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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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PI3K/AKT Signaling in Cancer ↗
Stable identifier: R-HSA-2219528
Diseases: cancer

Class IA PI3K is a heterodimer of a p85 regulatory subunit (encoded by PIK3R1, PIK3R2 or PIK3R3) and a
p110 catalytic subunit (encoded by PIK3CA, PIK3CB or PIK3CD). In the absence of activating signals, the
regulatory subunit stabilizes the catalytic subunit while inhibiting its activity. The complex becomes activated when extracellular signals stimulate the phosphorylation of the cytoplasmic domains of transmembrane receptors or receptor-associated proteins. The p85 regulatory subunit binds phosphorylated
motifs of activator proteins, which induces a conformational change that relieves p85-mediated inhibition of the p110 catalytic subunit and enables PI3K to phosphorylate PIP2 to form PIP3. The phosphoinositide kinase activity of PI3K is opposed by the phosphoinositide phosphatase activity of PTEN.
PIP3 acts as a messenger that recruits PDPK1 (PDK1) and AKT (AKT1, AKT2 or AKT3) to the plasma membrane. PDPK1 also possesses a low affinity for PIP2, so small amounts of PDPK1 are always present at the
membrane. Binding of AKT to PIP3 induces a conformational change that enables TORC2 complex to
phosphorylate AKT at a conserved serine residue (S473 in AKT1). Phosphorylation at the serine residue
enables AKT to bind to PDPK1 and exposes a conserved threonine residue (T308) that is phosphorylated
by PDPK1. AKT phosphorylated at both serine and threonine residues dissociates from the plasma membrane and acts as a serine/threonine kinase that phosphorylates a number of cytosolic and nuclear targets involved in regulation of cell metabolism, survival and gene expression. For a recent review, please
refer to Manning and Cantley, 2007.
Signaling by PI3K/AKT is frequently constitutively activated in cancer. This activation can be via gain-offunction mutations in PI3KCA (encoding catalytic subunit p110alpha), PIK3R1 (encoding regulatory subunit p85alpha) and AKT1. The PI3K/AKT pathway can also be constitutively activated by loss-of-function
mutations in tumor suppressor genes such as PTEN.
Gain-of-function mutations activate PI3K signaling by diverse mechanisms. Mutations affecting the helical domain of PIK3CA and mutations affecting nSH2 and iSH2 domains of PIK3R1 impair inhibitory interactions between these two subunits while preserving their association. Mutations in the catalytic domain
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of PIK3CA enable the kinase to achieve an active conformation. PI3K complexes with gain-of-function
mutations therefore produce PIP3 and activate downstream AKT in the absence of growth factors (Huang
et al. 2007, Zhao et al. 2005, Miled et al. 2007, Horn et al. 2008, Sun et al. 2010, Jaiswal et al. 2009, Zhao and
Vogt 2010, Urick et al. 2011). While AKT1 gene copy number, expression level and phosphorylation are
often increased in cancer, only one low frequency point mutation has been repeatedly reported in cancer
and functionally studied. This mutation represents a substitution of a glutamic acid residue with lysine at
position 17 of AKT1, and acts by enabling AKT1 to bind PIP2. PIP2-bound AKT1 is phosphorylated by
TORC2 complex and by PDPK1 that is always present at the plasma membrane, due to low affinity for
PIP2. Therefore, E17K substitution abrogates the need for PI3K in AKT1 activation (Carpten et al. 2007,
Landgraf et al. 2008).
Loss-of-function mutations affecting the phosphatase domain of PTEN are frequently found in sporadic
cancers (Kong et al. 1997, Lee et al. 1999, Han et al. 2000), as well as in PTEN hamartoma tumor syndromes (PHTS) (Marsh et al. 1998). PTEN can also be inactivated by gene deletion or epigenetic silencing,
or indirectly by overexpression of microRNAs that target PTEN mRNA (Huse et al. 2009). Cells with deficient PTEN function have increased levels of PIP3, and therefore increased AKT activity. For a recent review, please refer to Hollander et al. 2011.
Because of their clear involvement in human cancers, PI3K and AKT are targets of considerable interest
in the development of small molecule inhibitors. Although none of the currently available inhibitors display preference for mutant variants of PIK3CA or AKT, several inhibitors targeting the wild-type kinases
are undergoing clinical trials. These include dual PI3K/mTOR inhibitors, class I PI3K inhibitors, panPI3K inhibitors, and pan-AKT inhibitors. While none have yet been approved for clinical use, these
agents show promise for future therapeutics. In addition, isoform-specific PI3K and AKT inhibitors are
currently being developed, and may provide more specific treatments along with reduced side-effects.
For a recent review, please refer to Liu et al. 2009.
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Constitutive Signaling by Aberrant PI3K in Cancer ↗
Location: PI3K/AKT Signaling in Cancer
Stable identifier: R-HSA-2219530
Diseases: cancer

Signaling by PI3K/AKT is frequently constitutively activated in cancer via gain-of-function mutations in
one of the two PI3K subunits - PI3KCA (encoding the catalytic subunit p110alpha) or PIK3R1 (encoding
the regulatory subunit p85alpha). Gain-of-function mutations activate PI3K signaling by diverse mechanisms. Mutations affecting the helical domain of PIK3CA and mutations affecting nSH2 and iSH2 domains
of PIK3R1 impair inhibitory interactions between these two subunits while preserving their association.
Mutations in the catalytic domain of PIK3CA enable the kinase to achieve an active conformation. PI3K
complexes with gain-of-function mutations therefore produce PIP3 and activate downstream AKT in the
absence of growth factors (Huang et al. 2007, Zhao et al. 2005, Miled et al. 2007, Horn et al. 2008, Sun et
al. 2010, Jaiswal et al. 2009, Zhao and Vogt 2010, Urick et al. 2011).
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Constitutive Signaling by AKT1 E17K in Cancer ↗
Location: PI3K/AKT Signaling in Cancer
Stable identifier: R-HSA-5674400
Diseases: cancer

While AKT1 gene copy number, expression level and phosphorylation are often increased in cancer, only
one low frequency point mutation has been repeatedly reported in cancer and functionally studied. This
mutation represents a substitution of a glutamic acid residue with lysine at position 17 of AKT1, and acts
by enabling AKT1 to bind PIP2. PIP2-bound AKT1 is phosphorylated by TORC2 complex and by PDPK1
that is always present at the plasma membrane, due to low affinity for PIP2. Therefore, E17K substitution
abrogates the need for PI3K in AKT1 activation (Carpten et al. 2007, Landgraf et al. 2008).
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PTEN Loss of Function in Cancer ↗
Location: PI3K/AKT Signaling in Cancer
Stable identifier: R-HSA-5674404
Diseases: cancer

Loss-of-function mutations affecting the phosphatase domain of PTEN are frequently found in sporadic
cancers (Kong et al. 1997, Lee et al. 1999, Han et al. 2000), as well as in PTEN hamartoma tumor syndromes (PHTS) (Marsh et al. 1998). PTEN can also be inactivated by gene deletion or epigenetic silencing,
or indirectly by overexpression of microRNAs that target PTEN mRNA (Huse et al. 2009). Cells with deficient PTEN function have increased levels of PIP3, and therefore increased AKT activity. For a recent review, please refer to Hollander et al. 2011.
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