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ABSTRACT

Asthma is a common lung disease that is characterized by chronic air-
ways inflammation and variable airflow obstruction with airways
hyperresponsiveness. Recent studies highlight the importance of the
underlying inflammatory cascade, particularly signaling pathways, in
the pathogenesis of asthma. Phosphatase and tensin homolog (PTEN)
is a complex signaling molecule that regulates important biological
processes such as the metabolism, proliferation and survival of cells.
PTEN antagonizes the action of phosphoinositide 3-kinase (PI3K) by
dephosphorylating phosphatidylinositol 3,4,5-trisphosphate. There is
increasing evidence that the PTEN/PI3K pathway plays a major role in
the expression and activation of inflammatory mediators, inflammato-
ry cell recruitment and immune cell function, thereby contributing to
the pathogenesis of asthma. Upregulation of PTEN expression or inhi-
bition of PI3K activity leads to the attenuation of allergic airways
inflammation and bronchial hyperresponsiveness by modulating mul-
tiple regulatory pathways in asthma. This review describes recent
advances in understanding the role and related mechanisms of the
PTEN/PI3K pathway in regulating allergic airways inflammation and
the potential for targeting this pathway for the treatment of asthma.

INTRODUCTION

Asthma is a common lung disease that is characterized by chronic
airways inflammation with airflow obstruction and airways hyperre-
sponsiveness (AHR). The prevalence of asthma has increased in
most countries, affecting as many as 300 million people worldwide
(1-3). According to the Global Initiative for Asthma guidelines, the

global prevalence of asthma is reported to range from 1% to 18% of
the population in different countries (2, 3). In addition to placing a
considerable burden in terms of direct medical costs, asthma has
enormous indirect costs, including absence from work or school (4).
Therefore, asthma represents a profound and growing public health
problem worldwide. 

In recent years, the introduction of effective new medications and
improved formulations for the treatment of asthma has led to a rela-
tively favorable trend in outcomes, with a reduction in annual hospital-
izations for asthma attacks and asthma-related deaths (1).
Therapeutic agents for asthma are divided into two classes: acute
relief medications for airways obstruction and controller medications
for airways inflammation. For decades, the impressive benefit seen in
patients treated with bronchodilators and the concern about the
adverse effects of systemic steroids led physicians and patients to rely
heavily on relief medications for the rapid control of asthma symptoms
(5). However, the appreciation that asthma is a chronic inflammatory
disorder and the availability of inhaled steroids with a low prevalence
of systemic side effects have contributed to a change in this pattern of
practice, increasing the use of controller medications. Among con-
troller medications, inhaled corticosteroids are the most potent anti-
inflammatory agents used in the treatment of asthma. However, 5-
25% of asthmatic patients may show a poor or no response (6, 7), and
some patients can develop adverse effects to high-dose inhaled corti-
costeroid treatment. Therefore, novel therapeutic agents are required
to cover the unmet needs of asthmatic patients. 

Airways inflammation in asthma consists of the infiltration of inflam-
matory cells, mucus hyperplasia, vascular engorgement, smooth
muscle hypertrophy and basement membrane thickening (1, 8, 9).
Asthmatic inflammation is associated with AHR, which contributes
to the characteristic symptoms, such as cough, shortness of breath,
chest tightness and wheezing. Therefore, control of airways inflam-
mation is important in treating asthmatic patients. Targeting signal
transduction pathways is a promising strategy to treat inflammato-
ry diseases, including asthma, because the same signaling pathway
is usually involved in a variety of cell types and can regulate several
coordinated inflammatory processes (10). 

Many inflammatory stimuli, such as allergens, cytokines and
enzymes, bind to multiple transmembrane receptors that subse-
quently activate signal transduction pathways, most of which involve
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cascades of kinases. Kinase pathways in turn activate downstream
transcription factors, which can switch on the expression of various
inflammatory genes and thus amplify the inflammatory process.
Some inflammatory mediators that are induced by kinase pathways
can amplify kinase activation, creating a positive feedback loop.
Hence, modulators of signal transduction pathways have captured
the interest of researchers as an approach to switching off airways
inflammation, and advances in the understanding of the signaling
pathways involved in allergic airways inflammation have opened the
door to a variety of new targets in asthma treatment. One of the
most investigated signaling pathways in asthma is the phosphatase
and tensin homolog (PTEN) and phosphoinositide 3-kinase (PI3K)
pathway (10).

