
Induction of apoptosis in endometrial cancer cells by
psammaplysene A involves FOXO1

Emily Berrya, Jennifer L. Hardtb, Jon Clardyc, John R. Luraina, and J. Julie Kimb

aDepartment of Obstetrics and Gynecology, Division of Gynecologic Oncology, Northwestern University,
Chicago, IL 60611, USA

bDepartment of Obstetrics and Gynecology, Division of Reproductive Biology Research, Robert H. Lurie
Comprehensive Cancer Center of Northwestern University, Northwestern University, Chicago, IL 60611,
USA

cDepartment of Biological Chemistry and Molecular Pharmacology, Harvard Medical School, Boston,
Massachusetts 02115, USA

Abstract
Objective—Endometrial cancer is the most common type of gynecologic cancer in the United
States. In this study, we propose that a marine sponge compound, psammaplysene A (PsA) induces
apoptosis in endometrial cancer cells through forced nuclear expression of FOXO1.

Methods—Ishikawa and ECC1 cells were treated with varying doses of PsA. FOXO1 protein
localization was observed using immunofluorescent staining of cells. The effects of PsA on cell
viability and proliferation were assessed using a cell viability assay and a BrdU incorporation assay
respectively. Cell cycle analysis was performed using flow cytometry. To assess the role of FOXO1
in PsA-induced apoptosis, FOXO1 was silenced in ECC1 cells using siRNA technique, and
overexpressed in Ishikawa cells using an adenovirus containing FOXO1 cDNAs. Western blots were
used to measure levels of FOXO1 and cleaved PARP proteins.

Results—Treatment of both ECC1 and Ishikawa cells with PsA caused an increase in nuclear
FOXO1 protein, a dramatic decrease in cell viability of approximately 5-fold (p<0.05) and minimal
effect on proliferation. Furthermore, treatment of cells with PsA doubled the percentage of cells in
the G2/M phase (p<0.05). PsA induced apoptosis in endometrial cancer cells. When FOXO1 was
silenced in ECC1 cells and treated with PsA, the incidence of apoptosis decreased. In addition,
overexpression of FOXO1 with PsA treatment increased apoptosis.

Conclusions—Increasing nuclear FOXO1 function is important for the induction of apoptosis of
endometrial cancer cells by PsA.
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Introduction
In the United States, cancer of the uterine corpus is the most common of the gynecologic
malignancies, with an estimated 39,080 new cases diagnosed in 2007. Despite the frequent
detection of early-stage cancers and the evolving use of adjuvant chemotherapy for advanced
disease, the death rate from this malignancy has increased and currently claims 7,400 lives
among US women per year [1]. The majority (75-80%) of endometrial adenocarcinomas are
known as estrogen-dependent, or type I carcinomas, and consist of the endometrioid histologic
subtype [2]. PTEN, a tumor suppressor gene, is known to be mutated in 40-50% of type I
endometrial cancers [3]. Normally, the PTEN gene plays a role in blocking cell cycle
progression, inducing apoptosis, and negatively regulating the PI3-K/AKT cell survival
pathway via dephosphorylation and inactivation of PIP2, PIP3 and AKT. With a loss of PTEN
function, one observes the constitutive activation of the PI3K/AKT signal transduction
pathway, a characteristic of many cancers [4]. This constitutive activation results in the
inhibition of several downstream proapoptotic targets through phosphorylation, including the
Forkhead box O (FOXO) proteins [5,6].

The transcription factor FOXO1 is a member of the FOXO subfamily of the Forkhead/winged
helix family and plays a role in several crucial cellular processes such as cell survival, cell-
cycle progression, and oxidative-stress resistance [reviewed in 7]. In particular, FOXO1 is
known to induce apoptosis through its localization to the cell nucleus and its transcription of
several genes involved in the apoptotic pathway [8]. Cell homeostasis is maintained via the
constant shuttling of FOXO1 between the nucleus and cytoplasm. When FOXO1 is
phosphorylated by AKT at Thr24, Ser256 and Ser319 this causes export of FOXO1 from the
nucleus to the cytoplasm [5,6]. A PTEN loss-of-function mutation therefore results in the
constitutive action of AKT, the phosphorylation, inactivation, and nuclear export of FOXO1,
and the inability to restrain cell cycle progression is thought to contribute to carcinogenesis
[9,10]. We and others have demonstrated that levels of FOXO1 in endometrial tumors and
cancer cells are significantly lower or absent [11,12]. This is in part due to ubiquitination,
involving Skp2, and degradation of the FOXO1 protein [11-13]. Overexpression of the
constitutively active FOXO1 in endometrial cancer cells promoted cell cycle arrest and
apoptosis [11] supporting its role as a tumor suppressor.

