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Table 1: Gene expression changes during/after benzene inhalation with/without p53 normal functions.

Change in gene expression after benzene inhalation

Cat
WT p53 KO i
No change No change No relationship
gg—v:/i?:algtj:t o Leveled by WT p53 during/after the benzene inhalation
Up-regulated No change Genes up-regulated during/after benzene inhalation.
Up-regulated Genes up-regulated during/after benzene inhalation without any carrelation of the

p53 gene.

Down-regulated

Genes leveled and also up-regulated by WT p53 with some other genes during/after
benzene inhalation.

Down-regulated No change

Genes down-regulated during/after benzene inhalation.

Up-regulated

Genes leveled and also down-reguated by WT p53 with some other genes
during/after benzene inhalation.

Down-regulated

p53 gene.

Genes down-regulated during/after benzene inhalation without any correlation of the




Table 2. Major gene expression profiles cbserved difference between wild-type (WT) and p53 knockout (KO) mice.

Gene Name Fold change Accession number
WT KO
aldehyde dehydrogease 4 1.07 244 U14390
apoptotic protease activating factor 1 (Apaf-1) 1.16 1.75 AF064071
Bcl-2 alpha 091 1.66 L31532
Cdlcyclin 1.08 1.89 X66449
caspase-9 0.83 1.59 ABO19600
caspase-95 0.84 2.26 AB019601
caspase-11 249 122 Y13089
caspase-12 0.86 0.18 Y13090
c-fos 1.57 0.94 V00727
cyclinB1 0.85 148 X64713
Glyceraldehyde-3-phosphate dehydrogenase 1.06 334 M32599
G protein-coupled receptor (GPCR/EB11) 0.01 0.97 31580
JINK2 1.07 1.82 AB005664
iKSR1, protein kinase related to Raf protein kinase 1.1 2.57 U43585
Lactate dehydrogenasel (LDH1) 1.13 2.34 AW123952
Lactate dehydrogenase2 (LDH2) - 097 172 X51905
Metallothionein 1 4.89 0.93 V00835
Metaxin2 095 1.55 AF053550
mLimk1, Mus musculus protein kinase 2.67 1.18 X86569
Mph1/Rae 28, polycomb binding protein 497 0.06 U63386
p53, variant mRNA 1.03 0.13 U59758
p58, protein kinase inhibitor (PKI) 1.55 0.81 Uz8423
PERK, ER resident kinase 0.81 1.63 AF076681
Pi3K catalytic subunit p110 delta 2.36 0.18 Us6587
RAB17, member of RAS oncogene family 242 1.53 X70804
Rad50 1.23 040 Ue6887
Siva, pro-apoptotic protein 0.88 1.62 AF033115
Smad6 1.36 1.92 AF010133
serum inducible kinase (SNK) 1.68 1.02 M96163
super oxide dysmutase, Cu/Zn 1.19 1.63 M35725
tuberous sclerosis 2 (Tsc-2) 2.00 1.25 u3z77s
Wig-1, p53-inducible zinc finger protein 1.83 0.07 AF012923
WISP2 0.83 832 AF100778
Wnt-1/INT-1 1.72 1.23 M11943
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Table 3 TR L7z,
Cisplatin (Table3a) : Cisplatin Z J 0 FEIRANEN L 7= 3%
fETE, HSP, v BEEO heat shock protein 27 (HSP
27), mitochondrial GrpE-like 1, A b L AEJ# ¢ DNA-
damage-inducible transcript 3, cell cycle, Afa/ZH B 54
% p21 protein (cip 1), cyclin G1, proliferating cell nuclear antigen
(PCNA) % Cdh o7, Cisplatin i2 & 0 FEA D LI
ET4E, P450 BEED CYPTBL, CYP4A3, ffim/ysd -
BB TESED p21 (c-Kiras), cded2 homolog, BCL-X, v-jun
sarcoma virus 17 oncogene homolog, cun mRNA for
transcription factor AP-1, HGFR/met proto-oncogene, FGFR4,
RLAF-1, IL-1 beta converting enzyme, DNA {&/£R5#ED DNA
polymerase alpha, mismatch repair protein, FHfUPNIEH{SE




