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Abstract

Mammalian cells can express up to 4 different class I PI3K isoforms, each of which is engaged by 

tyrosine kinases or G-protein coupled receptors (GPCRs) to generate the second messenger 

signaling molecule PtdIns(3,4,5)P3 (PIP3). The p110α and p110β isoforms are relatively widely 

expressed, whereas p110γ and p110δ are more highly expressed in cells of the immune system 

than in other cell types. Nevertheless, each of the 4 class I PI3Ks have been shown to participate 

in the orchestration of the signaling events that lead to immune cell development, control of gene 

expression, skewing towards individual cell lineage subsets and proliferation.

Introduction

Because they are constitutively bound by p85-related regulatory subunits p110α, p110β and 

p110β were thought to be regulated primarily by tyrosine kinases (p85 contains two SH2 

domains that bind tyrosine phosphorylated peptides), whereas p110γ which is bound by a 

Gβγ-binding p101 or p84 regulatory subunit is preferentially activated by G-protein coupled 

receptors. However, by mechanisms that have yet to be elucidated, p110β and p110δ can 

also be activated by GPCRs. Over the last few years, experiments combining the use of 

gene-targeted mice and small molecule inhibitors have identified individual roles for each of 

the four class I PI3K catalytic subunits in immunity.

Role of p110α and p110δ in B cell development and survival

During early B cell development, p110δ plays a redundant role with p110α to promote 

further differentiation after the pre-B cells have rearranged their immunoglobulin heavy 

chain which forms part of the pre-B cell receptor complex1. Remarkably, the expression of a 

p110α from a single allele is sufficient to allow B cell development beyond this checkpoint 

in the bone marrow. By contrast, in mature B cells, p110α does not contribute significantly 

to signaling by the mature B cell receptor which is composed of immunoglobulin heavy and 

light chains. The molecular basis of the reduced role of p110α as B cells mature is not 

thought to be due to reduced expression of this isoform, rather, it appears that p110α is less 

well adapted to respond to acute signaling induced by clustering of the BCR rather than by 

so-called tonic signaling. Accordingly, B1 and marginal zone B cells, which are thought be 

auto-reactive, develop in absence of p110α, but not in the absence of p110δ activity1, 2. 

However, pre-B cell development and mature B cell survival and, which are driven by tonic-

signaling by BCR in absence of agonistic antigen, are dependent on both p110α and p110δ.
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Role of p110δ and p110γ in T cell development

T cells retain the ability to develop in the thymus and populate the spleen and lymph nodes, 

despite loss of p110α and p110δ1. However, when p110δ and p110γ were both lost, T cell 

development was blocked at the developmental stage where the T cell receptor β chain genes 

have been rearranged and is expressed on the cell surface as part of the pre-TCR complex3. 

The different requirement for p110δ and p110γ in B cell development versus T cell 

development could suggest different requirements for receptor engagement. Indeed, T cell 

development was shown to depend on the engagement of the chemokine receptor CXCR4 

which signals via p110γ, thus complementing pre-TCR signaling via p110δ3. A similar 

scenario was apparent in mature T cells4. B cell development is normal in p110δ-p110γ 

double knockouts, however this observation does not necessarily rule out a role for GPCR 

signaling in B cell development, since for unknown reasons, GPCRs tend to signal via 

p110δ rather than p110γ in B cells5.

p110δ activity in T cells is required for B cell activation in the germinal 

center

Mature CD4 and CD8 T cell differentiation and effector cytokine production is under tight 

control by p110δ6, 7. The important role for p110δ in T cell subset differentiation has an 

initially unforeseen consequence. Based on in vitro proliferation assays it appeared that B 

cells were much more affected by p110δ deficiency than T cells2. Indeed, primary and 

secondary T cell-dependent antibody responses are dramatically reduced in p110δ deficient 

mice1, 2, 4. However, deletion of p110δ in B cells had little effect on such antibody responses 

whereas deletion of p110δ in T cells mimicked the effect of germline deletion of p110δ8. 

The latter was correlated with a key role for p110δ in promoting the differentiation of 

follicular helper T cells, a specialized CD4 T cell subset which is recruited to the germinal 

centers within the spleen follicles where T cells provide help to B cells to undergo 

immunoglobulin class switching and affinity maturation8. Thus while in vitro studies 

predicted that the main defect in p110δ-deficient mice was due to the role of p110δ in B 

cells, cell-specific gene targeting revealed a more prominent role in T cells during humoral 

immune responses to protein antigens.

The p110γ, p110δ, and p110β isoforms differentially contribute to ROS 

production by neutrophils

P110β is not highly expressed in lymphocytes, but plays a significant role in the response by 

neutrophils to immune complexes composed of IgG and a bound antigen9. Previous work 

had identified distinct roles for p110γ and p110δ in neutrophils stimulated with a GPCR 

ligand (fMLP). The initial pulse of PIP3 production is provided only by p110γ followed by 

more sustained production of PIP3 which is p110δ-dependent (but absent in without the 

initial activation of p110γ)10. The p110δ-dependent pulse was required to trigger reactive 

oxygen species (ROS) by the NADPH oxidase. The unique requirement for p110β in the 

context of the FcγR signaling is explained by the concurrent production of leukotriene B4. 

Together, FcγR and the leukotriene receptor BLT1 depend on p110β to generate a sustained 
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signal that results in ROS generation, whereas short-term BLT1 signaling is more dependent 

on p110γ. Dual inhibition of p110β and p110δ revealed some overlap in function between 

these kinases in this context, but p110β was dominant. These data suggest that p110β may be 

particularly well adapted to integrate concurrent signals from tyrosine kinase and GPCR 

linked receptors.
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Perspective

Together, these studies are beginning to delineate unique, and often non-redundant and 

cell-type specific roles for each of the four class I PI3Ks in immune responses. Inhibition 

of p110α by itself is unlikely to have a significant effect on immunity. However, dual 

inhibition of p110δ and p110γ, p110δ and p110α, or indeed p110δ and p110β, can act 

synergistically to profoundly block T cell development, B cell development, humoral 

immunity and the activation of neutrophils by immune complexes. These studies may 

inspire the use of dual specific inhibitors to block diseases and malignancies involving 

these cell types, but also caution against the unintended effect of pan-specific PI3K 

inhibitors on immunity.
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Figure 1. 
A. Both p110α and p110δ are engaged by the pre-BCR or mature BCR in absence of acute 

agonistic stimulation by antigen. By contrast, inhibition of p110δ, but not p110α, blocks 

Akt-phosphorylation and B cell proliferation in response to clustering of the BCR.

B. In T cells, both the pre-TCR and mature TCR signal primarily via p110δ, whereas 

chemokines stimulate the activity of p110γ via the activation of GPCRs such as CXCR4. 

During T cell development, PIP3 generated via either of these pathways is required. In 

mature T cells, the TCR and chemokine receptors contribute non-redundantly to processes 

requiring the activation of PI3K.

C. In primed neutrophils stimulated with the bacteria-derived formylated tripeptide fMLP, 

and initial burst of p110γ-generated PIP3 is followed by a more sustained burst of p110δ-

dependent PIP3. It is not clear how p110δ becomes activated after GPCR engagement.

D. The engagement of the FcγR by antibody-antigen complexes stimulates a complex 

autocrine route that involving LTB4 and the GPCR BLT1. Together, these engage p110β 

which is uniquely positioned to respond effectively to both tyrosine kinase and GPCR 

signals.
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