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Summary: PIK3CA, which encodes the p110α catalytic subunit of PI 3-kinase alpha (PI3Kα), is one of the most 
frequently genetically-activated kinases in solid tumors. Song et al. report that the related PI3Kα inhibitors 
taselisib and inavolisib trigger receptor-tyrosine kinase (RTK)-dependent degradation of the mutant p110α 
protein in breast cancer cells that are positive for the human epidermal growth factor receptor 2 (HER2) RTK, 
limiting feedback-mediated drug resistance and potentially widening the therapeutic index of PI3Kα inhibition. 
 
Activating mutations in PIK3CA are frequent across human cancers, particularly breast. The last decade has 
therefore seen considerable investment in the development of PI3Kα-specific inhibitors, culminating in the 
recent FDA approval of alpelisib (BYL719; Novartis) for use with the estrogen receptor (ER) degrader fulvestrant 
in HER2-negative, ER-positive breast cancers (1). Despite such progress, major challenges remain, due to the 
essential function of PI3Kα in cellular and organismal homeostasis, with induction of cell-intrinsic and organismal 
negative feedback loops that act to oppose pharmacological PI3Kα inhibition. PI3Kα is especially important for 
insulin-mediated blood glucose control, with systemic PI3Kα suppression causing hyperglycemia and a 
compensatory increase in pancreatic insulin secretion which reactivates PI3K signaling in tumor cells (2). A 
potential solution to this problem would be to spare the wild-type PI3Kα enzyme by developing PI3Kα mutant-
selective inhibitors, thereby widening the therapeutic index. Work presented in this issue of Cancer Discovery 
shows this goal to be within reach.  
 
In their manuscript, Song et al. (3) report that a range of cancer cells, particularly the HER2-amplified breast 
cancer cell subtype, exhibit selective degradation of mutant p110α upon treatment with the chemically-related 
ATP-competitive inhibitors taselisib (GDC-0032; a dual PI3Kα/δ inhibitor) and inavolisib (GDC-0077, RG6114; a 
PI3Kα-selective inhibitor), both generated by Genentech/Roche. This was unexpected, given that these 
compounds inhibit recombinant wild-type and mutant p110α to the same extent in vitro, hinting at the existence 
of a specific cellular mechanism of action. Evidence is emerging that this role of a PI3K inhibitor as a monomeric 
small molecule protein degrader might be a more widespread function of some small molecule inhibitors 
(Mullard A. On the hunt for monomeric degraders https://cen.acs.org/biological-chemistry/proteomics/hunt-
monomeric-degraders/99/i40 ).   
 
PI3Kα is a heterodimer of the p110α catalytic subunit and a p85 regulatory subunit, of which there are 5 species: 

p85α, p55α and p50α (encoded by the PIK3R1 gene), p85β (encoded by PIK3R2) and p55 (encoded by PIK3R3). 
In unstimulated cells, the p110α protein is kept in an inactive and stable cytosolic configuration due to its 
interactions with the regulatory subunit. De-inhibition occurs upon recruitment of the enzyme complex to 
phosphorylated RTKs or associated adapter proteins at the plasma membrane (Fig. 1), as well as upon binding 
to the small GTPase RAS (4). The resulting conformational changes in PI3Kα lead to membrane recruitment and 
catalytic activity towards its lipid substrate PI(4,5)P2 (4). These changes can also be mimicked by activating 
PIK3CA mutations, of which the most common occur in so-called hotspot regions – either in the helical domain 
(E542K, E545K) or the kinase domain (H1047R, H1047L) (4).  
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Song et al. (3) observed that the combined presence of a hotspot PIK3CA mutation and high RTK activity was 
common to breast cancer cells with potent drug-induced degradation of mutant p110α. Further biochemical 
experiments suggest that conformational changes in PI3Kα, facilitated by recruitment of PI3Kα to receptor 
complexes, exposes sites in p110α for ubiquitination at the membrane, leading to mutant-selective p110α 
degradation by the proteasome (Fig. 1). The p110α-degradation effect was mainly observed for p110α in 
complex with p85β, possibly due to preferential recruitment of p85β/p110α over p85α/p110α to activated RTKs 
such as HER2 and HER3 (3). 
 
