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Abstract
Fatty acid synthase (FAS) and focal adhesion kinase (FAK), which are overexpressed in a variety of human
epithelial tumors, play a key role in the migration and invasion of cancer cells. Hence, strategies targeted at
inhibiting the FAS/FAK proteins may have therapeutic potential for cancer treatment. The goal of the present
study was to determine the effect of HO-3867, a synthetic compound, on the migratory ability of ovarian
cancer cells and to understand the mechanistic pathways including the involvement of FAS, FAK, and associated signaling proteins. The study was done using two established human ovarian cancer cell lines, A2780
and SKOV3. Incubation with 10 μmol/L HO-3867 for 24 hours significantly inhibited the native as well as
the vascular endothelial growth factor (VEGF)–mediated migration and invasion of the cells. HO-3867
significantly attenuated FAS and FAK protein levels apparently through accelerated ubiquitin-dependent
degradation, as shown by a clear downregulation of isopeptidase USP2a. Exposure of cells to HO-3867
also significantly inhibited FAS activity and mRNA levels and a number of downstream proteins, including
phospho-extracellular signal–regulated kinase 1/2, phospho-human epidermal growth factor receptor 1, sterol
regulatory element binding protein 1, VEGF, and matrix metalloproteinase 2. Western blot and immunohistochemical analyses of A2780 xenograft tumors in mice treated with HO-3867 showed significant reduction in FAS, FAK, VEGF, and downstream protein levels when compared with the untreated control.
Collectively, the results showed that HO-3867 suppressed the migration and invasion of ovarian cancer cells
by inhibiting the expression or activity of FAS and FAK proteins. The study suggests that molecular targeting of FAS and FAK by HO-3867 may be a potential strategy for ovarian cancer therapy. Mol Cancer Res;
8(9); 1188–97. ©2010 AACR.

Introduction
Tumor progression is a complex process that includes
malignant transformation, proliferation, invasion, and
metastasis of cancer cells. Particularly, cancer cell invasion
and metastasis are the critical processes that define the
aggressive phenotype of human cancers and pose major
impediments to treatment (1, 2). Whereas the development of anticancer therapy is traditionally focused on
the inhibition of cancer cell proliferation, therapeutic
strategies targeted toward inhibiting the spread of cancer
cells from a primary tumor to secondary sites can be
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valuable in the treatment of aggressive malignancies (1).
Tumor cell migration requires the concerted effort of a
number of molecules such as integrins, cell adhesion
molecules, soluble cytokines and growth factors, matrixdegrading proteases, and Rho GTPases (3). The migration process involves the assembly and disassembly of
focal adhesions and is stimulated extracellularly and
initiated by integrins and intracellular signaling proteins
located in focal adhesions (4). Focal adhesion kinase
(FAK), a tyrosine receptor kinase, is activated in focal
adhesions and is important in cell-extracellular matrix
interactions that affect cell migration, proliferation, and
survival (5). Many malignant human tumors exhibit increased FAK expression and tyrosine phosphorylation (6),
which are correlated with the acquisition of an invasive
cell phenotype and increased metastasis (7).
Ovarian carcinoma remains the most lethal among gynecologic cancers due to a lack of early detection methods
and effective treatments for late-stage malignancies (8). As
found in many other types of human tumors, overexpression or hyperactivation of FAK and fatty acid synthase
(FAS) has recently been found in most ovarian cancers,
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in which it is highly associated with high aggressiveness
and poor patient survival (4, 9-11). Increased expression
of FAS occurs very early in cancer development and becomes more distinct as the tumor progresses toward a
more advanced stage. FAS enzyme is responsible for the
de novo synthesis of fatty acids, and it has emerged as a
potential therapeutic target for human cancer (10). High
levels of FAS expression have been found in ovarian cancer (12) and in most human solid tumors (13). FAS plays
a significant role in the synthesis of phospholipids partitioning into detergent-resistant membrane microdomains.
These are raft aggregates implicated in key cellular processes including signal transduction, intracellular trafficking, cell polarization, and cell migration. Inhibition of
FAS activity is selectively cytotoxic to human cancer cells
in vitro and in vivo (9, 10), including human ovarian cancer xenografts (14). However, the mechanisms linking the
inhibition of FAS activity to induction of cancer cell
death and inhibition of cancer cell migration remain an
active area of investigation.
