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Recent studies demonstrate that PI3K activation and PTENmutation are frequently found in many human cancer cells and tissues.
However, the mechanism of PI3K signaling in human cancer tumorigenesis remains to be elucidated. In this study we specifically
downregulated p110a expression in ovarian cancer cells using siRNA interference. We found that p110a downregulation greatly
decreased ovarian tumor growth and angiogenesis, and that p110a siRNA inhibited VEGF expression through decreasing hypoxia-
inducible factor 1a expression in both ovarian cancer cells and tumor tissues. To determine the downstream targets of PI3K in
regulating tumor growth and angiogenesis, we find that AKT1 is a major downstream mediator for regulating tumor growth,
angiogenesis, and VEGF expression. These data show that p110a and AKT1 play an important role in tumor growth by inducing
angiogenesis and by increasing HIF-1a and VEGF expression. This work provides a better understanding of the molecular
mechanism of human cancer induced by the activation of PI3K signaling. J. Cell. Physiol. 209: 56–66, 2006.� 2006Wiley-Liss, Inc.

Ovarian cancer is the most common cause of death
from gynecological disease for women in Western
countries (Bertone-Johnson, 2005). Most often, late
diagnosis of the disease makes it impossible to remove
all ovarian lesions by surgery. The difficulty of detecting
the disease in its early stages and the propensity of
ovarian cancer cells to develop resistance to known
chemotherapeutic treatments dramatically decreases
the 5-year survival rate of ovarian cancer patients
(Vergote and Trimbos, 2003; Trimbos and Timmers,
2004). Different subunits of phosphatidylinositol 3-
kinase (PI3K) have been implicated in a number of
human cancers, such as ovarian, breast, gastric, and
hepatocellular carcinoma (Lee et al., 2004; Sansal and
Sellers, 2004). PI3K has been shown to play a role in cell
proliferation and anti-apoptosis, which are crucial to
cancer development (Andrew, 1999). The increased copy
number of the p110a catalytic subunit of PI3K was
observed in approximately 40% of ovarian cancer
occurrences (Shayesteh et al., 1999). The somatic
mutations of PIK3CA gene, which encodes p110a
catalytic subunit, were also found with significant high
frequency in colorectal, cervical, ovarian, and breast
cancers (Ma et al., 2000; Broderick et al., 2004; Samuels
and Velculescu, 2004; Samuels et al., 2004; Tong et al.,
2004). Besides p110a mutation, somatic mutations of
p85 were found in primary human colon and ovarian
cancer cells (Philp et al., 2001; Jucker et al., 2002;
Hallmann et al., 2003). Furthermore, the tumor sup-
pressor PTEN, an antagonist of PI3K, is frequently lost
in ovarian cancer. The reduction of PTEN expression is
correlated with the progression of ovarian cancer (Obata
et al., 1998; Yokomizo et al., 1998; Schondorf et al., 2000;
Idoate et al., 2003). These data indicate that PI3K
activation plays an important role in ovarian cancer
progression. In this study, we will focus on the mechan-
ism of PI3K in regulating ovarian tumor growth.

PI3K is composed of p85 regulatory and p110a
catalytic subunits. PI3K is activated upon the recruit-
ment of the inactive p85 subunit to the membrane
in response to an appropriate physiologic stimulation
(Carpenter and Cantley, 1990; Carpenter et al., 1990;

Carpenter et al., 1993; Rameh et al., 1995; Carpenter
and Cantley, 1996). At the membrane, PI3K phosphor-
ylates phosphatidylinositol-4,5-bisphosphate (PIP2) at
the 30 position on its inositol ring and converts PIP2 to
PIP3. Subsequently, PIP3 recruits other downstream
molecules via binding to their pleckstrin-homology (PH)
domains (Klippel et al., 1996). AKT, a serine/threonine
protein kinase, is one of the most important downstream
targets of PI3K. AKT transmits oncogenic signals and
mediates a variety of cellular responses including cell
growth, transformation, differentiation, motility, and
cell survival. Because AKT and its upstream regulators
are deregulated in a wide range of solid tumors and
hematologic malignancies, AKT has been implicated in
playing a pivotal role in malignant transformation and
chemoresistance by inducing cell survival, growth and
migration (Bos, 1995; Datta et al., 1996; Franke et al.,
1997; Hemmings, 1997).

Recent studies show that PI3K inhibitor LY294002
decreased cell proliferation, and induced cell cycle arrest
in ovarian cancer cells. Wortmannin treatment induced
cell differentiation, and inhibited colon tumor growth in
vivo (Stein, 2001; Bedogni et al., 2004; Marley et al.,
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2004). However, LY294002 and Wortmannin can inhibit
different isoforms of PI3K as well as other kinases.
Therefore, in this study we used siRNA to target p110a
subunit. SiRNA inhibits gene expression through the
post-transcriptional gene-silencing (PTGS) mechanism
by inducing the degradation of the target gene mRNA.
SiRNA can silence a specific gene to study its physiolo-
gical effects. Here, we aim to explore the function of
PI3K/AKT signaling in tumor growth and angiogenesis
by specifically silencing p110a and AKT1, which would
be important to study the mechanism of ovarian
tumorigenesis.

Angiogenesis is the formation of new blood vessels
from the pre-existing vasculature. Angiogenesis is
required for tumor growth beyond 1–2 cm in size
(Folkman, 1971; Folkman, 1974). Angiogenesis creates
a strong vascular network that enhances tumor growth
and the potential of metastasis. Vascular endothelial
growth factor (VEGF) is a secreted glycoprotein specific
to endothelial cells and is a potent angiogenesis inducer.
VEGF binds to its receptor VEGFR-1, VEGFR-2, and
VEGFR-3 to regulate neovascularization in the tumor
(Neufeld et al., 1999; McMahon, 2000). It is known
that many tumor cells produce high levels of VEGF.
The increase of serum VEGF levels in tumors is
associated with poor clinical outcome (Brown et al.,
1999; McMahon, 2000). VEGF expression is regulated
at transcriptional level by hypoxia-inducible factor 1
(HIF-1) in response to hypoxia and growth factor
stimulation. HIF-1 is a heterodimer of HIF-1a and
HIF-1b subunits (Wang and Semenza, 1993; Semenza
et al., 1994; Jiang et al., 1996). HIF-1a expression can be
induced by hypoxia, growth factors, and oncogenes.
Activation of PI3K has been shown to increase levels of
HIF-1a, and these levels correlated with tumorigenicity
and angiogenesis in nude mice (Mazure et al., 1997;
Zhong et al., 2000; Zundel et al., 2000; Laughner et al.,
2001; Trisciuoglio et al., 2005).