B A ) VERLEER, sV E T A AR5 B FAV DY Taz=y bTHD vimentin, &BIEES
gamma-gltamylransferase (GGT), A Fx 3/, B /X7 B Té % metallothionein-2 and metallithionein-1 5 C
T2 AR 4 —FERED tansient receplor potential melastin-2 BT,

(TRPM-2), Na+K+ transporting ATPase alpha 1, mdr, #H>7

Table 3a: Alterations of Gene Expression in Rat Renal Tubular Cells by Cisplatin

Up-regulated Down-regulated

® Hsp27 CYP7B1

® mitochondrial GrpE-like 1 CYP4A3

@ DNA-damage inducible transcript 3 p21 (c-Ki-ras)

@ p21 protein (cip 1) cdc42 homolog (yeast)

® CyclinG1 BQL-X

© PCNA v-jun sarcoma virus 17 oncogene homolog (avian)
@ cras-H-1 c-jun mRNA for transcription factor AP-1
@ ras-related associated with diabetes HGFR/met proto-oncogene

@ extracellular signal-related kinase (ERK3) mismatch repair protein

@ NAD(P)H dehydrogenase quinone 1 DNApot alpha mRNA 3'end

® ormithine decarboxylase (0ODC) FGFR4

@& proteasome RN3 subunit RL/IF-1

@ PHAS-|, elF4E-binding protein IL-1 beta converting enzyme (IL1BCE)
® EST, moderately similar to mdm2 protein - mouse Pl 4-kinase

AMP-activated protein kinase

mitogen activated protein kinase kinase 5 (MEKS)
protein kinase PASK

dual specificity phosphatase, MKP-3

MUK (Zipper (leucine) protein kinase)

MAP kinase kinase kinase 1 (MEKK1)
UDP-gal:betaGcNAC beta 1,4-galactosyltransferase polypeptide 6
gamma-glutamyltranspeptidase (GGT)
carboxylesterase

epoxide hydrolase 1

transient receptor potential melastatin-2 (TRPM-2)
Na+K+ transporting ATPase alpha 1
N-acetyitransferase 1 (arylamine N-acetyltransferase)
vimentin

peroxisome proliferator-inducible gene

B1 repeat (1-42) from gamma crystalin
phospholipase A2 group IV A (cytosolic, calcium-dependent)
catecholamine-o-methyitransferase

STase family 1A, phenok-preferring member 1

mdr

metallothionein-2 and metallothionein-1

mitochondrial cytochrome B gene
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Table 3b: Alterations of Gene Expression in Rat Renal Tubular Cells by Cyclosporine

Up-regulated

Down-regulated

CYP4A3

chytochrome P450, subfamily 51

lanosterol 14-alpha-demethylase, P450 subfamily 51
calnexin

glutathione reductase

UGT1 mRNA for UDP-glucronosyltransferase
PHASH, elF4E-binding protein
AMP-activated protein kinase
mitochondorial acyl-CoA thioesterase 1
HMG-CoA reductase

hexokinase

VEGF

® © ® ®© © © © ® ® © © ©

® Ras-related associated with diabetes




Table 3c: Alterations of Gene Expression in Rat Renal Tubular Cells by Carboplatin

Up-regulated Down-regulated

@ Hsp70 protein 1A CYP4A3

® Hsp70.2 ras-related protein rab10

© Hsp27 v-jun sarcoma virus 17 oncogene homolog (avian)
® DNA-damage inducible transcript 3 N-ras gene for p21 protein

® p21 protein (cip 1) pRb

@ PCNA HGFR/met proto-oncogene

® Chp/p300-interacting transactivator with Glu/Asp-rich mismatch repair protein

® ®© & @ © & @

carboxy-terminal domain 2
glutathione reductase
NAD(P)H dehydrogenase, quinone 1
heme oxygenase
aldose reductase gene
proteasome subunit RC7-1
5SrRNA
EST, moderately similar to mdm2 protein - mouse

