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Phosphoinositide 3-Kinase γ Gene Knockout Impairs
Postischemic Neovascularization and Endothelial Progenitor
Cell Functions
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F.D., E.H.), University of Turin, Italy; and INBB (N.K., A.O.), Osilo/Rome, Italy

Abstract
Objective—We evaluated whether phosphatidylinositol 3-kinase γ (PI3Kγ) plays a role in
reparative neovascularization and endothelial progenitor cell (EPC) function.

Methods and Results—Unilateral limb ischemia was induced in mice lacking the PI3Kγ gene
(PI3Kγ−/−) or expressing a catalytically inactive mutant (PI3KγKD/KD) and wild-type controls
(WT). Capillarization and arteriogenesis were reduced in PI3Kγ−/− ischemic muscles resulting in
delayed reperfusion compared with WT, whereas reparative neovascularization was preserved in
PI3KγKD/KD. In PI3Kγ−/− muscles, endothelial cell proliferation was reduced, apoptosis was
increased, and interstitial space was infiltrated with leukocytes but lacked cKit+ progenitor cells
that in WT muscles typically surrounded arterioles. PI3Kγ is constitutively expressed by WT
EPCs, with expression levels being upregulated by hypoxia. PI3Kγ−/− EPCs showed a defect in
proliferation, survival, integration into endothelial networks, and migration toward SDF-1. The
dysfunctional phenotype was associated with nuclear constraining of FOXO1, reduced Akt and
eNOS phosphorylation, and decreased nitric oxide (NO) production. Pretreatment with an NO
donor corrected the migratory defect of PI3Kγ−/− EPCs. PI3KγKD/KD EPCs showed reduced Akt
phosphorylation, but constitutive activation of eNOS and preserved proliferation, survival, and
migration.

Conclusions—We newly demonstrated that PI3Kγ modulates angiogenesis, arteriogenesis, and
vasculogenesis by mechanisms independent from its kinase activity.

Keywords
limb ischemia; angiogenesis; vasculogenesis; endothelial progenitor cells; migration

Postnatal reparative neovascularization is accomplished by capillary angiogenesis,
arteriogenesis, and remodeling of preexisting arteriolar shunts into collateral conductance
vessels.1 Vasculogenesis, which is brought about by endothelial progenitor cells (EPC)
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recruited from the bone marrow (BM) or local pools, complements the regenerative potential
of resident vascular cells.2

Phosphatidylinositol 3-kinases (PI3Ks) play a crucial role in the regulation of all the above
processes. On receptor activation, PI3Ks generate phosphatidylinositol-3,4,5-P3 (PIP3),
which forms a docking platform for the pleckstrin homology domains of protein kinase B
(PKB/Akt) and its activator 3-phosphoinositide–dependent protein kinase 1 (PDK1).3 Akt
exerts proangiogenic and vascular prosurvival actions through phosphorylation/activation of
endothelial nitric oxide synthase (eNOS),4-7 and inactivation of forkhead box O (FOXO)
transcription factors.8 In addition, the PI3K-Akt-eNOS axis is crucial for the mobilization of
EPCs from BM and their migration to sites of ischemia.9,10 Negative control of this
pathway is ensured by phosphatases. The phosphatase and tensin homolog on chromosome
ten (PTEN) reconverts PIP3 into PIP2. Moreover, protein phosphatase 2A (PP2A)
dephosphorylates/inactivates eNOS.11

Through the generation of selective inhibitors and gene knockout models, specialized
functions of different PI3Ks have been identified.12 Class I PI3Ks comprise 4 different
isoforms, all being expressed by endothelial cells (ECs). The 3 members of the subclass IA
(PI3Kα, β, and δ) are activated by receptor tyrosine kinases. PI3Kγ, the unique member of
class IB, is activated by G protein–coupled receptors (GPCR) via binding of βγ subunits of
G proteins, facilitated by adaptor/regulators p101 and p84/87 tethering the enzyme to the
plasma membrane.13 Interestingly, PI3Kγ is not only acting as a kinase but also possesses a
scaffolding activity that controls the activation of the phosphodiesterase 3B, thus linking
PI3Kγ to the modulation of intracellular cAMP levels.14,15

Principally, PI3Kγ functions as a chemokine sensor guiding leukocyte migration.13 Recent
evidence indicates a role in the control of cardiac contractility15,16 and in modulating the
response of vascular cells to shear stress17,18 and inflammation.19 However, whether
PI3Kγ is implicated in neovascularization remains unknown.