In the emerging field of targeted biologic therapy for the treatment of cancer, identifying small
molecules that can modulate loss-of-function mutations, as is the case for PTEN, has proven
difficult. Therefore, attention has shifted to finding targets downstream of such loss-of-function
mutations, which might be more amenable to small molecule modulation. In the case of the
PTEN mutation, discovering small molecules that could restore the function of FOXO1, thus
compensating for the PTEN mutation, might ultimately prove more productive. We have shown
that an AKT inhibitor, API-59CJ-OMe, promoted apoptosis and sensitized endometrial cancer
cells to chemotherapeutic agents and that FOXO1 played an important role in this process
[14]. In this study we investigate another small molecule, psammaplysene A (PsA), that has
demonstrated ability to localize FOXO1 into the nucleus of numerous cancer cells [15]. PsA
is a bromotyrosine derivative from a marine sponge of the Verongida order, genus
Psammaplysilla, collected in the Indian Ocean. A cell-based screen of more than 18,000
compounds from the National Cancer Institutes Structural Diversity Set, Chemridge
DiverSetE, and a small collection of NCI marine extracts were tested for their ability to
relocalize FOXO1 to the nucleus in PTEN null cells. From these compounds, 89 relocalized
FOXO1 to the nucleus and based on availability and potency, 42 compounds were further tested
[15]. One compound that was identified as B6-7-1 and further analysis of this extract, including
both activity-guided fractionation and fractionation via silica gel chromatography, revealed
two pure active compounds which were named psammaplysene A and psammaplysene B, with
PsA being the more active inhibitor of FOXO1 nuclear export [16]. Characterized as a dimeric

Berry et al. Page 2

Gynecol Oncol. Author manuscript; available in PMC 2010 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



bromotyrosine-derived metabolite with the molecular formula C27H35Br4N3O3, PsA has since
been synthesized to allow for further study of its effects on FOXO1 [17,18]. We demonstrate
in this study that treatment of type I endometrial cancer cell lines with PsA promotes apoptosis
and that FOXO1 plays an active role in this process.

Material and Methods
Cell lines and reagents

The Ishikawa and ECC-1 endometrial cancer cell lines were provided by B. Lessey. Ishikawa
cells were maintained in MEM (Invitrogen, Carlsbad, CA) and ECC1 cells were maintained
in DMEM/F12 (Invitrogen) supplemented with 10% fetal bovine serum (FBS), sodium
pyruvate, and antibiotics (penicillin G 5000 U/mL, streptomycin 5000μg/mL). The PsA was
obtained from J. Clardy (Harvard Medical School, Boston, MA).

Immunofluorescent staining
Cells were grown on glass cover slips and then treated with either a control vehicle (DMSO)
or PsA 100nM or PsA 1μM for 24 hours. Cells were then fixed with 4% paraformaldehyde
(Sigma Chemical Co., St. Louis, MO) and cover slips were washed with phosphate-buffered
NaCl solution and then permeabilized with 0.1% Triton-0.1% deoxycholate (Sigma). Cells
were blocked with 5% bovine serum albumin (BSA, Sigma) made in PBS. Subsequently, the
FOXO1 primary antibody (1:1000, Bethyl Laboratories, Montgomery, TX) made in 5% BSA
was added to each sample and incubated for 2h at room temperature. A fluorescein secondary
peroxidase-conjugated goat antirabbit IgG (1:50, Vector Laboratories Inc., Burlingame, CA)
was used. Finally, cells were mounted with Vectashield Hard Set mounting medium for
fluorescence and visualized using a fluorescent inverted microscope, Axiovert 200 (Zeiss, Jena,
Germany).