® ® @ ©¢ © © @ © © © © © © © © © © e 0 2 0 9090

@ @ @ & © & 6 @ @ © © © 6 & © O O O & 6 © S 6 @ © @ 6 ©

® @

topoisomerase |IB

DNApol alpha mRNA 3" end

zinc finger protein 36, C3H type-lke 1

06-methylguanine-DNA methyltransferase

TGF beta type | receptor

TGF beta 2

PRKC, apoptosis, WT1, regulator

STAT3

NFkB p105 subunit

immunoglobulin heavy chain binding protein (BiP) (Hsp70 like)

caspase 2

ink 4

insulin-like growth factor | receptor

mannose 6-phosphate/insulin-like growth factor Il receptor (M6P/IGF2r)

canexin

FGFR 1

phospholipase A2 group IV A (cytosilic, calcium-dependent)

protein disulfide isomerase related protein (calcium-binding protein,
intestinal-related)

p38 mitogen activated kinase

MUK (zipper (leucine) protein kinase)

extracellular signal-related kinase (ERK3)

mitogen activated protein kinase kinase 5 (MEKS)

MAK kinase kinase kinase 1 (MEKK1)

Pl 4-kinase

protein kinase PASK

cdc2-related protein kinase

peroxisomal multifunctional enzyme type Il

peroxisome proliferator-inducible gene

protein disulfide isomerase-related protein

monoamine oxdase A

NCK-associated protein 1

bleomycin hydrolase

UDP-Gal:beta 1,4-galactosyltransferase polypeptide 6

UGT1 mRNA for UDP-glucronosyltransferase

UDP-glucuronosyltransferase

3MC inducible truncated UDP-glucuronosyitransferase

transient receptor potential melastatin-2 (TRPM-2)

epoxide hydrolase 1

carboxylesterase 1

HMG-CoA reductase

apamycin and FKBP12 target-1 protein (rRAFT1)

Na+K+ transporting ATPase alpha 1

metallothionein-2 and metallothionein-1

CD44 antigen

myosin b

vimentin

pgp

EST, modelately similar to mitogen-activated protein kinase kinase kinase
kinase 4 - mouse

EST, highly similar to yeast BET3

EST, similar to glucose regulated protein, 94 kDa (GRP94)

EST, similar to mgm?2 protein - mouse




Cyclosporine (Table3b) : Cyclosporine 1242 ¥V FHi A8
M7 & BT, P450 BSi#oD CYP4A3, cytochrome P450
subfamily 51, 43 v {0 L BED camexin, V¥ F
A VA RBEED glitathione reductase, 7/V# FA A
WO UGT1, FEEEREBIE O HMG-CoA reductase,
mitochondrial acyl-CoA thioesterase 1. ##{Xi#fFH N ASE D
hexokinase, FXFETFD VEGF & T -7, Cyclosporine
(2 L0 BB LT BB T, iR FRED Ras-
related associated with diabetes Cdh-7,

Carboplatin (Talbe3c) : Carboplatin 2 J ¥ #3238 b0
U ETE, HSP, Sy ~2m LREEOD HSP 70 protein 1A,

HSP 70.2, HSP 27, A b VAR DNA-damage-inducible
transcript 3. HIIEENRE - M54 BE59°% p21 protein (cip

1Awafl), proliferating cell nuclear antigen (PCNA), {AFEASRIRAE
T8 X5 Copp300-interacting  trans-activator with
Glu/Asp-rich caboxy-terminal domain 2, /L% F 74 B
O glutathione reductase 2T o7, Carboplatin 12 J 1) FEH
B LTCBR 71, P4SO BRI CYP4A3, #ifasyZ -
BB ras-related protein rab10, v-jun sarcoma virus
17 oncogene homolog, N-ras gene for p2l protein, pRb,

