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Introduction
Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and crossreferenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by
systems biologists building predictive models of normal and disease variant pathways.
The development of Reactome is supported by grants from the US National Institutes of Health (P41
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and
the European Molecular Biology Laboratory (EBI Industry program).
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Aryl hydrocarbon receptor signalling ↗
Stable identifier: R-HSA-8937144

The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor that belongs to the basic
helix-loop-helix/PER-ARNT-SIM family of DNA binding proteins and controls the expression of a diverse
set of genes. Two major types of environmental compounds can activate AHR signaling: halogenated aromatic hydrocarbons such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and polycyclic aromatic hydrocarbons (PAH) such as benzo(a)pyrene. Unliganded AHR forms a complex in the cytosol with two copies
of 90kD heat shock protein (HSP90AB1), one X-associated protein (AIP), and one p23 molecular chaperone protein (PTGES3). After ligand binding and activation, the AHR complex translocates to the nucleus,
disassociates from the chaperone subunits, dimerises with the aryl hydrocarbon receptor nuclear translocator (ARNT) and transactivates target genes via binding to xenobiotic response elements (XREs) in
their promoter regions. AHR targets genes of Phase I and Phase II metabolism, such as cytochrome P450
1A1 (CYP1A1), cytochorme P450 1B1 (CYP1B1), NAD(P)H:quinone oxidoreductase I (NQO1) and aldehyde
dehydrogenase 3 (ALHD3A1). This is thought to be an organism's response to foreign chemical exposure
and normally, foreign chemicals are made less reactive by the induction and therefore increased activity
of these enzymes (Beischlag et al. 2008).
AHR itself is regulated by the aryl hydrocarbon receptor repressor (AHRR, aka BHLHE77, KIAA1234), an
evolutionarily conserved bHLH-PAS protein that inhibits both xenobiotic-induced and constitutively active AHR transcriptional activity in many species. AHRR resides predominantly in the nuclear compartment where it competes with AHR for binding to ARNT. As a result, there is competition between
AHR:ARNT and AHRR:ARNT complexes for binding to XREs in target genes and AHRR can repress the
transcription activity of AHR (Hahn et al. 2009, Haarmann-Stemmann & Abel 2006).

Literature references
Haarmann-Stemmann, T., Abel, J. (2006). The arylhydrocarbon receptor repressor (AhRR): structure, expression,
and function. Biol. Chem., 387, 1195-9. ↗
Hahn, ME., Allan, LL., Sherr, DH. (2009). Regulation of constitutive and inducible AHR signaling: complex interactions involving the AHR repressor. Biochem. Pharmacol., 77, 485-97. ↗
Beischlag, TV., Luis Morales, J., Hollingshead, BD., Perdew, GH. (2008). The aryl hydrocarbon receptor complex and
the control of gene expression. Crit. Rev. Eukaryot. Gene Expr., 18, 207-50. ↗

https://www.reactome.org

Page 2

Editions
2016-08-30

Authored, Edited

Jassal, B.

2016-10-11

Reviewed

D'Eustachio, P.

https://www.reactome.org

Page 3

AHR:2xHSP90:AIP:PTGES3 binds TCDD ↗
Location: Aryl hydrocarbon receptor signalling
Stable identifier: R-HSA-8936849
Type: binding
Compartments: cytosol

The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor that can control the expression of a diverse set of genes. Two major types of environmental compounds can activate AHR signaling: halogenated aromatic hydrocarbons such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and
polycyclic aromatic hydrocarbons (PAH) such as benzo(a)pyrene. Unliganded AHR forms a complex in
the cytosol with two copies of 90kD heat shock protein (HSP90AB1) (Forsythe et al. 2001), one X-associated protein (AIP) (Meyer et al. 1998), and one p23 molecular chaperone protein (PTGES3) (Nguyen et al.
2012, Beischlag et al. 2008). Here, the binding of TCDD is shown.
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AHR:TCDD:2xHSP90AB1:AIP:PTGES3 translocates from cytosol to nucleoplasm ↗
Location: Aryl hydrocarbon receptor signalling
Stable identifier: R-HSA-8937169
Type: omitted
Compartments: cytosol, nucleoplasm

After ligand binding and activation, the AHR complex translocates to the nucleus by an unknown mechanism (Beischlag et al. 2008) but it has been hypothesised that ligand binding to AHR promoted p23-associated hsp90 complex-mediated interaction of AHR with the nuclear import receptor protein pendulin
and subsequent nuclear translocation of the receptor (Kazlauskas et al. 2001).
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AHR:TCDD:2xHSP90AB1:AIP:PTGES3 dissociates ↗
Location: Aryl hydrocarbon receptor signalling
Stable identifier: R-HSA-8937191
Type: dissociation
Compartments: nucleoplasm

After ligand binding and activation, the AHR complex translocates to the nucleus where it disassociates
from the chaperone subunits to then dimerise with the aryl hydrocarbon receptor nuclear translocator
(ARNT) (Lees & Whitelaw 1999).
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AHR:TCDD binds ARNT ↗
Location: Aryl hydrocarbon receptor signalling
Stable identifier: R-HSA-8937177
Type: binding
Compartments: nucleoplasm

Ligand-bound aryl hydrocarbon receptor (AHR:TCDD) disassociates from the chaperone subunits to then
dimerise with the aryl hydrocarbon receptor nuclear translocator (ARNT) (Lees & Whitelaw 1999).
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AHRR binds ARNT ↗
Location: Aryl hydrocarbon receptor signalling
Stable identifier: R-HSA-8936851
Type: binding
Compartments: cytosol

The aryl hydrocarbon receptor repressor (AHRR) is predominantly localised in the nucleus of cells (Kanno et al. 2007) and can bind AHR nuclear translocator (ARNT). The resultant AHRR:ARNT complex can
compete with AHR:ARNT for binding to the xenobiotic response element (XRE) on target genes such
CYP1A1 (Evans et al. 2008, Hahn et al. 2009).
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