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Inhibition of DNA methyltransferases, histone deacetylases and
lysine-specific demethylase-1 suppresses the tumorigenicity
of the ovarian cancer ascites cell line SKOV3
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Abstract. Ovarian cancer is one of the most lethal female
malignancies and epigenetic abnormalities are thought to play
a vital role in the pathogenesis, development and progression of
ovarian cancer. Our goal was to investigate whether the combi-
nation of trichostatin A (TSA) and 5-aza-2'-deoxycytidine
(decitabine) was superior to single agent on tumorigenicity
of ovarian cancer cells. We found that tumorigenicity and
metastasis of SKOV3 cells were significantly suppressed by
the combination of TSA and decitabine in xenograft mouse
models. Migration capacity was markedly suppressed through
the induction of E-cadherin and suppression of N-cadherin
when treated with TSA and decitabine. Invasion was also
suppressed at least partially through inhibition of MMP-2
and MMP-9 with the combined treatment. The combination
drugs markedly inhibited spheroid formation and significantly
impaired migration and invasion capacity of spheroid derived
cells through inhibition of Twist, N-cadherin, MMP-2, MMP-9
and induction of E-cadherin. Epigenetically, the activity of
DNA methyltransferases (DNMTs) and histone deacetylases
(HDACs) were markedly inhibited when TSA was used in
combination with decitabine, especially the expression of
DNMT3A/3B and HDAC1/2. Acetylation of histone H3 and
H4 were more markedly stimulated with the combination than
with either agent alone. The expression level of lysine-specific
demethylase-1 (LSDI1) was also suppressed. The transcrip-
tion activity marker dimethylated-H3K4 was induced, but
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the dimethylated-H3K9 was suppressed by exposure to the
combined drugs. These results suggest that the combination
of TSA and decitabine significantly suppresses tumorigenicity
by inhibiting migration and invasion of ovarian cancer cells
via regulating the expression of the cadherins and MMPs,
which may be epigenetically regulated by DNA methylation
and histone modification.

Introduction

Metastasis occurs when tumor cells disseminate from primary
tumor and invade distal organs by the circulation of ascities
in ovarian cancer (1). The capacity to detach from adjacent
cells in a primary location, degrade extracellular matrix
(ECM) and invade omentum and peritoneum are necessary
for cancer cells to be capable of metastasizing (2). Migration
and invasion are two of the most important processes in the
metastasis of cancer cells and the full understanding of these
processes are essential to the prevention and eradication the
metastasis of cancer.

E-cadherin and N-cadherin are two important adhesion
molecules which are involved in epithelial-mesenchymal
transition (EMT), playing a pivotal role in the pathogenesis,
development and metastasis of cancer. E-cadherin is regarded
as a tumor suppressor factor whereas N-cadherin is related
to a poor prognosis in cancer patients (3). The switching
between E-cadherin and N-cadherin determines the behavior
and characteristics of tumor cells and impacts the progression
of cancer and reversing the expression of E-cadherin and
N-cadherin is a potential treatment approach. Matrix metal-
loproteinases (MMPs) are a family of zinc-dependent proteins
which have the capacity to degrade ECM and whose function
can be inhibited by the tissue inhibitor of metalloproteinases
(TIMPs), the role of MMPs and TIMPs in tumor growth, inva-
sion, metastasis and angiogenesis have been investigated in
different cancer cells (4). MMP-2 and MMP-9 are enzymes
degrade type IV collagen which are strongly expressed in
ovarian cancer and are prognostic markers of survival for
ovarian cancer patients (5-7).

Tumor spheroids are found in ascites of ovarian cancer
patients and exhibit aggressive features which promote adhe-
sion and invasion of cancer cells into peritoneum and omentum,
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resistant to chemotherapy and radiation and are thought to be
key contributors to progression of ovarian cancer (8). Ovarian
cancer spheroids degrade ECM and facilitate invasion mainly
mediated by MMPs, B-integrin and serine protease (9). A recent
study found that ovarian cancer spheroids use a5p1 integrin
to bind to the fibronectin presented by mesothelial cells and
mediate displacement of mesothelium allowing attachment and
invasion (10). Due to the important role of spheroids in ovarian
cancer metastasis, prevention of spheroid formation and growth
is an attractive treatment strategy for ovarian cancer.