PI3K catalyzes the phosphorylation of phosphatidylinositol 4,5-bis-
phosphate (PIP2), forming a lipid second messenger, phosphatidyl-
inositol 3,4,5-trisphosphate (PIP3), which controls a variety of intra-
cellular signaling pathways. PI3K and its most prominent effector,
Akt, regulate a wide spectrum of cellular processes, including cell
viability, metabolism, proliferation and motility (11-13). PI3K is nega-
tively regulated by PTEN, which converts PIP3 to PIP2. Therefore, the
imbalance between PTEN and PI3K action is a profound obstacle to
cellular processes and eventually impairs the function of the rele-
vant organ system. Recently, there is increasing evidence that the
PTEN/PI3K pathway plays a major role in the expression and activa-
tion of inflammatory mediators, inflammatory cell recruitment and
immune cell function in asthma (14-16). Therefore, the PTEN/PI3K
pathway is suggested to be an attractive target for asthma therapy.
In this review, we focus on the PTEN/PI3K signaling pathway associ-
ated with allergic airways inflammation and the therapeutic oppor-
tunities for targeting this pathway for asthma treatment.

BIOLOGICAL FUNCTIONS OF THE PTEN/PI3K PATHWAY

PTEN was first identified as a tumor suppressor gene that was
mutated in human cancers (17). After its discovery, several
researchers generated null mutations of the Pten gene in mice to
assess its function in vivo. Unfortunately, homozygosity for the null
mutation of the Pten gene in mice results in early embryonic lethal-
ity, precluding the functional analysis of PTEN in organs (18-20).
Subsequently, in order to investigate the biological functions of
PTEN in viable mice, transgenic mice expressing various tissue-spe-
cific Pten mutants were generated (19, 20). Mutations in the Pten
gene producing PTEN protein deletion are associated with enhanced
cell proliferation and transformation, thereby contributing to tumor
formation (21). The PTEN protein is a dual-specificity lipid and pro-
tein phosphatase, and antagonizes PI3K by dephosphorylation of
PIP3 at the 3’ position of the inositol ring (22, 23). Thus, loss of PTEN
function in cells results in accumulation of PIP3, mimicking the effect
of PI3K activation. PIP3 recruits many proteins to the membrane by
binding to the pleckstrin homology domains of proteins, including
the serine/threonine-protein kinases Akt and 3-phosphoinositide-
dependent protein kinase (PDK1) and the phosphatase PH domain
leucine-rich repeat-containing protein phosphatase (PHLPP) (24).
Membrane-bound Akt is activated following phosphorylation by
PDK1 and the rapamycin-insensitive mammalian target of
rapamycin (mTOR) complex, and is inactivated through its dephos-
phorylation by PHLPP (25, 26). Activated Akt in turn regulates the

activity of a wide range of target molecules through phosphoryla-
tion. Deletion of Akt reverses the cell survival phenotype in PTEN-
null cells (27). In addition, inactivation of Akt by dominant-negative
mutants inhibits the survival advantage provided by activation of
PI3K (28). These results indicated the essential role of Akt in the
PTEN/PI3K pathway. Through this complex cascading pathway, the
balance between PI3K and PTEN activity is important to maintain
homeostasis in a wide variety of cellular responses, such as the
metabolism, proliferation, growth and survival of cells (19, 20).

The role of PTEN in immunity has been investigated using PTEN-
deficient mice. A recent paper has shown that PTEN-deficient
(Ptenflox/–) mice exhibit elevated levels of B cells and CD4+ T cells in
the periphery, spontaneous activation of CD4+ T cells, autoantibody
production and hypergammaglobulinemia. Loss of PTEN prevents T
cells from initiating apoptosis in response to several stimili. Ptenflox/–

T cells also show enhanced proliferation and increased production of
both T helper type 1 (Th1) and Th2 cytokines (29). Similar phenome-
na have been observed in PTEN-deficient splenic B cells (30). These
findings suggested that PTEN is an important regulator of T-cell and
B-cell homeostasis and self-tolerance in the immune system. The
PTEN/PI3K signaling pathway also underlies cell polarization and
directional cell migration (4, 18, 31). Thus, migration of a variety of
cell types, including fibroblasts, neutrophils, dendritic cells and
macrophages, has been shown to be PI3K-dependent (4, 32).
Additionally, PI3K is essential for IL-5-induced eosinophil release
from bone marrow and the migration of eosinophils caused by sev-
eral chemoattractants (33). With regard to endothelial cells, the
PTEN/PI3K pathway is involved in angiogenesis through regulation
of the expression of vascular endothelial growth factor (VEGF), a
potent inducer of angiogenesis (34). 