This study aimed to determine the impact of disrupting the PI3Kγ gene or PI3Kγ catalytic
activity on reparative angiogenesis and arteriogenesis in a murine model of unilateral limb
ischemia. We also evaluated whether EPC from PI3Kγ mutant mice have functional
alterations that may compromise vasculogenesis.

Methods
For detailed methods, please see the supplemental materials (available online at http://
atvb.ahajournals.org).

Animal Models
Unilateral hindlimb ischemia was induced in male age-matched PI3Kγ−/−, PI3KγKD/KD,
and wild-type (WT) mice.20 Postischemic recovery of limb blood flow (BF) was assessed
by laser Doppler flowmetry (Perimed).20 Capillary and arteriole densities, EC proliferation
(BrdU incorporation), apoptosis (terminal deoxynucleotidyl transferase-mediated dUTP nick
end-labeling [TUNEL] assay), and presence of monocytes and cKit positive progenitor cells
were evaluated in limb muscles as described.20-22

Western Blot Analysis
Western blot analyses for PI3Kγ, phospho-Ser473-Akt, total Akt, phospho-Ser1177-eNOS,
total eNOS, phospho-Erk1/2, and total Erk were performed in muscle extracts and in EPCs
obtained from PI3Kγ−/−, PI3KγKD/KD, and WT mice.
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FACS Analysis of Mononuclear Cells
Mononuclear cells (MNCs) from peripheral blood (PB) and BM were analyzed for the
expression of cKit, Sca-1 and lineage antigens by flow cytometry (FACS Calibur).

EPC Function
EPC outgrowth from BM-MNCs was determined. EPCs were recognized as adherent cells,
taking up acetylated low density lipoproteins (acLDL) and binding Bandeirea simplicifolia
agglutinin. In addition, EPCs were analyzed for the expression of CD31, flk-1, and VE-
cadherin by flow cytometry.

The expression of PI3Kγ by WT EPCs exposed to a period of hypoxia or normoxia was
evaluated by immunocytochemistry and Western blot. Furthermore, the impact of PI3Kγ
mutations on the Akt/FOXO1/eNOS axis was evaluated by immunocytochemistry and
Western blot.

Apoptosis, migratory and invasive/integrative capacities, as well as NO production by EPCs
were analyzed.

Distribution of Injected lin− BM-MNC
Lineage-depleted BM-MNCs from PI3Kγ−/−and WT donor mice were labeled with 2
different fluorescence tracers, mixed together, and injected into the tail vein of ischemic
PI3Kγ−/− or WT mice. After 3 days, the presence of tracer-labeled cells in PB, spleen, and
muscles of recipient mice was analyzed by flow cytometry.

Statistical Analysis
All results are expressed as means±SEM. Two-way ANOVA was performed to test for
interaction between strain and ischemia. Differences between groups were determined using
paired or unpaired t test. A probability value of less than 0.05 was considered statistically
significant.

Results
For supplemental figures, please see the supplemental materials (available online at http://
atvb.ahajournals.org).

Effect of Ischemia on Muscular PI3Kγ, pAkt, and pErk
In WT muscles, PI3Kγ protein, detectable under basal conditions, was upregulated by
ischemia (supplemental Figure Ia). As expected, no PI3Kγ expression was detected in
PI3Kγ−/− muscles. The absence of PI3Kγ translated into reduced Akt phosphorylation in
adductor muscles before and after ischemia (supplemental Figure Ib). In contrast, Erk1/2
phosphorylation was not different in the two genotypes (supplemental Figure Ic).

