.7 1.2 | Blvm biliverdin reductase A
13793002t | 175 | 17.0 10 | Chst2_predicted f;;f_‘f;gydmm sulfotransferase 2 (pre-
. cytochrome P450, family 2, subfam-
1387296 _at | 171 15.7 1.1 {CypZid ily J, polypeptide 4
1377408 at | 169 16.2 1.0  [Plades phospholipase A2, mroup VI
. tmor necrosis factor receptor super-
1369407 _at 16.8 104 L6 | Tnfisflib family, member 11b (osteoprotegerin)
sema domain, transmembrane do-
1382868 _at | 165 2.9 1.7 | Bemaba_predicted | main (TM), and cytoplasmic domain,
(semaphorin) 6A (predicted)
1387819 at 163 16.3 1.0 |Elal clastase 1, pancreatic
1372503 a | 163 | 149 11 |Gk ghitamate-cysteine ligase,  catalytic
subunit
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; ’ i . . |Cytoskeleton
Probe sets | e0ulla/ | conex/ | medullal e ovnBoL GENE_NAME channel ) Metabolic |’ cetputar
papilla | papilla | cortex transporter | enzymes .
matrix
if 879415 16.1 14.6 1.1 | Pla2g6 phospholipase A2, group VI
1372750 _at 3.7 0.2 159 1Pt Foliistatin
1370072 _at 15.6 123 1.3 | Mme membrane metallo endopeptidase
1387966_at 15.5 114 14 | Asgll aspacaginase-like sperm autoantigen
solute carrier family 7, (cationic
1384831 _at 5.1 117 1.3 | Skc7al3_predicted |amino acid trapsporter, y+ system)
member 13 (predicted)
1368189 _at 4.8 113 1.3 Dher7 “7-dehydrocholesterol reductase
1367798 _at 14.5 112 1.3 | Ahcy S-adenosylhomocysteine hydrolase
o protein  kinase, cAMP-dependent,
1371059 _at 14.5 14.4 1.0 | Prkar2a regnlatory, type 2, alpha
1369158 at 144 14.3 1.0 | Casr calcium-sensing receptor
13700302t | 141 | 115 12 |Gem glutamate cysteine ligase, modifier
subunif
< e brain abundant, membrane attached
1398350 _at | 140 12.9 1.1 | Buspl signal protein 1
1369728 _at 13.7 10.7 1.3 | Histihdm_predicied | histone 1, Hdm (predicted)
1387223 _at 13.6 12.2 1.1 | Andat aminoadipate aminotransferase
1:’705 Pal g 7.7 17 | Pt phospholipase D1
8
. o .. ATP-binding cassette, sab-family A
1384603_at i2.8 9.8 1.3 | Abcad_predicted (ABCT), member 4 (predicted)
1369494 a 120 66 18 | e growth hormone releasing hormone
at receptor
1367729 at 119 114 1.0 |Oat omithine aminotransferase
. " HIMA (never in milosis gens a)re-
1374565 2t | 11.8 2.7 1.2 [ Neké Jated expressed kinase 6
1368431 at | 116 16.3 1.1 Hpn hepsin
. retinoic acid receptor responder (taza-
A ¢ ; 3 - i3
1382274 _at 115 55 2.1 | Rarresl_predicted rotene induced) 1 (predicted)
1374871 _at 11.2 7.3 1.5 | Asrgll asparaginase-like sperm autoantigen
1392965 _a_ . SPARC related modular  calcium
at 110 2.3 4.8 | Smoc2_predicted binding 2 (predicted)
1370163 _at 110 6.5 1.7 10dcl ornithine decarboxylase 1
HIv- i i i .
13602082t | 107 | 107 10 | Batip2_predicted | -+ Tat interactive protein 2 (pr
dicted)
is 705308 106 5.7 1.9 |Pidl phospholipase D1
Y . methylerotonoyi-Coenzyme A car
1376852 at 10.5 83 1.3 | Mceecl_predicted boxylase 1 (alphs) (predicted)
1369184 at 10.5 6.8 1.5 |Cldnls claudin 16
SH2 domain binding protein 1 (tetra-
1385970 _at 104 9.5 1.1 | Sh2bpl_predicted | iricopeptide repeat containing) (pre-
dicted)
1383742_at i0.1 94 1.1 | Snx7 predicted sorting nexin 7 (predicted)

After selection by ANOVA (p<0.01) for the data of percellome normalization, genes maximally expressed in medulla were selected. The genes were
aligned in the order of the ratio to the lower expression value, either in papilla or in cortex. As the genes listed here are expressed in medulla and
coriex to a similar extent, exceptional cases (ratio >3) are shaded in the medulla/cortex column. The genes categorized to “channelftransporters”,
“metabolic enzymes”, or “cytoskeleton/extmcellular matrix” are also shaded. Proteases or enzymes involving signal transduction are not included
in the category of “metabolic enzymes™. For simplicity, genes with less than 10-fold specificity are omitted.
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Table 5. A list of probe sets specifically expressed in cortex of kidoey.

