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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 research-
ers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioin-
formaticians 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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Alternative Lengthening of Telomeres (ALT) ↗

Stable identifier: R-HSA-9006821

Compartments: nucleoplasm

Diseases: cancer

Alternative lengthening of telomeres (ALT) is a homologous recombination repair-directed telomere syn-
thesis that takes place in 5-15% of tumors. ALT positive tumors often harbor loss-of-function mutations 
in ATRX (Alpha thalassemia mental retardation X-linked) or, more rarely, DAXX (Death domain-associ-
ated protein 6) chromatin remodeling factors, which may act to inhibit DNA recombination at telomere 
ends (reviewed by Gocha et al. 2013). The nuclear receptor complex NuRD-ZNF827 contributes to the re-
cruitment of homologous recombination (HR) machinery to telomeres (Conomos et al. 2014). ALT is 
most prevalent in subsets of sarcomas, including osteosarcomas and some soft tissue sarcomas, brain 
cancers and neuroblastomas (Heaphy et al. 2011, Arora and Azzalin 2015). For review, please refer to Na-
betani and Ishikawa 2011, Pickett and Reddel 2015, Verma and Greenberg 2016, Amorim et al. 2016, Som-
mer and Royle 2020, Zhang and Zou 2020.
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Defective Inhibition of DNA Recombination at Telomere ↗

Location: Alternative Lengthening of Telomeres (ALT)

Stable identifier: R-HSA-9670621

Compartments: nucleoplasm

Diseases: cancer

ATRX (Alpha thalassemia mental retardation X-lined) and DAXX (Death domain-associated protein 6) 
chromatin remodeling factors form a complex that binds to subtelomeric regions and plays a role in in-
hibition of DNA recombination at telomere ends, probably by mediating loading of H3F3A histone at te-
lomere ends and by repressing transcription of TERRA (Telomeric repeat containing RNA), a long non-
coding telomeric repeats-containing RNA. Tumors positive for alternative lengthening of telomeres 
(ALT) markers often harbor loss-of-function mutations in ATRX, and more rarely in DAXX or missense 
mutations in H3F3A, implying that the impairment of function of one of these three proteins may con-
tribute to initiation of the ALT process. Additionally, mutations in IDH, the tumor suppressor TP53 and 
SMARCAL1 are also observed in the context of ALT in certain types of human cancers, particularly sarco-
mas and tumors of the central nervous system (Jiao et al. 2012, Nicolle et al. 2019). For review, please 
refer to Gocha et al. 2013, Pickett and Reddel 2015, Amorim et al. 2016).
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