Cell proliferation and viability assays
Ishikawa and ECC1 cells were trypsinized, counted, then plated in 96-well plates at a
concentration of 2 × 104 cells/well and allowed to incubate overnight. Cells were then treated
with either a control vehicle or increasing concentrations of PsA, 1nM, 10nM, 100nM and
1μM. After a 24-hour treatment period, a cell viability assay was performed. Using the Quick
Cell Proliferation Assay Kit (BioVision, Mountain View, CA), 10μL WST-1 Reagent/ECS
(electro-coupling solution) was added per well and incubated for 2 hours at 37C. Samples were
then read on the Synergy HT from Bio-Tek (Winooski, VT) with the KC4 3.4 software at
420nm to determine cell viability. Cell proliferation was studied by using the pyrimidine
analogue BrdU (5-bromo-2′-deoxyuridine, a thymidine substitute) which is incorporated into
cellular DNA and measured with a colorimetric assay (Roche Penzberg, Germany). When
treating the cells with either vehicle or increasing concentrations of PsA, the BrdU labeling
solution was added to the cells 24h before harvesting. Cells were fixed and denatured using
the provided FixDenat solution. An anti-Brdu monoclonal antibody conjugated with
peroxidase was then added and the immune complexes detected with a subsequent substrate
reaction. The reaction product was quantified by measuring absorbance at 370nm again using
the Synergy HT ELISA reader (BioTek, Winooski, VT) using the KC4 3.4 software.

Cell cycle analysis
Cells were grown to 80% confluence then treated with vehicle or 100nM, 500nM, and 1μM
PsA for 24 hours. Cells were trypsinized and fixed with 75% ethanol for 2 hours. Then, cells
were resuspended in 1mL propidium iodide (PI) staining solution containing 50μg/mL PI
(Sigma), 2mg RNAase A (Invitrogen), and 0.1% Triton X-100 (Fisher Scientific, Pittsburgh,
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PA) made in PBS. Cells were analyzed for G0/G1, S, and G2/M fractions on a Coulter EPICS-
XL flow cytometer (Beckman Coulter, Fullerton, CA).

Western blot analysis
Total cell lysates were obtained using RIPA buffer [50mM Tris-HCL (pH 8.0), 150mM NaCl,
0.5% sodium deoxycholate, 1% IGEPAL (Sigma), 0.1% SDS] plus protease inhibitors and
sodium orthovanadate. Protein concentration was measured using the micro BCA protein assay
kit (Pierce). Isolated protein samples were run on a 10% Tris-HCL acrylamide precast gel (Bio-
Rad, Hercules, CA) and were transferred onto polyvinylidene difluoride membranes (Whatman
Inc, Sanford, ME). Membranes were blocked in 5% nonfat milk made with TBS-T at room
temperature and incubated in FOXO1 primary antibody (1:5000 from Bethyl laboratories) or
cleaved PARP primary antibody (1:1000 Cell Signaling) in 1% nonfat milk overnight at 4C.
After the incubation, membranes were washed three times with TBS-T and incubated in
secondary peroxidase-conjugated goat anti-rabbit IgG (1:10,000 for FOXO1, 1:2000 for
cleaved PARP, BioRad) in 1% nonfat milk. Membranes were then washed and developed using
either the ECL Plus Western Blot Detection System kit (Amersham, Piscataway, NJ) or the
Supersignal West Dura Extended Duration Substrate (Pierce). Membranes were stripped with
Restore Western Blot Stripping Buffer (Pierce) and reprobed with a monoclonal antibody to
β-actin (1:10,000, Sigma).

Small interfering RNA (siRNA)
ECC1 cells were grown in 60-mm plates to 50% confluence Dharmacon (Lafayette, CO).
SMARTpool siRNA control, targeted to the luciferase gene, and an siRNA specific to FOXO1
were transiently transfected into the cells using Lipofectamine 2000 (Invitrogen) according to
the manufacturers protocol for siRNA transfection. Cells were transfected for 4 hours followed
by removal of the transfection media and replacement with DMEM F12 (Invitrogen) with 10%
FBS, sodium pyruvate and penicillin/streptomycin. Cells were kept in culture overnight then
treated with either a control vehicle or 1μM PsA for 24 hours, at which time they were harvested
with RIPA buffer for western blot analysis of total protein. Silencing of FOXO1 was verified
by immunoblot analysis using FOXO1 antibody (1:5000, Bethyl).

Adenovirus infection
Ishikawa cells were grown to 60% confluence and then infected with 100 multiplicity of
infection (MOI) with adenoviral constructs of either AD-CMV (empty vector), Wild-Type
FOXO1 or the triple mutant FOXO1 (mutated at Thr24, Ser256 and Ser319 and which remains
constitutively active) cDNAs for 24 hours. Then, cells were treated with either vehicle or
1μM PsA and incubated for 24 hours. Finally, total cell lysates were obtained using RIPA
buffer and western blot analysis performed for both FOXO1 followed by cleaved PARP as
detailed above.