PI3Ks are classified into three groups (classes I, II and III) based on
their structural differences and substrate specificity (35). Class I
PI3Ks are the most studied group and are further divided into class
IA PI3Ks (PI3Kα, PI3Kβ and PI3Kδ isoforms) and class IB PI3Ks
(PI3Kγ isoform) on the basis of their regulatory partners and mecha-
nisms of action. Members of class IA PI3Ks are heterodimers of a
p110 catalytic subunit (p110α, β and δ) and a regulatory subunit
(p85α, p85β, p55α, p55γ and p50α) (36). Class IB members are
comprised of a p110γ catalytic subunit and one of two regulatory
subunits (p101 and p84) (37). PI3Kα and PI3Kβ are expressed broad-
ly in many tissues and control fundamental biological processes
such as cellular proliferation, so that genetic deletion of either iso-
form is lethal at the embryonic stage (38). In contrast, PI3Kδ and
PI3Kγ are predominantly expressed in leukocytes and play pivotal
roles in mediating inflammatory responses (39). Therefore, mice
deprived of PI3Kδ or PI3Kγ are viable and merely display reduced
inflammatory responses (39, 40). Hence, PI3Kδ and PI3Kγ are con-
sidered to be suitable targets of study in inflammatory diseases.

PTEN/PI3K PATHWAY IN ASTHMA

Asthma is characterized by airways obstruction which is mediated by
chronic airways inflammatory responses. Th2 cells, together with
other inflammatory cells such as mast cells, B cells and eosinophils,
have been proposed to play critical roles in the initiation and main-
tenance of airways inflammation in asthma (41, 42). Activated
inflammatory cells produce numerous mediators, such as Th2
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cytokines (IL-4, IL-5 and IL-13) and chemokines (eotaxin and
RANTES), and thereby mediate several regulatory and effector func-
tions. These mediators induce the production of allergen-specific
IgE by B cells, the development and recruitment of eosinophils,
mucus secretion, smooth muscle contraction, and ultimately AHR.
As described above, PTEN and PI3K constitute an important path-
way that regulates the biological function and migration of inflam-
matory cells, such as eosinophils, lymphocytes and neutrophils,
which contribute to allergic airways inflammation. Therefore, it is
possible to speculate that the PTEN/PI3K pathway is involved in the
pathogenesis of asthma (43). 

A study in a murine model of asthma has shown that the expression
of PTEN protein and PTEN activity are decreased with the increase in
PI3K activity induced by ovalbumin (OVA) challenge (14).
Intratracheal administration of adenoviruses carrying PTEN-com-
plementary DNA (AdPTEN), thus recovering PTEN expression in the
lungs, attenuated allergen-induced airways inflammation and AHR
in a murine model of asthma (14, 16). Moreover, the OVA-induced
increases in levels of Th2 cytokines (IL-4, IL-5 and IL-13) and
eosinophilic cationic protein in bronchoalveolar lavage fluid (BALF)
were significantly blocked by the administration of the PI3K
inhibitors wortmannin and LY-294002 or AdPTEN (14, 16, 43). In
addition, the administration of PI3K inhibitors or AdPTEN markedly
reduced the increases in the levels of adhesion molecules such as
intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhe-
sion protein 1 (V-CAM 1), as well as chemokines such as RANTES and
eotaxin (14, 16). A marked reduction in mucus production with less
goblet cell hyperplasia has also been reported in LY-294002-treat-
ed mice (43). Transduction of the dominant negative form of PI3 reg-
ulatory subunit into mice reduces the OVA-induced increase in
mucus-containing epithelial cells in the airways (44). 

A previous in vitro study demonstrated that activation of PI3K leads to
the accumulation of contractile apparatus proteins and the growth of
elongated contractile airways smooth muscle cells (45). This action of
PI3K in the regulation of airways-resident smooth muscle cells may
contribute to an increase in airways smooth muscle mass and
changes in intrinsic contractile properties associated with asthma. A
significant amount of data indicate that PI3K is required for the mito-
genic effect induced by numerous stimuli, such as epidermal growth
factor (EGF), thrombin and transforming growth factor β (TGF-β) in
airways smooth muscle cells (46-48). Additionally, PI3K signaling is
necessary to mediate the proliferation and migration of pulmonary

vascular smooth muscle cells, indicating that the activation of PI3K
may play an important role in vascular remodeling in the lung (49).
Since hypertrophy and hyperplasia of airways and vascular smooth
muscle cells are characteristic changes of airways remodeling in
asthma, PI3K inhibitors are suggested to have the potential for pre-
venting and/or treating airways remodeling in asthma through their
effects on smooth muscle cells (50). Taken together, these observa-
tions indicate that the PTEN/PI3K pathway may be a promising ther-
apeutic target for asthma. 