) . cytoskeleton
Probe sets | CONGY | medulla/} cortex] | e gunmor GENE,_NAME channel | Metabolic |, cellular
papilla | papilla | medulla fransporter | enzymes sttt
1387314_at | 312.0 259.8 1.2 | Sultlbl sulfotransferase family 1B, member 1
1387820 _at | 2849 14.7 194 K7 kallikrein 7
1388172 at | 2434 1103 2.2 | Ustlr integral membrane ransport USTIr
i?ég(}@”&“ 230.1 19.6 11.8 | Dde dopa decarboxylase
1390591 _at | 2242 166.1 1.3 | Slci7a3 Na/Pi cotransporier 4
cytochrome P450, family 4, subfam-
3
1368467 ot | 2171 117.6 1.8 | CypdfZ ily E, polypeptide 2
solate carrier family 26 (sulfate trany-
1368600 _at | 2107 750 2.8 |S8lc26al porter), member 1
solute carrier family 22 (organic
1396039 at | 20235 1886 1.1 | 8ic?2al2_predicted | anion/cation transporter), member 12
) (predicted)
1387230_at | 1939 13.2 14.7 |8iciZa3 soluie carrier family 12, member 3
1368245_at | 1924 134.7 14 Upbl nreidopropionase, beta
cytochrome P450, family 2, subfam-
2
1367917 at | 1923 124.6 1.5 | Cyp2d26 ily d, polypeptide 26
cytochrome P450, family 2, subfam-
2
1367871 _at | 187.8 323 5.8 {Cyp2el ity e, polypeptide 1
Solute carrier family 16 (monocar-
1376267 _at | 185.1 139 134 |Slci6at boxylic acid transporters), member &
1384877 at | 1834 73.9 2.5 |Agpll aguaporin 11
13982828t | 1745 | 752 23 | Kynu foynureninase - (L-kynurenine
hydrolase}
1370547 st | 1685 56.4 3.0 {Pzp pregnancy-zone protein
1368563_at | 1497 96.7 1.5 | Aspa aspartoacylase
Z-amino-3-carboxymuconate-8-semi-
9 56
1383111 a8 | 1493 60.1 2.5 | Acmsd aldehyde decarboxylose
1370991 at | 1467 326 4.5 |Cmi3 camello-like 3
1387188 at | 1445 | 868 17 | RGD620099 solute carcier family 17 (sodium
phosphate), member 1
1370936_at | 1434 913 16 | Dmgdh dimethylglycine dehydrogenase pre-
CUrsor
1367804 _at | 1428 218 63 1Sap serum amyloid P-coraponent
13689150t | 1415 | 872 16 | Kme kynurenine 3-monooxygenase (kyn-
urenine 3-hydroxylase)
139851% at | 1387 16.8 8.3 | Susd?_predicted sushi domain containing 2 (predicted)
1387851 at | 1299 78.3 1.7 1Pter phosphotriesterase related
1376051 at | 127.0 63.2 20 1Cyll crystallin, lamda 1
13841312 _at | 1251 80.6 1.6 [ NtS 3 nucleotidase
1393894 at | 1238 94.1 1.3 | RGD:628846 cytochrome PASG, 4212
725
i§70 258 1169 154 76 | Gépe ghacose-6-phosphatase, catalytic
1386980 _at | 1166 64.2 1.8 |Apom apolipoprotein M
. . Dinal (Hsp40) homolog, subfamily
5 2
1377125 8t | 1163 28.0 4.2 | Dnajcé_predicted C, rember 6 (predicied)
1368317 at | 1148 0.5 1.6 {Ag7 aguaporin 7
1370615 at | 1144 28.0 4.1 | RGD708417 UDP-glicuronosylransferase
ol 31 No. 5
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Table 5. Continued,
fia . ’ . | cytoskeleton
Probe sets | COno | medullal | cortex! | e svnmoL GENE,_NAME chennel | Metabolic | racellutar
papilia | papilla | medulla fransporter | enzymes matrix
1368236_at | 1134 10655 1.1 |Mepla meprin 1 alpha
13733860t | 1132 | 1108 10 low gap junction membrane channel pro-
tein beta 2
1369636_at | 112.6 41.2 2.7 | Sord sorbitol dehydrogenase
1368521 _at | 1108 463 24 | Napsa napsin A aspartic peptidase
sofute carrier family 27 (fatty acid
Sic27a2 W
1368150 _at | 1104 782 1.4 L{;C 597779 transporter), member 2 // hypotheti-
cal gene supported by NM_031736
1369635_at | 109.5 424 26 | Sord sorbitol dehydrogenase
£ o
;S’ 681805 107.9 739 1.5 | Gsta2 glutathione-S-transferase, alpha type2
1368190 _at | 10356 12.1 8.7 |Renl renin 1
. . Mpvl7 oansgene, kidney diseasse
1377051 at | 1047 17.9 5.8 | Mpvl7i_predicted mutant-fike (predicted)
1387336 _at | 1027 89.7 1.7 {Nag N-acetyltransferase 8 (camello like)
1387631 at | 1024 | 598 17 | Hpgd 15-hydroxyprostaglandin
dehydrogenase
1379885 _at | 1007 914 1.1 |Fmod flavin containing monooxygenase 4
1368659 _at | 100.0 60.0 1.7 |Agx2 alanine-glyoxylate aminotransferase 2
¥ 5
i§70¢59_a_ 9%.6 311 32 |pdrl parathyroid hormone receptor 1
1368188_at | 946 | 256 3.7 |Hpd “hydroxyphenylpyravic acid dioxy-
genase
1369200 _at 934 56.3 1.7 |HNtS 3 nucleotidase
1387053 _at 00.3 37.7 24 |[Fmol flavin containing moncoxygenase 1
onEls R serine (or cysteine) proteinase inhibi-
1388569 _at 88.3 50.7 1.7 | Serpinfl tor, clade F), member 1
§ xylulokinase homolog (Bl influen-
1390857 _at 87.5 26.6 3.3 | Xylb_predicted zae) (predicted)
1387375 _at 86.9 64.4 1.4 {Khk ketohexokinase
1387034 _at 86.3 17.7 4.9 1Pah phenylalanine hydroxylase
1397740 st 6.3 510 1.7 | Sfxnl_predicted sideroflexin 1 (predicted)
1368736 _at 2 18.9 44 1'Tsx testis specific X-linked gene
1398514 at | 826 | 813 1.0 | Bad_predicted homogentisate 1, 2-dioxygenase (pre-
= dictedy
1368515 at 81.1 7.2 113 1Epb4.183 erythrocyte protein band 4.1-like 3
. 3-hydroxyanthranilate  3.4-
1368704 at 81.0 7184 1.0 |Hase & }
ioxygenase
1370964 _at 30.8 27.0 3.0 | Ass arginosuccinate synthetase
1368077 _at 79.6 43.0 1.9 |Fbpl fructose-1,6- biphosphatase 1
. s cytechrome P450, family 4, subfam-
1370397 _at 716 68.8 1.1 | Cypdald ity a, polypeptide 14
UDP-glucuronosyltransferase 2 fam-
1368397 _at 763 36.6 2.1 1 Ug2b5 /f/ Ugt2bd | iby, member 5 /#/ UDP giycosyltrans-
ferase 2 family, polypeptide B4
1368282 _at 74.3 249 3.0 |Dpepl dipeptidase 1 (renal)
1395026_at 737 59.0 1.2 |Fmod flavin containing monooxygenase 4
ATP-binding cassette, sub-family G
1380577 _at 71 53.6 1.3 |Abeg2 (WHYTE), member 2
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. |cytoskeleton
rtex/ dulia/ rtex/ h c
Probe sets | oo | MEORAT] SOTEE | N SYMBOL GENE_NAME chanel | Metabolic |, aceliular
papilla | papilla | medulla transporter | enzymes mattix
1387339 _at 69.4 19.2 3.6 | Seppl selenoprotein P, plasma, 1
1382913 _at 68.9 16.8 4.1 | Citnbp2 cortactin binding protein 2
tamor necrosis factor receptor super-
1376327 _at 639 24.2 2.8 | Tnfrsfl4 _predicted |family, member 14 (herpesviras en-
try mediator)} (predicied)
1368178 _at 66.6 324 2.1 {Pdzkl PDZ domain containing 1
13776728t | 663 | 373 18 |Sultic2 sulfotransferase  family, - cytosolic,
iC, member 2
1387084 _at 65.5 555 1.2 iDppd dipeptidylpeptidase 4
1374512 at 63.7 355 1.8 | Cdh7 Cadherin 7, type 2
1371824 _at 63.6 40.8 1.6 |Ak3l adenylate kinase 3-like 1
ifog‘ﬂz“ﬁ‘ 634 37.9 1.7 |8lel9al solute carrier family 19, member 1
i? Bl gar | 302 1.6 |Ghr growth hormene receptor
) Cdh2 cadherin 2 #// hypothetical gene sup-
1387259 at | 629 | 294 23 A1ocaormis ported by NM_031333
. . calcium and integrin binding family
1389166_at 62.8 311 2.8 | Cib2 predicted wember 2 (predicted)
X troponin €, cardiac/slow  skeletal
1371354_at 62.1 8.0 7.8 | Toce_predicted (predicted)
. , guinolinate
1372672 _at 58.8 36.8 1.6 | Qprt_predicted phosphoribosyliransferase (predicted)
1362491 _at 584 36.1 1.6 |Daol D-amino acid oxidase
1387111 at 573 3.4 19 | Dbl d;nzet?xy}arglnine dimethylaminochy-
drolase 1
cytochrome P450, family 2, subfam-
; 22
1367988 _at 57.1 221 2.6 | Cyp2c23 ily ¢, polypeptide 23
1368607_at 56.5 51.1 1.1 | RGDn628846 cytochrome PASQ, 4al12
1370881 _at 55.8 229 24 1Tst thiosulfate sulfurtransfernse
1369259 _at 556 284 20 |Diol deiodinase, lodothyronine, type 1
5 ” - solute carrier family 39 (metal ion
1376709 _at 552 42.5 1.3 | Sic3%9a8_predicted ransporter), menber § (predicted)
1387013 _at 55.2 27.3 2.0 | Tmem27 kidney-specific membrane protein
solute carrier family 7 (cationic
1387808 _at 54.9 5.1 1.8 | Sk7a7 amino acid transporter, y+ system),
member 7
enoyl-Cosnzyme A, hydratase/3-hy-
1368283 _at 54.7 298 1.8 | Ehhadh droxyacyl Coenzyme A
dehydrogenase
giyoxylate
1373337 _at 534 22.5 2.4 | Grhpr_predicted reductase/hydroxypyruvate reductase
(predicted)
;g 83654.a_ 532 14.7 36 | Fusk similar to fructosamine-3-ldnase
1368924 _at 51.8 42.4 1.2 | Ghr growth hormone receptor
1368052 _at 50.7 35.9 14 |Fah fumarylacetoaceiate hydrolase
1380171 _at 494 39.5 1.3 | Adma’b Adrenergic receptor, alpha Zb
low deasity lipoprotein receptor-re-
1367952 _at 45.8 26.5 1.7 |{Lap2 fated protein 2
Vol. 31 No. 5

— 242 —




Gene expression in rat kidney.

