DMD #37077

predict drug safety. Chem Res Toxicol 20: 344-369.

Hosomi H, Akai S, Minami K, Yoshikawa Y, Fukami T, Nakajima M, and Yokoi T
(2010) An in vitro drug-induced hepatotoxicity screening system using

CYP3A4-expressing and y-glutamylcysteine synthetase knockdown cells. Toxicol in

Vitro 24: 1032-1038.

Huang YS, Chern HD, Su WJ, Wu JC, Chang SC, Chiang CH, Chang FY, and Lee SD
(2003) Cytochrome P450 2E1 genotype and the susceptibility to antituberculosis

drug-induced hepatitis. Hepatology 37: 924-930.

Iverson SL and Uetrecht JP (2001) Identification of a reactive metabolite of terbinafine:

insights into terbinafine-induced hepatotoxicity. Chem Res Toxicol 14: 175-181.

Kalgutkar AS, Vaz AD, Lame ME, Henne KR, Soglia J, Zhao SX, Abramov YA,
Lombardo F, Collin C, Hendsch ZS, and Hop CE (2005) Bioactivation of the
nontricyclic antidepressant nefazodone to a reactive quinone-imine species in

human liver microsomes and recombinant cytochrome P450 3A4. Drug Metab

Dispos 33: 243-253.

Klatskin G (1975) Toxic and drug-induced hepatitis, in Diseases of the liver, 4" ed

(Schiff L ed) pp 604-710, JB Lippincott, Philadelphia.

Kobayashi A, Kang M-I, Watai Y, Tong KI, Shibata T, Uchida K, and Yamamoto M

25

457



DMD #37077

(2006) Oxidative and electrophilic stresses activate Nrf2 through inhibition of

ubiquitination activity of Keapl. Mol Cell Biol 26: 221-229.

Li AP, Lu C, Brent JA, Pham C, Fackett A, Ruegg CE, and Silber PM (1999)

Cryopreserved human hepatocytes: characterization of drug-metabolizing enzyme

activities and applications in higher throughput screening assays for hepatotoxicity,

metabolic stability, and drug-drug interaction potential. Chem Biol Interact 121:

17-35.

McCarthy TC, Pollak PT, Hanniman EA ,and Sinal CJ (2004) Disruption of hepatic

lipid homeostasis in mice after amiodarone treatment is associated with peroxisome
proliferator-activated receptor-o. target gene activation. J Pharmacol Exp Ther 311:

864-873.

Nakajima M, Itoh M, Sakai H, Fukami T, Katoh M, Yamazaki H, Kadlubar FF, Imaoka
S, Funae Y, and Yokoi T (2006) CYP2A13 expressed in human bladder

metabolically activates 4-aminobiphenyl. Int J Cancer 119: 2520-2526.

Nakamura A, Nakajima M, Higashi E, Yamanaka H, and Yokoi T (2008) Genetic
polymorphisms in the 5'-flanking region of human UDP-glucuronosyltransferase
2B7 affect the Nrf2-dependent transcriptional regulation. Pharmacogenet Genomics

18: 709-720.

Nguyen T, Sherratt PJ, Nioi P, Yang CS, and Pickett CB (2005) Nrf2 controls

26

458



DMD #37077

constitutive and inducible expression of ARE-driven genes through a dynamic

pathway involving nucleocytoplasmic shuttling by Keap 1. J Biol Chem 280:

32485-32492.

Nioi P, McMahon M, Itoh K, Yamamoto M, and Hayes JD (2003) Identification of a
novel Nrf2-regulated antioxidant response element (ARE) in the mouse
NAD(P)H:quinone oxidoreductase 1 gene: reassessment of the ARE consensus

sequence. Biochem J 374: 337-348.

O’Brien PJ, Irwin W, Diaz D, Howard-Cofield E, Krejsa CM Slaughter MR, Gao B,
Kaludercic N, Angeline A, Bernardi P, Brain P, and Hougham C (2006) High
concordance of drug-induced human hepatotoxicity with in vitro cytotoxicity

measured in a novel cell-based model using high content screening. Arch Toxicol

80: 580-604.