We recently reported that HO-3867, a diarylidenylpiperidone-based synthetic compound with an interesting
antioxidant appendage, exhibited significant growth arrest and apoptosis in a number of human cancer cell
lines including breast, colon, head and neck, liver, lung,
ovarian, and prostate cancers with no apparent toxicity
to noncancerous cells (15, 16). We observed that the
anticancer activity of HO-3867 in ovarian cancer was
mediated by inhibition of signal transducer and activator
of transcription-3 (STAT3) phosphorylation at Tyr705 and
Ser727 residues and induction of the apoptotic markers
cleaved caspase-3 and poly(ADP-ribose) polymerase.
The protective activity of HO-3867 toward noncancerous
cells was shown to be mediated by the ability of the
compound to confer selective antioxidant protection to
the healthy cells. In a subsequent in vivo study, we
further showed that HO-3867 significantly inhibited
the growth of ovarian xenografted tumors (A2780) in
a dose-dependent manner (17). Western blot analyses
of the xenograft tumor tissues confirmed that HO-3867
inhibited pSTAT3 (Tyr705 and Ser727) and pJAK1 and
increased the apoptotic markers cleaved caspase-3 and
poly(ADP-ribose) polymerase.
Although our previous studies clearly showed the potential of HO-3867 as a safe and effective anticancer agent for
ovarian cancer therapy, the possible effect and mechanism
of the compound on tumor cell migration and invasion
have not been established. Accordingly, the goal of the
present study was to determine the effect of HO-3867
on the migratory ability of ovarian cancer cells and to understand the mechanistic pathways including the involvement of FAS, FAK, and associated signaling proteins. The
study was done using two established human ovarian cancer cell lines, namely, A2780 and SKOV3, under in vitro as
well as in vivo conditions on xenografted tumor in mice.
The results clearly showed that HO-3867 suppressed the
migration and invasion of the ovarian cancer cells by inhibiting the expression/activity of FAS and FAK proteins.

www.aacrjournals.org

The study suggested that molecular targeting of FAS and
FAK by HO-3867 might be a potential strategy for ovarian
cancer therapy.
Materials and Methods
Materials
Cell culture medium (RPMI 1640) and DMEM, fetal
bovine serum, antibiotics, sodium pyruvate, trypsin, and
PBS were purchased from Life Technologies, Inc. Polyvinylidene fluoride membrane and molecular weight markers
were obtained from Bio-Rad. Antibodies against phospho-human epidermal growth factor receptor 1 (pHER1),
HER1, FAS, phospho-extracellular signal–regulated kinase
1/2 (pERK1/2), ERK1/2, actin, and USP2a were purchased from Cell Signaling Technology. Antibodies specific
for sterol regulatory element binding protein 1 (SREBP1),
FAK, matrix metalloproteinase (MMP)-2, vascular endothelial growth factor (VEGF), USP2a, and ubiquitin were
purchased from Santa Cruz Biotechnology. Enhanced
chemiluminescence reagents were obtained from Amersham Pharmacia Biotech (GE Healthcare). HO-3867
was synthesized in the laboratory (18). Stock solutions of
the compounds were freshly prepared in DMSO. All other
reagents of analytic grade or higher were purchased from
Sigma-Aldrich.
Cell lines and cultures
A2780 and SKOV3 human epithelial ovarian cancer cell
lines were used in the study. The cells were grown in RPMI
1640 and DMEM supplemented with 10% fetal bovine
serum, 2% sodium pyruvate, 1% penicillin, and 1% streptomycin. Cells were grown in a 75-mm flask to 70% confluence at 37°C in an atmosphere of 5% CO2 and 95% air.
Cells were routinely trypsinized (0.05% trypsin/EDTA)
and counted using an automated counter (NucleoCounter,
New Brunswick Scientific).
