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    Abstract
All-trans-retinoic acid (atRA) is the active metabolite of vitamin A. atRA is also used as a drug, and synthetic atRA analogs and inhibitors of retinoic acid (RA) metabolism have been developed. The hepatic clearance of atRA is mediated primarily by CYP26A1, but design of CYP26A1 inhibitors is hindered by lack of information on CYP26A1 structure and structure-activity relationships of its ligands. The aim of this study was to identify the primary metabolites of atRA formed by CYP26A1 and to characterize the ligand selectivity and ligand interactions of CYP26A1. On the basis of high-resolution tandem mass spectrometry data, four metabolites formed from atRA by CYP26A1 were identified as 4-OH-RA, 4-oxo-RA, 16-OH-RA and 18-OH-RA. 9-cis-RA and 13-cis-RA were also substrates of CYP26A1. Forty-two compounds with diverse structural properties were tested for CYP26A1 inhibition using 9-cis-RA as a probe, and IC50 values for 10 inhibitors were determined. The imidazole- and triazole-containing inhibitors [S-(R*,R*)]-N-[4-[2-(dimethylamino)-1-(1H-imidazole-1-yl)propyl]-phenyl]2-benzothiazolamine (R116010) and (R)-N-[4-[2-ethyl-1-(1H-1,2,4-triazol-1-yl)butyl]phenyl]-2-benzothiazolamine (R115866) were the most potent inhibitors of CYP26A1 with IC50 values of 4.3 and 5.1 nM, respectively. Liarozole and ketoconazole were significantly less potent with IC50 values of 2100 and 550 nM, respectively. The retinoic acid receptor (RAR) γ agonist CD1530 was as potent an inhibitor of CYP26A1 as ketoconazole with an IC50 of 530 nM, whereas the RARα and RARβ agonists tested did not significantly inhibit CYP26A1. The pan-RAR agonist 4-[(E)-2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naphthalenyl)-1-propenyl]benzoic acid and the peroxisome proliferator-activated receptor ligands rosiglitazone and pioglitazone inhibited CYP26A1 with IC50 values of 3.7, 4.2, and 8.6 μM, respectively. These data demonstrate that CYP26A1 has high ligand selectivity but accepts structurally related nuclear receptor agonists as inhibitors.

Footnotes
	This work was supported by the National Institutes of Health National Institute of General Medical Sciences [Grants T32-GM007750, R01-GM081569, R01-GM081569-S1].

	Article, publication date, and citation information can be found at http://molpharm.aspetjournals.org.
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	retinoic acid
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	all-trans-retinoic acid
	RAR
	retinoic acid receptor
	RAMBA
	RA metabolism-blocking agent
	R75251
	5-[(3-chlorophenyl)-1H-imidazol-1-ylmethyl]-1H-benzimidazole hydrochloride
	P450
	cytochrome P450
	GW 9662
	2-chloro-5-nitro-N-phenylbenzamide
	L-165,041
	[4-[3-(4-acetyl-3-hydroxy-2-propylphenoxy)propoxy]phenoxy]acetic acid
	AM 580
	4-[(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naphthalenyl)carboxamido]benzoic acid
	CS5
	2-[1-(4-hydroxyphenyl)methylidene]-3,4-dihydro-2H-napthalen-1-one
	CS6
	2-(4-hydroxybenzyl)-6-methoxy-3,4-dihydro-2H-napthalen-1-one
	R115866
	(R)-N-[4-[2-ethyl-1-(1H-1,2,4-triazol-1-yl)butyl]phenyl]-2-benzothiazolamine
	R116010
	[S-(R*,R*)]-N-[4-[2-(dimethylamino)-1-(1H-imidazole-1-yl)propyl]-phenyl]-2-benzothiazolamine
	TTNPB
	4-[(E)-2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naphthalenyl)-1-propenyl]benzoic acid
	AC55649
	4′-octyl-[1,1′-biphenyl]4-carboxylic acid
	CD1530
	4-(6-hydroxy-7-tricyclo[3.3.1.13,7]dec-1-yl-2-naphthalenyl)benzoic acid
	HPLC
	high-performance liquid chromatography
	MS/MS
	tandem mass spectrometry
	MRM
	multiple reaction monitoring
	PPAR
	peroxisome proliferator-activated receptor
	LC
	liquid chromatography
	AUC
	area under the curve.
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