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a b s t r a c t

The arylhydrocarbon receptor (AhR) mediates the adverse effects of dioxins, including

modulation of sex steroid hormone signaling. The role of AhR as a transcription factor is

well described. AhR regulates the expression of target genes such as CYP1A1; however, the

mechanisms of AhR function through other target-selective systems remain elusive. Accu-

mulating evidence suggests that AhR modulates the functions of other transcription factors.

The ligand-activated AhR directly associates with estrogen or androgen receptors (ERa or

AR) and modulates their function both positively and negatively. This may, in part explain

the sex steroid hormone-related adverse effects of dioxins. AhR has recently been shown to

promote the proteolysis of ERa/AR through assembling a ubiquitin ligase complex, CUL4-

BAhR. In the CUL4BAhR complex, AhR acts as a substrate-recognition subunit to recruit ERa/

AR. This action defines a novel role for AhR as a ligand-dependent E3 ubiquitin ligase. We

propose that target-specific regulation of protein destruction, as well as gene expression, is

modulated by environmental toxins through the E3 ubiquitin ligase activity of AhR.
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1. Introduction

Dioxin-type environmental contaminants, such as tetra-

chloro-dibenzo-p-dioxin (TCDD), exert toxic effects [1]. Some

of these toxicities are estrogen- and androgen-related actions

[2–7]. The arylhydrocarbon receptor (AhR) is a ligand-

dependent transcription factor belonging to the basic helix-

loop-helix/Per–Arnt–Sim (bHLH/PAS) family. AhR possesses a

variety of biological and toxicological functions [8–11] (Figs. 1

and 2). AhR mediates the toxicological effects of dioxins. In

addition, AhR plays a physiological role in various tissues such

as the reproductive and immune systems. The transcriptional

activity of AhR is regulated by direct binding of its ligands

[12,13] (Figs. 1 and 2A). The unliganded AhR is sequestered in

the cytosol by interacting with the Hsp90/XAP2 (also called as

ARA9 or AIP) chaperon complex [8–11]. Ligand binding to the

PAS-B region of AhR is thought to induce conformational

changes and subsequent translocation of the AhR complex to

the nucleus [8–10]. AhR then dimerizes with the AhR nuclear

translocator (Arnt) in the nucleus after dissociating from the

chaperon complex, recognizes the xenobiotic-responsive

element (XRE), and recruits co-activators such as the histone

acetyltransferase p300/CBP, chromatin remodeling factor

Brg1, and the mediator (DRIP/TRAP) complex to activate

transcription [8–10] (Fig. 1). The AhR/Arnt heterodimer induces

the expression of target genes, such as CYP1A1, CYP1A2, and

glutathione-S-transferase [1].

The actions of the direct target genes of AhR alone do not

fully explain its toxicological and physiological effects.

Accumulating evidence suggests that the AhR exhibits its

regulatory functions by modulating the function of other

transcription factors [2,11], including estrogen receptor (ERa

and ERb) [14–19] and androgen receptor (AR) [18,19] (Fig. 1).

These cross-talk pathways are important mediators of the

functions of endogenous and exogenous AhR ligands. The

liganded AhR recently has been shown to promote the

ubiquitination and proteasomal degradation of ERs and AR

by assembling a ubiquitin ligase complex, CUL4BAhR [18,19].

Thus, complexes of the AhR with ERs or AR appear to regulate

transcription as functional units by multiple mechanisms. In

this review, we will summarize a novel role for AhR as a

component of an E3 ubiquitin ligase complex, which mediates

cross-talk of AhR with sex steroid receptors through promo-

tion of proteolysis.

2. Cross-talk of AhR with ERs or AR

2.1. Transcriptional regulatory mechanism involving
nuclear receptors

ERs and AR belong to the nuclear receptor superfamily of

transcription factors [20–22] (Fig. 2). Nuclear receptors, by

acting as ligand-dependent transcription factors serve as

Fig. 1 – Different modes of the AhR signaling pathways. Molecular pathways for AhR-mediated biological actions. AhR may

exhibit its biological actions through different modes of pathways as illustrated. Typically, AhR directly binds to its target

gene promoters and induces expression of these genes. In addition, cross-talk of AhR with other transcription factors, as

well as the function of AhR as an E3 ubiquitin ligase, is considered important for AhR biology. XRE, xenobiotic-response

element; TF, transcription factor.
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