Cell migration and invasion assays
Cell migration assay was done using the wound-healing
method (1). Cells were plated at equal density and grown
to 90% confluence. Wounds were created using a sterile
pipette tip. Cells were then rinsed with medium and replaced with fresh medium and incubated with HO-3867
(10 μmol/L). Areas of wound were marked and photographed at various time points with a phase-contrast microscope. Cell-invasive assay was measured by an in vitro
Boyden chamber assay (19). Briefly, 1 × 105 cells in 0.5
mL of serum-free RPMI 1640 were added to the wells
of 8-μm-diameter pore membrane Boyden chambers, either coated with (BD Biosciences) or without (Corning)
Matrigel. Cells were allowed to invade for 24 hours. Cells
that had not penetrated the filters were removed by scrubbing with cotton swabs. Chambers were fixed in 100%
methanol for 2 minutes, stained with 0.5% crystal violet
for 2 minutes, rinsed in PBS, and examined under a
bright-field microscope. Values for invasion were obtained
by counting five fields per membrane and represented as
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FIGURE 1. HO-3867 inhibits cancer cell migration and invasion. Cell migration (wound healing) assay and Transwell cell invasion assay were done using A2780
and SKOV3 cancer cells at 0 and 24 h, in the presence of HO-3867 (10 μmol/L) at 24 h. A, a representative image of six experiments is shown for each group. Gap size
and cell invasion were quantified in the regions flanked by dotted lines. The residual gap between the migrating cells from the opposing edges is expressed as a
percentage of the initial, scraped area. Columns, mean (n = 6); bars, SE. *, P < 0.05, versus control (24 h). The migration results show that HO-3867 significantly inhibits
the reduction in gap size caused by cell migration. B, inhibition of A2780 and SKOV3 cell invasion by HO-3867 (10 μmol/L) at 24 h using a Boyden chamber
migration assay. Representative images selected from six experiments are shown for each group. Quantification of cell invasion expressed as a percent of control.
Columns, mean (n = 6); bars, SE. *, P < 0.05, versus control (24 h). The invasion results show that HO-3867 significantly inhibits cell invasion. C, quantitation of
the effect of HO-3867 (10 μmol/L; 24-h incubation) on gap size and cell invasion of VEGF-induced cell migration and invasion in A2780 and SKOV3 cells. Columns,
mean (n = 6); bars, SE. *, P < 0.05, versus the VEGF group. The results show that HO-3867 significantly inhibits the effect of VEGF on cell migration and invasion.
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Following treatment, the cell lysates were prepared in nondenaturing lysis buffer containing 10 mmol/L Tris-HCl
(pH 7.4), 150 mmol/L NaCl, 1% Triton X-100,
1 mmol/L EDTA, 1 mmol/L EGTA, 0.3 mmol/L phenylmethylsulfonyl fluoride, 0.2 mmol/L sodium orthovanadate, 0.5% NP40, 1 μg/mL aprotinin, and 1 μg/mL
leupeptin. The lysates were centrifuged at 10,000 × g for
20 minutes at 4°C, and the supernatant was separated. The
protein concentration in the lysates was determined using a
Pierce detergent-compatible protein assay kit. For Western
blotting, 25 to 50 μg of protein lysate per sample were denatured in 2× SDS-PAGE sample buffer and subjected to
SDS-PAGE on a 10% Tris-glycine gel. The separated proteins were transferred onto a polyvinylidene fluoride membrane and blocked with 5% nonfat milk powder (w/v) in
TBST (10 mmol/L Tris, 10 mmol/L NaCl, 0.1% Tween
20) for 1 hour at room temperature or overnight at 4°C.
The membranes were then incubated with the primary
antibodies. The bound antibodies were detected with
horseradish peroxidase (HRP)–labeled sheep anti-mouse
IgG or HRP-labeled donkey anti-rabbit IgG using an enhanced chemiluminescence detection system (ECL Advance Kit). Protein expressions were determined using
Image Gauge version 3.45.

FIGURE 2. FAS and FAK are involved in cancer cell migration and
invasion. A, basal levels of FAS and FAK expression in human ovarian
cancer cell lines. B, effect of silencing of FAS and FAK in A2780 cells
by transfection of FAS siRNA and FAK siRNA, respectively, on cell
migration expressed as a percent of control. Columns, mean (n = 6); bars,
SE. *, P < 0.05, versus control. C, effect of silencing of FAS and FAK
in A2780 cells by transfection of FAS siRNA and FAK siRNA, respectively,
on cell invasion expressed as a percent of control. Columns, mean
(n = 6); bars, SE. *, P < 0.05, versus control. The results show that
silencing of FAS and FAK significantly inhibits cell migration and invasion.

the average of three independent experiments done over
multiple days.
FAS activity assay
The FAS activity was determined spectrophotometrically
at 37°C in particle-free supernatants by measuring the decrease of absorption at 340 nm due to oxidation of
NADPH.
Immunoblot analysis
Cells in RPMI 1640 were treated with DMSO (control)
or HO-3867 (10 μmol/L) for 24 hours. Equal volumes of
DMSO (0.1%, v/v) were present in each treatment.