HGFR/met proto-oncogene, TGF beta type [ receptor, TGF beta
2, FGFR 1, insulin-like growth factor I receptor, mannose 6-

phosphate/onsulin-like growth factor Il receptor (M6P/AGF2r),
ink 4. DNA {&1ER5#ED DNA polymerase alpha, mismaich
repair protein, topoisomerase 1B, #55[K-7-FHE D STAT?,
NFkB pl1035 subunit, HUIRNEEIRZIZETHZ ) B EE
FH, A F LY — BB peroxisomal multifinctional
enzyme type II, peroxisome proliferator-inducible gene, /1%
F A UAEIZ BS54 % UDP-gluclonosyltransferase, -f A3~
Fr b, b AR—H—BRED, Na+K+ transporting
ATPase alpha 1, pgp. HHZEHFEHED myosin Ib, vimentin,
& BAEG S N7 HTH D metlothionein2  and
metallithionein-1 . #HALHIME & DR EAERICBEET 5
CD44 FETHoTe,

Cephaloridine (Table3d) : Cephaloridine (2 J ¥ RIS
BN TRIR AT, DNA BB D B8 S5 GADDA4S,
HEFERSE> BCL2-like 11 (apoptosis facilitator), 2V F
4> A Bk B8 0 gamma-glitamyleysteine  synthetase,
glutathione reductase, 2 /V# FA4 L aEE#HD GST T
#H -7z, Cephaloridine (2 & 0 FHLAND U7 i85 11,
MesE - FEEn T RRED RUIF-1, (EHERFEAEEED
TST similar to Mn SOD. @&E#EH S XV HTh D
metallothionein-2 and metallithionein-1 2 Cdh->77,

Table 3d: Alterations of Gene Expression in Rat Renal Tubular Cells by Cephaloridine

Up-regulated

Down-regulated

GADD45

BCL2-like 11 (apoptosis facilitator)

gamma-glutamylcysteine synthetase

glutathione reductase

GST, mu type 2 (Yh2)

GST alpha type 2 (Ya)

GST Yc2

GST Yei

GST Yc

chytochrome b5

NAD(P)H dehydrogenase quinone 1

malic enzyme 1

aflatoxin B1 aldehyde reductase

guanosine monophosphate reductase

heme oxygenase

aldose reductase gene

proteasome RN3 subunit

EST, weakly similar to JC7185 chromosome 1 Clorf9 protein -
human

EST, highly similar to ubiquitin conjugating enzyme - rat

EST, highly similar to transmembrane protein induced by TNK alphg

® ® © ® ® © © ® © ® © © 6 ©® © © ® ©
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- human

@ RL/IF-1

@® TST, similar to Mn SCD

@ metallothionein-2 and metallithionein-1
@ EST, similar to Hsp86 mRNA, 283 rRNA

Rat isolated renal tubular cells were exposed to reference compound at the concentration of IC50x 1/3 for 24 hr.

Up-regulated: values=2E+1.0-fold of the contral culture
Down-regulated: values=2E-1.0-fold of the control culture

Gentamicin : Gentamicin 1= J2 0 SIHAENN L 7238 Ax
. P450 BS:E D CYPIBI, chytochrome P450 MC gene,
chytochrome P450 from rat liver (E00717UTR#1), HSP B
@ HSP 70, HSP 70 protein 1A, HSP 70.2, immunogiobulin
heavy chain binding protein (BiP) (HSP 70 like), carnexin, A
LA DNA-damage-inducible transcript 3, a2 -

R B BCL-X, c-jun mRNA for transcription factor
AP-1, 7 NHF A BHED ghitathione reductase, GST Y2,

N T BFEGS R TEH D calreticulin {EEEHRRAE
THE SIS oxigen regulated protein (ORP150) 5 Th o7z,
Gentamicin =4 ) BB L 72 {nf43. DNA B
JVUFEEESND GADD4S, ¥ 7B UEMEEERTh