TSA is a potent histone deacetylase inhibitor with antitumor
effect in a mouse model of breast cancer through promotion of
histone acetylation which is the basis for anti-neoplastic activity
(11). Decitabine, a cytosine analog is used in combination or
sequentially with conventional chemotherapeutic agents is
able to resensitize chemoresistant ovarian cancer cell lines to
platinum or taxane (12). We focused on markers of apoptosis
and cell cycle because a recent study reported that decitabine
in combination with HDAC inhibitor SAHA (suberoylanilide
hydroxamic acid, Vorinostat) suppressed the tumorigenicity
of the ovarian cancer cell line SKOV3 and HEY primarily
mediated through an increase in apoptosis, additional effects
included decreased cellular proliferation, altered cell cycle,
increased autophagy, stimulated re-expression of inhibitory
imprinted tumor suppressor gene ARHI and PEG3 (13).
Demethylating agents and histone deacetylase inhibitors also
inhibited proliferation of cells from primary ovarian cancer
patient ascites and enhanced cytotoxicity of carboplatin and
paclitaxel (14-16).

We hypothesized that the combination of TSA and
decitabine has increased anticancer activity on human ovarian
ascites cells (SKOV3 cell line) compared to either drug alone.
We measured the effect of these drugs on mouse model
in vivo, migration and invasion capacity of ovarian cancer cells
by transwell and matrigel assays, on spheroid formation, on
epigenetic regulation, including the expression of epigenetic
associated enzymes DNMTs, HDACs, LSD1 and on the acety-
lation and methylation of histones.

Materials and methods

Cell lines and agents. SKOV3 cell line was purchased from
American Type Culture Collection (ATCC). Cells were
cultured in DMEM/F-12 (1:1) (Gibco) with 10% FBS (Cellgro)
and 1% penicillin/streptomycin (Gibco). Decitabine (5-aza-
2'-deoxycytidine, DAC, 10 mg) and TSA (trichostatin A
5 mM/200 ul) were purchased from Sigma-Aldrich. Decitabine
was dissolved in DMSO at a concentration of 1 zM/1. Spheroid
culture medium MammoCult™ Basic Medium (450 ml)
was used for spheroid culture along with MammoCult™
proliferation supplements (50 ml), hydrocortisone (1 uM/I,
500 ul), Antibiotic-antimycotic (5 ml) and heparin solution
(0.2%, 0.5 ml) (StemCell Technology). Transwell® Permeable
Supports system (Corning), BD BioCoat™ BD Matrigel™
invasion chamber (BD Bioscience), 0.25% trypsin-EDTA
(Gibco), CellTiter® 96 Aqueous Non-Radioactive Cell
Proliferation assay (Promega) were employed.

Cell viability measurement. Promega Cell Proliferation assay
was used for detection of cell viability. The Chou-Talalay
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median effect and combination index (CI) model was used
to determine the effect of combination drug treatments (17).
Briefly, SKOV3 cells were treated with each drug individually
at multiples (1.0, 2.0 and 3.0) and fraction (0.5) of the ICs,
concentration in a fixed ratio (1:50). Combination index was
calculated as: CI=(D),/(DX),+(D),/(DX),. (DX), and (DX),
are the concentration of single drugs required to inhibit x%
of cells and (D), and (D), are drugs concentration in combi-
nation treatments which also inhibit x% of cells. Cl<1, Cl=1
and CI>1 indicate synergism, additive and antagonism effect,
respectively.

Tumorigenicity of SKOV3 cells. Four- to five-week C3H.C-
Prkdc/SCID mice were used in this study and the protocol
was approved by the Institutional Animal Care and Use
Committee of The University of Connecticut Health Center
(IACUQC). Briefly, SKOV3 cells were pretreated with TSA
0.1 uM or the combination of TSA 0.1 uM and decitabine
5 uM for 48 h in vitro and then treated cells were incubated
in drug-free medium for 4 h for recovery. Cells were trypsin-
ized and suspended in fresh medium, SKOV3 (1x107) cells
were injected into the flank of mice subcutaneously and the
mice were carefully observed. Tumor size was measured by
caliper every 5 days and mice were sacrificed at day 30. Tumor
volumes were calculated according to the formula described
previously (18).

