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Gene expression in rat kidney.

in all samples of papilla but absent in all of medulia
and cortex were 448, and only 27 (6%) were all present
in the whole slice. Genes with present call in all sam-
ples of medulla but absent in others were quite rare,
i.e., 18 probe sets, of which 2 (11%) had presentcall in
all of the whole slices. Cortex-specific probes were
found to be 44, and 34 (77%) were present in all of the
samples of the whole slice. The relatively small pum-
ber in the latier two portions indicates that most of the
genes are common between medulla and cortex, and
the gene expression in papilla is unique. These results
suggest again that the region specific genes (in other
than cortex) are difficult to detect by analysis of the
whole slice.

The above results clearly indicate that the popula-
tion of genes expressed in each region is quite differ-

Table 2. Pearson’s correlation coefficient between samples.

ent. Theoretically, absolute values of expression should
be used when an accurate comparison is made between
regions with different total mRNA contents. In order to
further elucidate this point, the “percellome proce-
dure” was employed to compare with global normal-
ization.

The mean of copy numbers {or the values
directly related to copy numbers) of f-actin was calcu-
lated to be 234, 291, 341, and 309 in papilla, medulla,
cortex and the whole slice, respectively, i.e., the ratio in
papilla, medulla, and cortex (whole slice = 1) was 0.76,
0.94 and 1.10, respectively. The mean of copy numbers
of GAPDH was calculated to be 208, 298, 369 and 343,
in papilla, medulla, cortex and the whole slice, respec-
tively, i.e., the ratio in papilla, medulla, cortex (whole
slice = 1) was 0.61, 0.87 and 1.08, respectively. These
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Cortex Whole
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Nol | No2 | No3 | Nol

Nol
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No3

A: Calculated on the data of global normalization.

B: Calculated on the data of percellome.
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values clearly differ from those by global normaliza-
tion, namely, the expression values in papilla were
apparently overestimated by global normalization. The
correlation coefficients calculated from the values nor-
malized by percellome (Table 2B) were almost identi-
cal to that in Table 2A except between papilla and oth-
ers, which showed a relatively large decrease in value.
These results again indicated that global normalization
was problematic, especially for papilla among the por-
tions, most possibly because of the low amount of
mRNA production in that region, compared with oth-
ers.

After normalization either by global mean or per-
cellome, the genes with absent call in all the samples
were discarded and analyzed by ANOVA (p<0.01) in
order to extract probe sets showing different expression
in any region(s). The numbers of extracted probe sets
were 12,322 for percellome and 8,161 for global nor-
malization. Fig. 3 shows the results of K-means clus-
tering (Euclidean, 10 clusters) of the expression values
converted into z-scores in order to see the trend of
expression in each region.

By percellome normalization (Fig. 3A), clusters
of probe sets with characteristic region-dependent

Probes expressing
specifically in papills

Probes expressing
in whole slice

17416

Probes expressing
specifically in medul

Probes expressing
in whole slice

17441

Probes expressing
in whole slice

17409

Probes expressing
specifically in cortex

10

Fig. 2. Venn diagram of region-specific genes extracted by
flags (present, absent and marginal call). The probes
having “present call” in all samples of papilla and
“absent call” in all samples of medulla and cortex
were considered to be papilla-specific. The medulla-
and cortex-specific probes were also extracted in the
same manner and examined whether they were absent
in the whole slice.

Vol. 31 No. 5

expression were efficiently extracted. It was also obvi-
ous from the figure that there was only one cluster con-
taining only 293 probe sets that showed specifically
high expression in papilla, and the other probe sets
showed the lowest value in papilla compared to any
other clusters. This indicates that most of the probe sets
showed the lowest expression in papilla and the highest
ones were exceptional. On the other hand, the clusters
of global normalization (Fig. 3B) showed various,
inconsistent patterns. Contrasting with the case of per-
cellome normalization, there were many clusters in
which gene expression was highest in papilla, or where
papilla was equivalent to other region(s).

An obvious contradiction was noted between the
two normalizations as described above, so further com~
parison was made. After the elimination of the probe
sets that had absent call in all samples, the probe sets
were classified into categories where the values
showed maximum or minimum. Fig. 4 shows their
counts in papilla, medulla, cortex, and whole slice for
each normalization method. In the case of percellome
normalization (A), the numbers of probe sets showing
a maximal value were dominantly found in cortex,
while the most of those showing a minimum were in
papilla. On the other hand, in the case of global nor-
malization (B), many of the probe sets showing their
maximum were in papilla, while the numbers of probe
sets with minimal expression were distributed evenly
among the samples. It is noteworthy that very many
(>3,000) probe sets showed minimal expression in the
whole slice. However, this is theoretically impossible
because the whole slice contains all the other 3 por-
tions. Therefore, it should be concluded that the extrac-
tion of the genes with region-specific expression based
on global normalization gives an error, and thus percel-
lome normalization should be used in this case.

Based on the above results, region-specific genes
in kidney were extracted as follows. After selection by
ANOVA (p<0.01) for the data of percellome normal-
ization, genes were categorized by the position at
which they showed the larger expression value and
then aligned in the order of their ratio to the minimum,
for papilla (Table 3), medulla (Table 4) and cortex
(Table 5). As is obvious from Figs. 3 and 4, the produc-
tion of mRNA per cell was considered to be in the
order of cortex>medulla>papilla, and the numbers of
region-specific probe sets were also in this order. For
simplicity, probe sets without any annotation were
eliminated, and the ones with the ratio of >3 for
papilla, >10 for medulla, and >30 for cortex, are pre-
sented in the tables.
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Fig.3. K-means clustering of genes expressed in papilla, medulla, cortex, and whole slice of kidney. Data were processed by percel-
fome normalization (A) or global mean normalization (8), and then converted into z-scores. K-means clustering (Euclidean, 10
clusters) was performed with MeV version 3.1 (The Institute for Genomie Research, Rockville, MD, USA). In each cluster,
individual samples are aligned from left to right: whole slice (3), papilla (3), medulla (3), and cortex (3}. Red lines indicatethe
mean of the probes within each cluster. Orange circles indicate where papilla showed specifically high expression values.
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In all these three tables, the higher rank is gener-
ally occupied by the genes related to channels, trans-
porters and metabolic enzymes, suggesting that the
gene lists are meaningful for analysis of specific renal
functions.