The PI3K/AKT signaling pathway is involved in
growth factor signaling cascades. P85 has been shown
to be constitutively associated with the VEGF receptor
Flk-1/KDR. The activation of Flk-1/KDR by VEGF
promoted the tyrosine autophosphorylation of Flk-1/
KDR, and also induced phosphorylation of p85. This led
to an increase in PI3K and MAP kinase activities to
mediate endothelial cell proliferation (Suzuma et al.,
2000; Dayanir et al., 2001). VEGF-induced endothelial
cell survival in vitro was blocked by PI3K inhibitors
Wortmannin and LY294002 (Qi et al., 1999; Thakker
et al., 1999). The activation of PI3K pathway is
associated specifically with late-stage and high-grade
ovarian tumors, due to the observation that both PI3K
and VEGF are overexpressed in ovarian carcinoma,
where VEGF exerts important biological functions such
as promoting both tumor growth and the formation of
ovarian cysts and ascites (Campbell et al., 2004;
Chakravarti et al., 2004). We have recently shown that
overexpression of v-P3k, a homolog of the PI3K catalytic
subunit p110a, can induce angiogenesis in chicken
embryos, and that PI3K activation correlates with an
increase of VEGF levels in the CAM model in vivo,
suggesting an important role of PI3K in angiogenesis
(Jiang et al., 2000). We also showed that AKT expression
induces angiogenesis (Jiang et al., 2001). Although the
existing literature strongly suggests a linear connection
between PI3K/Akt and VEGF regulation, some study
showed that HIF-1 is dispensable for Akt oncogenic and
angiogenic effects and that HIF-1 and Akt indepen-
dently promote tumor growth and angiogenesis in vivo

(Arbiser et al., 1997b; Arsham et al., 2002). The specific
roles of PI3K and AKT in tumor-induced angiogenesis in
vivo remain to be elucidated via approaches of better
specificity.

MATERIALS AND METHODS
Reagents and cell culture

The human ovarian cancer cells OVCAR-3 were maintained
in RPMI 1640 medium (Invitrogen, Carlsbad, CA) supplemen-
ted with 10% fetal bovine serum (FBS), 2 mM L-glutamine,
100 units/ml penicillin, and 100 mg/ml streptomycin; and
cultured at 378C in a 5% CO2 incubator. Trypsin (0.25%)/EDTA
solution was used to detach the cells from the culture flask for
passing the cells. Antibodies against phospho-AKT (Ser473),
AKT, AKT (5G3) Mouse mAb, phospho-ERK were from Cell
Signaling Technology (Beverly, MA). Antibodies against HIF-1
and HIF-1bwere from BD Biosciences (Bedford, MA). Antibody
against VEGF was purchased from R&D (Minneapolis, MN).
PI3K inhibitor LY294002 was from Calbiochem (La Jolla, CA).

Generation of siRNA constructs

To achieve siRNA-induced p110a and AKT1 silencing, a
homology analysis with the National Center for Biotechnology
Information’s Basic Local Alignment Search Tool (BLAST) was
used to design a siRNA, and two targets were selected, which
would target the 19-bp RNA sequence of PI3K p110a and AKT1
mRNA, respectively. The sense sequence is as follows: siP1:
TGATGCACATCATGGTGGC; siP2: AGTTCCCAGAT ATGT-
CAGT; siA1: GAAGGAAGTCATCGTGGCC; siA2: GATGACA-
GCATGGAGTGTG. To generate hairpin siRNA, two annealed
69-mer sense and antisense DNA oligonucleotides containing
the 19-mer sequence directed against PI3K p110a and AKT1
mRNA, respectively, were ligated into pSilencerTM 2.1-U6 neo
vector (Ambion Inc. Austin, TX), named as pSilencer-siP1,
pSilencer-siP2, pSilencer-siA1, and pSilencer-siA2, respec-
tively. In addition, 69-mer DNA oligonucleotides containing
the 19-mer scramble sequence having no homology to any
human genomes were also ligated into the vector, and used as
the control, named as pSilencer-siSCR. The final expression
construct contained a U6 promoter that directs the synthesis of
oligonucleotides in an inverted repeat with 9 bp for its loop and
6 Ts added at the end to serve as a termination signal for RNA
polymerase III. After the transcription, the RNA is expected to
fold back to form a hairpin loop structure (Fig. 1A).

Establishment of stable cell lines expressing
siRNA constructs

To establish stable cell lines expressing the siRNA con-
structs, OVCAR-3 cells were transfected with the pSilencer
carrying siRNA against PI3K p110a, AKT1 mRNA or scramble
sequence containing the same length of sequence without
homolog to any known human gene. Lipofectamine was used
by the standard procedure according to the manufacturer’s
instructions (Invitrogen). Following the transfection, the cells
were cultured for 24 h, followed by the addition of 500 mg/ml
G418 and culture for 2 weeks to obtain stable cell lines.
Multiple geneticin-resistant colonies were then pooled after
2 weeks of selection. In abbreviation, siSCR is scramble siRNA,
siP1 and siP2 are two siRNA constructs against PI3K p110a,
and siA1 and siA2 are two siRNA constructs against AKT1.

Northern blot analysis

Cells cultured to 90% confluence were harvested, and total
cellular RNAs were isolated using the Trizol reagent (Life
Technologies, Carlsbad, CA). Aliquots (15 mg) of total cellular
RNAs were fractionated through 1% agarose containing 2.2 M
formaldehyde and transferred to Hybondþ nylon membranes
(Amersham, Piscataway, NJ). The AKT1 cDNA probes were
labeled by 32p using the random primer method. The RNAs in
the membranes were detected by the cDNA probes in
QuickHyb solution (Stratagene, La Jolla, CA) following the
manufacturer’s instruction. To monitor RNA loading and
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transferring efficiency, different regions of the membranes
were hybridized with a b-actin cDNA probe.