PI3Kγ Deletion Impairs Neovascularization and Blood Flow Recovery
The typical capillarization response to ischemia was suppressed in PI3Kγ−/− gastrocnemius
(Figure 1A) and adductor muscles (data not shown, P<0.02 versus WT). There was no
genotype-related difference in the capillarity of contralateral muscles (Figure 1A). Arteriole
density was reduced in the ischemic gastrocnemius and adductor of PI3Kγ−/− mutants
(2.2±0.7 versus 5.3±0.6 art/mm2 and 0.7±0.3 versus 1.5±0.3 art/mm2 in WT, respectively;
P<0.05 for both comparisons). Because of the impairment in collateral formation, BF
recovery was delayed in PI3Kγ−/− compared with WT mice (Figure 1B). Histological
evaluation of PI3Kγ−/− ischemic muscles showed hyalin degeneration of myocytes, which
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appeared numerically reduced, enlarged, and surrounded by collagen (supplemental Figure
IIa).

Immunohistochemistry for leukocyte markers, CD18 and F4/80, revealed increased
infiltration of inflammatory cells in PI3Kγ−/− ischemic muscles (126±19 versus 71±19
CD18-positive cells per microscopic field in WT, P=0.06; 164±21 versus 83±16 F4/80-
positive cells in WT, P<0.01). Inflammatory cells were distributed across the whole section.
This was at variance with WT muscles, in which MNCs typically lined around and within
the arteriole wall, with some of them being positive for the progenitor cell marker cKit and
the proliferation marker PCNA (supplemental Figure IIb). Independently of the genotype,
contralateral muscles did not show any structural alteration or signs of inflammation (data
not shown).

Kinase Dead Mutation Does Not Alter Postischemic Neovascularization
In PI3KγKD/KD mice, the neovascularization response to ischemia was preserved at
capillary (Figure 2A) and arteriole level (1.5±0.3 and 1.6±0.4 art/mm2, in WT, P=N.S.).
Consistently, at 2 weeks postischemia, blood flow was restored in PI3KγKD/KD to the levels
observed in WT mice (Figure 2B).

PI3Kγ Deletion Impairs Endothelial Cell Proliferation and Survival
The number of BrdU-positive capillaries in PI3Kγ−/− ischemic gastrocnemius muscles was
half the figure observed in WT muscles (P<0.01) (supplemental Figure III). The percentage
of TUNEL-positive apoptotic capillaries was increased by 2.4-fold in PI3Kγ−/−mice
(supplemental Figure IV). In contrast, microvascular apoptosis was not augmented in
PI3KγKD/KD mutants (32.5±1.2 versus 25.6±2.1% in WT, P=NS).

PI3Kγ Is Expressed in BM-Derived EPCs and Modulated by Hypoxia
As shown in Figure 3A (left), we found that PI3Kγ is expressed by EPCs enriched from WT
BM-MNCs. This was confirmed by Western blot analysis (data not shown). Importantly,
hypoxia increased the number of PI3Kγ-expressing EPCs, as shown by the column graph
and the representative microscopy fields in Figure 3A. By flow cytometry, we confirmed
that these progenitor cells typically coexpress endothelial markers (CD31, flk-1, and VE
cadherin) and incorporate acLDL (Figure 3B).

PI3Kγ Deletion Affects the Abundance of Progenitor Cells
Under basal conditions, lin−Sca-1+ cells were more frequent in the BM of PI3Kγ−/− mice
(P<0.001 versus WT), whereas the number of lin−cKit+ and Sca-1+cKit+ progenitor cells
was similar in PI3Kγ−/− and WT BM. After limb ischemia, no difference in the content of
any studied progenitor population was observed between PI3Kγ−/− and WT mice
(supplemental Figure Va).