In most of the papilla-enriched genes (Table 3),
the ratio of papilla/cortex is larger than that of papilla/
medulla, since the composition of papilla is closer to
medulla than to cortex. The exceptional genes (highest
in papilla and lowest in medulla) are shaded in the
table. The outstanding feature of this table is that heat
shock proteins and cytoskeleton/extracellular matrix
proteins are present, in addition to the channel/trans-
porters and metabolic enzymes.

In most of the medulla-enriched genes (Table 4),
the ratio of medulla/cortex is less than 2, suggesting
that their expression is relatively similar between these
two portions. The genes with ratio of >3 are shaded in
the table, but they are only 3 sets, indicating that
medulla-specific genes are rare. The higher rank of the
list in Table 4 is also occupied by channel/transporters
and metabolic enzymes, and cytoskeletal proteins are
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scarce. A unique feature of medulla is the existence of
4 probe sets for prolactin receptor. This might occur
simply because the quality of these multiple probes for
one prolactin receptor is uniformly high.

Table 5 shows genes that showed the highest
value in the cortex. It is noteworthy that many genes
show more than 3 fold (shaded in the table) for the cor-
tex/medulla ratio, indicating that there are many cor-
tex-specific genes. The higher rank of this table is also
occupied by channel/transporters and metabolic
enzymes, but the numbers of metabolic enzymes are
more prominent than in medulla.

Table 6 summarizes the genes categorized as
channel/transporters, metabolic enzymes, cytoskele-
tons, and others for each portion.

DISCUSSION

The kidney is composed of various types of cells,
and each portion (papilla, medulla, and cortex) has spe-
cific functions with wide variety, and the adverse
effects of drugs vary with each portion. For example,
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Fig. 4. The numbers of probe sets where their expression was maximal or minimal in whole slice, papilla,
medulla, or cortex of kidney. After normalization by percellome (A) or global mean (B), probes
with absent call in all samples were eliminated, and the numbers of probe sets with maximal (upper
panels) or minimal (lower panels) were counted for each region, ie., whole slice (1), papilla (2),

medulla (3), and cortex (4).
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e . .. | cytoskeleton
Probe sets | PAPIA/papilla/ | medulla/) oo gyppor GENE_NAME channel | Metabolic | o eltutar
cortex | medulla | cortex transporter | enzymes natrix
1368259 at | 320 127 2.5 | Pigsl prostaglandinendoperoxide synthase 1
solute carrier organic anion trans-
1389067 at | 29.5 10.7 2.8 |Sicodal porter family, mermber 4al
1372190 at 2338 8.1 2.9 |Agpd Aquaporin 4
1394200_at | 229 4.9 4.7 {Hspa2 heat shock protein 2
1387092_at | 175 54 32 |Fxyd4 FXYD domain-containing ion trans-
port regulator 4
1367847 at 174 54 3.2 (Nupri nuclear protein 1
. capping protein (actin filament),
1388460 _at 16.8 5.6 3.0 | Capg_predicted gelsolin-like (predicted)
1383460 at | 72 | 146 | 05 |Aldnia3 Aldehyde dehydrogenase family 1,
subfamily A3
1376711 _at 13.3 7.1 1.9 {Cldnll claudin 11
sohate carrier family 4, sodium bicar-
1383319_at 132 2.5 5.3 |Slcdall_predicted |bonate transporter-like, member 11
(predicted)
aldo-keto teductase family 1, mem-
1367734 _at | 13.1 79 1.7 | Akrlbd ber B4 (aldose reductase)
1368765_at | 107 2.5 4.2 | Clenkl chloride channel X1
1370229 _at | 105 1.9 54 [ Nd N-miyc downstream regulated 4
1369841 at 10.3 4.2 2.4 | Hspa2 heat shock protein 2
1382303_at 3.8 8.8 0.4 | RGD:1303187  phosphatase and actin regulator 1
. lymphocyte antigen 6 complex, locus
1378690 _at 7.6 3.9 2.0 |Ly6a_predicted A (predicied)
1367661 at | 6.8 37 18 |S100a6 S100 calcium binding protein A6
(calcyclin)
1374207 _at 6.6 25 2.6 |Agpt2 angiopoietin 2
. gremlin 1 homolog, cysteine knot su-
1369113 _at 6.1 3.9 16 |Grem! perfamily (Xenopus lacvis)
1368858 _at 59 2.1 2.8 |Ugts UDP-glucuronosyltransferase 8
heat shock 70kD protein 1A // heat
2, coa s :
1368247 _at 54 37 1.5 |Hspala/// Bspalb shack 70kD protein 1B
1370334 _at 32 54 0.6 | Plekhbl evectin-1
1367650 _at 5.1 3.1 1.6 {lecn7 lipocalin 7
transducin-like enhancer of split 2,
1374861 _at 5.1 2.1 24 | Tle2_predicted homolog of Drosophila E(spl) (pre-
dicted)
1387100_at 4.1 5.1 0.8 1Agp3 aguaporin 3 .
1369949 at | 5.0 36 14 |Lu Lutheran blood group (Auberger b
antigen included)
13692632t | 50 | 24 | 20 |Wosa wingless-type MMTV - integration
site SA
1370312 at 4.9 1.5 34 |Sponl spondin 1
1388459 _at 4.7 2.9 1.6 {Coli8al collagen, type XVII, alpha 1
1388456_at 43 3.0 1.4 | S100al 5100 calcium binding protein Al
Bartter syndrome, infantile, with sen-
1393209 _at 3.6 43 0.8 |bsnd sorineural deafness (Barttin)
1373733 _at 4.3 2.8 1.5 |Bok Bel-2-related ovarian killer protein
1388547_at 4.2 2.5 1.7 {Cldnd_predicted claudin 4 (predicted)
Vol. 31 Ne. §