Statistical analysis
Statistical analysis was performed using one-way ANOVA and the Student's t test for pairwise
comparisons. P <0.05 was considered significant.

Results
Effect of PsA on FOXO1 localization in endometrial cancer cells

Two immortalized human endometrial cancer cell lines, Ishikawa and ECC1, were utilized in
this study. These cell lines have been derived from well-differentiated, steroid-responsive
endometrial adenocarcinomas and used in numerous studies as representative of type 1
endometrial cancer. The Ishikawa cell line is one of the best-characterized endometrial cell
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lines [19–24]. These cells maintain functional steroid receptors to estrogen, progesterone, and
androgen. The ECC1 cells, although not as well studied, originate from a well differentiated
adenocarcinoma that was passed in nude mice (25). These cells are also hormonally responsive
and maintain estrogen receptors alpha and beta, progesterone receptors A and B, androgen
receptors, and the steroid receptor coactivators NCOA1, NCOA2, and NCOA3 [26]. It has
previously been reported that Ishikawa cells carry a PTEN mutation whereas ECC1 cells do
not [27,28].

With the aforementioned knowledge that PsA can promote nuclear localization of FOXO1,
thus contributing to cell cycle arrest and apoptosis, ECC1 and Ishikawa cells were treated with
PsA and localization of FOXO1 was determined using immunofluorescent staining. Treatment
with 1uM PsA indeed increased nuclear FOXO1 protein levels in both cell lines, regardless of
PTEN status (Fig 1).

Effects of PsA on Cell Viability, Proliferation and Apoptosis
Treatment of ECC1 and Ishikawa cells with 1uM PsA for 24h caused significant cell death as
evidenced by the dramatic decrease in the number of cells adherent to the polystyrene dish
after approximately 16 hours of treatment (Fig 2). In order to quantify viability after treatment,
ECC1 and Ishikawa cells were treated with increasing doses of PsA (10nM, 100nM, 500nM
and 1uM) for 24h and a cell viability assay was done. As seen in Fig 3A, concentrations up to
100nM did not significantly affect viability of cells during the 24h treatment period whereas
1uM PsA significantly decreased the number of viable cells approximately 5-fold (p<0.05). In
addition, cell proliferation was monitored by BrdU incorporation to determine whether PsA at
concentrations that did not affect cell viability, affected proliferation. As shown in Fig 3B, cell
proliferation was not significantly affected after treatment with 1nM, 10nM or 100nM PsA.
Furthermore, cell cycle analysis confirmed that 100nM PsA did not change the distribution of
cells whereas 1uM PsA significantly increased the percentage of cells by approximately 2-fold
in the G2/M phase in both cell lines (Fig 4A, 4B; p<0.05). Finally, to determine whether 1uM
PsA increased apoptosis in ECC1 and Ishikawa cells, western blot for cleaved PARP was done.
Both ECC1 and Ishikawa cells underwent apoptosis at 1uM PsA as shown by the cleaved PARP
product and not at 100nM PsA (Fig 4C).

The role of FOXO1 in PsA-induced apoptosis
Our data thus far demonstrate that PsA increases nuclear FOXO1 protein expression and is
promoting apoptosis in both the Ishikawa and ECC1 cells. In order to determine whether
FOXO1 contributes to PsA-induced apoptosis, we first knocked down FOXO1 in ECC1 cells
using siRNA. ECC1 cells were chosen since levels of endogenous FOXO1 protein were higher
than those of Ishikawa cells (Fig 5A). Transient transfection of either the control (siControl)
siRNA or siRNA to FOXO1 (siFOXO1) was done in ECC1 cells, followed by treatment with
vehicle or 1uM PsA for 24h. Western blots showed that FOXO1 was efficiently silenced in
both untreated and PsA treated cells (Fig 5B). Increased levels of cleaved PARP were also
found in cells treated with PsA in both siControl and siFOXO1 transfected cells. Interestingly,
lower levels of FOXO1 were observed in siFOXO1 transfected cells treated with PsA compared
to the siControl cells treated with PsA. These data highly implicate FOXO1 to play a significant
role in PsA-induced apoptosis of ECC1 cells.