Semi-quantitative RT-PCR

Total RNAs were isolated with Trizol reagent (Life Tech-
nologies). First-strand cDNA was synthesized from 1mg of total
RNA using AMV Reverse Transcriptase, an oligo(dT) primer
and dNTP (Promega, Madison, WI). Primers used for ampli-
fication were as follows: PI3K p110a sense: 50-TATGGT-
TGTCTGTCAATCGGTGA-30; PI3K p110a antisense: 50-
GCCTTTGCAGTGAATTTGCAT-30; GAPDH sense: 50-CCAC-
CCATGG CAAATTCCATGGCA-30; GAPDH antisense: 50-
TCTAGACGGCAGGTCAGGTCCACC-30. The PCR products
for p110a and GAPDH are 145 and 550 bp, respectively. Each

RT-PCR reaction consisted of 30 cycles of 1 min at 948C, 1 min
at 558C and 1 min at 728C. Quantification of the amount of PCR
product after 30 cycles was performed after electrophoresis on
2% agarose gels and ethidium bromide staining.

PI3K assay

Cells were washed with ice-cold PBS, scraped from the
plates, and centrifuged at 4,000 rpm for 5 min. The cell pellets
were incubated for 20 min on ice in lysis buffer (150 mM NaCl,
100 mM Tris-HCl (pH 8.0), 1% Triton X-100, 5 mM EDTA,
10 mM NaF) supplemented with 1 mM dithiothreitol, 1 mM
phenylmethylsulfonyl fluoride, 1 mM sodium vanadate, 2 mM
leupeptin, and 2 mM aprotinin, and centrifuged at 15,000g for
15 min to clarify the supernatants. PI3K activity was analyzed

Fig. 1. SiRNA against p110a inhibits p110a expression and PI3K
activation. A: Schematic representation of the siRNA construct in
pSilencerTM 2.1-U6 neo vector, in which p110a siRNA construct was
based on the specific 19 bp sense sequences of p110a mRNA. B:
OVCAR-3 cells were transfected with the pSilencer carrying siRNA
against p110a subunit (siP1 and siP2) or the vector (siSCR) containing
the same length of sequence without homolog to any known human
gene. Cells were selected by 500 mg/ml G418 to obtain stable cell lines.
Upper part: The effects of siP1 and siP2 on p110a mRNA levels were
analyzed by RT-PCR. GAPDH mRNA levels were used as an internal
control. Lower part: PI3K kinase activity in OVCAR-3 cells expressing
siP1, siP2, or the scramble siRNA. The cells were cultured to 80%
confluence, followed by serum starvation for 24 h, then stimulated
with 100 nM insulin for 1 h. Aliquots of total proteins (300 mg) were
diluted with lysis buffer to the final volume of 400 ml for PI3K activity
assay with phosphatidylinositol as substrate, analyzed by the
incorporation of 32P into the lipid product, and detected by autoradio-
graphy. PI3K kinase signals were quantified by densitometry from
three independent experiments, and normalized to those of the un-
treated serum-starved cells. C: OVCAR-3 cells were seeded in 12-well
plates the day before transfection. The old medium was discarded and

fresh medium was supplemented when the cells reached 90%
confluence. The supernatant was collected 24 h after the incubation.
VEGF protein levels in the supernatant were determined by ELISA,
and divided by the number of cells in each dish. The data are
presented as the mean�SD from three independent experiments with
triplicate cultures per experiment. D: The cells were seeded at
0.5� 106 cells/well in 12-well plates, and cultured overnight. The
cells were co-transfected with pCMV-b-gal (0.2 mg), pVEGF-Luc
plasmids (1 mg), and 1 mg of pSilencer carrying the scramble siRNA,
siP2 or siP1. The cells were cultured for 48 h after transfection. The
relative luciferase activity was calculated by the ratio of luc activity/b-
gal, and normalized to that of the control. E: OVCAR-3 were co-
transfected with pCMV-b-gal (0.2 mg), pVEGF-Luc plasmids (1 mg),
and 1 mg of pSilencer carrying the scramble siRNA, siP2 with the
vector or mutant PI3K with 3-bp mutation in the target sequence. The
cells were cultured for 48 h after transfection. The relative luciferase
activity was calculated by the ratio of luc activity/b-gal, and normal-
ized to that of the control. * indicates that the value was significantly
different when compared to that of the scramble siRNA control
(P< 0.01).
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using 300 mg of protein extracts and anti-p110a antibodies as
we described previously. Briefly, 300 mg of total proteins were
adjusted to 400 ml with the lysis buffer, and were then
incubated with 10 ml of antibodies against PI3K catalytic
subunit p110a for 2 h at 48C. Protein A/G-agarose beads (15 ml)
were added and incubated for 1 h. The beads were then pelleted
and washed sequentially with TNE buffer (containing 20 mM
Tris, pH 7.5, 100 mM NaCl, and 1 mM EDTA) three times, and
once with 20 mM HEPES. PI3K activities were assayed using
phosphatidylinositol as substrate in a final volume of 50 ml
containing 20 mM HEPES (pH 7.5), 10 mM MgCl, 2 mCi of
[g-32P] ATP, 60 mM ATP, and 0.2 mg/ml sonicated phosphati-
dylinositol. Reactions were carried out for 15 min at room
temperature, and the reaction tubes were agitated every 3 min.
The reaction was terminated by adding 80 ml of 1 M HCl, and
end products were extracted by the addition of 160 ml of
chloroform/methanol (1:1). After centrifugation, the organic
phase was evaporated to dryness and separated on a TLC plate.
PI3K activity was analyzed by the incorporation of 32P into
phosphorylated lipids and detected by autoradiography.

Densitometry analysis

Autoradiographic signals of immunoblotting and PI3K
activity assays were quantified using molecular analyst/PC
densitometry software (Bio-Rad, Hercules, CA). Mean densi-
tometry data from independent experiments were normalized
to that obtained from the cells in the control. The data were
presented as the mean�SD and analyzed by the unpaired
Student’s t test.

Immunoblotting analysis

The cells were plated in a 60-mm culture dish and lysed in
RIPA buffer (150 mM NaCl, 100 mM Tris (pH 8.0), 1% Triton
X-100, 1% deoxycholic acid, 0.1% SDS, 5 mM EDTA, and
10 mM NaF) supplemented with 1 mM sodium vanadate, 2 mM
leupeptin, 2 mM aprotinin, 1 mM phenylmethylsulfonyl
fluoride, 1 mM dithiothreitol, and 2 mM pepstatin A on ice
for 30 min. After centrifugation at 14,000 rpm for 15 min, the
supernatant was harvested as the total cellular protein
extracts and stored at�708C. The protein concentrations were
determined using Bio-Rad protein assay reagents. The total
cellular protein extracts were separated by 7% SDS–PAGE,
and transferred to nitrocellulose membrane in 20 mM Tris-HCl
(pH 8.0) containing 150 mM glycine and 20% (v/v) methanol.
Membranes were blocked with 5% nonfat dry milk in 1� TBS
containing 0.05% Tween 20 and incubated with antibodies
against phospho-AKT (Ser473), AKT, HIF-1 and HIF-1b.
Protein bands were detected by incubation with horseradish
peroxidase-conjugated antibodies (Perkin-Elmer Life Sciences,
Wellesley, MA), and visualized with enhanced chemilumines-
cence reagent (Perkin-Elmer Life Sciences).