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Reverse transcription-PCR
Total RNA isolated from ovarian tumor tissue was prepared with TRIzol (Life Technologies) according to the
manufacturer's instructions. RNA quantification was done
using spectrophotometry. Reverse transcription-PCR analysis for the mRNA expressions of FAS, FAK, VEGF, p21,
and the internal control GAPDH was carried out using a
GeneAmp PCR System Veriti thermocycler (Applied Biosystems) under the following conditions: initial denaturation at 94°C for 2 minutes, 35 cycles of amplification
(denaturation at 94°C for 30 seconds, annealing at 50°C
for 30 seconds, and extension at 72°C for 30 seconds),
and extension at 72°C for 5 minutes. The PCR products
were electrophoresed on 1.5% agarose gel and stained with
ethidium bromide.
Ovarian cancer tumor xenografts in mice
A2780 cells (5 × 106 in 60 μL of PBS) were s.c. injected
into the back of 6-week-old BALB/c nude mice from the
National Cancer Institute. On the 5th day, when the tumor
size reached approximately 2 to 4 mm, the control group
was supplemented a normal diet (no treatment) whereas
the experimental groups were treated with diarylidenylpiperidone compounds mixed with the animal feed (Harlan
Teklad) at two different levels (500 and 100 ppm). The
doses were chosen based on an initial dose-response study
optimized to produce an observable effect on tumor
growth. The tumor tissues were then subjected to immunoblotting and immunohistochemistry.
Immunohistochemistry
Tumor tissues were fixed in formalin and embedded in
paraffin. Sections (6 μm thick) were obtained and used for
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H&E staining. For immunofluorescence staining, the tissue sections (8 μm thick) were serially rehydrated in
100%, 95%, and 80% ethanol after deparaffinization with
xylene. Slides were kept in steam for 30 minutes and then
washed in PBS (pH 7.4) three times for 5 minutes each.
Tissue sections were incubated with 2% goat serum and
5% bovine serum albumin in PBS to reduce nonspecific
binding. The sections were then incubated for 4 hours
with an antimouse anti-FAS or anti-VEGF. The sections
were then incubated with secondary antibodies (1:1,000
dilutions) conjugated to HRP-labeled sheep anti-mouse
IgG or HRP-labeled donkey anti-rabbit IgG (Amersham
Pharmacia Biotech). The tissue slides were visualized using
a Nikon fluorescence microscope.
Data analysis
The statistical significance of the results was evaluated
using Student's t test. P < 0.05 was considered significant.

Results
Effect of HO-3867 on ovarian cancer cell migration
and invasion
The effect of HO-3867 on the motility of ovarian cancer
cells was measured by wound-healing migration and Transwell cell invasion assays. Incubation of A2780 or SKOV3
cells with HO-3867 (10 μmol/L) for 24 hours showed significant inhibition of cell migration (Fig. 1A) and invasion
(Fig. 1B) when compared with untreated cells. Because
VEGF-induced angiogenesis is initiated by cell migration
and invasion, we next determined whether HO-3867 could
inhibit the cell motility–promoting effect of VEGF. We
observed that HO-3867 significantly inhibited the VEGFinduced migration and invasion of both ovarian cancer cell
lines tested (Fig. 1C). The results suggested that HO-3867
could not only inhibit ovarian cancer cell migration and invasion but could also block VEGF-induced angiogenesis.

FIGURE 3. HO-3867 inhibits FAS and
FAK expression in ovarian cancer cells.
A, representative Western blots showing
a time-dependent inhibition of FAS and FAK
levels in A2780 and SKOV3 cells treated
with HO-3867 (10 μmol/L). B, expression
levels of FAS and FAK mRNA following
HO-3867 exposure (10 μmol/L for 24 h).
C, FAS activity measured in A2780
and SKOV3 cells using NADPH by
spectrophotometry. *, P < 0.05, versus the
respective control (0 h). The results show
that HO-3867 significantly inhibits FAS and
FAK expression in cancer cells.
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FIGURE 4. HO-3867 downregulates FAS and
FAK levels via proteasome pathways. To catch
any ubiquitinated proteins in the cell lysates,
agarose beads coated with domains having
affinity to ubiquitin were incubated with the
lysates at 4°C for 2 h. After washing the beads,
the ubiquitinated proteins were subjected to
immunoblot for FAS and FAK and blotted
with ubiquitin antibody. A predominant
ubiquitination of FAS and FAK is seen in the
HO-3867–treated A2780 and SKOV3 cells
under proteasomal inhibition using MG-132
(50 μmol/L). The results show that HO-3867
clearly downregulates the FAS stability protein
USP2a in a time-dependent manner.