465

Table 8. Continued,
. . |cytaskeleton
Ha/| cortex/ P
Probe sets | Conen | medullaf) cortexf | e oymBOL GENE_NAME channel } Metabolic |, cliular
pepilla | papilla | medulla transporter | enzymes .
matrix
1369705 _at 44.1 426 1.0 |RGD:621651 X transporter protein 3
1368680 a_ . solute carrier family 34 (sodium
at 436 253 1.7 |8k34al phosphate), member 1
styci idinotransferas -
1367627_at | 43.5 | 148 29 |Gatm glyeine  amidinofransferase (L
arginine:glycine amidinotransferase)
1379950 at 42.9 37.7 1.1 1Cmi2 Camello-like 2
1367775 _at 42.6 32.3 1.3 | Amacr alpha-methylacyl-CoA racemase
1388176 _at 42.4 246 1.8 | Cmis camelio-like 3
1368322 _at 42.1 8.2 3.1 {Sod3 superoxide dismutase 3, extracellular
1372264 _at 42.1 15.9 2.7 |Pckl phosphoenolpyruvate carboxykinase 1
solute carrder family 25 (mitochon-
1397647 _at 419 17.1 2.5 18kc25a15_predicted | drial carrier; omithine transporter)
member 15 (predicted)
. nuclear receptor subfamily 1, group
1369073 _at 419 12.2 34 Nrihd H, member 4
1368877 at 41.6 13.7 3.0 |Zaf354a zinc finger protein 354A
1390119 _at 414 4.9 54 |Sfp2 secreted frizzled-related protein 2
1367774 _at 41.1 31.8 1.3 1 Gstas glutathione S-transferage AS
15-hydroxyprostaglandin
3 2
1376191 _at 40.1 27.6 15 |{Hpgd dehydrogenase
R . . glutaryl-Coenzyme A dehydrogenase
1397526 _at 393 235 1.7 | Gedh_predicted (predicicd)
1374384 at 38.8 16.3 24 | Crysc Crystallin, gamma C
1387491 _at 38.5 10.9 3.5 |Gyk glycerol kinase
53%944‘&‘ 383 1.7 5.0 | G6pe glucese-6-phosphatase, catalytic
1367999_at 37.7 22.6 1.7 [Aldh2 aldehyde dehydrogenase 2
1368182 at 376 9.6 3. F3 coagulation factor 3
1382975_at 374 20.8 1.8 [Ceacaml CEA-related cell adhesion molecule 1
1374200_nt 36.1 167 59 12043 solute carrier family 29 (nucleoside
transporters), member 3
. xanthine dehydrogenase /// hypotheti-
1369973 _at 356 9.6 3.7 1 XKdh /1 LOC497811 cal gene supported by NM_017154
¢ aloni € : -
1372306_at | 354 | 229 1.5 |Bthel_predicted z.hy]m“k’“’c encephalopathy 1 (pre
icted)
1370818_at | 346 | 125 28 | Decr2 2-4-dienoyl-Coenzyme A reductase
2, peroxisomal
. Tigger transposable element derived
1397797 _at 333 29.3 1.1 | Tigd3 3 (predicted)
1372323 _at 329 234 1.4 | Sardh sarcosine dehydrogenase
1368412 _a_ protein tyrosine phosphatase, recep-
at 32.5 53 6.1 |Ptpro tor type, O
| _ solute carrier family 16 (monocar-
1380036 _at 325 60 54 |8lci6at boxylic acid transporters), member 6
1397744 _at 32.5 22.2 1.5 |Sardh Sarcosine dehydrogenase
Cdh2 M cadherin 2 //f hypothetical gene sup-
1368642 _at 324 19.5 1.7
A 1OC497718 ported by NM_031333
sodi hannel, voltage-gated,
1373188 at | 320 | 122 | 26 |Scodb Josnin channcl, volage-galed, bpe
1V, beta
Vol. 31 No. 5

— 243 —



466

K. TAMURA et al.

Table 8. Continued.
o . |cyioskeleton
Probe sers | ConeX/ | medullal} cotex) | qpe svmmor GENE_NAME channel ) Metabolic |/ eliutar
papilla | papilla | medulls transporter | enzZymes nairix
stel jugate-beta Iyas S
1373667 2t | 318 | 140 23 | Cobli_predicrea | SKIne conjugaie-beia lyase (pre
dicted)
1372031 _at 31.7 7.5 42 |papz Disabled homolog 2 (Drosophila)
i o ser -
1390585_at | 317 | 109 2.9 |Maspl P inding lectin serine pepti
ase 1
solute carder family 16 (monocar-
1386981 at L6 37 84 |Sici6al boxylic acid transporiers), member 1
1368233 at 315 28.7 1.1 | Gamt guanidinoacetate methyltransferase
4-nitrophenylphosphatase domain and
1388537 _at 314 15.2 2.1 | Mipsnapl_predicted | non-nenronal SNAPZ5like protein ho-
molog I (C. elegans) (predicted)
v-maf musculoaponevrotic fibrosar-
1387165 = 31.1 4.4 7.1 [ Maf coma (avian) oncogene homolog (c-
maf)
1384273 at 30.9 10.2 3.0 | Carkl predicted carbohydrate kinase-like (predicted)
1380393 _at 30.9 30.7 1.0 | Cryz_predicted crystallin, zeta (predicted)
solute carrder family 25 (mitochon-
1393947 _at 309 129 2.4 |Sk25a15_predicted |drial carrier; orpithine transporter)
member 15 (predicted)
1378197 _at 304 9.5 3.2 |KIFC2 kinesin family member C2
23795 8201 301 | 145 2.1 |Cona2 cyclin A2
1382434_at 20.0 235 13 |Boipds ectonucleoside trighosphate  diphos-
phohydrolase 5 .

After selection by ANOVA (p<0.01) for the data of percellome normalization, genes maximally expressed in cortex were selected. The genes were
aligned in the order of the ratio o the lower cxpression value, cither in papilla or in medulla. Among the genes Hsted here, relatively specific ones
for cortex {ratioc>3) are shaded in the cortewmedulla column. The genes categorized to “channel/transporters”, “metabolic enzymes”, or
“cytoskeletonfexiracelinlar matrix’” are also shaded. Proteases or enzymes involving signal transduction are not included in the category of “meta-
bolic enzymes”. For simplicity, genes with less than 30-fold specificity are omitted,

Table 6. Regionally specific genes in rat kidney.
Channel/transporter Metabolizing enzymes Cytoskeleton/ . Others of interest
extracellular matriz
Sleodal, Agp3, Agpd, Ptgsl, Pigs2, Aldhla3, Capg, Plekhbl, CollBai, Hspa?Z, Hspala, Hspbl
Papilla Faydd, Sledall, Cleokl, | Akrib4, Ugt8, Libddh Spnb3, Hs3stl, Ketl-18
bsnd
Sel2ial, Sci21al3, CYP249, CYPZe, Han, Prly, Acel
S1¢23a3, 5lc2129, USTSy, | Pkir, Fmo3, Dhrs7,
Medulla Scl6al18, Scl38a3, AkeiclZ, Gele, Ggtl,
Sie22a2, SlcT7all, Tmlhe
Slci5a2
Ustly, Slel7a3, Sle26al, Sultlbl, KIk7, Dde, Renl
Cortex Slc22a12, SleiZa3, CYP2dis, CYP2Zel,
Slci6aé, Agpll, Agp7, CYP4E2, Upbl, Aspa,
Gib2, Slc27a2 Acmsd, Dmgdh, Kmo

Genes categorized in channel/wansporter, metabolizing enzyme and cytoskeleton/extracellular matrix from high rank in Tables 3, 4,
5 ave summarized by using gene syrbols which can be referred to in the preceding tables. Interesting genes discussed in the text
are included as “others”.
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aminoglycoside causes necrosis mainly in the proxi-
mal tubules, while puromycin does the same on glom-
erulus (Schnellmann, 2001). In an organ with such a
complex structure, analysis by GeneChip would give
different results when it is done as a whole or separated
into portions. When the potential nephrotoxicity of
candidate chemicals is assessed using toxicogenomics
technology, it would be ideal to perform GeneChip
analysis for each portion. However, it is sometimes dif-
ficult in the usual toxicity tests to obtain enough sam-
ple material for toxicogenomics analysis after sam-
pling for other histopathological and biochemical anal-
yses. Furthermore, it is difficult to determine which
portion is to be examined when the target region of the
test drug is unknown. Analyzing all of the separated
portions is impractical considering the cost.

In the present study, comparison of the gene
expression profile was made among each portion,
papilla, medulla, and cortex, as well as between the
whole slice and each portion. Although various genes
or proteins with region-specific expression have been
reported, their localization was toward glomerulus,
distal/proximal tubules, or collecting duct, i.c., tissues
from specific cell types, not the anatomical location.
This way is of course desirable for cell physiological
study, but is inconvenient when a potential bias in the
gene expression analysis based on the position of sam-
pling is concerned, and reports focusing on this point
are scarce. It can be generally said that papilla is
enriched in collecting duct and relatively scarce in
glomerulus, but their proportion varies with the sam-
pling.

When comparison between each portion was
made by correlation coefficient, the correlation was
decreased between the portions compared to within the
same portion. The correlation of gene expression pro-
file between cortex and medulla was relatively high,
whereas that between papilla and cortex or medulla
was low. Based on the correlation of each portion to the
whole slice, it was concluded that gene expression in
the whole slice largely reflected that of cortex, fol-
lowed by medulla. The main reason is that the volume
of the portion comprising the whole slice is in this
order: cortex > medulla > papilla (Fig. 1). If the pro-
duction of mRNA per cell is constant throughout the
portions, the region-specific gene can be extracted by
global normalization. However, this was found to be
inappropriate.

To extract region-specific genes, detection call
(absent, present, and marginal) included in the
GeneChip data was utilized, i.e., genes with present
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call in a particular region but absent call in all others
were extracted, and they were checked as to whether
they had present call in the whole slice. The important
point of this result is that the majority (94%) of genes
specifically expressed in papilla are not detectable in
the whole slice. This is consistent with the result of the
correlation coefficient. It is thus concluded that the
expression changes of such genes occurring in papilla
cannot be detected when they are decreased, and it is
difficult to measure when they are increased, but their
extent is not so large, as in the analysis of the whole
slice. Attention should be paid when these genes are
used for the marker genes in the toxicogenomics of
kidney.