Enzyme-linked immunosorbent assay

Capture enzyme-linked immunosorbent assay was per-
formed using human VEGF antibody (BAF493, R&D Systems)
as capture antibody and anti-VEGF164 biotinylated antibody
(AF-493-NA, R&D Systems) as detection antibody in the con-
centrations per the manufacturer’s instruction. The reaction
plate was revealed by the 2,20-aziro-bis-(3-ethylbenzothiazo-
line-g-sulfonic acid) diammonium salt (ABTS) detection sys-
tem (Roche, Indianapolis, IN) after the incubation with
streptavidin-horseradish peroxidase (Pharmingen, San Diego,
CA). Optical densities were read at 405 nm and VEGF
concentrations were determined by the comparison to stan-
dard curves generated with recombinant human VEGF164
(R&D Systems). The rate of VEGF secretion was calculated as
we previously described (Fang et al., 2004; Skinner et al.,
2004b).

Luciferase assay

To assay the transcriptional activation of VEGF, OVCAR-3
cells in 12-well plates were transiently co-transfected with
the human VEGF reporter plasmid (1 mg) and b-galactosidase
(0.2 mg) as a control for transfection efficiency. The cells were
cultured for 48 h after the transfection, and luciferase activities

were analyzed as we described (Skinner et al., 2004a). Briefly,
the luciferase activity was measured using a chemilumin-
ometer Wallac 1420, and b-gal activity was assayed by the
incubation of cell lysates with a 2�b-galactosidase assay buffer
(200 mM sodium phosphate buffer, pH 7.8, 2 mM MgCl2,
100 mM b-mercaptoethanol, 1.33 mg/ml ?-nitrophenyl b-D-
galactopyranoside). The absorbance at 420 nm was measured
with a spectrophotometer Wallac 1420. The relative Luc
activity was calculated by the ratio of luc/b-gal activity, and
normalized to that of the control.

Tumor-induced angiogenesis on chicken
chorioallantoic membrane (CAM)

White Leghorn chicken eggs were fertilized and incubated at
378C under conditions of constant humidity. The developing
CAM was separated from the shell by opening a window at the
broad end of the egg above the air sac at Day 9. The opening was
sealed with Parafilm (American National Can, Chicago, IL)
and the eggs were returned to the incubator. To investigate the
effect of LY29004 on tumor-induced angiogenesis, human
ovarian cancer OVCAR-3 cells were trypsinized, washed, and
resuspended at 2� 107 cells/ml in serum-free RPMI 1640,
which contained 5% Matrigel (Collaborative Biomedical
Products, Bedford, MA) in the absence or presence of
LY29004. Aliquots of the mixture were then applied to the
CAM of 9-day-old embryos. After 96 h incubation, the area
around the implanted Matrigel was photographed with a
Nikon digital camera, and the numbers of newly formed vessels
were counted by two observers in a double-blind manner.
Assays for each treatment were carried out using 8–
10 embryos per experiment.

Tumor sections and immunostaining

The tumors were cut into half, and fixed in 10% formalde-
hyde overnight, then embedded in paraffin (OCT; Miles,
Indiana). The sections at 5 mm were prepared from peripheral
region of the tumor to avoid central necrosis, and collected on
positively charged slides (Wax-It Histology Services, B.C.,
Canada). Sections were deparaffinized in xyline for 5 min, in
absolute alcohol for 5 min, in 95% alcohol for 3 min, and in 70%
alcohol for 3 min, then rinsed three times in deionized water.
The slides were then steamed with antigen retrieval buffer
(10 mM citrate, pH 8.0) for 10 min, cooled to room temperatu-
re for 20 min, then rinsed three times in deionized water. The
slides were incubated with 5% goat serum at room temperature
for 1 h, then stained with antibodies against VEGF, HIF-1a,
PCNA or p-AKT (Ser473) overnight at 48C, followed by the
incubation with a FITC conjugated anti-rabbit or anti-mouse
secondary antibodies (Jackson Laboratories, Bar Harbor,
Maine) for 1 h at room temperature. The sections were washed
three times with PBS buffer between each step. The stainings
were examined with a Zeiss Axiovert 100 TV microscope with a
40� 1.4 objective lens equipped with a laser scanning confocal
attachment (LSM 510; Zeiss). Quantification of immunofluor-
escence intensity was performed with the NIH Image software
(Bethesda, MD). To quantify the fluorescein positive pixels, the
channels were split into red, green, and blue, with all further
analysis done on the green channel. Background fluorescence
was subtracted, and the image was binarized to the black and
white. The fraction of white pixels was quantified. The final
specific values for the pixel intensity of immunostaining on the
tumor sections was derived from the result of the raw pixel
intensity values subtracted by the pixel intensity values of
the surrounding tissue. At least two tumors were used for the
preparation of tissue sections, three different sections were
randomly chosen for the imaging and quantification.

TUNEL assays

Transferase-mediated dUTP nick end labeling (TUNEL)
staining was used to examine apoptosis. Negative controls
were stained in the absence of terminal deoxynucleotidyl
transferase enzyme. Tissues harvested from the CAM were
fixed in 10% formaldehyde overnight and paraffin-embedded.
Sections at 5 mm in thickness were deparaffinized, rehydrated,
and permeabilized using 0.1% Triton X-100 in 0.1% sodium
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citrate to perform TUNEL assays as described by the
manufacturer (Roche Diagnostics).

Statistical analysis

The data were analyzed using SPSS statistics software
package (SPSS, Chicago, IL). All of the results are expressed as
mean�SD, and the difference was considered significant at
P< 0.05 or P< 0.01.