Effect of FAS and FAK on ovarian cancer cell migration
and invasion
We observed that FAS and FAK proteins were significantly expressed in all six human ovarian cancer cell lines
tested, including the cisplatin-resistant cancer cell line
A2780R (Fig. 2A). We next determined the effect of
FAS and FAK inhibition by FAS siRNA and FAK siRNA
transfection on the migration and invasion of A2780
cells. Cells transfected with FAS siRNA or FAK siRNA
exhibited significant reduction in migration and invasion
when compared with control cells. The results suggest
that both FAS and FAK are involved in ovarian cancer
cell migration and invasion.
Effect of HO-3867 on FAS and FAK expression in
ovarian cancer cells
We next determined whether the inhibitory effect of
HO-3867 on ovarian cancer cell migration and invasion
was due to its regulation of FAS and FAK expression levels.
Incubation of A2780 or SKOV3 cells with HO-3867
(10 μmol/L) resulted in an incubation time–dependent inhibition of FAS and FAK, both at the protein and mRNA
levels (Fig. 3A and B). We further checked the activity of
FAS in cells treated with HO-3867 for 6, 12, and 24 hours.
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The FAS activity was significantly reduced in both cell lines
on incubation with HO-3867 for 12 or 24 hours (Fig. 3C).
The results suggested that HO-3867 inhibited the expression of FAS and FAK in the ovarian cancer cells.
Effect of HO-3867 on FAS and FAK downregulation by
proteasome pathways
It is known that the intracellular amount of rapid-turnover proteins, such as FAS and FAK, is tightly regulated
by the ubiquitin-dependent proteolytic pathway (20).
The fast and significant decrease in FAS and FAK expression observed in HO-3867–treated cells prompted us to
check any involvement of a ubiquitin-dependent degradation mechanism. The isopeptidase USP2a has been
shown to regulate the stability of FAS in prostate cancer
(20). We analyzed the USP2a level in HO-3867–treated
ovarian cancer cells and observed that it was clearly
downregulated by HO-3867 (Fig. 4). We further observed an enhanced polyubiquitination on FAS and
FAK in HO-3867–treated cancer cells on coincubation
with MG-132, a proteasome inhibitor. The results
strongly suggested that HO-3867 inhibited FAS/FAK
through ubiquitination and inhibited FAS stability
through USP2a.
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Effect of HO-3867 on FAS/FAK regulatory genes
We determined the effect of HO-3867 on the FAS and
FAK regulatory cell migration and invasion genes. HO3867 inhibited pHER2, pERK1/2, SREBP1, MMP-2,
and VEGF in A2780 and SKOV3 cells (Fig. 5). The results
suggested that HO-3867 not only inhibited FAS and FAK
expression but also blocked their regulating genes in the
two ovarian cancer cell lines tested.
Effect of HO-3867 on FAS/FAK levels in tumor tissues
Finally, we analyzed the expression levels of FAS, FAK,
and their regulatory proteins in an in vivo xenograft mouse
model of ovarian cancer. We observed, in concert with the
decreased expression of both FAS and FAK, a clear downregulation of the target gene products of FAS and FAK,
namely, SREBP1, MMP-2, and VEGF, in the xenografted
tumor tissues of HO-3867–treated mice in a dosedependent manner (Fig. 6A and B). We further determined
the FAS and VEGF levels by immunocytochemistry. HO3867 treatment significantly inhibited the protein levels
of FAS and VEGF in tumor-bearing mice (Fig. 5C). The
in vivo results suggest that administration of HO-3867
inhibits tumor growth through inhibition of migration
and invasion regulatory genes, such as FAS and FAK, in
ovarian cancer xenografts in mice.
Discussion
The results of the present study have shown for the
first time that HO-3867 attenuates cancer cell migration
and invasion through inhibition of FAS and FAK expression in ovarian cancer cell lines as well as in ovarian tumor xenografts in mice. The results confirm that FAS
and FAK are indeed necessary for the motility of ovarian

FIGURE 5. HO-3867 downregulates FAS/FAK regulatory genes. A2780
and SKOV3 cells were treated with HO-3867 (10 μmol/L, 24 h), followed
by blotting of FAS/FAK–regulating proteins HER1, SREBP1, ERK1/2,
MMP-2, and VEGF. The results show that HO-3867 at 24-h incubation
clearly downregulates the FAS/FAK–regulating proteins in both of the
ovarian cancer cell lines.
