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            Key Points

                	
                  The phosphoinositide 3-kinase (PI3K) pathway is a crucial signal transduction system linking the activation of receptor tyrosine kinases (RTKs), G protein-coupled receptors (GPCRs) and oncogenes such as RAS to multiple essential cellular functions.

                
	
                  The PI3K pathway is tightly controlled by a class of PI3Ks that generate the lipid second messenger phosphatidylinositol-3,4,5-trisphosphate (PtdIns(3,4,5)P3), and the tumor suppressor PTEN (phosphatase and tensin homologue), a lipid phosphatase that dephosphorylates PtdIns(3,4,5)P3, thereby counteracting the actions of PI3Ks.

                
	
                  The PI3K pathway is one of the most frequently activated signalling pathways in human cancer. Oncogenic activation of this pathway commonly occurs through activating mutations in the p110Î± isoform of PI3K or through loss of the PTEN tumour suppressor.

                
	
                  Inhibitors that target key components of this pathway, including PI3K, AKT and mammalian target of rapamycin (mTOR), are being actively developed. Some of them have reached clinical trials in patients with various solid and haematological malignancies. Most PI3K inhibitors developed to date are pan-PI3K inhibitors.

                
	
                  It may be desirable to generate isoform-specific PI3K inhibitors as PI3Ks have essential roles in a wide range of normal physiological functions, including glucose homeostasis and immune responses. For example, by targeting p110Î± or p110Î² isoforms in solid tumours, potential drugs might avoid toxicity to the immune system, which is largely dependent on p110Î´ and p110Î³ for function.

                
	
                  The presence of multiple nodes with feedback loops and crosstalk between pathways may affect therapeutic outcomes. Emerging strategies, such as simultaneously targeting two kinases in the pathway or the combination of PI3K pathway inhibitors with drugs that target other pathways, may achieve optimal clinical benefits.

                


              

Abstract
The phosphoinositide 3-kinase (PI3K) pathway is a key signal transduction system that links oncogenes and multiple receptor classes to many essential cellular functions, and is perhaps the most commonly activated signalling pathway in human cancer. This pathway therefore presents both an opportunity and a challenge for cancer therapy. Even as inhibitors that target PI3K isoforms and other major nodes in the pathway, including AKT and mammalian target of rapamycin (mTOR), reach clinical trials, major issues remain. Here, we highlight recent progress that has been made in our understanding of the PI3K pathway and discuss the potential of and challenges for the development of therapeutic agents that target this pathway in cancer.
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                    Figure 1: The class I PI3K signalling pathway.[image: ]


Figure 2: The PI3K family and phosphatidylinositol-3,4,5-trisphosphate generation.[image: ]


Figure 3: Targeting the PI3K pathway in cancer.[image: ]


Figure 4: Selected chemical structures of inhibitors of the PI3K pathway.[image: ]


Figure 5: Function and therapeutic targeting of p110 isoforms.[image: ]
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	Allosteric inhibitor
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	Cancer chemoprevention
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