RESULTS
SiRNA against PI3K catalytic subunit p110a

inhibited p110a expression and PI3K
activity in ovarian cancer cells

Our previous study showed that inhibition of PI3K
activity using PI3K inhibitor LY294002 decreased cell
proliferation and G1 progression in ovarian cancer cells
(Gao et al., 2004). However, LY294002 can inhibit
different isoforms of PI3K, and affect both the cancer
cells and host cells in vivo. Therefore, in this study we
investigated the role of p110a catalytic subunit in
ovarian tumor growth and angiogenesis by specifically
inhibiting its expression using siRNA against p110a
subunit. In order to achieve this goal, we constructed
two vectors expressing siRNA against p110a, called siP1
and siP2, respectively; and established stable cell lines.
The effect of siRNA expression on p110a mRNA levels
was analyzed by RT-PCR. Compared to scramble siRNA
control, siP1 and siP2 expression in the cells signifi-
cantly reduced the levels of p110a mRNA (Fig. 1B).
GAPDH levels were used as an internal control. To test
whether siP1 and siP2 decreased PI3K kinase activity,
serum-starved OVCAR-3 cells expressing siP1, siP2 or
the scramble siRNA were stimulated with 100 nM
insulin. Insulin treatment greatly induced PI3K activity
in the OVCAR-3 cells expressing scramble siRNA, while
the cells expressing siP1 and siP2 had significantly
lower PI3K activity (Fig. 1B). We also found that siP1
and siP2 inhibited VEGF protein levels when compared
to the siSCR-expressing cells (Fig. 1C), indicating that
inhibition of p110a subunit was sufficient to decrease
VEGF production in the cells. To further determine
the mechanism through which PI3K regulates VEGF
expression, the cells were transiently transfected with
a VEGF luciferase reporter containing 2.6-kb human
VEGF promoter (Forsythe et al., 1996c). VEGF reporter
activity was significantly decreased in siP1- and siP2-
expressing cells when compared to the control cells
(Fig. 1D). These results showed that p110a subunit
regulates VEGF expression at the transcriptional level.
This result showed that p110a subunit was required for
insulin-induced PI3K activity in the cells, suggesting
that PI3K siRNA expression is sufficient to decrease
PI3K activation.

In order to test the specificity of siP2 to knockdown
p110a subunit, cells were co-transfected with VEGF
luciferase reporter and pSilencer plasmid carrying siP2
or the scramble siRNA with a mutant p110a subunit
with 3-bp mutation in the siRNA targeting sequence.
The mutation of p110a subunit completely abolished the
knock-down effect of siP2 in inhibiting VEGF transcrip-
tional activation (Fig. 1E).

SiP2 inhibited cancer cell-induced angiogenesis
and tumor growth in vivo

To address whether PI3K inhibitor LY294002 could
inhibit ovarian tumor-induced angiogenesis, we used
the CAM assay to study angiogenesis. The Matrigel was
mixed with the cancer cells in the presence or absence of
LY294002. Quantitative analysis showed that OVCAR-

3 cells induced a fourfold higher rate of angiogenesis
than the basal level in the CAM with Matrigel alone
(Fig. 2A). The tumor-induced angiogenesis was inhib-
ited by LY294002 treatment by more than 50% inhibi-
tion (Fig. 2A). These data demonstrated that LY294002
decreased ovarian cancer cell-induced angiogenesis.

To test whether specific inhibition of p110a subunit
affected tumor-induced angiogenesis in vivo, OVCAR-3
cells expressing siP2 or scramble siRNA were mixed
with Matrigel, and implanted onto the CAM of 9-day-old
embryos, and incubated for 4 days at 378C. Compared to
the control, siP2 expression completely decreased
ovarian tumor-induced angiogenesis to the basal level
of the Matrigel alone without any visible effects on the
pre-existing blood vessels (Fig. 2B,C). The tumor weight
is similar in the same experiment (Fig. 2C). This result
showed that p110a subunit expression is important for
ovarian cancer cells to induce angiogenesis. To test the
effect of siP2 on tumor growth, the cells were mixed with
Matrigel, and implanted onto the CAM to grow tumors
for 9 days as described above. SiP2 expression greatly
inhibited tumor growth. Tumor volume with siP2 ex-
pression was only 25% of that in the control (Fig. 2D).
This result suggests that siP2 initially inhibited angio-
genesis, then inhibited tumor growth. To study whether
siP2 inhibited cell proliferation in the tumors, the tissue
sections were stained with antibodies against PCNA,
a cell proliferation marker. A high amount of PCNA
staining was observed in the control tumors while siP2
greatly decreased the PCNA expression (Fig. 2E). These
results suggest that siP2 inhibits cell proliferation in the
tumors. To evaluate the effect on apoptosis, TUNEL
assay was performed on tumor sections. There was
much more apoptosis in the tissues with the expression
of siP2 than in those expressing siSCR (Fig. 2F).

SiP2 inhibited VEGF expression
through HIF-1a expression

To test whether siP2 inhibits VEGF transcriptional
activation through HIF-1 DNA binding, we employed a
short form of VEGF luciferase reporter, pMAP11wt,
consisting of the HIF-1 binding site and the adjacent
functional promoter region (Forsythe et al., 1996b;
Fang et al., 2005). The cells were co-transfected with
pMAP11wt reporter and siP2 constructs. The cells
treated by LY294002 were used as a control. SiP2
expression greatly decreased pMAP11wt reporter activ-
ity (Fig. 3A). This result is consistent with the effects
of LY294002, which decreased VEGF transcriptional
activity in a dose-dependent manner (Fig. 3A). In order
to confirm the specificity of reporter assay, the cells were
also co-transfected with pMAP11mut reporter, which
was mutated with 3-bp substitution at the HIF-1 DNA
binding site. We found that siP2 and LY294002 no
longer inhibited the mutant reporter activity, suggest-
ing that p110a subunit regulates VEGF transcriptional
activation through the HIF-1 DNA binding site
(Fig. 3A). To determine the effect of siP2 on HIF-1
protein expression, the cells were cultured in serum-free
medium overnight and treated with insulin for 6 h.
Whole cellular lysates were analyzed by immunoblot-
ting using antibodies against HIF-1a and HIF-1b
proteins. Insulin specifically induced HIF-1a, but not
HIF-1b expression in the cells. SiP2 abolished HIF-1a
expression, suggesting that PI3K may activate VEGF
transcription through HIF-1a expression in the cells
(Fig. 3B).