FACS analysis of PB mononuclear cells showed increased abundance of lin−Sca-1+ cells in
ischemic PI3Kγ−/− mice (P<0.05 versus WT, supplemental Figure Vb). In contrast,
cKit+Sca-1+ (supplemental Figure Vb) and cKit+flk1+ cells (data not shown) were similarly
represented in the PB of the 2 genotypes.

PI3Kγ Deletion Impairs EPC Function and Survival
As shown in Figure 4A (left), EPC outgrowth from PI3Kγ−/− BM-MNCs was strikingly
decreased (40.0±14.1% of WT, P<0.02). In contrast, outgrowth of PI3KγKD/KD EPC was
not altered (76.0±14.7% of WT, P=NS).

Madeddu et al. Page 4

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2010 February 22.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



PI3Kγ−/− EPCs showed impaired migratory response to stromal cell-derived factor-1
(SDF-1) (P<0.05 versus WT; Figure 4A, right), but responded properly to VEGF-A (P=0.98
versus WT, data not shown). In contrast, no migratory deficit was observed in PI3KγKD/KD

EPC (P=NS versus WT). Both PI3Kγ−/− and PI3KγKD/KD EPCs had impaired capacity to
integrate into endothelial network structures in vitro (Figure 4B).

We then evaluated the phosphorylation state of Akt in mutant EPCs. As shown by Figure
5A, we found that, after hypoxia, pAkt-containing EPCs were reduced in PI3Kγ−/− mice. In
separate experiments, we found similarly reduced pAkt levels also in PI3KγKD/KD (58±5
versus 72±5% of total EPCs in WT, P<0.05). Western blot confirmed reduced levels of pAkt
in hypoxic PI3Kγ−/− and PI3KγKD/KD EPC (supplemental Figure VIa).

As disturbed PI3K-Akt signaling is expected to alter eNOS activity, we evaluated the
phosphorylation state of eNOS and NO production in mutant EPCs. Western blot showed
induction of eNOS phosphorylation at Ser1177 by hypoxia in WT (2.4±0.4-fold of
normoxia, P<0.05) but not in PI3Kγ−/− EPCs (1.2±0.3-fold of normoxia, P=N.S.;
supplemental Figure VIb). Furthermore, in PI3Kγ−/− EPCs, the total eNOS/GAPDH ratio
was reduced either in normoxic and hypoxic conditions (by 70 and 77% compared with WT
EPCs, respectively, P<0.05). Intriguingly, peNOS levels were increased in PI3KγKD/KD

EPCs under normoxia (P<0.05 versus WT), but not responsive to hypoxia (P=NS versus
normoxia). There was no difference in the levels of total eNOS protein between
PI3KγKD/KD and WT.

In PI3Kγ−/− EPCs, NO production was significantly reduced (by 70±10% as compared with
WT EPCs, P<0.05). A milder reduction in NO production was observed in PI3KγKD/KD

EPCs (30±4%). Importantly, pretreatment of PI3Kγ−/− EPCs with the NO donor Glyco-
SNAP increased their migratory capacity toward SDF-1×1.6 folds as compared with the NO
donor vehicle (P<0.05).

We then evaluated whether mutant EPCs are more prone to apoptosis. FOXO1, a
proapoptotic transcription factor that is inactivated by Akt phosphorylation via shuttling
from the nucleus to the cytoplasm, was expressed with higher frequency at nuclear level in
PI3Kγ−/− EPCs (33.0±8.0% of total cells) as compared with PI3KγKD/KD (8.6±3.3%) or
WT EPCs (7.3±2.1%, P<0.01 for both comparisons). Furthermore, PI3Kγ−/− EPCs
expressed higher levels of the apoptotic marker cleaved caspase-3 after hypoxia (Figure 5C).
In separate experiments, PI3KγKD/KD EPCs showed similar abundance of cleaved caspase-3
after hypoxia (3.2±1.7%) as WT EPC (2.5±1.1%, P=NS).