Cell migration and invasion assay. Transwells were used to
measure the migration capacity of cancer cells. In cell migra-
tion assay, SKOV3 cells were treated with 0.1 uM TSA, 5 uM
decitabine and TSA plus decitabine for 48 h, then replaced
with fresh medium and incubated 4 h for recovery, then
digested with trypsin-EDTA and cell numbers were counted by
hemocytometer. SKOV3 cell suspension (0.5 ml) (5x10%) were
seeded into the inserts of transwells and incubated in 37°C
incubator for 48 h. All the transwell inserts were then washed
with fresh 1X PBS, then upper surface of the transwell insert
were scraped by cell scraper and washed with fresh 1X PBS,
stained with hematoxylin and eosin and migrated cells in the
lower side of the membranes were counted under Olympus
IX71 microscope and three fields of triplicate membranes of
each group were selected. In cell invasion assay, the protocol
of drug treatment was the same as the migration assay, when
the cells were harvested and then the cells were seeded into
BD Matrigel invasion chamber. After incubation, the non-
invading cells were moved from the upper surface of the
membrane by cell scraper. The cells on the lower surface of
the membrane were stained with hematoxylin and eosin and
the number of invaded cells was counted by Olympus IX71
microscope. Three fields of triplicate membranes of each
group were selected.

Spheroid formation. Suspended single cells (500 cells/ml)
were mixed with combined drugs and seeded in 24-well ultra-
low attachment plates (Corning) in spheroid culture medium
and incubated at 37°C for 15 days and images were recorded
every 5 days. To further investigate the spheroid formation
ability (spheroid number), 1x10° suspended cells were seeded
simultaneously with drugs in 96-well ultra-low attachment
plates (Corning) and incubated at 37°C for 15 days. The
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number of spheroids were counted and the difference between
untreated and combined treated group was compared using
Student's t-test.

In vivo implantation assay. SKOV3 (1x107) cells were mixed
with TSA (0.1 mg/kg) and decitabine (5 mg/kg) and then
injected into 4-5-week C3H.C-Prkdc/SCID mice intraperito-
neally for total treatment of 5 days. Mice were sacrificed on
day 30 from the first day of inoculation. The number and
volume of implanted xenograft nodules were assessed and
expression of apoptosis related proteins Bcl-2, Bel-xL, p21,
p27 of tumors were detected by western blotting.

Western blotting. Pretreated SKOV3 cells or cancer cells from
implanted xenograft nodules were digested and total protein
was quantified by Bradford Protein assay (Bio-Rad), protein
was denatured in 2X laminin sample buffer (Sigma-Aldrich),
10-30 pug/lane samples were loaded and separated on 7-10%
SDS-PAGE gel, the gels were transferred to nitrocellulose
membrane (Whatman), membranes were blocked in 5% non-fat
milk (Lab Scientific) for 1 h and then primary antibodies
were added and incubated at 4°C overnight. The antibodies
and dilution were: E-cadherin, N-cadherin, Twist, DNMT3A,
DNMT3B, HDAC1, HDAC2, LSD1 (1:1000, Cell Signaling
Technology), Bcl-2, Bel-xL, p21, p27, MMP-2, MMP-9 (1:500
Santa Cruz Biotechnology) and f-actin (1:10,000 Sigma-
Aldrich). Then, the membranes were washed with fresh
1X TBST solution three times for 10 min and incubated with
secondary antibodies (Santa Cruz Biotechnology) for 1 h at
room temperature, after being washed with fresh 1X TBST
solution three times for 10 min. SuperSignal® West Femto
Maximum chemiluminescent substrate (Thermo Scientific)
was added to membranes and detected by luminescent detec-
tion system (Syngene system) and densitometric values of
western blotting were assessed by ImagelJ software (NIH. gov).

Histone immunoblots. Histone protein of treated SKOV3
cells was extracted and purified by the Epiquick total histone
extraction kit (Epigenetek), the extraction was quantified and
then diluted in 1X NuPAGE/LDS loading buffer (Invitrogen),
heated at 95°C in a dry heater for 5 min, 10-30 ug/lane samples
were loaded in 10% NuPAGE/Bus/Tris gel (Invitrogen), run
in NuPAGE/MES/SDS buffer (Invitrogen), transferred into
nitrocellulose membranes, blocked in 5% BSA/TBST solu-
tion for 1 h and incubated with primary antibodies at 4°C
overnight. Membranes were washed by 1X TBST solution and
incubated with secondary antibodies for 1 h at room tempera-
ture. The subsequent protocol was the same as described
in the western blotting. The antibodies and dilution were:
H3K4me2, H3K9me?2 and histone H3 (1:1,000, Cell Signaling
Technology).

