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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 cross-referenced 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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Regulation of HMOX1 expression and activity ↗

Stable identifier: R-HSA-9707587

Heme oxygenase 1 (HMOX1) is regulated at the level of gene transcription, mRNA translation, localization and 
degradation. Its gene is often activated under a wide range of stressful conditions. The transcriptional control of 
HMOX1 is determined by inducible regulatory elements localized in the 5′ region of the promoter, so called 
antioxidant response elements (ARE)(Raghunath et al, 2018). 
 
AREs on the HMOX1 gene are ultimately controlled by the enhancing NFE2L2:MAFK dimer and the repressing 
BACH1:MAFK dimer, both of which are influenced by a multitude of processes. Less specific enhancement occurs 
via AP-1 (FOS:JUN) dimers (Funes et al, 2020). 
 
HMOX1 activity depends on dimerization in the ER membrane. Its membrane localization is abandoned by cleavage 
of the membrane domain by HM13. The resulting soluble enzyme is found in the cytosol, mitochondria, and the 
nucleus (Schaefer et al, 2017).
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HMOX1 gene produces HMOX1 dimer ↗

Location: Regulation of HMOX1 expression and activity

Stable identifier: R-HSA-9707645

Type: uncertain

Compartments: endoplasmic reticulum membrane, nucleoplasm

Transcription regulator protein BACH1 is a critical physiological repressor of heme oxygenase 1 (HMOX1). 
BACH1 binds to the multiple Maf recognition elements (MAREs) of HMOX1 enhancer MafK in vitro and represses 
its activity in vivo. BACH1 is inducible by hypoxia and IFN-gamma (Kitamuro et al, 2003; Sun et al, 2002). 
 
NFE2L2 (nuclear factor erythroid 2-related factor 2) is a transcription factor that activates transcription of a battery 
of cytoprotective genes by binding to the ARE (antioxidant response element). It is considered not only as a 
cytoprotective factor regulating the expression of genes coding for anti-oxidant, anti-inflammatory and detoxifying 
proteins, but it is also a powerful modulator of species longevity. HMOX1 is one of the genes whose expression it 
activates (Huang et al, 2000; Reichard et al, 2007).

Followed by: HM13 cleaves HMOX1 dimer, HMOX1 dimer translocates from ER membrane to mitochon-
drial outer membrane
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HM13 cleaves HMOX1 dimer ↗

Location: Regulation of HMOX1 expression and activity

Stable identifier: R-HSA-9708457

Type: transition

Compartments: endoplasmic reticulum membrane, cytosol

Cleavage of heme oxygenase 1 (HMOX1) by HM13 (Signal peptide peptidase) takes place in the ER membrane and 
removes the membrane domain from HMOX1, making it soluble in the cytosol. The reaction only occurs under 
conditions of hypoxia (Schaefer et al, 2017; Boname et al, 2014).

Preceded by: HMOX1 gene produces HMOX1 dimer

Followed by: HMOX1 translocates from the cytosol to the nucleoplasm
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HMOX1 translocates from the cytosol to the nucleoplasm ↗

Location: Regulation of HMOX1 expression and activity

Stable identifier: R-HSA-9708536

Type: uncertain

Compartments: nucleoplasm, cytosol

After exposure to hypoxia and heme or heme/hemopexin, soluble heme oxygenase 1 (HMOX1) is detected in the 
nucleus. Nuclear localization is also associated with reduction of HMOX1 activity. HMOX1 protein, whether it s 
enzymatically active or not, mediates activation of oxidant-responsive transcription factors, including activator 
protein-1 (AP-1). Nevertheless, nuclear HMOX1 protects cells against hydrogen peroxide-mediated injury equally as 
well as cytoplasmic HMOX1 (Lin et al, 2007).

Preceded by: HM13 cleaves HMOX1 dimer
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HMOX1 dimer translocates from ER membrane to mitochondrial outer membrane ↗

Location: Regulation of HMOX1 expression and activity

Stable identifier: R-HSA-9708558

Type: uncertain

Compartments: mitochondrion, cytosol

Heme oxygenase 1 (HMOX1) expression increases dramatically in cytosolic and mitochondrial fractions of human 
alveolar (A549), or bronchial epithelial cells (Beas-2b) exposed to either heme, lipopolysaccharide, or cigarette 
smoke extract (CSE). Mitochondrial localization of HMOX1 is also observed in a primary culture of human small 
airway epithelial cells (Siebos et al, 2007).

Preceded by: HMOX1 gene produces HMOX1 dimer
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