As obvious from Figs. 3 and 4, global normaliza-
tion of the data leads to an incorrect result in the com-
parison among different regions. This might be due to
the fact that the transcriptional activity in papilla is
much less than that in the others, and subsequently the
expression of each gene in papilla was over-estimated
by the normalization, using a low value. This does not
mean that the global normalization is useless when
drug effects are tested on the samples separated into
different portions. As global normalization gives rela-
tive values to the total mRNA amount, it efficiently
reveals the drug effect unless the drug brings about a
large change in the total mRINA. In the present case, it
became problematic simply because the comparison
was made among tissues with largely different mRNA
contents. An alternative way is to normalize each gene
by a house-keeping gene, e.g., B-actin or GAPDH.
However, as already shown above, there is no guaran-
tee that expression of these genes is constant through-
out the different tissues.

Based on the data normalized by the percellome
procedure, genes with region-specific expression were
extracted and aligned in the order of their relative spec-
ificity. It was then found that the majority of genes with
high region-specificity were related to channel/trans-
porter and metabolic enzyme, suggesting a good corre-
lation between gene expression and physiological
function.

There are many known members of the solute
carrier family (slc), whose distribution showed an
interesting and marked difference among the three por-
tions. In papilla, slc4a family members (anion trans-
porter) were specifically expressed. In medulla, the
expression of slc21a family (organic anion transport-
ing polypeptides; OATPs), was outstanding. There
were also other members such as Slc23a3 (xanthine/
uracil permease), Scl6al8 (monocarboxylic acid trans-
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porter), Scl38a3 (SNAT family; Gu et al., 2005),
Slc22a2 (organic cation transporter), Slc7al2 (cationic
amino acid transporter), and Slc15a2 (H+/peptide
transporter), which were specifically expressed. In cor-
tex, Slc17a (Na-phosphate co-transporter), Slc22al2
and Slc12a3 (both anion transporters), Sle16a6 (mono-
carboxylic acid transporter), and Slc27a2 (fatty acid
transporter) were found to be specific.

There have been some reports regarding region-
specific transporters. As glucose transport is known to
be operational in the proximal tubule, it is expected
that glucose transporters are enriched in cortex and
medulla compared with papilla. Among the genes
judged as significant by ANOVA, slc2a4 and 2al3
were ghicose transporters and their expression was
about 3.5-fold higher in medulla and cortex compared
with papilla (this number was not large enough to be
shown in the tables). It is also known that slc14a2,
involved in urea transport, is highly expressed in the
collecting duct (Karakashian et al., 1999). Although
the ratio was not large enough to be in Table 3, its
expression in papilla was twofold compared with cor-
tex, consistent with the literature.

Aquaporin (Aqp) 3 and 4 were specifically
expressed in papilla while Agp 7 and 11 were in cortex
(Table 6). Although the ratio was not large enough to
be in Table 3, Aqp 2 was also preferentially expressed
in papilla (1.9 and 2.3 fold compared with medulia and
cortex, respectively). There have been supportive
reports that Aqp2 (Jo et al., 1997) and Aqp3
(Echevarria ef al., 1994) are enriched in collecting duct
and Agp7 is highly expressed in cortex (Nejsum ef al.,
2000).

Kidney produces renin to control blood pressure.
Renin is synthesized in juxtaglomerular cells and con-
verts angiotensinogen to angiotensin I, which is further
converted to angiotensin 11 by angiotensin converting
enzyme (ACE). The renin gene (Renl) was expressed
highest in cortex while ACE (ace2) was highest in
medulla (Table 6).

Probes for prolactin receptor are 4 sets on the
chip and all of them showed quite low expression in
papilla (expression ranged 60 - 90 fold in cortex and 70
- 130 fold in medulla, compared with papilla, for these
4 probe sets). Prolactin is known as a natriuretic hor-
mone which interacts with the renal dopamine system,
and its natriuretic response is associated with inhibi-
tion of proximal tubular Na,K-ATPase (Ibarra ef al.,
2005). The location of its receptor in kidney (enriched
in medulla and cortex) elucidated in the present study
was consistent with the region where the hormone
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works.

NSAID-induced nephrotoxicity is well known as
a typical toxicity toward kidney (Schnellmann, 2001).
Its mechanism is believed to be inhibition of cyclooxy-
genase (COX). COX-1 is a constitutive, house-keeping
enzyme and reported to be much present in the collect-
ing duct. COX-2 is an inducible enzyme involved in
the inflammatory process, while it is reported to be
always present at a low level in kidney without inflam-
mation (Harris ef al., 1994). The genes for these
enzymes (ptgsl and ptgs2) were both highest in
papilla. Moreover, phospholipase A2 IVA was also
highest in papilla. These observations are consistent
with previous reports and might be related to the fact
that nephrotoxicity by NSAID is frequently associated
with necrosis in papilla (Schnellmann, 2001).

On the other hand, other prostaglandin-related
genes were uniformly low in papilla. The expression of
the gene of 15-hydroxyprostaglandin dehydrogenase
(Hpgd), which is involved in prostaglandin metabo-
lism, was 60 and 102 fold in medulla and cortex,
respectively, compared with papilla. Other prostaglan-
din-related genes without large enough specificity for
the table were prostaglandin D2 synthase (Ptgds),
prostaglandin E receptor 1 (Ptgerl), prostaglandin E
receptor 3 (Ptger3), and prostaglandin E receptor 4
(Ptger4), which were 6- and 26-fold, 3- and 4-fold, 5-
and 2-fold, 3- and 6-fold, in medulla and cortex,
respectively, compared with papilla. The expression of
prostaglandin E synthase (Ptges) was exceptionally the
same in papilla and medulla, and 4.5-fold of these was
found in cortex.

Kallikrein that produces bradykinin is biosynthe-
sized in kidney cortex (Xiong ef al., 1989). Kallikrein
7 (K1k7) is found in Table 5 showing 15-fold and 285-
fold expression in medulla and cortex, respectively,
compared with papilla. This is again consistent with
the anatomical feature.

One unique point in the tables is that genes
related to cytoskeletal proteins and heat shock proteins
(both HSP70 and HSP27) selectively expressed high in
papilla (Table 3 and 6). If the analysis was done by glo-
bal normalization, it could be that the relative expres-
sion of these genes was apparently overestimated
because of the low expression of other gene popula-
tions, such as transporters or enzymes. However, the
present analysis was based on percellome normaliza-
tion, and the values are directly related to the copy
numbers per cell (or DNA). Therefore, enrichment of
these genes means that the copy numbers of these
genes are actually high. The potential involvement of
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HSP70 in nephrotoxicity has been investigated in rela-
tion to renal cell survival and apoptosis, and the rela-
tionship between hsp27 and cytoskeletal proteins has
also been discussed in relation to renal injury after
ischemia-reperfusion (van de Water, 2006). Its patho-
physiological meaning is presently unclear, especially
because data of modulation by nephrotoxicants is not
available, so this point is quite interesting as a future
study.

In summary, many of the genes related to kidney
functions showed region-related differences in their
expression and some of them were consistent with pre-
vious reports. There are also many genes with unique
region-related differences in the table, which have not
been described in the literature and it would be worth-
while to start new investigations based on these data. In
the present study, analysis of gene expression was
exclusively done in non-treated animals. It is of course
important to investigate the regional difference in the
responsiveness to drugs, and it should be the highest
priority of future study. In conclusion, comprehensive
comparison data of gene expression in the renal ana-
tomical areas would greatly enhance studies of physio-
logical function and mechanisin of toxicity in kidney.
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ABSTRACT — The Toxicogenomics project has been constructing a large-scale database of about 150
compounds exposed to rat (single dose, 3, 6, 9, 24 hrs and repeated dose for 3, 7, 14 28 days with 3 dose
levels) and rat hepatocytes (2, 8, 24 hr with 3 concentrations) and data of transcriptome in liver using
GeneChip, and the related toxicological measures are being accumulated. In the present study, the data of
three ligands of peroxisome proliferator activated receptor oo (PPAR®), i.e., clofibrate, WY-14643 and
gemfibrozil in our database were analyzed. Many of the [(-oxidation-related genes were commonly
induced in vivo and in vitro, whereas expression changes in genes related to cell proliferation, apoptosis,
were detected in vivo (single and repeated dose) but not in vitro. Changes in those related to the immune
response, coagulation and the stress response were also detectable exclusively in vivo. Using the genes
mobilized in two or three PPAR @ agonists, hierarchical clustering was performed on 32 compounds stored
in our database. In the profiling of an in vivo single dose, benzbromarone and aspirin were located in the
same cluster of the three PPAR« agonists. The clustering of in vifro data revealed that benzbromarone,
three NSAIDs (aspirin, indomethacin and diclofenac sodium) and valproic acid belonged to the same clus-
ter of PPAR . agonists, supporting the reports that benzbromarone, valproic acid and some NSAIDs were
reported to be PPAR« agonists. Using the genes commonly up-regulated both in vivo and in vitro, prin-
cipal component analysis was performed in 32 compounds, and principal component 1 was found to be
the convenient parameter to extract PPARa agonist-like compounds from the database.