% MUK (zipper (leucine) protein kinase), i EHABRE D
cyclinC, 7 4 7 A hDH T =y ST % vimentin,
IL2 &EBOVEERZ YA M A ThD IL-15 %T
HoTl,

B A ERT72AbE47 9 B diclofenac 35 J: Utzine sulfate
{22V, BERER L LIz Bm el Fhbo
A DRARAARH CE I o7,

D. EZE

OFCIiE: iz

ML, &% SE OB OZLA D EHi -
TEZ CORENREA A R D OREEE = L Hvh
ARV, oD, ITERBOE L EATE LY D
BT S R0 B WL — 2 L B HENaEE Sy
Bll&, FNENDHE TOEEEMINTTATND, ¥
MRTCH, %9 LI-RgEEE L 579, YEEoaon
Mz SEBRT CRRFS U718 M ke Ba 72 M e A 4 E
#E BUUV 15 2RWT, B rE2EHET, B
FDEBI DAL EBIAEY RS 2T, Zhvd
T L CEERBETORFAT a7 v A ) /5 —4 %
. FHAIZESRE LTS,

NRUBUBEFIZL o THIER I &N BRI O
B iRIEM oscillatory) DZKiE, B BRI AITERAE
L~V ORI AR, MR TR M ShTnb 2 &
(2L o TBEMT b, OGS T, MREESAE TN
7o, BEEZIRIT D ps3 AEED p21 ORI EZENZ L
TBGT - 0 FERILE LSHFAE LTV,

TREGHTL T ps3 Kée~ 7 R8T HHFSE
LT, BptiE, KREER LA, #ROETHL
NI LT LY, p33 ZRFFT DEARIO~ T R | ps3
DRI~ 7 ATrE, $BE T, HERRY5IV DNA HE
FRSE AR R RE DS p53 DRFICLVEEShS D
LR FRTR =V RICB T 2L BlEEEE
BIERRA~D AT » FAEIT LT OIZRF LT, BFARY
TOFNTE, LOREMENR, T8V T 4 v
T, BB ERES ISR L, AIMRRIE
{2272 o T &), BIFERED A =X LD E
TOB P HN IR T,

AHBETIE. 5 LIERIRD LIZSE T, ZHUCHES
Uiz, w4707 A ETOINOIZEhET AFEx O
EFIAEDEEL XL, P DMKREED A = XA
DEFPF LM o7, FOFREROFEMIL. 2Tk
IRV, MiE RS ET. DNA 55 181E
BT, BRI R b L AR EE{G T, Bt s
T BILO BABGBFREDE2DHT AV —TC, *
OREINRDHE LMY . 2 E COEHHREIZEDRD
RN S o7 T, BT BRI L ORERB L -7
DEEZD,

@ HArEEE

ARERTITT v MBI &8 LI RAEMAZ in
vitro TEUROEEMEME IR T 5 LIZL > TETD
BnFRBLDOE AR L. 2 en 0B HEN:
WEOBMEA N =X L2 KL TN D LEZ LNDEE

FHREOEERZ D Z LN TE T, FaOEHEEYE
& LT cisplatin, carboplatin, cephaloridine. cyclosporine.
gentamicin IR L, T WST1 7oA LV T v b
B PR I e DR R 2R £ T IC50 @
173 JREEE 24T 1710 JREETC 6 REET-1E 24 MBI
RNA Zf#HH L, Affymetrix Rat Toxicology U34 Array {2k
VB FRBDOEAET T, SEIOMHT CIiL v £-<
DB T RIRDEAHNRBD bV E D E DR
IC50 7 173 "C 24 RHIBE DT — & T PN 4T~ 12,