ROLE OF PI3K ISOFORMS IN ASTHMA

Among PI3K isoforms, PI3Kδ and PI3Kγ have been mainly studied to
explore their role in the pathogenesis of asthma due to their effect in
mediating inflammatory responses. Recent studies using a p110δ-
specific inhibitor, IC-87114, have shown that pharmacological block-
ade of p110δ activity attenuates allergen-induced airways inflamma-
tion and AHR and reduces Th2 cytokine levels in a mouse asthma
model (51, 52). IC-87114 also decreases the increases in the levels of
total IgE and OVA-specific IgE in serum, as well as LTC4 release in
BALF (51). Moreover, a previous study revealed that genetic inactiva-
tion of the hemopoietic cell-restricted p110δ in mice reduces OVA-
induced Th2 cytokine-dependent airways inflammation and AHR as
compared with wild-type mice (53). Providing evidence for the impor-
tant role of the p110δ isoform in mast cells, genetic or pharmacologi-
cal inactivation of the p110δ isoform in mast cells has been found to
induce defective stem cell factor (SCF)-mediated proliferation, adhe-
sion and migration, as well as impaired allergen/IgE-induced
degranulation and cytokine release (54, 55). These findings thus
demonstrate a biological role for p110δ signaling in allergic airways
inflammation, highlighting the importance of the p110δ isoform as a
novel target for therapeutic intervention in asthma. 

With regard to PI3Kγ, PI3Kγ-deficient mice show a significant
decrease in airways inflammation, AHR and airways remodeling
after OVA challenge as compared with wild-type mice. On the other
hand, there are no significant differences in serum OVA-specific IgE
levels and CD4/CD8 balance in BALF between PI3Kγ-deficient mice
and wild-type mice (40). PI3Kγ is involved in allergic inflammation
by regulating the challenge/effector phase of allergic responses.
Interestingly, a more recent study has found that a dual PI3Kδ/γ
inhibitor, TG-100115, markedly reduces eosinophilic inflammation,
IL-13 levels in BALF, mucin accumulation and AHR in a murine asth-
ma model (56).

Thus, it appears that PI3Kδ and PI3Kγ isoforms are very attractive
targets for the treatment of asthma and we expect that more stud-
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ies will be performed to define the specific roles of each isoform and
related mechanisms in allergic airways diseases, including asthma. 

REGULATORY MECHANISM OF PTEN OR PI3K INHIBITORS IN
ASTHMA

PI3K can activate various signaling pathways, such as PDK1, protein
kinase C (PKC), extracellular signal-regulated kinase (ERK) and
mitogen-activated protein kinase p38 (MAP kinase p38) (4, 34, 57).
By creating a complex network with many signaling molecules, the
PTEN/PI3K pathway may serve as a hub or switch point in allergic
airways inflammation. Although there is a growing body of evidence
suggesting the critical role of the PTEN/PI3K pathway in the patho-
genesis of asthma, the data regarding the exact regulatory mecha-
nism related to its role in allergic airways inflammation are limited.
Here, we focus on peroxisome proliferator-activated receptor γ
(PPARγ), VEGF, nuclear factor NF-kappa-B (NF-κB), IL-17 and TGF-
β1, which are reported to be associated with the PTEN/PI3K pathway
in allergic airways inflammation and airways remodeling in asthma.
A schematic representation of the possible mechanisms of the
PTEN/PI3K signaling pathway in asthma is shown in Figure 1.