KEY WORDS: Toxicogenomics, Hepatotoxicity, Peroxisome proliferator

INTRODUCTION

The Toxicogenomics Project is a 5-year collabo-
rative project conducted by the National Institute of
Health Sciences (NIHS) and 17 pharmaceutical compa-
nies in Japan which started in 2002 (Urushidani and
Nagao, 2005). In April 2005, some rearrangements
were made and now the project is conducted by NIHS,
the National Institute of Biomedical Innovation, and 15

pharmaceutical companies. Its aim is to construct a
large-scale toxicology database of transcriptome for
prediction of toxicity of new chemical entities in the
carly stage of drug development. About 150 chemicals,
mainly medicinal compounds, have been selected, and
the following are examined for each. The in vivo test
using rats consists of a single administration test (3, 6,
9 and 24 hr with 4 dose levels including vehicle con-
trol) as well as a repeated administration test (3, 7, 14

Correspondence: Tetsuro URUSHIDANI (E-mail: turushid@dwc.doshisha.ac jp)
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and 28 days with 4 dose levels including vehicle con-
trol) and the data of body weight, general symptoms,
histopathological examination of liver and kidney, and
blood biochemistry are obtained from each animal.
The gene expression in liver (kidney in some cases) is
comprehensively analyzed using Affymetrix Gene-
Chip. An ir vitro test using rat and human hepatocytes
is also carried out to accomplish the bridging between
the species. By the time the present study was per-
formed, more than 100 chemicals covering wide medi-
cation categories had been finished or were ongoing,
and the whole data set of 32 compounds had been
stored in the database ready for analysis. We have
started the analysis with three fibric acids in the data-
base, i.e., clofibrate, WY-14643 and gemfibrozil
(ligands of peroxisome proliferator-activated receptor
o, PPARa). They have been extensively studied
regarding their mechanism of toxicity, as we consider
them excellent model cases for evaluating the quality
of our database.

MATERIALS AND METHODS

Compounds
All compounds were of the highest grade obtain-
able from the suppliers listed in Table 1.

Ir vivo studies

Male Sprague-Dawley rats were purchased from
Charles River Japan Inc., (Kanagawa, Japan) at 5-
weeks of age. After a 7-day quarantine and acclimati-
zation period, the animals were divided into groups of
5 animals using a computerized stratified random
grouping method based on body weight for each age.
The animals were individually housed in stainless-steel
cages on a 12 hr light/dark cycle. Each animal was
allowed free access to water and pellet food (CRF-1,
sterilized by radiation, Oriental Yeast Co., Japan). The
test compounds were suspended in 0.5% methylcellu-
lose solution or corn oil. Animals were orally adminis-
tered daily at three dose levels for 1, 3, 7, 14 and 28
days. The highest dose level for each was determined
in a 1-week dose-finding study (data not shown), and
1/3 and 1/10 of that were set as middle and low doses,
respectively. The dose levels are given in Table 1.

Blood samples were taken at 3, 6, 9, and 24 hr
after single dosing and 24 hr after repeated dosing with
a needle and a heparinized syringe from the abdominal
artery of animals under ether anesthesia. Plasma bio-
chemical assessments were conducted by using
COBAS MIRA plus autoanalyzer (Roche Diagnostics,
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Basel, SZ). After collecting the blood, the animals
were cuthanized by exsanguination from the abdomi-
nal veins and arteries under ether anesthesia. Livers
were collected from each animal and weighed, then a
portion (about 30 mg) of each left lateral lobe was put
into RNAlater® (Ambion, Austin, TX, USA) for
expression profiling. The remaining liver samples were
fixed in 10% buffered formalin solution for routine his-
tological processing. Paraffin sections were stained
with hematoxylin and eosin for histopathological
examination. The experimental protocols were
reviewed and approved by the Ethics Review Commit-
tee for Animal Experimentation of the National Insti-
tute of Health Sciences.

In vifro studies

Hepatocytes were isolated from 6-week-old male
Sprague-Dawley rats under sodium pentobarbital (120
mg/kg, ip) by a modified two-step collagenase perfu-
sion method. The liver was perfused via the portal vein
for 10 min with divalent cation-free EGTA (0.5 mM)-
supplemented HEPES buffered Hank’s balanced salt
solution followed by a 10-min perfusion with HEPES-
buffered normal Hank’s balanced salt solution contain-
ing soybean trypsin inhibitor (Sigma, T-2011, 0.05 g/
L) and collagenase (WAKO 034-10533, 0.5 g/L) ata
flow rate of 10 - 30 ml/min. Isolated cells were washed
three times by 50 g for 1 min to obtain a parenchymal
cell-enriched pellet. Hepatocytes were not used when
their viability assessed by trypan blue exclusion was
lower than 70%. The cells were seeded into collagen-
coated six-well plates (BD BioCoat® Collagen I Cell-
ware, BD Bioscience) at a density of 1x10° cells/well
in 2 ml HMC Bulletkit medium (CAMBREX) supple-
mented with 10% fetal bovine serum. Following an
attachment period of 3 hr, the medium was replaced
and kept overnight before drug exposure at 37°C in an
atmosphere of 5% CO;. The test compounds were
added to the medium directly or as a 1,000x stock sohi-
tion in dimethylsulfoxide. The highest concentration of
each compound was determined in a pilot test based on
cytotoxicity (ca. 20% release of lactate dehydroge-
nase) and 1/5 and 1/25 of that were set as middle and
lowest concentrations (data not shown). After 2, 8 and
24 hr-exposure, the cells were dissolved with RLT
buffer (Qiagen) and collected for expression profiling.
GeneChip® analysis was performed in a duplicated
manner for each time and concentration point.

Expression profiling
The livers were homogenized using Mill Mixer
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(Qiagen) and zirconium beads. Total RNA was isolated
from the liver homogenate or the hepatocyte lysate
using RNeasy kit. Purity of the RNA was checked by
gel electrophoresis, and the OD260/280 nm ratio was

between 2.0-2.2. Microarray analysis was conducted
on 3 out of 5 samples for each group by using Gene-
Chip*RAE230A probe arrays (Affymetrix, Santa
Clara, CA, USA), containing 15923 probe sets. The

Table 1.
L. in vivo in vitro .
Compound Abbreviation Dose (mg/kg) Vehicle Concentration (LM) Vehicle Supplier

acetaminophen APAP 300, 600, 1000 MC 300, 1000, 3000 Medium Sigma
allopurinol APL 15, 50, 150 MC 5.6, 28, 140 DMSO Sigma
allyl alcohol AA 3, 10, 30 OIL 4,20 Medium Tokyo kasei
f:ggﬁ;’;?‘;ﬁggl ANIT 15,5, 15 ol 8, 40, 200 DMSO  Kanto chemical
aspirin ASA 45, 150, 450 MC 120, 600, 3000 DMSO Wako
benzbromarone BBr 20, 60, 200 MC 0.6, 3, 15 DMSO Sigma
bromobenzene BBZ 30, 100, 300 OIL 8, 40, 200 DMSO Tokyo kasei
carbamazepine CBZ 30, 100, 300 MC 12, 60, 300 DMSO Sigma
carbon tetrachloride CCL4 10, 30, 100 OIL 300, 1000, 3000 DMSO Wako
chlorpromazine CPZ 4.5, 15,45 MC 0.8, 4, 20 DMSO Wako
clofibrate CFB 30, 100, 300 OlL 12, 60, 300 DMSO Wako
coumarin CMA 15, 50, 150 OIL 12, 60, 300 DMSO Tokyo kasei
cyclophosphamide CPA 1.5,5,15 MC 8, 40, 200 Medium Ardrich
diazepam Dzp 25,75, 250 MC 5,25, 125 DMSO Wako
diclofenac sodium DFNa 1,3, 10 MC 16, 80, 400 DMSO Tokyo kasei
ethionine ET 25, 80, 250 MC 400, 2000, 10000 Medium Tokyo kasei
gemfibrozil GFZ 30, 100, 300 OIL 4,20, 100 DMSO Sigma
hexachlorobenzene HCB 30, 100, 300 OlL 0.6,3,15 DMSO Tokyo kasei
indomethacin M 0.5,16,5 MC 12, 60, 300 DMSO Sigma
isoniazid INAH 10, 50, 100 MC 400, 2000, 10000 Medium Sigma
methapyrilene . .