458

K. TAMURA ef al.

Table 3. Continued.
. R . |cytoskeleton
Probe sets | P22/ | papilia/ | medullal) e qonmer GENE_NAME channel | Motabolic |, cellular
cortex | medulla |cortex transporter | enzymes matrix
1396152 5. insulin-like growth factor binding
" } 41 24 1.7 |Igtbps protein 5
1367812_at 4.0 33 1.2 | Spnb3 beta-spectrin 3
1367577_at 34 3.9 0.9 |[Hspbl heat shock 27kDa protein 1
1372755 _at 39 25 1.6 | Mal2 mal, T-cell differentiation protein 2
1370834 at | 3.8 18 22 |Hs3st heparan sulfate (glucosamine) 3-O-
sulfotransferase 1
1388155_at 38 3.3 1.2 | Kt1-18 keratin complex 1, acidic, gene 18
1372299 at| 37 | 23 | 16 |Cikale ‘(’g;;‘;"depc“de‘“ kinase inhibitor 1C
proline arginine-rich end lencine-rich
1387886_at 36 2.7 1.3 | Prelp .
repeatl profein
1368527 _at 1.7 3.6 05 Pas2 prostaglandinendoperoxide synthase 2
e leukotriene B4 12-
1388102 at | 1.9 35 | 05 |Libddh hydroxydehydrogenase
endothelial differentiation, lysophos-
1370048 _at 34 2.8 1.2 |Edg2 phatidic acid G-protein-coupled te-
) ceptor, 2
1371004_at 34 1.7 2.0 |Sortl sortilin 1
; " Insulinlike growth factor binding
1397830t | 34 23 1.5 |Igfbps profein 5
5’6995 3a) 43 15 22 |cdu CD24 antigen
latent transforming growth factor
1367912_at 32 23 14 {Ltbpl beta binding protein 1
1387566_at | 3.2 16 20 |Plh2gda phospholipase A2, group IVA (cyto-
solic, calcinm-dependent)
1370912 _at 32 2.3 1.4 |Hspalb heat shock 70kD protein 1B
1398318 _at 3.2 2.1 1.5 |[Mucl mucin I, transmembrane
1371625 _at 3.1 2.8 1.1 | Pysb brain glycogen phosphorylase
1370026 _at 31 1.1 2.8 | Cryab crystallin, alpha B
1393048 _at 3.1 1.1 2.8 | Adra2a Adrenergic receptor, alpha 2a
1388143 _at 3.1 2.4 1.3 {CollBal collagen, type XVHI alpha 1
1393958 _at 3.1 2.1 1.5 | Arhgapd Rhio GTPase activating protein 4
1369084 _a__ N .
at 31 2.8 1.1 {Bok Bcl-2-related ovarian killer protein
1371499 at | 3.0 18 17 lcdo CD9 antigen
1391830_at 3.0 1.9 1.6 | CpneS_predicted copine VIII (predicted)
1368342 _at 3.0 1.9 1.6 | Ampd3 adenosine monophosphate deaminase 3
. . carbohydrate (keratan sulfate Gal-6)
1384192 _at 30 2.1 1.4 | Chstl_predicted sulfotransferase 1 (predicted)
1398431 at 12 30 A Car8 predicted carbonic anhydrase 8 {(predicted)
. S100 calcinm binding protein All
13751.70__at 30 1.6 1.9 |S8100all_predicted (calizzarin) (predicted)
1367759 at 3.0 1.2 2.5 |HIG H1 histone family, member 0
1387040 _at 3.0 1.6 1.8 | Mal myelin and lymphocyte protein