Statistical analysis. SPSS 16.0 (IMB, Armonk, NY) was used
to analysis the data, GraphPad Prism 5 (GraphPad Software,
San Diego, CA) was used for making graphs and Imagel
software (NIH.gov) was used to assess the densitometric
readings of western blotting, the comparison of more than two
groups was evaluated by one-way ANOVA and the difference
between two groups was evaluated by independent Student's
t-test, P<0.05 was considered statistically significant.
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Results

Effect of TSA and decitabine on tumorigenicity of SKOV3
cells in a mouse xenograft model. DNA demethylation agents
and histone deacetylase inhibitor reported to suppress tumor
formation when used alone or combined with conventional
cytotoxic drugs in cancers (12). We first assessed the effect
of fixed ratio combination of TSA and decitabine on the cell
viability and the results indicated that the combination of TSA
0.1 M and decitabine 5 M achieved the ultimate synergistic
effect (CI=0.421) and this combination was selected for subse-
quent experiments (Fig. 1A). To determine if the combination
of TSA and decitabine was better than either drug alone in
suppressing xenograft tumor formation with SKOV3 cells,
we evaluated the tumorigenicity of pretreated SKOV3 cells
in mouse xenograft models. We found that the combination
suppressed tumor formation greater than either agent used
alone (Fig. 1B). There was a statistically significant difference
between tumor volume and weight from the cells pretreated
with single drugs compared to the combination (Fig. 1C-E),
suggesting a profound effect on tumorigenesis only by
pretreating cells with the combination of agents.

Effect of TSA and decitabine on the migration and invasion of
SKOV3 cells in vitro. Migration and invasion play an important
role in the pathogenesis, development and metastasis of ovarian
cancer (2). Migration capacity was measured in SKOV3 cells
which were treated with TSA alone or the combination of TSA
and decitabine. TSA/decitabine suppressed migration more
than either drug alone (Fig. 2A and B) and induced reversal
of epithelial to mesenchymal transition (EMT) promoting
a switch from N-cadherin to E-cadherin (Fig. 2D). We also
found that invasion capacity of SKOV3 cells was almost
totally suppressed by the combination of TSA and decitabine
(Fig. 2C), the expression levels of MMP-2 and MMP-9 were
significantly suppressed by the combined treatment (Fig. 2D).
The upregulation of E-cadherin, downregulation of N-cadherin
and suppression of MMP-2 and MMP-9 may suppress metas-
tasis by inhibiting migration and ECM degradation.

The combination of TSA and decitabine suppresses spheroid
formation via regulation of EMT in vitro. Spheroids, normally
occurring in ovarian cancer patients, show enhanced migration,
invasion and motility and are thought to play an important role
in the metastasis of ovarian cancer (19). When grown in serum-
free medium, SKOV3 cells formed round, tightly adhered
spheroids which were inhibited with the combination of drugs
(Fig. 3A and B). Migration and invasion ability of spheroid
derived cells were then assessed and both of these functions
were impaired when compared with untreated group (Fig. 3C
and D). The expression of several EMT markers was detected
and the results indicated that Twist and N-cadherin were
significantly suppressed, E-cadherin was markedly induced
and both MMP-2 and MMP-9 were markedly suppressed by
the combined drugs (Fig. 3E).

The combination of TSA and decitabine suppresses tumor
metastases and implantation through apoptosis pathway
in vivo. Based on the spheroid assay results, in order to further
assess if the combination of TSA and decitabine could have
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Figure 1. The combination of TSA and decitabine significantly suppressed the tumorigenicity of SKOV3 in a mouse model. (A) SKOV3 cells were exposed
to a fixed ratio doses of TSA and decitabine and the cell viability was detected by MTS assay. The number adjacent to the spot (0.5, 1.0, 2.0 and 3.0)
indicates fraction and multiples of the ICs, of TSA (IC5=0.1 xuM) and decitabine (IC5,=5 #M). CI<1 indicates synergistic effect. (B) Representative images
of tumors from untreated group and treatment groups. (C and D) Tumor volume and growth curve of SKOV3 xenograft tumor. The results are presented as