hy drog})lllori do MmpP 10, 30, 100 MC 0.6,3,15 Medium Sigma
methotrexate MTX 0% ? g 03 110?11(:;::}2) MC 20, 100, 500 Medium Wako
nitrofurantoin NFT 10, 30, 100 MC 5, 25, 125 DMSO ICN
omeprazole OPZ 100, 300, 1000 MC 4.8, 24, 120 DMSO Wako
phenobarbital PB 10, 30, 100 mcC 300, 1000, 3000 Medium Sigma
phenylbutazone PhB 20, 60, 200 MC 16, 80, 400 DMSO Sigma
phenytoin PHE 60, 200, 600 MC 24,12, 60 DMSO Tokyo kasei
propylthiouracil PTU 10, 30, 100 MC 160, 800, 4000 Medium Tokyo kasei
rifampicin RIF 20, 60, 200 MC 2.8, 14,70 DMSO Wako
thioacetamide TAA 4.5, 15,45 MmcC 400, 2000, 10000 Medium Ardrich
valproate sodium VPA 45, 150, 450 mcC 400, 2000, 10000 Medium Sigma
Wy-14,643 wY 10, 30, 100 OlL 8, 40, 200 DMSO Tokyo kasei

Supplier information: Wako; Wako pure chemical industries, Osaka, Japan, Tokyo kasei; Tokyo kasei kogyo, Tokyo, Japan. ICN;
ICN Biomedical Inc., Aurora, OH, USA, Sigma (St. Louis, MO, USA), Aldrich (St. Louis, MO, USA), Kanto chemical (Tokyo,

Japan).
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procedure was conducted basically according to the
manufacturer’s instructions using Superscript Choice
System (Invitrogen, Carlsbad, CA, USA) and T7-
(dT)24-oligonucleotide primer (Affymetrix) for cDNA
synthesis, cDNA Cleanup Module (Affymetrix) for
purification, and BioArray High yield RNA Transcript
Labeling Kit (Enzo Diagnostics, Farmingdale, NY,
USA) for synthesis of biotin-labeled cRNA. Twenty jig
of the fragmented cRNA was hybridized to a
RAE230A probe array for 18 hr at 45°C at 60 rpm,
after which the array was washed and stained by
streptavidin-phycoerythrin using Fluidics Station 400
(Affymetrix) and then scanned by Gene Array Scanner
(Affymetrix). The data were analyzed by using Gene-
Spring® version 6.1 (Silicon Genetics, Santa Clara,
CA, USA). Expression data were normalized using the
mean value (global normalization). Filtering of the
data was performed by flags (present or marginal call)
in at least half of the samples, as well as the fold
change, over the concurrent control value.

Principal components analysis

To test whether profiling on in vivo effects of
compounds can be estimated from in vifro transcrip-
tome data, principal component analysis (PCA) on the
data of three time points (24 hr after in vivo single
dose, 29 day after in vivo repeated dose, and 24 hr after
in vitro exposure) was independently conducted using
the expression of 41 genes which changed to the same
direction both in vitro and in vivo (single or repeated
dose). The method of gene selection is described in the
results section.

For calculation, we took the mean signals from
three (in vivo) or two (in vitro) samples from each dose
group and calculated the ratio for each respective con-
trol, and subsequently the values were transformed to
log ratio to create a matrix. Each row corresponds to a
different gene, and each column corresponds to a dif-
ferent condition including three different dose groups
of 32 compounds. To compute the principal compo-
nents, the eigenvalues and their corresponding eigen-
vectors were calculated from the correlation matrix of
conditions. The calculations were done using the R
version 2.2.0 (www.r-project.org) statistical environ-
ment.

RESULTS
Pathology

Toxicological changes observed in repeated
administration of three peroxisome proliferators are
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summarized in Fig. 1. All three chemicals showed a
significant increase in the relative liver to body weight
after 4 days or later of administration (Fig. 1A). They
also showed a significant decrease in triglyceride after
the 4th day of administration, known to be directly
related to their activity of PPAR( agonist (Fig. 1B).
Signs of hepatotoxicity and an increase in ALT activity
were observed in the 4th day of WY-14643- and the
29th day of gemfibrozil-treated groups (Fig. 1-C). In
pathological examinations, granular degeneration of
hepatocytes was noted in all compounds. Furthermore,
an increase in hepatocyte proliferation was observed in
WY-14643 and gemfibrozil. Treatment with WY-
14643 also induced necrosis of hepatocyte and hyper-
trophy of the bile duct (data not shown).

Analysis of mRINA expression profile

Differentially expressed genes in liver treated
with clofibrate, WY-14643 and gemfibrozil were
extracted as follows. For in vivo study, genes with
present call in at least 3 out of 6 samples for each
experimental set (3 each from control and treated
group) were selected and used for further analysis. In
the case of the in vitro study, genes with present call in
at least 2 out of 4 samples in each experimental set (2
each from control and treated) were selected. Genes
showing at least a 1.5 fold increase (or 1/1.5 fold
decrease) both in middle and high dose vs. control at
p<0.05 by Student’s r-test were extracted for each time
point. In the case of in vitro study, the same procedure
without use of #-test was employed. In the next step, the
common genes selected in at least 2 out of three perox-
isome proliferators for single, repeated, and in vitro
experiments were extracted. The numbers of genes
extracted as above were as follows: the up-regulated
genes, 115/195/89 for in vivo-single/in vivo-repeated/
in vitro, respectively; and the down-regulated genes,
181/221/38, for in vivo-single/in vivo-repeated/ in
vitro, respectively. The overlapping of these genes is
depicted in a Venn diagram in Fig. 2.

Comparing the extracted genes between the pro-
tocols, 71, 29, and 37 up-regulated genes were in com-
mon between the single and repeated administration,
between single administration and in vitro, and
between repeated administration and irn vitro, respec-
tively. For down-regulated genes, 44 genes were in
common between single and repeated administration,
whereas no common genes were present between in
vivo and in vitro. These genes are listed in Table 2 (up-
regulated) and Table 3 (down-regulated).

Most of the genes categorized in B-oxidation and
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fatty acid and cholesterol synthesis, and the peroxiso-
mal protein, were comnmonly changed both in vivo and
in vitro. In general, genes related to lipid metabolism
were commonly up-regulated in vive and in vitro
except that apolipoprotein A-1V, apolipoprotein M, and
lipoprotein-binding protein were down-regulated only
in vivo (mainly repeated dose). As for genes related to
lipid metabolism other than that listed above, most of
the up-regulated ones were common between in vivo
and in vitro, whereas the down-regulated ones were
only observed in vive (single and repeated dose}.

Of the genes related to carbohydrate metabolism,
elevation of pyruvate dehydrogenase kinase 4 was
observed both in vivo (single and repeated dose) and in
vitro, whereas reduction of “pyruvate kinase liver and
RBC” was observed only i# vive (mainly repeated
dose) and others were increased in vivo (single and
repeated dose).
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The genes classified as cell proliferation were up-
or down-regulated only in vive (single and repeated
dose}. Some genes, including cyclin D1, showed more
marked changes in single dose than in repeated dose.
The changes of genes categorized in apoptosis were
only detectable in vivo and their changes were also
more prominent in single dose than in repeated dose.

Obvious changes were noted in the genes related
to “drug and zenobiotic metabolism” and most of them
occurred exclusively ir vivo (single and repeated dose).
The only observable changes in growth factor-related
genes were a reduction of the im vivo repeated dose.
Changes in the expression of genes related to “cellular
morphogenesis” as well as the “stress response” were
mainly noted in vivo (single and repeated dose). Many
other genes categorized to “transcription activation and

3 e LIS

repression”, “transporter”,

LRI
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Fig. 1. Effects of clofibrate, WY-14643 and gemfibrozil on relative liver weight (A), plasma triglyceride (B) and plasma alanine
amino transferase (ALT; C). Values were obtained 24 hr after repeated administration of each drog for 3, 7, 14, and 28 days.
Middle and high dose was 100 and 300 mg/kg for clofibrate, 30 and 100 mg/kg for WY-14643, and 100 and 300 mg/kg for
gemfibrozil, respectively. For simplicity, data of the low dose was omitted. *Significantly different from control (p<0.05,

Student’s r-test, N=5).
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pressure” were found to be down-regulated in vivo
without any changes in vitro.