PPARs are members of the nuclear receptor superfamily containing
transcription factors regulating gene expression and are divided into
PPARα, PPARβ/δ and PPARγ (58, 59). PPARγ, the most extensively
studied receptor among the three PPAR subtypes, has been shown
to affect cell cycle, differentiation and apoptosis in many cell types

(60). In addition, PPARγ activation downregulates the synthesis and
release of immunomodulatory cytokines from various cell types that
participate in inflammatory processes (61). Due to its anti-inflamma-
tory and immunomodulatory properties, PPARγ is a potential candi-
date for treating inflammatory diseases. The administration of vari-
ous PPARγ agonists, such as rosiglitazone, pioglitazone and ciglita-
zone, has demonstrated positive therapeutic effects in airways
inflammation, AHR and airways remodeling in animal models of
asthma (62-64). A possible mechanism related to the anti-inflam-
matory action of PPARγ has been provided by the observation that
PPARγ antagonizes PI3K-mediated signaling by upregulating PTEN
expression in airways epithelial cells (65). Consistent with these
observations in vitro, we have shown that the administration of
PPARγ agonists or an adenovirus carrying PPARγ cDNA increases
PTEN expression with a decrease in PI3K activity in a murine model
of asthma (64). Therefore, PPARγ is suggested to act as an upstream
regulator of the PTEN/PI3K pathway and may be a therapeutic tar-
get in asthma. 

VEGF, an endothelial cell-specific mitogenic peptide, is a well-
known, potent promoter of vasculogenesis and angiogenesis.
Additionally, VEGF enhances microvascular permeability such that
plasma proteins, including inflammatory mediators and inflamma-
tory cells, leak into the extravascular space, leading to migration of
inflammatory cells to the airways (66, 67). There is increasing evi-
dence that VEGF is a crucial stimulator of inflammation, AHR, air-
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Figure 1. Schematic representation of the possible mechanisms of the PTEN/PI3K signaling pathway in asthma. PTEN negatively regulates PI3K by dephos-
phorylating PIP3. PI3K phosphorylates PIP2 to form PIP3, which leads to activation of Akt by phosphorylation (P). Activated Akt in turn regulates the activity of
various effector molecules. Stimulation of the PI3K pathway increases HIF-1α activity and resulting VEGF expression, thus enhancing vascular permeability
and inducing an adaptive Th2 immune response. This pathway also leads to an increase in NF-κB activity and the subsequent release of inflammatory medi-
ators in asthmatic airways. In addition, PTEN/PI3K signaling regulates the expression not only of IL-17, inducing the release of cytokines and chemokines, but
also of TGF-β1, contributing to airways remodeling. Activation of PPARγ modulates allergic inflammation through upregulation of PTEN. The PTEN/PI3K
pathway and its regulatory mechanisms influence the biological functions of various airways inflammatory and structural cells and is thus suggested to be an
attractive target for asthma therapeutics.



ways remodeling and physiological dysregulation that increases
antigen sensitization and the Th2 immune response in asthma (66-
68). In a murine model of asthma, administration of VEGF receptor
antagonists ameliorated airways inflammation and AHR (12, 55). 

VEGF expression is known to be regulated by the transcriptional fac-
tor hypoxia-inducible factor 1α (HIF-1α) (69). Previous studies have
demonstrated that activation of the PI3K/Akt pathway causes an
increase in HIF-1α protein levels (70, 71). In keeping with these
results, we have shown that administration of PI3K inhibitors
reduces HIF-1α levels in nuclear protein extracts from lung tissues of
OVA-sensitized and -challenged mice (16, 72, 73). As expected, VEGF
expression in the lungs is also decreased by the administration of
PI3K inhibitors (16). These findings imply that HIF-1α activation and
the resulting VEGF expression depend on PI3K signaling in allergic
airways disease. Therefore, the enhanced vascular permeability in
asthmatic inflammation is suggested to be regulated by the
PI3K/HIF-1α/VEGF axis (73). PI3K is known to be involved in mediat-
ing the various biological functions of VEGF (74). Moreover, inhibition
of VEGF decreases Akt phosphorylation and PI3K enzyme activity in a
murine model of allergic airways disease, suggesting the presence of
a positive feedback loop between VEGF expression and PI3K activa-
tion (72). Thus, in asthma the PTEN/PI3K pathway may regulate vas-
cular permeability via modulation of the PI3K/HIF-1α/VEGF axis, as
well as biological functions of VEGF. 