After selection by ANOVA (p<0.01) for the data of percellome normalization, genes maximally expressed in papilla were selected. The genes were
aligned in the order of the ratio to the lower expression value, either in medulla or in cortex. As the genes listed here are expressed higher in medulla
than cortex, in general, exceptional cases (ratio<0.6) are shaded in the medulla/cortex column. The genes categorized to “channelftransporters™,
“metabolic enzymes”, or “cytoskeleton/extracellular 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 3-fold specificity are omitted.
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‘Table 4. A list of probe sets specifically expressed in medulla of kidney.
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. |cytoskeleton
Probe sets | i/ | cortex/ | medullal} g gvnpor GENE_NAME channel | Metabolic /. ceitular
papilla | papilla | cortex transporter | enzymes matrix
cytachrome P450, family 2, subfam-
ily d, polypeptide 9 #/ cytochrome
at | 2
1370377 _at | 204.8 124.5 16 | Cyp2dd// Cyp2d10 |, 450, family 2, subfamily d, polypep-
tide 10
. solute carrier family 21, member 1 /#/
1387567 at | 1849 | 1197 15 Isgg“; . ;’; hypothetical gene supposted by
NM_017111
1369401 _at | 153.0 69.6 2.2 |Slc2lal3 solute carrier family 21, member 13
Cytachrome P450, subfamily IIC
1387328_at | 149.6 100.5 1.5 |Cyp2e (mephenytoin 4-hydroxylase)
1368288_at | 147.9 90.7 1.6 | Ge group specific component’
1368498_a_ 1473 102.7 14 | RGD:621387 kidney specific organic anion trans-
at porter
. solute carrier family 23 (nucleobase
1386454 _at | 133.0 46.7 2.8 |SIc23a3_predicted transporters), member 3 (predicted)
1 } R '
33’70789*‘"‘— 1326 | 918 14 |Pdr prolactin receptor
solute carrier family 22 (organic an-
1387987 at | 120.1 439 2.7 |Sk22al9 jon transporter), member 19
1390569 _at | 1174 74.7 1.6 { RGD:1359493 similar to carnosinase 1
1Bevaso_ae | 1149 | 923 | 12 |UsTsr integral membrane transport protein
UST5r
1369493 _at | 89.1 62.1 i4 | Prr prolactin receptor
solute carrier family 6 (neurofrans-
1368575 at | 889 | 700 1.3 |Sic6al8 mitter transporter), member 18
1370824 _at 88.2 60.3 1.5 |Sk38a3 solute carrier family 38, member 3
1387382 _at 88.0 42.0 2.1 |Homt histamine N-methyltransferase
1387303 _at 33.1 592 14 | SK2282 s.;oiute ‘carrier family 22 (organic cat-
ion transporter), member 2
1378247 at | 815 413 2.0 |Eaf2 ELL associated factor 2
solute carrier family 7 (cationic amino
: o acid transporter, y+ system), member
1373990 | 785 | 240 | 33 |Sle7ai2predicted |y, ocgicied) /i similar to solute car-
111.0C361914 . : . . .
rier family 7 (catiopic amino acid
transporter, y+ system), member 12
. . maternal embryonic leucine zipper
1389756 at | 780 57.9 L3 Melk_predicted Kinase (predicted)
1384775 s y transmembrane protease, serine 8 (in-
at 74.6 517 1.4 | Tmprss8 testinal)
37
;t 038401 1309 | 603 12 |Pdr prolactin receptor
1368208 _at | 729 60.3 1.2 |Cmil camello-like 1
1376944 _at 72.5 68.6 1.1 Prir Prolactin receptor
blastosis ik -
13851320t | 690 | 325 21 | Mybll_predicted gzzg) astosis oncogene-like 1 (pre
1368651 at | 664 49.0 14 |Pkr pyruvate kinase, liver and RBC
1368304 at | 65.8 57.1 12 |Fmo3 Flavin containing monooxygenase 3
dehydrogenase/reductase (SDR fam-
Dhrs7_predicted #/ | ily) member 7 (predicted) /// similar
1397205 at | 549 | 4238 13 11ocs00672 to Down-régulated in nephrectomized
rat kidney #3
Vol. 31 No. §
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: . {cytoskeleton
Probe sers | "oedulla/) cortex/ | medullal} pp conmer GENE_NAME channel | Metabolic | o cellutar
papilla | papilla | cortex transporter | enzymes matrix
. aldo-keto reductase family 1, mem-
1398612 _at 51.8 37.6 14 | Akelel? predicted ber C12 (predicied)
1384639_at | 516 | 490 1.1 |Dplii_predicted gge‘ed in polyposis 1-like 1 (predict-
1368627 at 497 35.7 1.4 |Rgn regucalein
1368366_at | 47.1 42.1 1.1 {Cmi2 Camello-like 2
1387234 at | 442 42.4 1.0 i Azgpl alpha-2-glycoprotein 1, zinc
1368163 _at 43.3 43.2 1.0 | Dppd dipeptidylpeptidase 4
1372841 at | 417 | 323 13 | Dplll_predicted gge‘ﬂd in polyposis 1-like 1 (predict-
; solute carrier family 15 (H+/peptide
1398255 _at 38.7 20.9 1.8 |SiclS5a2 transporter), member 2
ectonucleotide
1367905_at | 382 29.7 1.3 |Enpp3 pyrophosphatase/phosphodiesterase 3
glutamate-cysteine  ligase, catalyiic
1370688_at | 33.0 278 12 | Gele Subunit
i? 083748 310 | 202 11 Gt gamma-ghuitamyltransferase 1
1387218_at 30.2 23.1 13 |TH3 trefoil factor 3
;5’707 Bal 500 | 11 18 |Siatr sialyltransferase 1
1373773 at | 294 25.3 1.2 | Gpméa glycoprotein méa
1387357 at | 28.1 24.8 1.1 | Tmlhe trimethyllysine hydroxylase, epsilon
Angiotensin I converting enzyme
1380962 at | 27.6 233 1.2 {Ace2 (peptidyl-dipeptidase A) 2
: Gipbpd G proteinbinding protein CREG /#/
1370144 _at | 269 18.1 1.5 {LOC364763 Il similar to GTP-binding protein NGB