Fate of Transplanted Progenitor Cells
Finally, we performed transplantation experiments to confirm the reduced viability of
PI3Kγ−/− progenitor cells. To this aim, WT or PI3Kγ−/− BM lin− progenitors were i.v.
injected into WT or PI3Kγ−/− recipients (supplemental Figure VIIa). Compared with WT
cells, transplanted PI3Kγ−/− cells were less abundant in the PB and more abundant in the
spleen (supplemental Figure VIIb), irrespective of the fact that recipients were WT or
PI3Kγ−/− mice, thus indicating PI3Kγ−/− cells are prone to rapid destruction. We could not
detect donor cells in WT or PI3Kγ−/− ischemic muscles.

Discussion
The implication of PI3Ks and downstream pathways Akt/eNOS and Akt/FOXO/eNOS in
angiogenesis, arteriogenesis, and vasculogenesis is well established.4-10 Nevertheless, the
individual contribution of various PI3K isoforms remains largely unknown. Cellular and
ligand specificity suggests specialization of class I isoenzymes. At variance with PI3Kα and
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PI3Kβ, which are ubiquitously expressed, PI3Kδ and PI3Kγ are mainly restricted to the
hematopoietic system, but PI3Kγ is also detected in cardiomyocytes and endothelial cells
(ECs).15,16,18,19 Furthermore, PI3Kγ is activated by the engagement of G protein–
coupled receptors with chemokines, such as SDF-1, which exert stimulatory effects on
endothelial growth and EPC recruitment.23,24 Thus, PI3Kγ might play a crucial role in
chemokine-dependent neovascularization. Seminal evidence in support of this possibility
was provided by a study showing increased tumoral angiogenesis in mice deficient for the
PIP3-deactivating phosphatase PTEN, which was partially rescued by additional disruption
of PI3Kγ.25

The present study newly demonstrates that ischemia-induced angiogenesis is altered in
PI3Kγ−/− muscles. Incorporation of BrdU by capillary ECs was strikingly reduced during
the mounting phase of neovascularization, which was paralleled by 3-fold augmented
apoptosis. These data suggest that PI3Kγ modulates the capillarization of ischemic muscles,
by controlling the balance between EC proliferation and death. We also observed a delayed
postischemic recovery in PI3Kγ−/− mice and reduced arteriole density in their adductor
muscles, a result which supports contribution of PI3Kγ to ischemia-induced arterial
remodelling. MNCs invading the arterial wall reportedly play a pivotal role in
arteriogenesis.26 Arterioles of WT muscles were indeed surrounded and infiltrated by
proliferating MNCs and cKit+ progenitor cells. In contrast, this pattern was subverted in
PI3Kγ−/− muscles, which showed diffuse infiltration of inflammatory cells within a network
of severely damaged myocytes, but no evidence of MNCs or cKit+ progenitors concentrated
around arterioles. Similarly, after aortic banding, PI3Kγ−/− hearts manifested cardiac
necrosis, which triggered a pronounced reactive inflammatory response.17

We found lower pAkt levels but normal pErk levels in PI3Kγ−/− muscles. This is consistent
with previous in vitro studies on bovine ECs, showing that shear stress–induced activation
of Erk is not inhibited by expression of a kinase-inactive PI3Kγ mutant.18 Based on the
above results, we initially hypothesized that PI3Kγ might modulate neovascularization
through an Akt-dependent mechanism. Surprisingly, however, PI3KγKD/KD mice showed
proper formation of arterial collaterals, allowing for a rapid recovery from ischemia. This
indicates that PI3Kγ kinase activity may be dispensable for proper vascular repair.

We then asked whether PI3Kγ plays a role in the modulation of EPC function. A first hint in
support is provided by the finding that PI3Kγ is constitutively expressed by WT EPCs and
upregulated by hypoxia. Hematopoietic lin−Sca-1+ cells were increased in the BM of
PI3Kγ−/− mice, a result which is in keeping with previous reports showing abundance of
myeloid cells in hematopoietic tissues of PI3Kγ−/− mice.13,27 After limb ischemia, we
observed a more pronounced mobilization of BM lin−Sca-1+ cells in PI3Kγ−/− mutants
compared with WT, however no genotype-related difference was detected with regard to the
levels of cKit+Flk1+ vascular progenitor cells in PB.