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cancer cells and that HO-3867 suppresses the levels of
both FAS and FAK by promoting the ubiquitinationdependent degradation process and inhibiting the FASstabilizing gene USP2a. HO-3867 also significantly
inhibited FAS activity and mRNA levels and the downstream proteins pERK1/2, pHER1, SREBP1, VEGF,
and MMP-2. The study further confirmed the inhibition
of FAS, FAK, and downstream proteins in tumor tissues
obtained from A2780 xenograft tumor–bearing mice
treated with HO-3867. Collectively, the study establishes
that HO-3867 is capable of suppressing the migration
and invasion of ovarian cancer cells by inhibiting the expression or activity of FAS and FAK proteins.
Cell migration and invasion are vital elements involved
in numerous physiologic and pathologic processes, including angiogenesis and metastasis (2, 3). The high mortality
rate among ovarian cancer patients is attributed not only to
a lack of early detection and treatment but also to the highly invasive (metastatic) nature of the disease (8). The poor
prognosis associated with the treatment of ovarian cancer is
mainly due to the late stage of disease with metastasis at
presentation. Particularly, malignant ovarian surface epithelial cells primarily spread to adjacent organs by local invasion. The significant failure rate of chemotherapy in
ovarian cancer patients with advanced stage of metastatic
disease is also a main concern, suggesting cell motility as
a potential therapeutic target for ovarian cancer treatment.
In the present study, for the first time, we show that HO3867 acts as an effective blocker of ovarian cancer cell
migration and invasion through inhibition of motilitypromoting proteins including FAS, FAK, and VEGF.
FAS is a metabolic enzyme involved in the synthesis of
long-chain saturated fatty acids that are essential for
membrane synthesis in proliferating cells. FAS is overexpressed in many human cancers including the carcinomas
of the breast (21), prostate (22), stomach (23), lung (24),
ovary (25, 26), and mesothelioma (27). The fact that
overexpression of FAS is more pronounced in clinically
aggressive cancers (26) suggests a functional role for
FAS in the progression of malignant cancer (9, 12). Inhibition of FAS activity preferentially attenuates tumor cell
growth by inducing apoptosis through inactivation of
pAkt and dephosphorylation of Bad in ovarian cancer
(12, 28, 29). Because FAS seems to provide a selective
advantage to tumor progression, FAS has become a promising target for anticancer drug development. Several
studies have shown that blocking of FAS activity using
pharmacologic inhibitors of FAS such as cerulenin and
C75 attenuated carcinomas of the breast (29, 30), renal
(31), colon (32), and liver (33). The present study shows
that HO-3867 is capable of inhibiting both the expression
and activity of FAS in A2780 and SKOV3 cells, resulting in
the attenuation of their ability to migrate and invade.
FAK is a focal adhesion–associated protein kinase involved in cellular adhesion and spreading processes. It
serves as a key protein in the regulation of focal adhesion
dynamics (34). FAK is a critical mediator of integrin adhesion turnover that promotes cell migration (35). Several
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FIGURE 6. HO-3867 suppresses FAS/FAK and VEGF levels in tumor tissues. A, tissue lysates containing 50-mg protein of A2780 xenograft tumors
from mice treated with 50 or 100 ppm HO-3867, containing 50 μg protein each, were subjected to immunoblot analyses. Decreased FAS, FAK, and
VEGF expression levels are noted in the HO-3867–treated tumor lysates in a dose-dependent manner. B, quantitation of FAS, FAK, and VEGF bands
by densitometric analysis. Columns, mean (n = 3); bars, SE. *, P < 0.05, versus the untreated (0 ppm) group. C, immunohistochemistry showing decreased
expression levels of FAS and VEGF in the tumor tissues. The results show that HO-3867 treatment of mice suppresses FAS, FAK, and VEGF
expression in the tumor.