LOC498786 I similar to GTP-binding protein NGB
regucalcin gene promotor region re-
1387209 _at | 246 22.3 11 |Repr lated protein
1367838 _at 24.5 179 14 iCth CTL target antigen
1390855_at { 23.9 12.7 1.9 Prep Prolyl endopeptiduse
1371913 at | 234 | 118 | 20 |Tewi gansforming growth factor, beta in-
1368234 at | 234 12.1 1.9 |Prep prolyl endopeptidase
1388145 at | 225 22.4 10 |Taoxa tenascin XA
1370365_at | 223 14.3 1.6 1Gss glutathione synthetase
1381350 _at | 203 174 12 (Idbvd inhibitor of DNA binding 4
1394022 at | 180 11.8 15 jIdb4 inhibitor of DNA binding 4
1368164 _at 17.9 14.7 1.2 | Biva biliverdin reductase A
1379300_at | 17.5 | 170 1.0 | Chst2_predicted 3‘1.’;2“33’&3‘6 sulforansferase 2 (pre-
. cytochrome P450, family 2, subfam-
1387296 at | 17.1 157 L1 |cyp2id iy 1. polypeptide 4
1377408_at | 16.9 162 1.0 |Pla2gs phospholipase A2, group VI
§ tamor necrosis factor receptor super-
1369401_:& 16.3 104 1.6 | Tofrsfllb family, member 11b (osteoprotegerin)
sema domain, transmembrane do-
1382868 _at | 165 9.9 1.7 | Sema6a_predicted |main (TM), and cytoplasmic domain,
(semaphorin) 6A (predicted)
1387819 at | 163 16.3 1.0 |Elal elastase 1, pancreatic
1372523 at | 163 | 149 | 11 |Gele ghitamate-cysteine ligase, - catalytic
subunnit
Vol 31 No.-§
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. |cytoskeleton
Probe sets | Toduli/ | cortex/ | medullal) gy gyymor, GENE_NAME channel | Metabolic |/ celtutar
papilla | papilla | cortex transporier | enzymes imatrix
31387941‘3“ 16.1 14.6 1.1 | Pla2gé phospholipase A2, group VI
1372750_at 3.7 0.2 159 | Fst Follistatin
1370072_at 15.6 12.1 1.3 | Mme membraoe metallo endopeptidase
1387966_at 15.5 114 14 | Asigll asparaginase-like sperm autoantigen
solute camier family 7, (cationic
1384831 at 15.1 117 1.3 | Sic7al3_predicted |amino acid transporter, y+ system)
member 13 (predicted)
1368189 at | 148 11.3 1.3 | Dhar? 7-dehydrocholesterol reductase
1367798 _at 14.5 112 1.3 | Ahcy S-adenosylhomocysteine hydrolase
) protein  kinase, cAMP-dependent,
1371059 _at | 14.5 144 1.0 | Prkar2a regulatory, type 2, alpha
1369158 _at 144 14.3 1.0 [ Casr calcium-sensing receptor
1370030_ac | 14.1 | 115 12 |Gelm glutamate cysteine ligase, modifier
subunit
brain abundant, membrane attached
1398350 at | 14.0 129 1.1 |Baspl signal protein 1
1369728 _at 13.7 10.7 1.3 | Histihdm_predicied | histone 1, H4m (predicted)
1387223 _at 13.6 12.2 1.1 | Aadat aminoadipate aminotransferase
;?70529‘3“ 12.8 7.7 1.7 {Pldl phospholipase D1
R ATP-binding cassette, sob-family A
1384603 _at | 12.8 9.8 1.3 | Abcad_predicted (ABCT), member 4 (predicted)
1369494_3__ 12.0 66 18 | Ghehr growth hormone releasing hormone
at receptor
1367729t | 119 | 114 10| Oat ornithine aminotmansferase
1374565 at 1.8 97 12 | Nek6 NIMA (never in mitosis gene a)-re-
A . ) ; < lated expressed kinase 6
1368431 _at 11.6 10.3 1.1 !Hpn hepsin
. . retineic acid receptor responder (taza-
1382274 at | 115 55 2.1 | Rarresl_predicted rotene induced) 1 (predicted)
1374871 _at 11.2 73 1.5 | Asgll asparaginase-like sperm autoantigen
1392965 _a_ R SPARC related modular calcium
at 110 23 4.8 | SmocZ_predicted binding 2 (predicted)
1370163 _at 11.0 6.3 1.7 10dc] ornithine decarboxylase 1
1 T : o -
1300208 at | 107 | 107 10 | Htatipd_predicted | V-1 Tat interactive protein 2 (pre
dicted)
137053021 06 | 53 19 |Pi1 phospholipase D1
» . methylcrotopoyl-Coenzyme A car-
1376852 _at | 10.5 83 1.3 | Mcccl_predicted boxylase 1 (alpha) (predicted)
1369184 at | 105 6.8 1.5 | Cidnl6 clandin 16
SH2 domain binding protein 1 (tetra-
1385970 _at 104 9.5 1.1 | ShZbpl_predicted |tricopeptide repeat containing) (pre-
dicted) .
1383742 _at 10.1 9.4 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
cortex to a similar extent, exceptional cases (ratio >3} are shaded in the medulla/cortex column. The genes categorized to *“channelftransporters”,
“metabolic enzymes”, or “cytoskeleton/extracellular 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 kidney.
i . |cytoskeleton
Probe sets | Conen | medullali cortex | e conMmoL GENE_NAME channel | Metabolic |, cllolar
papilla | papilla | medulla fransporter | enzymes matrix
1387314_at | 312.0 259.8 1.2 | Sultibl sulfotransferase family 1B, member 1
1387820 _at | 2849 147 184 1 KIK7 kallikrein 7
1388172 _at | 2454 110.3 2.2 1Ustir intcgml membrane transport UST1r
2363064*‘“‘— 2301 | 196 | 118 |Ddc dopa decarboxylase
1390591 _at | 2242 166.1 13 |Slkci7a3 Na/Pi cotransporter 4 .
cytochrome P450, family 4, subfam-
1368467 at | 2171 117.6 1.8 |Cypdf2 ily E, polypeptide 2
solute carrier family 26 (sulfate trans- |
1368660_at | 210.7 75.0 2.8 | Sic26al porter), member 1
solute carrier family 22 (organic| ©
1396039 _at | 2025 188.6 1.1 {SIc22al2 predicted | anion/cation transporter), member 12§
(predicted)