These observations prompted us to investigate whether steps subsequent to mobilization
might be altered as a consequence of the PI3Kγ deficit. We found that PI3Kγ−/− BM-MNC
have reduced capacity to generate EPC. In turn, PI3Kγ−/− EPCs showed impaired migratory
activity toward SDF-1 (a chemokine implicated in the recruitment of hemangiocytes),23
limited capacity to incorporate into a vascular network in vitro, and diminished resistance to
hypoxia. The survival capacity of PI3Kγ−/− progenitor cells was further challenged in vivo
under ischemic conditions. After injection in WT or PI3Kγ−/− mice, PI3Kγ−/− lin− cells
were cleared from the circulation and accumulated in the spleen, the organ where damaged
circulating cells are retained. On the other hand, we could not detect transplanted cells in
ischemic limb muscles, which is in agreement with clinical studies showing very low levels
of incorporation after bolus injection of BM-derived MNCs.28 Furthermore, our data show
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that there is an increased influx of inflammatory cells in PI3Kγ−/− ischemic muscles, but
less cKit+ cells and less neovascularization in comparison to WT animals. The source of
cKit+ cells invading ischemic muscles remains undetermined. We cannot exclude that,
besides controlling the function of BM-derived EPCs, PI3Kγ may play a role in the
activation of resident progenitor cells, which are increasingly considered for supporting
neovascularization.29,30 Although we could not detect homing of lin− progenitors to
hindlimb muscle, this does not contradict the principle of post-natal vasculogenesis
mediated by BM-derived progenitor cells. In vivo, vascular progenitor cells are activated
within the BM, followed by mobilization into the bloodstream. Intravenous injection of lin−

BM progenitors, as was performed in our model as well as numerous other studies, bypasses
this activation in the BM, which is crucial to render cells capable of homing into ischemic
tissues.23 We therefore think that no conclusion can be drawn from our results about the
homing capacity of PI3Kγ−/− progenitors, the data rather indicate an impaired survival
capacity of those cells. Future studies will have to address the role of PI3Kγ in activation
and liberation of vascular progenitor cells, as well as modulation of homing mechanisms.

Established evidence indicates that PI3Ks regulate EPC functions and survival through
phosphorylation/activation and nuclear trafficking of Akt8,9 and subsequent
phosphorylation/inactivation and nuclear exclusion of FOXO.31 In hematopoietic progenitor
cells, FOXO1 mediates cell cycle arrest and apoptosis through Fas ligand and the Bcl-2-like-
protein Bim.31,32 Akt and FOXO converge to eNOS, the former phosphorylating/activating
eNOS and the latter repressing eNOS protein expression by binding to the eNOS promoter.8
In turn, eNOS modulates EPC mobilization, migration, and survival via the generation of
NO.10,33 Here, we newly report that PI3Kγ−/− EPCs have increased nuclear retention of
FOXO1 and impaired modulation of Akt and eNOS phosphorylation after hypoxia.
Furthermore, eNOS/GADPH ratio and NO production were reduced in PI3Kγ−/− EPCs.
Altogether, these results suggest that, in the absence of PI3Kγ, the inhibitory control of
FOXO by Akt is disrupted, thus accounting for the defective outgrowth from BM-MNCs
and increased susceptibility to hypoxia-induced apoptosis of PI3Kγ−/− EPCs. Furthermore,
decreased NO production seems to play a pivotal role in the migratory deficit, because
preincubation of PI3Kγ−/− EPCs with an NO donor restored proper motility toward SDF-1.
The normal migratory response PI3Kγ−/− EPCs to VEGF is compatible with the fact that
VEGF tyrosine kinase receptors are associated to PI3Ks different from the isoform γ.

