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Abstract

The cytochrome P450 enzymes are highly expressed in the liver and are involved in the metabolism of xenobiotics. Because of the

initiatives associated with the Human Genome Project, a great progress has recently been seen in the identification and characterization of

novel extrahepatic P450s, including CYP2S1, CYP2R1, CYP2U1 and CYP2W1. Like the hepatic enzymes, these P450s may play a role in

the tissue-specific metabolism of foreign compounds, but they may also have important endogenous functions. CYP2S1 has been shown to

metabolize all-trans retinoic acid and CYP2R1 is a major vitamin D 25-hydroxylase. Regarding their metabolism of xenobiotics, much

remains to be established, but CYP2S1 metabolizes naphthalene and it is likely that these P450s are responsible for metabolic activation of

several different kinds of xenobiotic chemicals and contribute to extrahepatic toxicity and carcinogenesis.
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Introduction

The cytochrome P450 enzymes constitute a superfamily

of heme-containing monooxygenases. In the human genome

approximately 57 cytochrome P450 genes that encode

active enzymes as well as 58 pseudogenes have been

identified (Nelson et al., 2004). Many of the previously

well-characterized mammalian P450s are expressed primar-

ily in liver, and only at much lower or undetectable levels in

extrahepatic tissues. The hepatic P450 enzymes belonging

to the cytochrome P450 families 1–3 are mainly involved in

the metabolism of foreign compounds, and are of major

importance for metabolism of drugs and other xenobiotics.

The importance of extrahepatic P450s for drug clearance is

relatively small compared to the hepatic P450s. By contrast,

the known extrahepatic P450s often exhibit important

endogenous functions, e.g., in the regulation of the levels

of steroid hormones, bile acids, lipids and other signaling

molecules.

Many P450s are expressed in the respiratory tract,

including nasal mucosa, lung, and trachea. This region is
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exposed to both inhaled and blood-borne xenobiotic

compounds, and is therefore an important target in extra-

hepatic xenobiotic metabolism. A common subsets of P450s

are expressed preferentially in the respiratory tract, for

example, the P450 genes located on the CYP2 gene cluster

on chromosome 19, including CYP2A13 (Su et al., 2000)

and CYP2F1 (Nhamburo et al., 1990). Both CYP2A13 and

CYP2F1 are important for the bioactivation of xenobiotics.

CYP2A13 has been shown to activate the tobacco-specific

nitrosamine, NNK, which has been suggested to play a role

in human tobacco-related cancers (Su et al., 2000), and

CYP2F1 has been shown to metabolize naphthalene (Lanza

et al., 1999), a pulmonary toxicant in mice (Plopper et al.,

1992).

The brain contains very low P450 levels and the

amount in brain homogenate is only about 0.5–2% of

that in liver microsomes (Hedlund et al., 2001). The P450

levels vary between different brain regions, with an

exceptionally high overall P450 content in cerebellum

(Warner et al., 1988). There are a few P450s that are

predominantly expressed in brain. These include CYP7B,

expressed in particular in hippocampus of rat and mouse

(Stapleton et al., 1995), CYP26B, expressed in cerebellum

and pons of the human brain (White et al., 2000) and

CYP46, showing a widespread expression in brain (Lund

et al., 1999). These three brain-specific enzymes are not

involved in the metabolism of foreign compounds, but are

important for endogenous functions like in the regulation

of neurosteroids, cholesterol and vitamin A metabolism

(Hedlund et al., 2001).

Because of the completion of the sequence of the

humane genome and the initiatives related to this project,

there has recently been a remarkable progress in the

identification and characterization of novel P450 genes,

which have been found to be expressed mainly in

extrahepatic tissues. Here, we present some of the lately

identified cytochrome P450s with potential importance for

metabolic activation of xenobiotics.

CYP2S1

CYP2S1 is a newly identified cytochrome P450 enzyme

localized on chromosome 19q13.2 close to the previously

known CYP2 cluster. The other P450s in that cluster are

also the enzymes with highest identity to CYP2S1 (Fig. 1).

When the CYP2S1 mRNA expression was investigated,

extrahepatic tissues such as the respiratory and gastro-

intestinal tracts were found to contain significant amounts.

The CYP2S1 protein was also detected by Western blotting

analysis in human lung (Rylander et al., 2001). In another

study CYP2S1 mRNA and protein were found in human

skin, where it was shown to be induced by ultraviolet

radiation, coal tar, and all-trans retinoic acid (Smith et al.,

2003). All-trans retinoic acid was found to be a substrate of

CYP2S1.

An unusual feature of CYP2S1 is that it is induced by

dioxin in both mouse and human (Rivera et al., 2002). Such

an induction via the Ah-receptor (AhR) by dioxin or

polycyclic aromatic hydrocarbons (PAHs) usually affects

the expression of members within the CYP1 family. This

opens the possibility that CYP2S1 participates in the

metabolism of aromatic hydrocarbons. Naphthalene has

been shown to be metabolized into reactive intermediates by

the murine enzyme Cyp2f2 (Shultz et al., 1999) and by the

human homologue CYP2F1 (Lanza et al., 1999). CYP2S1 is

closely related to CYP2F1 (47.2% identity), and is

expressed in lung. It has also been shown to be induced

by dioxin and PAHs trough activation of the AhR. Indeed,

we found that CYP2S1 is capable to metabolize naphtha-

lene. CYP2S1 was heterologously expressed in yeast and

examination of the CYP2S1-dependent activity of the

microsomes revealed that the enzyme converted naphtha-

lene into two different metabolites, as revealed by HPLC

analysis of the incubates (Fig. 2). This finding indicates that

CYP2S1 might play a role in naphthalene-induced lung

cytotoxicity (Buckpitt et al., 2002).

CYP2R1

The CYP2R1 gene is localized on chromosome 11p15.2

and has five exons. Thus, it differs from most other

members of the CYP2 family, carrying nine exons. CYP2R1

is also highly conserved across species with human

CYP2R1 showing 89% and 66% sequence identity at the

amino acid level to mouse and fugu fish CYP2R1,

respectively.

Fig. 1. Unrooted phylogenetic tree of human cytochrome P450s. CYP2S1,

CYP2R1, CYP2U1 and CYP2W1 are shown in bold.
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