To test whether p110a subunit plays an important
role in VEGF and HIF-1a expression in tumors, tumor
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sections were analyzed by immunohistochemistry using
antibodies against VEGF and HIF-1a. The knockdown
of p110a subunit by siP2 significantly decreased VEGF
and HIF-1a expression in the tumors (Fig. 3C,D).
Similar result was obtained when HIF-1a expression
from tumor tissues was analyzed by immunoblotting
(Fig. 3D). HIF-1b and b-actin levels were not affected.
These data demonstrate that p110a subunit specifically
regulates HIF-1a, but not HIF-1b expression in vivo.

AKT activation was inhibited by
siRNA against p110a

The serine–threonine kinase AKT is a well-known
target of PI3K. AKT mediates multiple PI3K-induced
functions in response to growth factors in vitro. To test
whether AKT activity is altered by siP2, we measured
the phospho-AKT level in response to PI3K activation in
siP2-expressing cells. AKT activation was induced by
insulin in the control cells, and was greatly inhibited in
siP2-expressing cells, indicating that activation of AKT
was affected by siP2. The total AKT level and ERK
activation were not affected (Fig. 4A). To determine
whether AKT activation is altered by p110a knockdown
in vivo, the level of phospho-AKT was determined by

immunoblotting using protein extracts from tumor
tissue. Similar to the results above, the levels of
phospho-AKT were inhibited in tumor tissues expres-
sing siP2 (Fig. 4B). Total AKT and b-actin levels were
not affected. These data suggest that siP2 inhibits AKT
activation in both ovarian cancer cells and tumors.

SiRNA against AKT1 inhibited angiogenesis
and tumor growth

There are three common isoforms of AKT: AKT1/
PKBa, AKT2/PKBß, and AKT3/PKB. All three isoforms
share a high sequence homology encoded by three
separate genes. Accumulating data suggest that roles
of AKT/PKB isoforms vary in different cellular pro-
cesses. AKT1 is the predominant isoform in most
tissues, whereas the highest expression of AKT2 has
been observed in the insulin-responsive tissues and in
some cancer cells (Masure et al., 1999; Kumar et al.,
2001). To determine whether AKT1 is required for
ovarian tumor growth and angiogenesis, we used siRNA
against AKT1 to specifically inhibit AKT1 in ovarian
cancer cells. Compared to the scramble siRNA, expres-
sion of siA1 and siA2 in the cells suppressed AKT1
mRNA levels, and inhibited insulin-induced AKT

Fig. 2. Inhibition of PI3K activity decreased ovarian cancer cell-
induced angiogenesis and tumor growth in vivo. A: 3� 106 ovarian
cancer cells were mixed with Matrigel in the absence or presence of
5 mM LY294002, and implanted onto the CAMs of 9-day-old chicken
embryos. The Matrigel mixed with medium alone was used as a
negative control. After implantation for 96 h, blood vessels were
counted on the CAM by counting the branching of blood vessels. The
number of blood vessels was obtained from the CAMs of 8–10 embryos
per treatment. The data represent the mean�SD of blood vessel
number from replicate experiments, and were normalized to the
Matrigel alone control. B: Matrigel was mixed with OVCAR-3 cells
expressing the siP2 or scramble siRNA, and were implanted onto the
CAM as described above. Matrigel alone was used as a negative
control. The photos are representative tumors on the CAM. C: Left
part: The relative angiogenesis was analyzed on the CAM 96 h after
the implantation, and normalized to that expressing the scramble
siRNA. Right part: the relative tumor weight in the same experiments.
The data represent the mean�SD from 10 replicate embryos.

* indicates significantly different when compared to the scramble
siRNA control (P< 0.01). D: Representative tumors of each treatment.
Equal number of the cells (3�106 cells) were mixed with Matrigel and
implanted onto the CAMs of 9-day-old chicken embryos. Tumor
growth was monitored 9 days after the implantation. Left part: the
representative tumors. Right part: relative tumor weight was
obtained from the CAMs of 8–10 embryos per treatment. The data
represent the mean�SD of the relative tumor weight which is
normalized to the control. E: The tumor tissue sections were stained
with antibodies against PCNA. Images were captured and analyzed by
confocal fluorescence microscope. Relative density of immunofluor-
escent staining was quantified as described in Materials and Methods.
* indicates that the value was significantly different when compared
to that of the siSCR control (P< 0.01). F: TUNEL staining. Positively
stained fluorescein-labeled tumor sections were visualized and
photographed by fluorescence microscopy. The scale bar represents
100 mm.
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phosphorylation (Fig. 4C,D), indicating that AKT1
siRNA was sufficient to inhibit both AKT1 expression
and activation. Levels of phospho-ERK1/2, total ERK1/2
and AKT2 protein were not affected (Fig. 4C,D). To test
whether AKT1 is required for tumor-induced angiogen-
esis, we used OVCAR-3 cells stably expressing siA1 or
scramble siRNA to assay angiogenesis. The siA1
expression greatly decreased tumor-induced angiogen-
esis (Fig. 5A,B). SiA1 also decreased tumor growth to
45% of that induced by OVCAR-3 cells expressing
scramble siRNA (Fig. 5C). To study whether siA1
decreased tumor cell proliferation, tumor sections were
stained using antibodies against PCNA, a mark for
evaluating the proliferation. SiA1 greatly decreased
PCNA expression in tumor tissues (Fig. 5D), suggesting
the inhibition of cell proliferation in tumors. The
TUNEL assay was performed to evaluate the effect of
siA1 on apoptosis in tumor sections. There was much
more apoptosis in tumor tissues expressing siA1 than in
those expressing siSCR (Fig. 5E).

SiA1 inhibited VEGF and HIF-1a expression in
ovarian cancer cells

To understand whether AKT1 regulates angiogenesis
through VEGF expression, we studied the role of AKT1
in the regulation of VEGF and HIF-1a in OVCAR-3 cells.
VEGF protein production was measured by ELISA.