As another approach, recombinant FOXO1 was overexpressed in Ishikawa cells, which have
low endogenous FOXO1. Ishikawa cells were infected with adenoviruses containing the empty
CMV vector (ADCMV), the wildtype FOXO1 (WtFOXO1) or the triple-mutant FOXO1 (Tm-
FOXO1) cDNAs. Cells were then treated with vehicle or 1uM PsA. As expected, the protein
expression of FOXO1 was highest in the cells infected with TM-FOXO1 (Fig 5C).
Interestingly, treatment of cells with PsA increased total FOXO1 protein in AD-CMV,
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WtFOXO1 and TmFOXO1 infected cells. PsA treatment also caused an increase in cleaved
PARP product indicative of increased apoptosis. The highest levels of cleaved PARP was
observed in AD-TmFOXO1 infected cells treated with PsA. These results suggest that higher
FOXO1 levels promote apoptosis, supporting the observations in Fig 5B.

Discussion
The search for cytotoxic agents active against type 1 endometrial cancer will continue to expand
into the realm targeted drug therapy. The PI3K/AKT signaling pathway is crucial to many
aspects of cell growth and survival, and its activation, often via a PTEN mutation, results in a
disturbance of control of cell growth and survival, contributing to competitive growth
advantage, metastatic competence, and, not infrequently, resistance to therapy. Acknowledging
that inhibition of the PI3K/AKT signaling pathway in PTEN null cells can control deviant cell
growth, psammaplysene A shows promise as a modulator of downstream targets of the PTEN
tumor suppressor gene mutation, specifically the transcription factor FOXO1. In this study,
we demonstrate that in endometrial cancer cells treated with PsA, nuclear localization of
FOXO1 is increased, that decreased cell viability via increased apoptosis occurs, and that
FOXO1 plays a significant role in PsA-induced apoptosis. Interestingly, these findings were
demonstrated in human endometrial cancer cell lines both with and without PTEN mutations.

The role of FOXO transcription factors was initially suggested by the observation that three
of the four known FOXO genes were found at chromosomal breakpoints in certain types of
tumor, such as rhabdomyosarcoma for FOXO1 and acute myeloid leukemia for FOXO 3 and
FOXO4 [29]. FOXO factors play a pivotal role in cell fate decisions, and the loss of FOXO1
function has been identified as a critical event in tumorigenesis, compromising the cells ability
to inhibit proliferation and promote death, or apoptosis. In this study, using cleaved PARP as
an apoptotic marker, we observed that endometrial cancer cells treated with PsA underwent
apoptosis at much higher rates than untreated cells. In the presence of PsA, by either enforcing
nuclear localization (PTEN null ishikawa cells) or increasing the already existing nuclear levels
of FOXO1 (PTEN + ECC1 cells), FOXO1 triggered apoptosis. Modur et al [30] found that in
PTEN-deficient prostate carcinoma cell lines, FOXO1 and FOXO3 were cytoplasmically
sequestered and inactive and that expression of the pro-apoptotic marker TRAIL (tumor
necrosis factor-related apoptosis-inducing ligand) was decreased. Overexpression of FOXO1
and FOXO3 in this cell line resulted in apoptosis and increased expression of TRAIL,
suggesting that FOXO proteins regulate cell survival by modulating the expression of death
receptor ligands such as TRAIL and FasL. In addition to these death receptor ligands, FOXO
proteins have been shown to be involved in the activation of the Bcl-2 family, most notably
the pro-apoptotic protein Bim. Sunters et al [31] showed that in paclitaxel-sensitive breast
cancer, upregulation of FOXO3a by paclitaxel resulted in increased level of Bim mRNA and
protein, leading to apoptosis in breast cancer cells. While an exact apoptotic pathway was not
investigated in our study, PsA appears to be modulating FOXO1 levels and localization
regardless of the PTEN mutation status. Treatment of cells with PsA also increased total
FOXO1 protein levels suggesting an increase in FOXO1 mRNA expression and/or rescue of
FOXO1 protein from ubiquitination and proteosomal degradation.