mean + SEM, n=10, P<0.05 was considered statistically significant; control vs. treatment group or single treatment vs. combination. (E) Tumor weights were
recorded and assessed.
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Figure 2. Migration and invasion of SKOV3 cells were significantly suppressed by the combination of TSA and decitabine via regulation of cadherins and
MMPs. (A and B) SKOV3 cells were exposed to single or combined drugs and the migration capacity was detected with transwell assay. TSA+DAC, tricho-
statin A 0.1 M plus decitabine 5 yuM. (C) SKOV3 cells treated with TSA alone or the combination of TSA and decitabine in vitro and invasion capacity of
SKOV3 cells was assessed with BD Matrigel invasion assay. (D) Expression levels of E-cadherin, N-cadherin, MMP-2 and MMP-9 were measured by western
blotting, the numbers beneath the blots are the densitometry readings of the protein quantity relative to control. -actin is a loading control.
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Figure 3. Effect of the combination of TSA and decitabine on spheroid formation in vitro. (A) Suspended SKOV3 cells were seeded with or without the
combination drugs in ultra-low attachment plates in vitro. TSA+DAC, trichostatin A 0.1 M plus decitabine 5 yM. (B) Spheroid number was counted when the
cells and drugs were co-cultured in 96-wells for 15 days. Data are presented as the mean + SEM of three independent experiments. (C and D) The migration
and invasion ability of cells which were derived from spheroids were assessed. (E) The expression levels of EMT markers were detected.
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Figure 4. Effect of the combination of TSA and decitabine on tumor xenograft implantation in vivo. (A) The numbers of IP nodules of drug treated mice were
counted and compared to that of untreated group. Data are presented as the mean + SEM, n=10. (B) The expression of apoptosis related proteins of implanted
nodules were detected. (C) Body weights of mice were measured and compared (treatment group vs. control, Student's t-test).

anticancer effect in abdominal cavity in mouse models, we
performed in vivo treatment assay with the combined drugs.
There was a significant reduction in peritoneal cavity cancer
cell implants when TSA and decitabine were administered
intraperitoneally for 5 days following IP injection of SKOV3
cells (Fig. 4A). Bcl-2 and Bcl-xL were significantly suppressed
and p21 and p27 were slightly induced in implanted tumor
nodules in animals treated with the combination drugs
(Fig. 4B). Body weight of untreated and treated mice were

measured and there was no significant weight loss or adverse
side effects although body weight difference was P=0.0537
(Fig. 4C). The animal results suggested that continuous
combined treatment suppress tumor implantation through
inhibiting spheroid formation by activation of the apoptosis
pathway without any apparent drug toxicity.

Effect of TSA and decitabine on the expression of DNMTs/
HDACSs/LSDI and the expression of acetylation of histone H3,
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-H4 and H3K4me2, H3K9me?2. Essential epigenetic associ-
ated enzymes DNMT3A/3B, HDAC1/2 and LSD1 were
significantly suppressed by the combination whereas TSA
alone moderately decreased expression (Fig. 5A). Acetylation
status of histone H3 and H4, were significantly stimulated
and H3K4me2 was significantly induced but H3K9me?2 was
suppressed by TSA alone and the combination, with the
combination having more effect than TSA alone (Fig. 5B).
These results suggest that tumor suppression effect of SKOV3
xenografts by the combination of TSA and decitabine are at
least partially epigenetically regulated and the combination of
multi-target epigenetic inhibitors achieves a synergistic effect.

Discussion

In order to metastasize, ovarian cancer cells must have the
ability to detach from their primary location, invade and
migrate into ECM, reattach to the omentum and peritoneum,
and these processes are mainly mediated by downregulation
of cell-cell adhesion and upregulation of ECM degradation.
The expression of E-cadherin have been shown to be regu-
lated at multiple levels, transcriptionally, translationally and
post-translationally. Several important epigenetic associated
regulators have been found to be involved in the regulation of
E-cadherin both at the epigenetic and transcription levels. A
recent study reported that the presence of LDSI is a prerequisite
for the repression of E-cadherin by Snail through demethyl-
ation of dimethylated H3K4 and suggested that BRAF-HDAC
complex could be a potential target for the prevention of
EMT-associated tumor invasion (20). Snail mediated the
expression of E-cadherin by interacting with HDACs and the
addition of TSA is sufficient to block the repressive effect of
Snail on E-cadherin (21). Twist is a transcriptional factor, which
is able to promote metastasis of epithelial cancer cells through