1387230 at | 1939 132 14.77 24 8lc12a3 solute carrier family 12, member 3
1368245_at | 1924 134.7 1.4 | Upbl ureidopropionase, beta
cytochrome P450, family 2, subfam-
1367917_at | 1923 124.6 1.5 |[Cyp2d26 ily d, polypeptide 26
S cytochrome P450, family 2, subfam-
1367871 _at | 187.8 323 ) 578 ‘ CypZel ily ¢, polypeptide 1
RS Solute carrier family 16 (monocar-
1376267 _at | 185.1 139 |~ 13.4 ‘ Slcl6a6 boxylic acid fransporters), member 6
1384877 _at | 1834 73.9 2.5 {Agpll aquaporin 11
] kynureninase  (L-kynurenine
1398282 _at | 1745 752 2.3 |Kymu hydrolase)
1370547 _at | 1695 56.4 30| Pzp pregnancy-zone protein
1368563 at | 149.7 96.7 1.5 |Aspa aspartoacylase
‘ 2-amino-3-carboxymuconate-6-semi-
1383111 at | 1493 60.1 2.5 |Acmsd aldehyde decarboxylase
1370991 at | 146.7 32.6 4.5 1 Cmi3 camello-like 3
. solute camier family 17 (sodium
1387188 _at | 1445 86.8 1.7 {RGD:620099 phosphate), member 1
1370936_at | 1434 | 913 16 |Dmgdh dimethylglycine dehydrogenase pre-
cursor
1367804 _at | 1428 218 6.5 .| Sap serum amiyloid P-component
1368915_at | 1415 | 87.2 16 |Kmo kynurenine 3-moncoxygenase  (lyn-
urenine 3-hydroxylase)
1398511 at | 1387 16.8 8.3 | Susd2_predicted sushi domain containing 2 (predicted)
1387851 _at | 1299 78.3 1.7 |Pter phosphotriesterase related
1376051 _at | 127.0 63.2 2.0 |Cryll crystallin, lamda 1
1384112 at | 1251 80.6 1.6 INtS 5 nucleotidase
1393894 at | 1238 94.1 13 | RGD:628846 cytochrome P450, 4a12
1370725 n
at -1 1169 154 7.6 | Gépc glucose-6-phosphatase, catalytic
1386980 _at | 1166 64.2 1.8 1 Apom apolipoprotein M
R " Dnal (Hsp40) homolog, subfamily
1377125 _at | 1163 28.0 42 1 Dnajc6_predicted C, member 6 (predicted)
1368317 _at | 114.8 70.5 1.6 |Agp7 aguaporin 7
1370615_at | 1144 280 4.3 I RGD:708417 UDP-glucuronosyltransferase
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cortex/ | medulla/| cortex/ ] channel Metabolic cytoskeleton
Probe sets popilia | papilla | medulla G -8 OL G N transporter | enzymes f%t:;f:;ulw
x
1368236_at 1134 1055 1.1 |Mepla meprin 1 alpha
1373386_at | 1132 | 1108 10 |Gpe gap junction membranc channel pro-
tein beta 2
1369636_at | 112.6 412 27 {Sord sorbital dehydrogenase
1368521 _at | 110.8 463 24 |MNapsa napsin A aspartic peptidase
SIcoTa2 M solute carrier family 27 (fatty aci_d :
1368150_at | 1104 78.2 14 LOCA97779 transporter), member 2 /// hypotheti-
’ cal gene supported by NM_031736
1369635_at | 109.5 42.4 2.6 |Sord sorbitol dehtydrogenase
;?68180_5_ 7.9 739 1.5 | Gsta2 glutathione-S-transferase, alpha type2
1368190_at | 1056 12.1 8.7 |Renl renin 1
R Mpvl7 transgene, kidney disease
1377051 st | 1047 179 58 | MpvlA_predicted mutant-like (predicted)
1387336 _at | 1027 897 1.1 | Natg N-acetyltransferase 8 (camello like)
1387631 at | 1024 | 59.8 1.7 |Hpgd 15-hydroxyprostaglandin
dehydrogenase
1379885_at | 100.7 914 1.1 |Fmod flavin containing monooxygenase 4
1368659_at | 100.0 60.0 1.7 |Agst2 alanine-glyoxylate aminotransferase 2
2370259‘3’“ 99.6 311 32 |Pthrl parathyroid hormone receptor 1
4 ST
1368188 0t | 946 | 256 3.7 |Hpd hydroxyphenylpyruvic acid dioxy
genase
1369200 _at 93.4 56.3 1.7 |NtS 5 nucleotidase
1387053 _at 90.3 37.7 24 |Fmol flavin containing monooxygenase 1
i serine (or cysteine) proteinase inhibi-
1388569 _at 88.3 50.7 1.7 | Sempinfl tor, clade F), member 1
. xyhulokinase homolog (H. influen-
1390857_at 81.5 26.6 3.3 | Xylb_predicted 7a¢) (predicted)
1387375_at 86.9 64.4 14 {XKhk ketohexokinase
1387034 _at 86.3 17.7 4.9 | Pah phenylalanine hydroxylase
1397740_at 86.3 510 1.7 | Sfxnl_predicted sideroflexin 1 (predicted)
1368736_at 84.2 18.9 44 1Tsx testis specific X-linked gene
1398514._at | 826 | 813 10 | Had_predicted g’m"ge"m"w 1. 2-dioxygenase (pre-
cted)
1368515_at 81.1 72 113 |Epb4.183 erythrocyte protein band 4.1-like 3
- anil
1368794 2t | 810 | 784 | 10 |Haso Shydromyanthrantae 34
oxygenase
1370964 _at 80.8 27.0 3.0 |Ass arginosuccinate synthetase
1368077 _at 79.6 43.0 1.9 |{Fbpl fructose-1,6- biphosphatase 1
) cytochrome P450, family 4, subfam-
1370397 _at 71.6 68.8 1.1 |Cypdald ify a, polypeptide 14
UDP-glucuronosyltransferase 2 fam-
1368397 at |  76.3 36.6 2.1 | Ug2b5 #f Ugt2b4 | ily, member 5 /// UDP glycosyltrans-
ferase 2 family, polypeptide B4
1368282 _at 74.3 24.9 3.0 |{Dpepl dipeptidase 1 (renal)
1395026_at 73.7 59.0 1.2 |Fmod flavin containing mopooxygenase 4
ATP-binding cassette, sub-family G|
1380577 _at 70.1 53.6 1.3 | Abcg2 (WHITE), member 2
Vol.31 No. 5
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. |cytoskeleton
/ i
Probe sets | COe | medullal) corex | e cymBOL GENE_NAME chamnel | Metabolic | cellular
papilla | papilla | medolla fransporter | enzymes tnatix
1387339 _at 69.4 19.2 3.6 Seppl selenoprotein P, pl 1
1382913 _at 68.9 16.8 © 4.1 1 Ctinbp2 cortactin binding protein 2
tumor necrosis factor receptor super-
1376327 at 63.9 24.2 2.8 | Tnfrsfl4_predicted |family, member 14 (herpesvirus en-