Similar to PI3Kγ−/− EPCs, PI3KγKD/KD EPCs showed defective Akt activation by hypoxia.
In PI3KγKD/KD EPCs, however, FOXO1 was predominantly localized in the cytoplasm,
which supports the notion that Akt-independent mechanisms contribute to FOXO relocation/
inactivation.32,34 In addition, eNOS was found constitutively activated, thus accounting for
the almost normal production of NO by PI3KγKD/KD EPCs and possibly for the absence of
overt alterations in outgrowth, survival, and migration. The mechanism responsible for
increased eNOS phosphorylation in PI3KγKD/KD EPCs remains obscure. It is established
that kinases different from Akt may contribute to eNOS phosphorylation of a serine residue
in the reductase domain (Ser1177 in human sequence and Ser1179 in bovine sequence).35 In
addition, site specific dephosphorylation by PP2A reportedly modulates eNOS activity,11
thereby inducing antiangiogenic effects.36 Compensatory activation of Akt-independent
mechanisms or inhibition of PP2A might contribute to maintain high levels of eNOS
phosphorylation in PI3KγKD/KD EPCs.

The differences between null and kinase dead mutations point to the possibility that PI3Kγ
modulates EPC function and muscular angiogenesis by kinase-independent mechanisms. It
was recently shown that several proteins, such as p101, p84, Ras, and phosphodiesterase-3B
can bind to PI3Kγ, indicating a protein-scaffold function in addition to its kinase activity.15
Inactivation of PI3Kγ scaffolding function results in phosphodiesterase-dependent
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accumulation of cAMP,15 which reportedly exerts detrimental effects on angiogenesis
through inhibition of EC proliferation37 and protein kinase A–dependent activation of
apoptosis.38

Implications of this study extend to therapeutics. Recently, PI3Kγ inhibitors have been
introduced with promises of being an “aspirin of the 21st century”.39 One major challenge
emerging on the path to developing therapeutically effective inhibitors is to avoid undesired
actions on the vasculature of healing tissues.40 Drugs able of selectively targeting kinase-
dependent or independent functions of PI3Kγ may open interesting therapeutic
opportunities for the cure of cardiovascular and inflammatory diseases.
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Figure 1.
Deletion of PI3Kγ impairs neovascularization and reperfusion. A, Capillary density of
ischemic and contralateral gastrocnemii (left). Representative microphotographs are shown
in the right panel. B, Blood flow recovery (left) and representative laser Doppler images
(right). Values are means±SEM. *P<0.05 vs WT and #P<0.05 vs contralateral.
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Figure 2.
Kinase dead mutation does not alter reparative neovascularization. A, Capillary density of
ischemic and contralateral gastrocnemius muscle. #P<0.05 vs contralateral. B, Blood flow
recovery and representative laser Doppler images at 2 weeks from induction of ischemia.
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Figure 3.
WT EPC express P I3Kγ. A, PI3Kγ-positive (green) and acLDL uptaking (red) EPCs.
Nuclei appear blue. Hypoxia increases the number of PI3Kγ-positive EPCs (middle and
right). *P<0.05 vs normoxia. B, EPC characterization by flow cytometry (green and red
represent 2 independent experiments, black negative control).
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Figure 4.
PI3Kγ deletion impairs EPC function. A, PI3Kγ deletion impairs EPC outgrowth (left) and
migration toward SDF-1 (right). B, Both PI3Kγ deletion and kinase dead mutation reduce
the rate of EPC incorporation into vascular networks in vitro. EPCs appear yellow (pointed
by arrows). *P<0.05 vs WT.
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Figure 5.
Reduced pAkt levels and increased apoptosis markers in PI3Kg−/− EPC. A, Abundance (left)
of pAkt-positive BM-EPC and nuclear localization (right) of pAkt. Representative images
are shown (bottom). *P<0.05 vs WT, #P<0.05 vs normoxia. PI3Kγ−/− EPC exhibit a higher
frequency of FOXO1 (panel B) and caspase-3 positivity (panel C).
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