Ohbuchi M, Miyata M, Nagai D, Shimada M, Yoshinari K, and Yamazoe Y (2008) Role
of enzymatic N-hydroxylation and reduction in flutamide metabolite-induced liver

toxicity. Drug Metab Dispos 37: 97-105.

Ohyama K, Nakajima M, Nakamura S, Shimada N, Yamazaki H, and Yokoi T (2000) A

significant role of human cytochrome P450 2C8 in amiodarone N-deethylation: an

approach to predict the contribution with relative activity factor. Drug Metab

Dispos 28: 1303-1310.

27

459



DMD #37077

Osseni RA, Debbasch C, Christen MO, Rat P, and Warnet JM (1999) Tacrine-induced

reactive oxygen species in a human liver cell line: the role of anethole

dithiolethione as a scavenger. Toxicol In Vitro 13: 683-688.

Smith KS, Smith PL, Heady TN, Trugman JM, Harman WD, and MacDonald TL
(2003) In vitro metabolism of tolcapone to reactive intermediates: relevance to

tolcapone liver toxicity. Chem Res Toxicol 16: 123-128.

Thimmulappa RK, Mai KH, Srisuma S, Kensler TW, Yamamoto, M and Biswal S
(2002) Identification of Nrf2-regulated genes induced by the chemopreventive

agent sulforaphane by oligonucleotide microarray. Cancer Res 62: 5196-5203.

Tsuchiya Y, Nakajima M, Kyo S, Kanaya T, Inoue M, and Yokoi T (2002) Human

CYPIBI is regulated by estradiol via estrogen receptor. Cancer Res 64: 3119-3125.

Uetrecht JP (1999) New concepts in immunology relevant to idiosyncratic drug

reactions: the "danger hypothesis" and innate immune system. Chem Res Toxicol

12: 387-395.

Vignati L, Turlizzi E, Monaci S, Grossi P, Kanter R, and Monshouwer M (2005) An in
vitro approach to detect metabolite toxicity due to CYP3A4-dependent

bioactivation of xenobiotics. Toxicology 216: 154-167.

Watkins PB (1992) Drug metabolism by cytochrome P450 in the liver and small bowel.

28

460



DMD #37077

Gastroenterology Clin North Am 21: 511-526.

Wang Y, Gray JP, Mishin V, Heck DE, Laskin DL, and Laskin JD (2008) Role of

cytochrome P450 reductase in nirtofurantoin-induced redox cycling and

cytotoxicity. Free Radic Biol Med 44: 1169-1179.

Westlind-Johnsson A, Malmebo S, Johansson A, Otter C, Andersson TB, Johansson I,
Edwards RJ, Boobis AR, and Ingelman-Sundberg M (2003) Comparative analysis
of CYP3A expression in human liver suggests only a minor role for CYP3AS5 in

drug metabolism. Drug Metab Dispos 31: 755-761.

Williams DP, Pirmohamed M, Naisbitt DJ, Maggs JL, and Park BK (1997) Neutrophil
cytotoxicity of the chemically reactive metabolite(s) of clozapine: possible role in

agranulocytosis. J Pharmacol Exp Ther 283: 1375-1382.

Xu JJ, Henstock PV, Dunn MC, Smith AR, Chabot JR, and de Graaf D (2008) Cellular

imaging predictions of clinical drug-induced liver injury. Toxicol Sci 105: 97-105.
Yamazaki H, Shibata A, Suzuki M, Nakajima M, Shimada N, Guengerich FP, and Yokoi
T (1999) Oxidation of troglitazone to a quinone-type metabolite catalyzed by

cytochrome P-450 2C8 and P-450 3A4 in human liver microsomes. Drug Metab

Dispos 27: 1260-1266.

29

461



DMD #37077

Yoshikawa Y, Hosomi H, Fukami T, Nakajima, M and Yokoi T (2009) Establishment of

knockdown of superoxide dismutase 2 and expression of CYP3A4 cell system to

evaluate drug-induced cytotoxicity. Toxcol In Vitro 23: 1179-1187.