try mediator) (predicted)
1368178 _at 66.6 324 2.1 (Pdzkl PDZ domain containing 1
sulfotransferase  family, cytosolic,
)
1377672 _at 66.3 373 1.8 |Sultic2 1C, member 2
1387084._at 65.5 555 12 |Dppd dipeptidylpeptidase 4
1374512 _at 63.7 35.5 1.8 | Cdn7 Cadherin 7, type 2
1371824 _st 63.6 40.8 1.6 [AK3I adenylate kinase 3-like 1
;369412_21_ 63.4 379 1.7 |Slcl9al solute carrier family 19, member 1
if BEBA 1| 302 16 |Gnr growth hormone receptor
Cdn2 cadherin 2 // hypothetical gene sup-
1387239 at | 629 | 294 21 {10ca07718 ported by NM_031333
. . calcium and integrin binding family
1389166_at 62.8 311 2.0 | Cib2_predicted member 2 (predicted)
. . troponin  C, cardiacfslow  skeletal
1371354 _at 62.1 8.0 7.8 | Tnee_predicted (predicted)
. guinolinate
1372672 _at 58.8 36.8 1.6 | Qprt_predicted phosphoribosyltransferase (predicted)
1369491_at 384 36.1 1.6 |Daol D-amino acid oxidase
1387111_at 573 334 17 | Dashi dimethylarginine  dimethylaminchy-
drolase 1
. cytochrome P450, family 2, subfam-
1367988 _at 57.1 22.1 2.6 |Cyp2e23 ily c, polypeptide 23
1368607 _at 56.5 51.1 11 |RGID:628846 cytochrome P450, 4212
1370881 _at 55.8 229 24 |Tst thiosuifate sulfurtransferase
1369259_at 55.6 284 2.0 |Diol deiodinase, iodothyronine, type I
’ R solute carrier family 39 (metal ion
1376709 _at 552 425 1.3 | 8ic3%a8_predicted sransporter), member 8 (predicted)
1387013_at 55.2 27.3 2.0 | Tmem27 kidney-specific membrane protein
solute carder family 7 (cationic
1387808 _at 54.9 51 108 | 8SicTa7 amino acid transporter, y+ system),
: member 7
enoyl-Coenzyme A, hydratase/3-hy-
1368283 _at 54.7 29.8 1.8 | Ehhadh droxyacyl Coenzyme A
dehydrogenase
giyoxylate
1373337 _at 534 225 2.4 | Grhpr_predicted reductase/hydroxypyruvate reductase
(predicted)
;383654‘8‘ 53.2 14.7 .36 | Fusk similar to fructosamine-3-kinase
1368924 _at 51.8 42.4 1.2 {Ghr growth hormone receptor
1368092 _at 50.7 35.9 1.4 jFah fumarylacetoacetate hydrolase
1380171 _at 494 39.5 13 | AdmaZb Adrenergic receptor, alpha b
low density lipoprotein receptor-re-
1367952 _at 458 26.5 1.7 |Lp2 lated protein 2
Vol. 31 No.5
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Table 5. Continued.
/ . cytoskeleton
Probe sets | COMeR [ medullal) cortex! | o oyvnmmor, GENE_NAME channel | Metabolic |, " cettular
papilla | papilla | medulla transporter | enzymes matrix
1369705_at 44.1 42.6 1.0 |RGD:621651 X transporter protein 3
1368680_a_ . solute carder family 34 (sedium
at 435 253 1.7 | Sk34al phosphate), member 1
glyci idinotransferas -
1367627_at | 435 | 1438 29 |Gatm glycine  amidinotransferase (L
arginine:giycine amidinotransferase)
1379950 _at 429 37.7 1.1 {Cmi2 Camello-like 2
1367775 _at 42.6 32.3 1.3 |Awmacr alpha-methylacyl-CoA racemase
1388176_at 424 24.0 1.8 | CmiS camello-like 5
1368322 _at 42.1 8.2 5.1 1Sod3 superoxide dismutase 3, extracellular
1372264 _at 42.1 15.9 2.7 (Pckl phosphoenolpyravate carboxykinase 1
solute carrier family 25 (mitochon-
1397647 _at 419 17.1 2.5 |8Ic25a15_predicted |drial carrier; omithine transporter)
member 15 (predicted)
1369073_at | 419 | 122 34 |Nrihd puclear receptor subfamily 1, group
H, member 4
1368877 _at 41.6 13.7 3.0 |Znf354a zinc finger protein 3544
1390119 _at 414 4.9 84 |Shp2 secreted frizzled-related protein 2
1367774_at 41.1 31.8 1.3 |Gstas glutathione S-ransferase AS
15-hydroxyprostaglandin
1376191 _at 40.1 27.6 1.5 |Hpgd dehydrogenase
. ” . glutaryl-Coenzyme A dehydrogenase
1397526 _at 39.3 23.5 1.7 | Gedh_predicted (prodicted)
1374384 _at 38.8 16.3 24 | Cryge Crystallin, gamma C
1387491 _at 38.5 109 335 |1Gyk glycerol kinase
;{386944_51,‘ 38.3 7.7 50 | Gope glucose-6-phosphatase, catalytic
1367999 _at 37.7 22.6 1.7 jAldh2 aldehyde dehydrogenase 2
1369182 _at 37.6 9.6 39 |F3 coagulation factor 3
1382975 _at 374 20.8 1.8 | Ceacaml CEA-related cell adhesion molecule 1
1374200_at | 36.1 167 22 |Sk29a3 solute carrier family 29 (nuclcoside
transporters), member 3
xanthine dehydrogenase // hypotheti-
1369973 at 356 9.6 3.7 | Zdh /H LOCA97811 cal gene supported by NM_017154
1372306_at | 354 | 229 1.5 |Bthel_predicted | C.ryimalonic encephalopathy 1 (pre-
dicted)
2-4-di . as
1370818 8t | 346 | 125 2.8 |Decr2 ~4-dienoyl-Coenzyme A reductase
2, peroxisomal
) Tigger transposable element derived
1397797 _at 333 293 1.1 | Tigd3 3 (predicted)
1372323 _at 329 23.4 14 | Sardh sarcosine dehydrogenase
1368412 _a_ protein tyrosine phosphatase, recep-
at 325 53 6.1 |Pwro tor type, O
36 125 6.0 54 |sicieas solute carrer family 16 (monocar-
1390036_at . : - cLoa boxylic acid transporters), member 6
1397744 _at 32.5 22.2 1.5 {Sardh Sarcosine dehydrogenase
Cdn2 cadherin 2 /// hypothetical gene sup-
¢ . 5 1.7
1368642 _at 324 19 A LOC497718 ported by NM_031333
sodium channel, voltage-gate
13731880t | 320 | 122 | 2.6 |Sondb o ge-gated, type
Vol. 31 No. 5