From a drug development perspective, the finding of Song et al. (3) was serendipitous, and it is not clear at 
present why the structurally-related taselisib and inavolisib lead to mutant p110α degradation while other 
compounds such as alpelisib (BYL719) and pictilisib (GDC-0941) do not. Taselisib/inavolisib, alpelisib and pictilisib 
all have different chemical scaffolds, and future structural studies may provide a structure-function insight into 
how to convey PI3Kα-degrading capacity to small molecule inhibitors. An meeting report (5) indicated that 
alpelisib may also induce preferential degradation of mutant p110α in some cellular contexts, yet this was not 
apparent under the conditions tested by Song et al. (3).  
 
The recent cryo-EM structural report of p110α-p85α (6) may add some insight into possible mutant-specific 
effects of PI3Kα inhibitors. This work reported two distinct conformational changes that may be relevant to 
understanding how some PI3K inhibitors may make hotspot mutants more accessible to degradation. Upon RTK 
activation, there is disengagement of the p85 regulatory subunit from the catalytic core of p110α, with this likely 
representing the activated membrane-bound state, which will be more frequent for hotspot mutants. There was 
also a major rearrangement of the N- and C-terminal domains of p85α upon alpelisib binding to p110α. If a 
similar conformational change were to occur in p85β, it is possible that when PI3K inhibitors bind, along with 
the enhanced membrane binding found in mutated p110α (4), this leads to a specific conformation more 
accessible to E3 ligases. This hypothesis will require further study into the exact mechanism of p110α 
ubiquitination and degradation, the role of the regulatory subunits in the recruitment of E3 ligases, and the 
identity of the E3 ligase that targets p110α.  
 
Due to their ability to promote mutant-selective PI3Kα degradation, taselisib and inavolisib could also reduce or 
fully block the cell-intrinsic, negative feedback-mediated reactivation of the PI3K pathway in HER2-amplified 
breast cancer cells, unlike alpelisib (3). As a result, both taselisib and inavolisib had a stronger growth inhibitory 
effect in cell-based and tumor xenograft studies (3). Nevertheless, a key challenge remains. Despite lack of wild-
type p110α protein degradation, taselisib and inavolisib still inhibit its enzymatic activity and are thus expected 
to trigger the systemic glucose-mediated insulin feedback loop, similar to other PI3Kα inhibitors. Indeed, this 
has already been shown for taselisib in both mice and humans. The hope is nevertheless that inavolisib’s 
improved selectivity for p110α over p110δ will reduce the additional immune-related toxicity that negated the 
benefits of taselisib in breast cancer trials (1).  
 
Overall, the study by Song et al. (3) offers the first evidence of preferential targeting of mutant p110α. It remains 
to be determined whether this mechanism of taselisib/inavolisib will extend to non-hotspot p110α mutations. 
Interestingly, additional mutant-specific inhibitors of p110α were presented at the October 2021 AACR-NCI-
EORTC Molecular Targets Conference. These are LOXO-783 (LOX-22783), an allosteric PI3Kα-H1047R inhibitor 
from Petra Pharmaceuticals (now acquired by Loxo Oncology at Lilly) and RLY-2608, an allosteric pan-mutant-
selective PI3Kα inhibitor from Relay Therapeutics. Evidence was presented that these allosteric inhibitors do not 
induce metabolic dysregulation in mice, clearly setting the scene for widening of the therapeutic window of 
PI3Kα inhibitors. The impact of these compounds on cellular p110α degradation was not reported. Moving 
forward, such mutant-selective PI3Kα inhibitors may also benefit patients with PROS (PIK3CA-related 
overgrowth spectrum), a group of benign but highly debilitating diseases caused by developmental acquisition 
of mosaic PIK3CA mutations, including the same hotspot variants seen in cancer (7). 
 