Yoshitomi S, Ikemoto K, Takahashi J, Miki H, Namba M, and Asahi S (2001)
Establishment of the transformants expressing human cytochrome P450 subtypes in
HepG?2, and their applications on drug metabolism and toxicology. Toxicol In Vitro

15: 245-256.

Yun CH, Okerholm RA, and Guengerich FP (1993) Oxidation of the antihistaminic drug

terfenadine in human liver microsomes. Role of cytochrome P-450 3A(4) in

N-dealkylation and C-hydroxylation. Drug Metab Dispos 21: 403-409.

30

462



DMD #37077

FOOTNOTE

This work was supported in part by Research on Advanced Medical Technology, Health,

and Labor Science Research from the Ministry of Health, Labor, and Welfare of Japan

[Grant H23-BIO-G001].

Send reprint requests to: Tsuyoshi Yokoi, Ph.D. Faculty of Pharmaceutical Sciences,

Kanazawa University, Kakuma-machi, Kanazawa 920-1192, Japan.

E-mail: tyokoi@kenroku kanazawa-u.ac jp

31

463



DMD #37077

FIGURE LEGENDS

Fig. 1. CYP3A4 enzyme activity in various cell lines infected with AACYP3A4. Cells
were infected with AACYP3A4 at MOI 10 for 48 hrs, and the testosterone
6B-hydroxylase activity was measured as described in materials and methods. Data are

mean of two independent experiments.

Fig. 2. Cytotoxic effects of CYP3A4 expression on cell viability of HepG2 cells treated
with various drugs. HepG2 cells were infected with AdCYP3A4 (@) or AdGFP (O) at
MOI 10 for 48 hrs, and treated with 23 drugs for 24 hrs. Cell viability was measured by
WST-8 assay. Each point represents mean + SD (n = 3). *P < 0.05, **P < 0.01, and

**%P < 0.001 compared with the AAGFP group at each concentration of the drug.

Fig. 3. Expression level of (A) Nrf2 mRNA and (B) protein, and (C) testosterone
6B-hydroxylase activity in AACYP3A4-infected HepG2 cells with siNrf2. After HepG2
cells were transfected with siNrf2 or siScramble at 10 nM followed by the infection

with AJCYP3A4 or AAGFP at MOI 10 for 48 hrs, the expression level of Nrf2 mRNA
and protein, and testosterone 6B-hydroxylase activity were measured as described in
materials and methods. Each column represents mean + SD (n = 3). ***P < 0.001

compared with AACYP3A4-infected cells with siScramble.

Fig. 4. Effects of the decreased level of Nrf2 on cell viability of CYP3A4-expressing
HepG?2 cells treated with the drugs. HepG2 cells were transfected with siNrf2 (A) or

siScramble (A) at 10 nM for 24 hrs following by the infection with AdACYP3A4 at MOI
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10 for 48 hrs. After cells were treated with 6 drugs for 24 hrs, (A) WST-8 and (B) ATP

assays were performed for evaluation of the cell viability. Each point represents mean +
SD (n =3). *P < 0.05, **P < 0.01 and ***P < 0.001 compared with

AdCYP3A4-infected cells with siScramble in each concentration of drug.
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Development of A High-sensitive Cytotoxicity Assay System for CYP3A4-
mediated Metabolic Activation
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Supplement Fig. S1: Effects of CYP3A4 expression and the decreased level of Nrf2
on cell viability of HepG2 cells treated with rosiglitazone, nilutamide, and 3-
hydroxyacetanilide. HepG2 cells were transfected with siNrf2 (closed triangle) and
siScramble (open triangle) at 10 nM for 24 hrs following by the infection with AdCYP3
A4 at MOI 10 for 2 days. After cells were treated with drugs, (A) WST-8 and (B) ATP
assays were performed for the evaluation of cell viability. Each data point represents

mean + SD (n = 3).
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