— 413 —



466

Table 5. Continued.

K. TAMURA et al.

., |cytoskeleton
Probe sets | Coner | medullal cortex! |y cvnmoL GENE_NAME channel | Metabolic | /0 cellular
papilla | papilla | medulla transporter | enzymes atrix
stet jugate-beta lyas -
1373667 at | 318 | 140 23 | Cobll_predicted | Sieine conjugate-beta lyase (pre
dicted)
1372031 _at 317 1.5 4.2 |1 Dab2 Disabled homolog 2 (Drosophila)
-binding lectin ser epti-
1300585_at | 317 | 109 29 |Maspl Thannan binding lectin serine pepti
se 1
e solute carrier family 16 (monccar-
1386981 _at 31.6 3.7 8.4 Slcléal boxylic acid transporters), member 1
1368253 _at 315 28.7 1.1 | Gamt guanidinoacetate methyliransferase
4-nitrophenylphosphatase domain and
1388537_at 314 152 2.1 | Nipsnapl_predicted | non-neuronal SNAPZ5ike protein ho-
molog 1 (C. elegans) (predicted)
: v-maf musculoaponeurctic fibrosar-
1387165 _at 311 44 1771 (Maf coma (avian) oncogene homolog (c-
kN . maf)
1384273 _at 309 10.2 3.0 | Carkl_predicted carbohydrate kinase-like (predicted)
1380393 _at 30.9 30.7 L0 | Cryz_predicted crystallin, zeta (predicted)
solute carder family 25 (mitochon-|
1393947 at 307 12.7 24 {Skc25al5_predicted |drial carrier; omithine transporter)
member 15 (predicted)
1378197 _at 304 9.5 3.2 | KIFC2 kinesin family member C2
;f79582_a* 301 | 145 21 |Cena2 cyclin A2
ectonucleoside triphosphate diphos-
1382434 at 30.0 235 1.3 |Entpds phohydrolase 5

After selection by ANOVA (p<0.01) for the data of percellome normalization, gencs maximally expressed in cortex were selected. The genes were
aligned in the order of the ratio to the Jower expression value, either in papilla or in medulla. Among the genes listed here, relatively specific ones
for cortex (ratio>3) are shaded in the cortex/medulla colurmmn. The genes categorized to “channelftransporters”, “metabolic enzymes”, or
“cytoskeleton/extraceliular 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.

) . gy . Cytoskeleton/ A it
Channel/transporter Metabolizing enzymes extraceliular matrix Others of interest

Sleodal, Agp3, Agqp4, Ptgsl, Pigs2, Aldhla3, Capg, Plekhbl, Coli8al, Hspa2, Hspala, Hspbl
Papilla Fxydd4, Sledall, Clenkl, | Akelb4, Ugt8, Libddh Spnb3, Hs3stl, Krtl-18

bsnd

Sci21al, Scl21al3, CYP2d9, CYP2Ze, Hnmt, Prir, Ace2

Slc23a3, Slc21a9, USTSr, | Pklr, Fmo3, Dhrs7,
Medulla Scl6al8, Sci38a3, Akrlel2, Gele, Ggtl,

Sle22a2, Sic7al2, Trthe

Slcl5a2

Ustlr, Slc17a3, Sle26al, | Sultlbl, KIk7, Dde, Renl
Cortex Sle22a12, Sici2a3, CYP2d26, CYP2el,

Slei6a6, Aqgpll, Agp7, CYP412, Upbl, Aspa,

Gib2, Slc27a2 Acmsd, Dmgdh, Kmo

Genes categorized in channel/transporter, metabolizing enzyme and cytoskeleton/extracellular matrix from high rank in Tubles 3, 4,
5 are summarized by using gene symbols 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.e., 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

— 415 —

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., -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 perceliome
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 Slcl5a2 (H+/peptide
transporter), which were specifically expressed. In cor-
tex, Slcl17a (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 glucose 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 ef 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 (Agp) 3 and 4 were specifically
expressed in papilla while Aqp 7 and 11 were in cortex
(Table 6). Although the ratio was not large enough to
be in Table 3, Agp 2 was also preferentially expressed
in papilla (1.9 and 2.3 fold compared with medulla and
cortex, respectively). There have been supportive
reports that Agqp2 (Jo et al., 1997) and Aqp3
(Echevarria et al., 1994) are enriched in collecting duct
and Aqgp7 is highly expressed in cortex (Nejsum et 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 II 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 et al., 1989). Kallikrein
7 (KIk7) 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

— 416 —



469

Gene expression in rat kidney.

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 mechanism 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 o (PPAR®), i.e., clofibrate, WY-14643 and
gemfibrozil in our database were analyzed. Many of the B-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 vitro 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 PPAR« 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
early 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 br with 4 dose levels including vehicle con-
trol) as well as a repeated administration test (3, 7, 14
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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 in 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, PPARQ). 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.

In 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 com 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 euthanized 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 vitro 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) at a
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 solu-
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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