Fig. 3. Inhibition of VEGF transcriptional activation by siP2 is HIF-
1a dependent. A: To test whether HIF-1 DNA binding is required for
siP2-inhibited VEGF transcriptional activation, OVCAR-3 cells were
co-transfected with pCMV-b-gal, pMAP11wt and the pSilencer
plasmid carrying siP2 or the scramble siRNA. The cells were cultured
overnight, then cultured in the absence or presence of 5 mM and 10 mM
LY294002 for 12 h to study the luciferase and b-glycosidase activities.
OVCAR-3 cells were transfected with pCMV-b-gal, pSilencer-siSCR,
pMAP11mut with 3-bp substitution at the HIF-1 DNA binding site in
the presence of pSilencer-siP2 construct or LY294002 as indicated.
The relative luciferase activity was calculated by the ratio of luc
activity/b-gal, and normalized to that of the control. B: The serum-
starved OVCAR-3 cells expressing siP2 or scramble siRNA were
cultured in the absence or presence of 100 nM insulin for 6 h. Aliquots
(40 mg) of cellular protein extracts were analyzed by immunoblotting
using antibodies specific for HIF-1a and HIF-1b. C: The tumor tissue
sections were stained with antibodies against VEGF. Relative density
of immunofluorescent staining was quantified as described in
Materials and Methods. * indicates that the value was significantly
different when compared to that of the siSCR (P<0.01). D: Left part:
The tumor tissue sections were stained with antibodies against HIF-
1a. Relative density of immunofluorescent staining was quantified.
* indicates that the value was significantly different when compared
to that of the siSCR (P< 0.01). Right part: Total proteins from tumor
lysates were analyzed by immunoblotting with antibodies against
HIF-1a, HIF-1b, and b-actin.

Fig. 4. SiRNAs against PI3K and AKT1 decreased AKT activation.
A: OVCAR-3 cells expressing siP2 or scramble siRNA were cultured to
90% confluence, followed by serum starvation for 24 h. The cells were
then stimulated with 100 nM insulin for 1 h. The total cellular lysates
were analyzed by immunoblotting with antibodies against phospho-
AKT (ser473), phospho-ERK1/2, total AKT and ERK1/2. Data are
representative of at least three independent experiments. B: Tumors
from the CAM were extracted with lysis buffer and total tumor lysates
were analyzed with antibodies against phospho-AKT, total AKT, and
b-actin. C: siRNA against AKT1 (siA1) decreased AKT expression.
OVCAR-3 cells were transfected with the pSilencer vector carrying
scramble siRNA or siRNA against AKT1 (siA1 and siA2). After the
transfection, cells were selected by 500 mg/ml G418 to obtain stable cell
lines. Total RNA expression from the cells was analyzed by Northern
blot to detect AKT1 mRNA levels in the cells. b-actin level was used as
the control. D: SiA1 inhibited insulin-induced AKT activation.
OVCAR-3 cells expressing siA1 or the scramble siRNA were cultured
to 90% confluence, followed by serum starvation for 24 h. The cells
were stimulated with 100 nM insulin for 1 h and harvested. The total
cellular lysates were analyzed by immunoblotting with antibodies
against phospho-AKT (ser473), phospho-ERK1/2, total AKT, ERK1/2,
and AKT2.
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VEGF production in ovarian cancer cells expressing
siA1 was only 40% of the level in the control cells
(Fig. 6A). To test how AKT1 regulates VEGF expression
in OVCAR-3 cells, we tested the effect of siA1 on VEGF
transcriptional activation. The VEGF reporter activity
in siA1-expressing cells showed 50% reduction than that
in the control cells (Fig. 6B). These data indicated that
AKT1 regulated VEGF expression at the transcriptional
level. To further investigate the role of siA1 on HIF-1a
protein expression, the cells were cultured in serum-free
medium overnight, and treated with insulin for 6 h. The
cellular lysates were collected and analyzed for HIF-1a
expression by immunoblotting. Insulin specifically in-
duced HIF-1a, but not HIF-1b expression in the control
cells (Fig. 6C). SiA1 expression abolished HIF-1a
expression (Fig. 6C), indicating that AKT1 may activate
VEGF transcription specifically through HIF-1a expres-
sion in the cells. To determine whether AKT is down-
stream of PI3K for regulating VEGF transcriptional
activation, the cells were cotransfected with siP2 and
active form of AKT expression plasmid (myr-Akt).
Forced expression of AKT restored siP2-inhibited VEGF
reporter activity (Fig. 6D), suggesting that AKT is a
sufficient downstream target of PI3K for mediating
VEGF transcriptional activation.

SiA1 downregulated VEGF and HIF-1a
expression in tumors

The advantage of using siRNA is that we can
specifically inhibit AKT1 by stably expressing siA1 in
the tumor tissues to study the effect on VEGF and HIF-1

expression. Tumors generated by siA1- and scramble
siRNA-expressing cells were sectioned and analyzed
using antibodies against HIF-1a. Our results indicated
that siA1 inhibited AKT activation, VEGF and HIF-1a
expression in the tumors (Fig. 7A–C); however, the
inhibitory effects of siA1 were weaker than those of siP2.
This could be due to the compensation effects by other
AKT isoforms. Western blotting using protein extrac-
tions from tumor tissues confirmed that HIF-1a and
AKT expression levels were dramatically decreased by
siA1 in vivo (Fig. 7D). HIF-1b and b-actin levels were not
affected. This indicates that AKT1 specifically affects
HIF-1a, but not HIF-1b expression in tumor tissues.
These results suggest that AKT1 may regulate ovarian
tumor angiogenesis through VEGF and HIF-1a expres-
sion in ovarian cancer in vivo.

DISCUSSION

PIK3CA is frequently amplified in ovarian and
cervical cancers, and associated with increased p110a
protein expression and activity (Wulfkuhle et al.,
2003). We recently showed that inhibition of PI3K
activity using LY294002 decreased cell proliferation
and G1 progression (Gao et al., 2004). In this study
we showed that specific inhibition of p110a subunit
in human ovarian cancer cells decreased ovarian
tumor growth and angiogenesis in vivo. This result
indicated that p110a subunit is a major isoform of
PI3K in the regulation of ovarian tumor growth and
angiogenesis.

Fig. 5. AKT1 is required for angiogenesis and tumor growth. A:
3� 106 OVCAR-3 cells expressing siA1 or scramble siRNA were mixed
with Matrigel, and implanted onto the CAMs of 9-day-old chicken
embryos. The Matrigel mixed with medium alone was used as a
control. After incubation for 96 h, representative CAM tissues or
tumors induced by OVCAR-3 cells were photographed. B: The number
of blood vessels was obtained by counting the branching of blood
vessels, and normalized to the control as relative angiogenesis.
The data represent the mean�SD of the relative angiogenesis from
10 different embryos. * indicates that the value was significantly
different when compared to that of the scramble siRNA control
(P< 0.01). C: The cells were implanted onto the CAMs. Tumor growth

and the weight were analyzed 9 days after the implantation.
Representative tumors are showed (left part). Relative tumor weight
was the mean�SD of tumor weight which was normalized to that of
the scramble siRNA control from 10 tumors per treatment (right part).
D: Tumor sections were stained using antibodies against PCNA.
PCNA-positive signals were quantified by digital image analysis, as
described in the Materials and Methods. * indicates that the value was
significantly different when compared to that of the control (P< 0.01).
E: TUNEL staining. Positively stained fluorescein-labeled tumor
sections were visualized and photographed by fluorescence micro-
scopy. The scale bar represents 100 mm.