studies have shown the requirement of FAK signaling in
promoting the invasiveness of cancer cells (36, 37). As in
the case of FAS, overexpression of FAK has also been
found in most ovarian tumors, in which it is shown to
be associated with high aggressiveness and poor patient
survival (4, 11). A recent report has highlighted a possible
inverse correlation between FAK expression and clinical
outcome (5). Therefore, FAK is an attractive target for
ovarian cancer therapeutics and prevention. In the present
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study, we observed that HO-3867 was capable of inhibiting FAK expression in the ovarian cancer cell lines tested.
Although the precise mechanism of FAS degradation has
not yet been fully understood, it is evident that ubiquitination is involved in the HO-3867–mediated proteasomal
degradation of FAS. A recent report showed that the isopeptidase USP2a is a preproteasomal, androgen-regulated
isopeptidase and is a key regulator of prostate cancer cell
survival through the stabilization of FAS (20). FAS has
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been shown to colocalize and physically interact with
USP2a in cancer cells, suggesting that this isopeptidase rescues FAS from degradation and thereby prevents apoptosis
(38). Of interest, the rapid downregulation of FAS was
consistent with accelerated ubiquitin-dependent degradation. This effect was further confirmed by the observation
that the proteasome inhibitor MG-132 blocked the HO3867–induced FAK degradation. There are also several
lines of evidence in published reports showing that FAK
is tightly regulated by ubiquitin pathways (39, 40). In addition, we observed that HO-3867 significantly suppressed
the expression of FAS-regulating genes, such as pHER,
SREBP1, pERK1/2, VEGF, and MMP-2. Similar to our
results, a coordinated regulation of SREBP1 and FAS has
been observed in clinical breast cancer (41).
The present results clearly indicated an increased degradation and a decreased transcription of FAS/FAK on treatment with HO-3867. Whereas degradation of FAS/FAK
proteins occurred in 6 to 12 hours of treatment (6-hour
data not shown), inhibition of the FAS/FAK–regulating
genes HER1, SREBP1, and ERK1/2 was observed only
at 24 hours, suggesting that HO-3867 works by inducing
the degradation of FAS/FAK proteins as well as by inhibiting FAS/FAK expression, but at different time points.
A recent study from our laboratory has shown that HO3867 inhibits the STAT3/JAK pathway in a wide range of
human cancer cells, including ovarian cancer (17, 42). Activated STAT3 has a significant role in the metastatic progression of ovarian cancer and has important roles in
promoting cell proliferation, cell survival, migration, and
invasion in human cancer (43). Inhibition of STAT3/
JAK has been shown to be involved in colorectal cancer cell
growth, survival, invasion, and migration through regulation of the expression of genes such as Bcl-2, p21, VEGF,
and MMPs (44). The FAS inhibitor C75 has been shown
to induce suppression of the invasiveness and migration of
renal carcinoma cells through concurrent inhibition of FAS
and STAT3 (31). Interestingly, HO-3867 also showed a
similar inhibitory effect toward FAS STAT3 in human
ovarian cancer cells. However, further investigation is necessary to determine the exact mechanisms involved in the
anticancer activity of HO-3867.

The FAS and the fatty acid synthesis pathways have been
explored as potential drug targets for cancer therapy (9).
Cerulenin, a natural product, was the first specific inhibitor of FAS to be studied (45), whereas C75, a synthetic
compound, was shown to be a more potent inhibitor of
FAS (46, 47). Both of the inhibitors have been evaluated
in a variety of human cancer cell lines and xenograft tumors (14, 27, 47). Despite its measurable effect on a human cancer xenograft, cerulenin was chemically unstable,
thus precluding its use as a systemic anticancer drug. Further, cerulenin induced reversible weight loss in mice (14,
48). C75, too, was found to induce substantial weight loss
through the induction of anorexia (eating disorder) in mice
(47, 48). Recently, C93, a rationally designed molecule
that inhibits FAS activity without affecting fatty acid oxidation, has been reported to inhibit FAS in chemically induced lung tumor and in preclinical models of lung cancer
(12, 49, 50). Very recently, we have evaluated the efficacy
of HO-3867 in an in vivo model of human ovarian tumor
xenograft in mice (17). We observed a significant reduction
in tumor growth volume without any adverse effect on
body weight or diet consumption, suggesting that the
in vivo antitumor efficacy of HO-3867 against ovarian
cancer is without any apparent signs of toxicity.
The present study provides the first evidence that HO3867 inhibits the migration and invasion of ovarian cancer
cells through downregulation of FAS and FAK. The study
suggests that molecular targeting of FAS and FAK by HO3867 is a potential strategy for ovarian cancer therapy.
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