Hierarchical cluster analysis

Hierarchical clustering (complete linkage
method, Euclidean distance) was performed in the 32
compounds stored in our database (the number at that
stage of our analysis) using the data of gene expression
in vivo or in vitro (24 hr after middle and high dose).
The probe sets used for analysis of in vivo data were 36
(up-regulated) and 35 (down-regulated) which showed
a more than 1.5 fold change with p<0.05 by Student’s
t-test both in middle and high dose of more than 2 com-
pounds out of clofibrate, WY-14643 and gemfibrozil.
The probe sets used for analysis of irn vitro data were
49 (up-regulated) and 6 (down-regulated) which
showed a more than 1.5 fold change with p<0.05 by
Student’s r~test both in the middle and the high doses of
more than 2 out of the three compounds. In clusters of
single-dose experiments, benzbromarone and aspirin
were classified into the same cluster of the three perox-
isome proliferators (Fig. 3). In clusters of the in vitro
experiments, benzbromarone, three non-steroidal anti-
inflammatory drugs (aspirin, indomethacin, and
diclofenac sodium), valproic acid, and ANIT were
classified into the same cluster of the three peroxisome
proliferators (Fig. 4).

Increased Genes

Single Repeat

ava

Vitro

PCA-based estimation of PPAR® activity

As previously shown in Fig. 2, no common
down-regulated genes existed between in vivo and in
vitro, whereas 41 up-regulated genes were found to be
common genes (between in vivo and in vitro) by
PPARO, agonist treatment. We expected that these
genes could be useful for prediction of in vivo effects
from in vitro effects, so PCA analysis was conducted
on the 32 compounds using these 41 genes.

A projection on the first two principal compo-
nents for each condition, together with the contribution
rate of the first three components, is shown in Fig. 5. It
was obvious from the figure that the first principal
component score (PC1) with high contribution (about
60%) for all three experimental sets, was negatively
correlated to the dose levels of these PPAR( ligands.
Therefore, we reasoned that this negative PC1 score
could be used to estimate the PPARQ. activity in gen-
eral.

Fig. 6 shows the plotting of negative PC1 values
from the 32 compounds examined in vivo and in virro.
In this figure, a clearer comparison of putative PPAR o
activity between the compounds can be performed. All
the PPAR 0. agonists showed high scores both in viveo
and in vitro. Benzbromarone, aspirin and valproic acid
again showed high scores both in vivo and in vitro. It
was also easy to pick up the compounds that showed
high scores in vitro rather than in vivo, such as
diclofenac and indomethacin.

Decreased Genes

Single Repeat

ava

Vitro

Fig.2. Venn diagram of extracted genes. Differentially expressed genes in liver
treated with clofibrate, WY-14643 and gemfibrozil were extracted as fol-
lows. For in vive study (single and repeated) genes with present call in at
least 3 out of 6 samples in each experimental set that show at least a 1.5-
fold increase (or 1/1.5-fold decrease) for both middle and high dose vs.
control (at p<0.05 by Stadent’s r-test) were extracted for each time point.
For the in viro study, genes with present call at least 2 out of 4 samples
in each experimental set showing the same criteria as in vivo (without
using i-test) were extracted. The numbers in the diagram show the num-
bers of extracted genes in each category.
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Table 2. Up-regulated genes that are discussed in the text.
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Probeld GenelName Gene Symbel Single” VWGR tod® Vitre©
B-oxidation . v o
¥ 1387783 a2 at  acetyl-Coenzyme A acyltransferase 1 Acaal 39 5.8 3.4
1367735 at acetyl-Coenzyme A dehydrogenase, long-chain Acadl 1.6 24 1.8
* 1367897 at i;ﬁ;lc‘}e‘myme A dehydrogenase, very lomg g1 22 2.6 2.8
1367680 _at acyl-Coenzyme A oxidase 1, palmitoyl Acoxl 2.7 3.1 4.3
* 1367836 _at Carnitine palmitoyliransferase 1 Iiver Cptla 5.3 T4 6.6
* 1386946 at carnitine palmitoyltransferase 1, liver Cptla 43 4.6 8.5
* 1386927 a1 carnitine palmitoyliransforase 2 Cpt2 8.3 6.2 3.6
* 1367659 s at  dodecenoyl-coenzyme A delta isomerase Dei 6.4 7.6 3.6
* 1367777 _at 2,4-dienoyl CoA reductase 1, mitochondrial Decrl 2.4 3.3 - 3.0
1370818 _at gj‘:i:fnoleoemyme A reductase 2 peroxi- Doct2 35 35 55
* 1386885 at enoyl coenzyme A hydratase 1, peroxisomal Echl 89 ii6 4.6
" enoyl-Coenzyme A, hydratase/3-hydroxyacyl . :
1368283 _at Coenzyme A dehydrogenase Ehhadh 7.1 8.4 83.¢
1370164 ot Lydroxyacyl-Coenzyme A dehydrogenase al- 4 3.1 42 1.9
- pha subunit
1367694 at hydrexyac}.’}Coenzyme A dehydrogenase Hadhb 31 37 15
- beta subunit ]
* 1388210 at Mitochondrial acyl-CoA thicesterase 1 Mitel 24.1 32.1 3.9
* 1388211 s at  Mitochondrial acyl-CoA thioesterase 1 Mitel 162.8 1755 7.6
Lipid mobilization
1370024 _at fatty acid binding protein 7, brain Fabp7 2.4 3.6 1.5
+ 1368150 at solute carrier family 27 (futty acid transporter), Slc27a2 17 1.0 3
menber 2
1398249 at solute carrier family 25 member 20 Slc25a20 37 37 2.4
* 1367950 _at solute carrier family 22 member 5 Sle22a5 4.1 5.5 3.1
* 1367689 a at  Cd36 antigen Cd36 5.8 164 37
* 1386961 _at cd36 antigen Cd36 5.2 9.6 38
# 1375247 at Monoglyceride lipase Megll 32 7.4 3.3
* 1370831 at Monoglyceride lipase Mglt 42 74 3.5
* 1388644 at Monoglyceride lipase Melt 72 0.4 3.9
1368317 at aquaporin 7 AgpT 34 220 13
Fatty acid aund chelestere! synthesis
1367857 _at fatty acid desaturase 1 Fadsl 1.5 1.8 1.2
1368453 at fatty acid desaturase 2 Fads2 2.4 38 13
* 1370355_at Stearoyl-Coenzyme A desaturase ! Scdl 1.6 2.6 2.2
1372318 at  CLOVL family member 6 elongation of long g 39 46 72 15
chain fatty acids yeast
ELOVL family member 6 elongation of long
* 1388108 _at chain fatty acids yeast tBLO2 54 9.6 2.1
1367767 _at 3-hydroxy-3-methylglutaryl CoA, lyase Himgcl 1.9 3.4 1.5
s+ 1370310 ot Svdroxy-3-methylglutaryl-Coenzyme A syn- 0o 19 1.9 115
thase 2 i
Ohbter ipid methabolism related
* 1386880 at acetyl-Coenzyme A acyliransferase 2 Acaa? 28 23 4.3
1373778 _at Acetyl-Coenzyme A carboxylase beta Acach 2.0 3.6 14
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Table 2. Continued.

Vive
e itro®
ProbelD GeneName Gene Symbet Single® Repeated Vitro

1367763 _at Acetyl-coenzyme A acetyltransferase 1 Acatl 2.2 34 2.1
1368177 at acytCoA synthetase longchain family member 3 Acsl3 2.4 5.8 3.6

¥ 1371886 _at Carnitine acetyliransferase Crat 9.7 174 25
1368426 at camitine O-octanoyltransferase Crot 2.8 3.1 2.0
1387183 at Camitine O-octanoyltransferase Crot 84 6.4 38

* 1398250 at cytosolic acyl-CoA thioesterase 1 Ctel 537.8 971.5 1906.3
1368206 _at peroxisomal acyl-CoA thioesterase 1 Piel 3.6 5.8 1.5
1369485 at cytoplasmic acetyl-CoA hydrolase TACH 2.3 2.9 2.7