Our study is the first to demonstrate the effects of PsA in human endometrial cancer cells. Kau
et al [15] determined that PsA acted neither through CRM1 nuclear export receptor inhibition
nor through reduced AKT phosphorylation to enforce FOXO1 in the nucleus. It was deduced
that PsA interacts with a still-unknown target, downstream of AKT, to inhibit FOXO1 nuclear
export in the presence of a PTEN mutation [15]. Marine sponges of the order Verongida are
known to produce a wide variety of structurally diverse bromotyrosine derivatives, from simple
bromotyrosine monomers to the more complex bastadins, cyclic macromolecules often
containing several bromotyrosine units [32]. The marine sponge Psammaplysilla is responsible
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for another group of bromotyrosine derivatives, the psammaplins which are distinct from
psammaplysenes. Since its discovery in 1987, psammaplin A is one of the most studied of this
group. Initial work attributed psammaplin A with having antibacterial activity as well as anti-
enzyme mechanisms such as the inhibition of mycothiol-S-conjugate amidase, topoisomerase
II, and chitinase [33-35]. A study by Park et al [32] demonstrated this compound to have
cytoxicity towards several human cancer cell lines including lung, ovarian, and colon cancers,
with a mechanism of action not established. Since then, further work to determine anti-tumor
effects has demonstrated that Psammaplin A can suppress angiogenesis in vitro through the
inhibition of aminopeptidase N (APN) [36] and can inhibit the actions of histone deacetylase
(HDAC) and DNA methyltransferase (DN-MT) [37,38] in human cervical, breast, and lung
cancer cell lines. In a very recent report by Ahn et al [39], Psammaplin A was found to inhibit
cell proliferation in Ishikawa cells through cell cycle arrest at the G1 or G2/M phases, and to
induce apoptotic cell death. This line of investigation is promising as HDAC inhibitors are
believed to be promising classes of new antitumor agents in current clinical trials. Now, with
the identification of Psammaplysene A and its actions in the PI3K/AKT/FOXO1 pathway, the
opportunity to incorporate these various marine sponge extracts into new and existing cytotoxic
regimens for the treatment of endometrial cancer seems more and more promising.

The FOXO1 transcription factors lies at the interface of several crucial cellular processes
including apoptosis, cell-cycle progression, and oxidative-stress resistance. As the role of
phosphorylation of FOXO proteins in tumorigenesis becomes increasingly apparent, further
work is needed to elucidate the role of post-translational modifications that influence
transcriptional activity. In this study we have demonstrated a relationship between the marine
sponge extract PsA and its ability to enforce nuclear localization of FOXO1 in endometrial
cancer cells. Understanding the mechanisms of action of PsA could pave the way towards use
of PsA as an adjunct targeted therapy in the treatment of advanced or recurrent grade 1
endometrial cancer.
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Figure 1. FOXO1 protein localization in ECC1 and Ishikawa cell lines after treatment with PsA
ECC1 and Ishikawa cells were treated with 1uM PsA for 24h. Immunofluorescent staining was
done for FOXO1 and visualized under the fluorescent microscope. Magnification 630X.
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Figure 2. Cell morphology after treatment with PsA. Effect of API-59CJ-OME on Ishikawa cells
A. ECC1 and Ishikawa cells were treated with 1uM PsA for 16h. Cells were visualized using
phase contrast microscopy. Magnification 100X.
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Figure 3. Effect of PsA on cell viability and proliferation
ECC1 and Ishikawa cells were treated with 0, 1, 10, 100, or 1000 nM PsA for 24h. A) Cell
viability was measured using the WST assay and B) cell proliferation was measured using the
BrdU incorporation assay. Data represent the mean ± SEM of six independent experiments.
Statistical differences from the untreated control are noted as “a”
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Figure 4. Effect of PsA on cell cycle progression and apoptosis
A) Ishikawa or B) ECC1 cells were treated with 100, 500 or 1000 nM PsA 24h and processed
for cell cycle analysis using flow cytometry. Percentage of cells in each phase (Go/G1, S or
G2/M) are presented. Data represent the mean ± SEM of three independent experiments.
Statistical differences from the corresponding untreated control are noted as “a” C) Ishikawa
or ECC1 cells were treated with 100nM or 1uM PsA for 24h. Cell lysates were run on Western
blot for cleaved PARP and actin. Data are representative of at least three independent
experiments.
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Figure 5. Role of FOXO1 in PsA-induced apoptosis
A) Ishikawa and ECC1 cells lysates were run on Western blot for FOXO1 and actin. B) ECC1
cells were transiently transfected with siRNA to FOXO1 (siFOXO1) or to a control luciferase
gene (siControl). Cells were then treated with 1uM PsA for 24h. Western blots for FOXO1,
cleaved PARP and actin were done. C) Ishikawa cells were infected with adenoviruses
containing constructs for empty CMV (AD-CMV), wild type FOXO1 (WtFOXO1) or the triple
mutant FOXO1 (TmFOXO1) cDNAs. Cells were then treated with 1uM PsA for 24h. Western
blots for FOXO1, cleaved PARP, and actin were done. Data are representative of at least three
independent experiments.
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