Song et al.’s work (3) also adds to our understanding of the biochemical mechanisms of PI3Kα turnover, and 
further reinforces how little is understood about the biological differences of the distinct p85 regulatory subunit 
isoforms (8,9). It is speculated that p85α provides stronger basal inhibition of p110α relative to p85β due to 
subtle but important structural differences. This is consistent with the notion of p85α as a tumor suppressor, 
and the relatively frequent pan-cancer occurrence of PIK3R1 mutations that lead to increased PI3K activity. On 
the other hand, p85β acts as a bona fide oncogene: oncogenic mutations in PIK3R2 have mainly been reported 
in endometrial cancer, and in benign overgrowth disorders with brain abnormalities; PIK3R2 is also frequently 
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amplified in lymphoma, breast and colorectal cancers (8,9). The putative weaker inhibitory interface between 
p85β with p110α compared to p85α may therefore contribute to the preferential inhibitor-induced, mutant-
selective degradation of p85β/p110α over p85α/p110α in Song et al.’s study. It is generally unclear, however, 
what factors determine the involvement of p85α versus p85β in a given cellular context, including any 
differences in their ability to interact with specific RTKs – an area that warrants further study in light of Song et 
al.’s data. It will also be important to determine the sensitivity towards degradation of different oncogenic 
mutants in both the p110α and p85α/p85β subunits, as this may identify further mutations that are either 
sensitive or resistant to degradation, which will be important in understanding possible mechanisms of acquired 
inhibitor resistance. 
 
Last but not least, the study of Song et al. has opened a new area for mechanism-based therapeutic exploitation 
of PI3Kα inhibition, by uncovering HER2-driven breast cancers with PIK3CA mutations as a clinical setting for 
mutant-selective p110α degraders. Anti-HER2 antibodies represent the standard of care for HER2-amplified 
breast cancers, and PIK3CA-mutant tumors are known to be less responsive to such HER2-targeted therapy. 
Based on this, in 2019, Novartis had already started a phase III randomized trial comparing maintenance anti-
HER2 therapy with or without alpelisib in PIK3CA-mutated ERBB2-amplified breast cancer (NCT04208178). In the 
wake of Song et al.’s data (3), Roche is now testing inavolisib in HER2-positive breast cancer, in combination with 
a range of agents, including endocrine therapies, CDK4/6 inhibition, HER2-targeting antibodies or metformin 
(https://clinicaltrials.gov NCT04191499, NCT03006172, NCT04802759).  
 
Together with the success of PI3Kδ inhibitors in some B-cell leukemias and their emerging potential in 
immunotherapy of solid tumors (1), the development of mutant-specific PI3Kα inhibitors is likely to usher a new 
and more productive era of PI3K targeting in cancer.  
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Figure 1. Mutant specific 

targeting of p110/p85 
through inhibitor specific 
degradation 

The PI3K complex is 

recruited to the plasma 

membrane by 

phosphorylated RTKs. 

Inhibition of PI3K by a 

non-mutant selective PI3K 

inhibitor (left panel) causes 

initial inhibition of PI3K 

pathway activity, however, 

feedback leads to increased 

RTK expression, which 

results in maintained PI3K 

signaling. For the p110α-

mutant selective-degrading 

PI3K inhibitors inavolisib 

and taselisib (right panel), 

binding of the inhibitor to 

mutant p110/p85 causes 

proteasome-mediated 

degradation downstream of activation by HER2/3. Degradation of p110 prevents feedback-mediated reactivation of the 

pathway, leading to sustained inhibition of mutant PI3K signalling. Shown is the binding of p85 to the HER2/HER3 RTK dimer, 

with the pYXXM motifs in HER3 functioning as docking sites for the SH2 domains of p85 (note that HER2 lacks such pYXXM 

motifs). 
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