* 1388924 at Angiopoietin-like protein 4 Angptld 53 56 5.3
Peroxisomal Protein

* 1379361 _at Peroxisomsal biogenesis factor 11A Pexlla 16.5 1z.1 4.9

# 1387740 _at peroxisomal biogenesis factor 11A Pexlla 14.8 133 74
Carbohydrate methabolism

* 1369150 at pyruvate dehydrogenase kinase, isoenzyme 4 Pdkd a7 17.9 159
1370509 _at gy,;uevzte dehydrogenase phosphatase isoen- Pdp2 23 i9 13
1369560 at glycerol-3-phosphate dehydrogenase 1 (soluble)  Gpdl 33 36 2.8
1371363 _at Glycerol-3-phosphate dehydrogenase 1 soluble  Gpdl 24 23 2.2
1387670 _at Glycerol-3-phosphate dehydrogenase 2 Gpd2 6.2 7.5 1.5
1370870 _at Malic enzyme 1 Mel 50 15.0 1.2
1376067 _at malic enzyme 1 Mel 5.1 12.0 i1
Proliferation
1371150 _at Cyclin D1 Cendl 2.2 1.7 1.1
1383075 _at Cyclin D1 Cendl 3.7 1.6 1.1
1368947 at flrghv\:h arrest and DNA-damage-inducible 45 Gadddsa 36 40 13
1368308 at :(x;zieig)cytomatosm viral oncogene homolog Mye 29 57 12
1373473 a at  Nucleosome assembly protein 1-like 1 Naplil 33 3.8 1.2
1370826 at Nucleosome assembly protein 1-like 1 Naplil 2.0 2.2 1.1
1387977 at Nibrin Nbn 33 23 3
1387062 a at  checkpoint kinase | homolog (8. pombe) Chek1 2.8 27 13
1371352 at High mobility group pretein 17 Hmgnl 1.8 1.9 15
1370334 _at Evectin-1 Plekhbl 34 2.2 1.4
1370413 _at Pregnancy specific beta-1-glycoprotein 4 Psgd 1.8 1.7 1.2
1389403 at Bone morphogenetic protein 7 Bmp7 1.7 18 1.2
1368143 at Annexin A7 Anxa7 2.3 3.5 1.0
Growth facior
1369608 _at fibroblast growth factor 16 Fgflé 1.8 1.8 12
Apoptesis
1368888 2 at  Retculon 4 R4 2.5 8.9 1.1
1388027 a at  Reticulon 4 Rind 3.5 133 1.1
1387521 at programmed cell death 4 Pdcd4 1.3 23 1.2
Cellular morphogenesis

« 1368475 at collagen-like tafl subunit of asymmetric acetylk- Colg 73 77 24
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Table 2. Continued.

479

ProbelD CenelMame Gene Symbel Single” Repeated? Vitroe®
1368355 at myosin 5B MyoSb 4.2 7.0 1.1
1398281 _at occludin Ccln 2.7 30 1.1
1367655 _at thymosin, beta 10 Trsb10 24 586 1.9
Prug and xencbiotic methabelism

) cytochrome P45, family 2, subfamily J, .
1387296 _at polypeptide 4 Cyp2id 2.8 4.6 1.6
Cytochrome P450 family 2 subfamily j .
1370706_a_at polypeptide 9 Cyp2i9 » i1 2.0 1.1
« 1370397 @ Cylochmome P4S0 family 4 subfamily & opgngy 3.4 33 21.9
polypeptide 14
« cytochrome P450, family 4, subfamily b,
1368934 at polypeptide 1 Cypdbl 6:6 6.1 9.9
1368738 at Cytochrome P450 subfamily 11B polypeptide 1 Cyplibl 22 2.4 3.5
1387123 gt CYiochrome P4SO, family 17, subfamily & g, 5.8 8.7 42
polypeptide 1
1369111 _at alcohol dehydrogenase 4 (class IL), pi polypeptide  Adb4 1.4 12 10.7
alcohol dehydrogenase 7 {(class 1V), mu or
1370313 _at sigma polypeptide Adny 3.3 4.6 2.8
1370613 s at  UDP glycosyltransferase 1 family polypeptide A6 Ugtlab 1.4 20 1.2
1387759 s at  UDP glycosyliransferase 1 family polypeptide A6 Ugtlat 2.1 2.5 1.2
Stress response
1367577 _at heat shock 27kDa protein 1 Hspbl 4.7 87 1.2
1374105 _at Hypoxiza induced gene 1 Higl 2.4 1.9 1.7
1387636 a_at P11 protein Cdtwl 33 3.6 1.3
1368552 at GrpE-like 1, mitochondrial Grpell 1.9 2.3 1.2
1387023 at glutathione S-transferase, mu type 3 (Yb3) Gstm3 13 2.1 2.0
1375357 _at Dystonia 1 torsion autosomal dominant torsin A Dytl 1.5 1.6 1.1
Other probes which were used in PCA analysis
* 1374265 _at NA NA 4.7 56 2.6
* 1374556 _at Similar to spermine oxidase NA 2.1 30 2.3
Transcribed locus strongly similar to
* 1376076 _at NP_076005.1 RIKEN ¢DNA 2310016C08 NA 5.8 59 4.4
gene Mus musculus
Similar to peroxisomal acyl-CoA thicesterase
* 1377037 _at 2B likely ortholog of mouse peroxisomal acyl- NA 17.5 10.6 79
CoA thicesterase 2B
Similar to Ghtaminyl-peptide cycloiransferase
* 1377867 _at precursor QC Glutaminyl-iRNA NA 10.5 43.2 6.1
cyclotransferase Glutaminyl cyclase
* 1383205_at Similar to dapper2 NA 3.5 4.2 1.9
* 1388756 _at Similar to RIKEN cDNA 6330579817 gene NA 2.5 2.5 2.7
* 1389253 at Vanin 1 Vanl 14.7 299 5.6
* 1390383 at Adipose differentiation-related protein ADRP 4.7 2.4 2.0

%), The largest fold change among the single dose studies of CFB, WY and GFZ is shown. ®: The largest fold change among the re-
peated dose studies of CFB, WY and GFZ is shown. : The largest fold change among in virro studies of CFB, WY and GFZ is
shown. The columns are shaded when the corresponding probe sets appear in Fig. 2. 7! Probes which were used in the PCA

analysis.
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Table 3. Down-regulated genes that are discussed in the text.

Vive

¥ / 3 <)
Probe 1D Gene Name Geng Symbel Singled Repeated” Vitro!
Lipid mobilization
1368520 at apolipoprotein A-1V Apoad -4.0 -255.0 -1.2
1386980 _at apolipoprotein M Apom -1.4 -5.3 —1.1
1398859 at Lipoprotein-binding protein Hdlbp -1.8 —~1.2 -1.1
Other lipid Methabolism related
1387959 at Lysophospholipase 10246266 2.2 3.4 -2.3
1370530 a_at  Phospholipase D1 Pldl -2.0 -1.8 -1.4
1360526 at acy%—Cnenzyme A dehydrogenase, short/branched Acadsh 20 20 18
- chain
Carbohydrate methabolism
1368651 _at Pyruvate kinase liver and RBC Pkir ~6.1 -5.8 -1.4
1387263 _at pyruvate kinase, liver and RBC Pkir —~11.1 —~15.7 -3.1
Proliferation
X-ray repair complementing defective repair in _ _
1387128 at Chiness hamsier colls 1 Xreel 1.9 1.4 -1.2
1372863 _at MYC binding protein 2 Mycbp2 -2.3 -3.0 ~1.2
1373291 _at Deleted in liver cancer 1 Dlel -2.0 -27 -1.3
1373332 at Casein kinase 1 delin Csnkid -1.9 -1.7 ~1.1
1398273 at ephrin Al Efnal -2.1 —1.6 -1.3
Transeription activation and repression
1371202 a at  Nuclear factor I B Nfib —2.6 ~3.2 -1.3
1388167 _at Nugclear factor [ B Nfib 2.5 -2.8 -1.4
1370946 at Nuclear factor 1 X Nfix —2.5 4.1 -13
1368221 _at nuclear receptor subfamily 3, group C, member 1 Nr3cl ~2.3 -2.5 -1.3
1369244 at ary! hydrocarbon receptor nuclear translocator Amt -1.8 —2.2 -1.3
1372601 at Activating franscription factor 5 Axfs —~1.9 —2.8 —1.1
) Chp/p300-interacting transactivaior, with Glw/Asp- . a
1367601 _at rich carboxy-terminal domain, 2 Cited2 3.1 -2.2 ~1.3
Chp p300-interacting transactivator with Gl Asp- .
1367602 _at rich carboxy-terminal domain 2 CitedZ ~3.0 ~2.3 -1.1
1387165 at v-maf musculoaponeurctic fibrosarcoms (avian) Maf 20 37 19
A oncogene homolog (c-maf) b = : -
1371781 _at Signal transducer and activator of transcription 3 Stat? -2.2 -2.6 ~-1.1
Growth factor
1370830 _at Epidermal growth factor receptor Egfr -39 3.8 -1.3
1373829 at Fibroblast growth Tactor receptor 2 Fef2 -1.6 -2.5 ~1.3
1370941 _at Platelet ‘denved growth factor receptor alpha Pdgfra 15 7 ~13
polypeptide
1367652 _at insulin-like growth factor binding protein 3 ipthp3 -1.6 ~2.5 -1.3
Apseptosis
1369941 at death-associated protein Dap -2.0 -2.8 ~1.1
1369902 _at Bel2 modifying factor Bmf -12.3 -22.2 —3.4
1370512_at Andx‘?geﬁ ) receptor-related  apopiosis-associated BT 29 31 ~13
protein CBL27
1371491 at Motch gene homolog 1 Drosophila Notchl —1.8 -1.9 -1.4
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