NF-κB is a transcription factor expressed in many cell types and
plays a critical role in the expression of numerous inflammatory
genes, such as cytokines, chemokines, adhesion molecules, growth
factors and enzymes (75). Many lines of evidence indicate enhanced
NF-κB activation in asthmatic lungs. The levels of NF-κB activation
in bronchial biopsies, sputum cells and bronchial epithelial cells
from patients with asthma are higher than in those from nonasth-
matic individuals (76, 77). In murine models of asthma, a rapid
NF-κB p65 nuclear translocation and enhanced NF-κB activity are
seen in lung tissues (78, 79). Moreover, mice that lack the p50 sub-
unit of NF-κB are unable to mount airways eosinophilic inflamma-
tion due to a lack of T-cell production of Th2 cytokines, highlighting
the importance of NF-κB in the pathogenesis of asthma (80).
Recently, both in vitro and in vivo studies have demonstrated that
the administration of PI3K inhibitors or AdPTEN prevents nuclear
translocation of NF-κB and the subsequent release of inflammatory
cytokines in the lungs (79, 81). These findings suggest that activation
of the PI3K/Akt pathway is a causative factor in the pronounced
increase of NF-κB activity in asthmatic lungs.

IL-17 (also known as IL-17A), a recently discovered cytokine, is known
to play a role in tissue inflammation by inducing the expression of
many inflammatory mediators, such as cytokines, chemokines,
adhesion molecules and growth factors (82). IL-17 mRNA and/or
protein expression has been shown to increase in sputum, lung cells,
BALF and peripheral blood from asthmatic patients (83-85).
Consistent with these results from human studies, our recent data
have shown that the expression of IL-17 protein and mRNA in lungs
is upregulated in a murine model of airways inflammatory disease.
Moreover, inhibition of IL-17 activity with an anti-IL-17 antibody
markedly reduced antigen-induced airways infiltration of inflamma-
tory cells and AHR in mice (79). These findings demonstrate a
potential role for IL-17 in the pathogenesis of asthma. The increase in

IL-17 expression is markedly reduced by treatment of OVA-sensitized
and -challenged mice with PI3K inhibitors or AdPTEN (78). In addi-
tion, our unpublished data have revealed that selective inhibition of
the PI3Kδ isoform markedly reduces IL-17 expression induced by an
allergen challenge. Thus, the PTEN/PI3K pathway, especially the
PI3Kδ isoform, appears to be involved in the regulation of IL-17
expression in asthma. 

The profibrotic cytokine TGF-β1 plays a pivotal role in tissue remod-
eling by promoting the expression of extracellular matrix proteins
and has proinflammatory effects in various settings of inflamma-
tion (86). It has been well established that TGF-β1 plays an impor-
tant role in the pathogenesis of structural changes, including fibro-
sis, in many chronic airways inflammatory diseases. Airways
remodeling, which is characterized by thickening of the lamina
reticularis with deposition of collagen and other extracellular
matrix proteins, leading to subepithelial fibrosis, is an important
pathophysiological feature of asthma (87). Asthmatic patients
show an increase in TGF-β1 expression that correlates with disease
severity and the degree of subepithelial fibrosis, providing evidence
that TGF-β1 is a key mediator of airways remodeling in asthma (88).
TGF-β1 expression is regulated by activation of the PI3K/Akt path-
way (89). In keeping with these observations, we have found that
the administration of PI3K inhibitors significantly reduces the
increase in TGF-β1 levels in lungs after OVA inhalation in a murine
model of asthma (72). Therefore, these findings suggest that the
PTEN/PI3K pathway can regulate TGF-β1 expression, thus con-
tributing to airways remodeling in asthma.

CONCLUSION

A variety of therapeutic options have been used for asthmatic
patients to control symptoms, but no therapy is specifically directed
to the underlying causal pathway of asthma. Recent studies high-
light the importance of regulators of the inflammatory cascade, par-
ticularly signaling pathways, as a promising therapeutic strategy for
the treatment of asthma. Since PI3K is a central signaling regulator
in an incredibly diverse set of cellular functions, the PTEN/PI3K
pathway was expected to have an important role in the pathogene-
sis of asthma. In fact, extensive studies have shown that upregula-
tion of PTEN expression or inhibition of PI3K activity leads to atten-
uation of airways inflammation and AHR in animal models of asth-
ma. Furthermore, recent studies have extended our understanding
of the regulatory mechanisms related to the role of the PTEN/PI3K
pathway in asthma. In addition, data regarding the effect of PI3K iso-
form-specific inhibition of allergic airways inflammation have accu-
mulated and provide significant insight into how to tailor therapeu-
tic blockade to produce a satisfactory effect without other reactions.
The PTEN/PI3K pathway as an attractive novel target for asthma
therapeutics is now taking tentative steps from bench to bed.
Further research will answer the question of whether PI3K inhibitors,
either broad-spectrum or isoform-specific, are sufficiently effective
as new therapeutic agents in the clinical setting.
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