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Cytochrome P450s (CYP) enzymes play a central role in the metabolism of both endogenous and
xenobiotic chemical compounds. In particular, therapeutic drugs, natural products and environmental
toxicants regulate expression of the tissue-specific CYP enzymes, This can cause CYP-mediated inter-
actions among the chemical compounds such as the ingested drugs and toxicants, resulting in changes
in their metabolism. This can lead to the modifications of their therapeutic and toxic effects. Intense
investigations in this field throughout the last several decades have resulted in considerable progress
in understanding the molecular mechanisms mediating the regulation of CYP gene expression. Now,
it is well established that xenobiotic chemicals regulate the expression of specific CYP genes, and
the corresponding xenobiotic-sensing receptors that mediate the expression control of specific CYP
genes and their signal transduction pathways are involved in this process. This review summarizes
the molecular mechanisms by which the well-known major xenobiotic-sensing receptors and other
regulators affect the induction of CYP gene expression in response to exposure to various chemicals.
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3] &AstE M, meps SATH o E Fa3% onE JHX
o27]. 238, evWzZgEy 2L ¥ FE 2zt
AHRS 43X Z = glom[42]. BA &5 A+
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clear translocator (AHRNT)S} o] & o] &A & & A shth27,
34]. AHR/AHRNT o] ZFA= F& FHAe 24 790
$ X3+ xenobiotic response element (XRE)ol A37Hsle] o]
£ e FAPTHFg 1). 4 FAAE 9 shie
aryl hydrocarbon receptor repressor (AHRR)ZA], 3 }2] &
4S9 AHeR AETTHT).
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Fig. 1. A schematic diagram of AHR-mediated induction of
CYP expression in response to xenobiotics. Abbrevia-
tion: ET, environmental toxicants; TCDD, 2,3,7,8-tet-
rachlorodibenzo-p-dioxin; O, omeprazole; AHR, aryl
hydrocarbon receptor; CPC, chaperone protein com-
plex; L, ligand; AHRNT, AHR nuclear translocator;
TG, target genes; AHRR, AHR repressor; CYP, cyto-
chrome P450; P2E, phase 2 metabolic enzymes; XRE,
xenobiotic response elements.
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Fig. 2. A schematic diagram of PXR- and CAR-mediated induction of CYP expression in response to xenobiotics. Abbreviation:
PXR, pregnane X receptor; CAR, constitutive androstane receptor; Rif, rifampicin; CITCO, 6-(4-chlorophenyl)imidazo
[2,1-b] [1,3]thiazole-5-carbaldehyde-O-(3,4-dichlorobenzyl)oxime; L, ligand; CPC, chaperone protein complex; PB, pheno-
barbital; EGF, epidermal growth factor; EGFR, EGF receptor; RACKI, receptor for activated C kinase 1; PP2A, protein
phosphatase 2A; RXR, retinoid X receptor; TG, target genes; CYP, cytochrome P450.
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BAAZE IO EE CYP Ea FHAe] 2dE =4
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Nuclear factor erythroid-derived 2-like 2 (NFE2L2)
OH7HOHl 2lst CYP WelxHE

Nuclear factor erythroid2-related factor2 (NRF2)Z2 % &
2]+ NFE2L2+ basic region-leucine zipper -3 FAF]
ZHE F cap-‘n’-collar (CnC) o}oll &3l dhube] HALzR

Table 1. Comparison in the CYP induction mechanisms among xenobiotic mediators

Mediator ER GR NFE2L2
Ligand/Stimulator E2 GC HM
Dimerization Homodimer (ER/ER) Homodimer (GR/GR) Heterodimer (NFE2L2/sMAF)
DNA Binding Element ERE GRE ARE
Target Gene CYP2A6 CYP2C, CYP3A, PXR, CAR CYP2A6, P2E

Abbreviation: ER, estrogen receptor; GR, glucocorticoid receptor; NFE2L2, nuclear factor erythroid-derived 2-like 2; E2, 17p-
estradiol; GC, glucocorticoid; HM, heavy metals; sSMAF, small musculoaponeurotic fibrosarcoma; ERE, estrogen response element;
GRE, glucocorticoid response element; ARE, antioxidant response element; CYP, cytochrome P450; PXR, pregnane X receptor;
CAR, constitutive androstane receptor; P2E, phase 2 metabolic enzymes.
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