PI3K AND AKT1 MEDIATE TUMOR ANGIOGENESIS 63

Journal of Cellular Physiology DOI 10.1002/jcp



To understand the mechanism of PI3K-mediated
angiogenesis, we found that inhibition of p110a subunit
decreased VEGF expression via transcriptional activa-
tion. It is known that VEGF plays a crucial role in tumor
growth and angiogenesis (McMahon, 2000). Oncogenic
activation including Ras, Src, and EGFR is known to
increase VEGF expression (Goldman et al., 1993; Grugel
et al., 1995; Arbiser et al., 1997a; McMahon, 2000). This

study showed that specific inhibition of p110a subunit
was sufficient to decrease VEGF expression, suggesting
that p110a subunit may regulate tumor angiogenesis
through VEGF expression. VEGF expression can be
regulated either by transcriptional activation or mRNA
stability. We used a VEGF promoter reporter gene
construct and provided direct evidence that p110a
downregulation decreased VEGF expression at the
transcriptional level. These data provide an explanation
for a previous study that showed the abrogation of
ascites by LY294002 treatment, in vivo, in a xenograft
i.p. model of ovarian carcinoma because VEGF is
directly implicated in ascites formation in ovarian
carcinoma (Hu et al., 2000; Hu et al., 2002; Mabuchi
et al., 2004). Our data suggest that the targeting of
p110a subunit may be useful for the inhibition of tumor
angiogenesis. Recent studies showed that VEGF expres-
sion is mainly regulated at the transcriptional level
through HIF-1 expression (Forsythe et al., 1996a;
Maxwell et al., 1997). Our study confirms that p110a
subunit regulates VEGF transcriptional activation
through HIF-1a, but not HIF-1b subunit expression.
We also showed that p110a is required for VEGF
and HIF-1a expression in tumor tissues. This study
provides strong evidence to suggest that p110a regulate
ovarian tumor angiogenesis through VEGF and HIF-1a
expression.

Fig. 6. SiA1 expression decreased VEGF expression via HIF-1a
expression. A: OVCAR-3 cells expressing siA1 or scramble siRNA were
seeded in 12-well plates overnight. The fresh medium was added when
the cells reached 90% confluence. The supernatant was collected 24 h
after the incubation. VEGF protein levels in the supernatant were
determined by ELISA, and divided by the number of cells in each dish.
The data are presented as the mean�SD from three independent
experiments with triplicate cultures per experiment. B: The cells were
seeded at 0.5� 106 cells/well in 12-well plates, and cultured overnight.
The cells were co-transfected with pCMV-b-gal (0.2 mg), pVEGF-Luc
(1 mg) and scramble siRNA or siA1 plasmids. The relative luciferase
activity was analyzed by the ratio of luc/b-gal activity in the cells 48 h
after transfection, and normalized to that of the control. C: Serum-
starved cells were cultured in the absence or presence of 100 nM
insulin for 6 h. Aliquots (40 mg) of cellular protein extracts were
analyzed by immunoblotting using antibodies specific for HIF-1a and
HIF-1b. D: OVCAR-3 cells were co-transfected with pMAP11wt (1 mg),
pCMV-b-gal (0.2 mg), pSilencer-siSCR or pSilencer-siP2, and Myr-
AKT plasmids as indicated. The relative luc activity was analyzed in
the cells as described above.

Fig. 7. SiA1 expression inhibited AKT activation, VEGF, HIF-1a,
and PCNA expression in tumor tissues. A–C: Tumor sections from
cells expressing scramble siRNA or siA1 were analyzed by immuno-
histochemistry using antibodies against phospho-AKT (A), VEGF (B),
and HIF-1a (C). Immunofluorescent signals were captured with a
confocal fluorescence microscope at 40�. Relative signals of immuno-
fluorescent staining were quantified as described in Materials and
Methods. * indicates that the value is significantly different when
compared to that of the control (P< 0.01). D: Total tumor tissue
lysates were prepared and analyzed by immunoblotting with the
antibodies as indicated.
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AKT is a serine–threonine protein kinase that is
activated by PI3K in response to growth factors. Our
study demonstrates that AKT activity was substantially
decreased by p110a knockdown in vitro and in vivo,
indicating that AKT is an important downstream
effector of PI3K. To understand which isoform of AKT
plays an important role in angiogenesis, we found that
AKT1 silencing dramatically inhibited tumor growth
and angiogenesis in vivo. We also demonstrated that
AKT activity is important for VEGF expression in
ovarian cancer cells. To further determine the specific
effect of AKT1 inhibition, we showed that Myr-AKT1, a
constitutive active form of AKT1, completely reversed
the inhibitory effects of siP2-inhibited VEGF reporter
activity, indicating that AKT1 is the major isoform
for transmitting PI3K-regulated VEGF expression
(Fig. 6D). Further evidence from tumor tissue study
also supported this finding. Although our data sug-
gested that AKT1 is crucial for tumor growth and
angiogenesis in ovarian cancer, it would still be possible
that the growth of ovarian cancer cells could escape the
control of AKT1 by AKT2 and AKT3 since the three
AKTs are differentially regulated in different cell types
(Liu et al., 1998; Zinda et al., 2001). The question
remains to be investigated. These data implied that
AKT1 is the major downstream effector of PI3K in
mediating ovarian tumorigenesis and angiogenesis. An
interesting result that warrants further investigation is
that we demonstrated that the decrease of VEGF
expression in ovarian tumor cells correlates with the
decrease of PCNA expression. These data suggest that
VEGF may not only mediate ovarian tumor angiogen-
esis, but also stimulate the proliferation of ovarian
tumor cells via its receptors. It is possible that the
constitutive activation of PI3K pathway through muta-
tions in ovarian cancer cells can directly upregulate the
expression of VEGF and HIF-1a, which regulate
angiogenesis and cell proliferation. Taken together,
our data show that specific inhibition of p110a or AKT1
inhibited ovarian tumor growth and angiogenesis, and
inhibited VEGF and HIF-1a expression. These results
provide evidence and a mechanism for potentially
targeting PI3K and AKT isoforms for human cancer
therapy in the future.
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