regulating the process of EMT, inhibiting the expression of
E-cadherin by binding to E-cadherin promoter and activating
expression of the mesenchymal marker N-cadherin (22,23).
E-cadherin is epigenetically regulated and upregulation of
E-cadherin suppressed migration and invasion. E-cadherin
and y-catenin could be markedly induced by the simultaneous
inhibition of DNMT3A and DNMT3B with the addition of
decitabine in choriocarcinoma cells (24). Our findings are
consistent with these data and suggest that the inhibition of
migration and invasion of ovarian cancer cells with the combi-
nation of TSA and decitabine is mediated through inhibition
of HDACs and LSDI1, which in turn, blocks the suppression of
E-cadherin and activation of Twist and N-cadherin.

The role of MMPs is far more than cleavage of basement
membrane to facilitate invasion into the omentum and the peri-
toneal cavity in ovarian cancer. Studies have found that MMP-9
triggers angiogenesis and the stromal MMP-9 promotes blood
vessel formation and pericyte recruitment to angiogenesis in
neuroblastoma (25). Recent reports demonstrated that down-
regulation of MMP-2 mRNA or inhibition of the proteolytic
activity of MMP-2 in both human ovarian primary cells and
cell lines reduced the attachment of ovarian cancer cells to the
peritoneum and omentum in vitro and in vivo. The cleavage of
vitronectin and fibronectin, which is highly expressed in the
mesothelial cells of the lining of peritoneal cavity, is medi-
ated by MMP-2 which is considered to be the iniating event
in ovarian cancer metastasis (6,7). Inhibiting the secretion and
proteolytic activity of MMP-2 would be vital to the preven-
tion of cancer cell metastasis and colonization and our data
show that the combination of TSA and decitabine significantly
inhibited the expression of MMP-2 and MMP-9 and inhibited
ovarian cancer invasion. If ovarian cancer in women could
be induced to undergo the reverse of EMT with upregulation
of E-cadherin and downregulation of N-cadherin as well as
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modulation of the MMPs necessary for invasion, this could
be a major breakthrough to prevent recurrence of this cancer.

Epigenetic alterations, including DNA methylation and
histone modification, contribute to ovarian cancer progression
and drug resistance (26). Intimate crosstalk exists between
histone modification and DNA methylation. DNA demethyl-
ating agents and HDAC inhibitors are two classes of epigenetic
modifiers which have been extensively studied and show prom-
ising anticancer efficacy in chemoresistant ovarian cancers
(27). DNMTs are thought to be important in the pathogenesis
and progression of ovarian cancers. The expression of DNMTs
is suppressed by the histone deacetylase inhibitor TSA, with
the effect of HDAC inhibitor on DNMTs mainly associated
with the spatiotemporal regulation of DNA methylation and
histone modification (28). Our data suggest that the combina-
tion of a DNMT inhibitor and HDAC inhibitor could achieve
significant epigenetic regulation effect via the stimulation
of acetylation of histone H3/4 and suppression of epigenetic
related enzymes, such as HDACs and DNMTs.

Histone methylation is involved in gene transcription,
whether it functions to activate or repress mainly depends
on the number of the methyl groups. Two of the best studied
methylation markers are transcription activation markers
H3K4me2 and repression markers H3K9me2 (29). The
demethylated-H3K4 could be demethylated by LSD1 and
demethylated-H3K9 can also be demethylated by LSD1 in
presence of the androgen receptor (30). Our study demon-
strated the LSD1 was inhibited by TSA and decitabine and
suggested that interactive regulation exists among DNA
methylation, histone deacetylation and histone methylation.
Moreover, our previous data showed that TSA or decitabine
in combination of cisplatin could significantly suppress the
expression of LSD1 and HDAC1/2 in SKOV3 cells (data not
published). We thus hypothesize that combining epigenetic
modifiers potentiate their anticancer effect.

Based on our results, suppression of tumorigenicity in vivo
and the inhibitory effect on migration and invasion in vitro,
we hypothesized that the combination of TSA and decitabine
could also affect the implantation of cancer cells in vivo.
The suppression of spheroid formation and viability could
significantly impact the ability of ovarian cancer to recur with
metastasis and invasion. The major application of this approach
may lie in prolonging remission in women in clinical remis-
sion following chemotherapy or treating recurrent disease.
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