cisplatin & carboplatin I BHEDEEL R LAEHTH D
DA, RO LI IR TFEOE L HEELL T e, Wik
BN FEERDEN LT BB & 0 SRR LR
FOFFHEh Tz, BHEEIIZIEE L TERD bhl-25t
e A B VABRIRIZE D vy~ B R ORI
&, fpasEh e 58 Chote, Fio, MifilE
ST TRBUL, CYP4A3, 7 o U Efas,
R E s R CAF AR ME T LTV 2 Z &SRR
Eiiz, cisplatin 3L carboplatin CHERANELD LT-8=
FHREMLULEERETIVED oo Ix LT,
cephaloridine, cyclosporine, gentamicin "CiE, FEELASHEM
UTBR AN LT BB 7 £ W £h3o 7, Cephaloridine
T, A M VARIGHRED HAILDDITINZR T, Zvrnm
VARG BREREE T ORE AR b, MlaofEE
TERDBTIEL TV Z &R E NIz, L LN G,
T BRSO RBIENNEIEED T cisplatin 35 &
Y carboplatin & 13FEMED A = X ANREI2 D 7 L OVRE
STz, Cyclosporine Tl cisplatin 332 U8 carboplatin &
[FERIZ CYP4A3 DFEENFRO LN, A bV ARIGE
T DB BERE, SvE FA B
TOERRD BN, Gentamicin TiE, CYPIBI OFEIC
AT, A PVARIS, Py~ tm o BEE R ORI
M, TAEFH AR, TNT o BERE DTSR
Dbz, MOBEFEMEIZFED by VR 21k
E LT IL15 OFRBUKTIFED b, IL-15 13RE
BB DY A M LCambh, L2 L3ET S
RHESZN IS, L5 DF0N% < OfEE (B, B,
B, . D) THEIL TRV, BOAEREREME
RIEIBAE LT D, IL-15 RS d & T AlaoiEi
LERIZ BILD Z LB Z LD, gentamicin DFEEE
MR- OBIRITEHEE COMNTCIEHBA L Qv

SERER R LIz 5 DOBERO B a3 EIC ST 5
BEFRBEOEE LTI FETIFENTET, B
PED A T3 = XN FI R DAEC B L TR b D8
BIRADAE 0T, LLERL, STy tmy
BhEED HSP 035NN, DNA 18{EB5HE NDA-damage
inducible transcript DI BLIEMNIT cisplatin, carboplatin |
gentamicin (ZFVVTERD L, —HOCEMETREIEIEL
BROETHDL EEZ B,
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Yoon,BI,GX. Li, K. Kitada, Y. Kawasaki, K. [garashi, Y.
Kodama, T. [noue, K. Kobayashi, J. Kanno, D.Y. Kim, T, Inoue
and Y. Hirabayashi (2003). Mechanisms of benzene-induced
hematotoxicity and leukemogenicity: cDNA microarray
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conference of the American Association for Cancer Research
and the Japanese Cancer Association Advances in Cancer
Research: Molecular and Cellular Biology, Genomics and
Proteomics, Targeted Therapeutics, Novel Clinical Trials,
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[Waikoloa, HI, (Conference proceedings, pp158, 2004)]

Hirabayashi Y, Li GX, Yoon BI, KawasakiY, KodamaY,
Kaneko T, Yodoi J, Kanno J, Inoue T: Prevention of benzene-
induced leukemogenesis by Trx/ADF requires of p53-
expression. The 45™ Annual Meeting of the American Society
of Hematology (2003.12.8) [San Diego, CA, (Blood 102 (11):
pp829a, 2003)]

Inoue T: The Next Step of the TOXICIGENOMICS- From
forward to reverse, a predicting genomics —Toxicogenomics
International Forum (2003.10.13) [Seoul Korea, (Meeting
abstractp6-7,2003)]

Yoon Bl LiGX, Kitada K, Kawasaki Y, Igarashi K,
Kodama'Y, Inoue T, Kobayashi K, Kanno J, Kin DY, Inoue T,
Hirabayashi Y Exploration of the hematotoxic mechanism of
benzene based on the cDNA microarray analyses in the mouse
bone marrow tissue. Toxicogenomics International Forum 2003
(2003.10.9) [Tokyo, (Mesting abstract, p8§9-90,2003)]
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2003)]
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