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Abstract

The influence of morin hydrate on changes of proliferative, metastatic, and adhesive potential of human ovarian cancer cells
concerning the influence of decitabine, and decitabine with trichostatin A, and in comparison to untreated cells, were ana-
lyzed. The effect of morin hydrate, decitabine, and trichostatin A were examined in A2780 and SKOV-3 ovarian cancer cell
lines using MTS assay, clonogenic assay, adhesion to endothelial HMEC-1 cells, transwell migration assay and cell cycle
analysis. The expression level of epithelial to mesenchymal transition (EMT) markers was quantified using PCR Array in
relation to the level of global methylation determined with Methylated DNA Quantification Kit. We observed statistically
significant inhibition of adhesive and migratory potential of both cell lines and the accumulation of GO/G1 phase A2780
cells after treatment with morin hydrate. Our studies confirmed the influence of morin hydrate on down-regulation of genes
considered as up-regulated during EMT, and up-regulation of some genes considered as down-regulated during EMT in
A2780 and SKOV-3 cells. Phenotypic changes were associated with molecular changes in cells, eg. decrease of the expres-
sion level of genes associated with adhesion, and an increase of genes down-regulated during EMT, after morin hydrate
treatment in comparison to untreated control cells in both cell lines, were observed.
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Abbreviations SAM S-sdenosyl-L-methionine
ATCC American type culture collection TSA Trichostatin A

DNMT DNA methyltransferase

ECACC European collection of authenticated cell

cultures Introduction
ECM Extracellular matrix
EMT Epithelial to mesenchymal transition Epigenetic basics of EMT in cancer
EOC Epithelial ovarian cancer
HAT Histone acetyltransferase Epigenetic aberrations, including DNA methylation, histone
HDAC  Histone deacetylase modifications, and microRNA dysregulation play an impor-
MET Mesenchymal to epithelial transition tant role in the development and progression of ovarian can-

cer. Diet and food ingredients can affect epigenome, both,
at the DNA level and histone modification. DNA methyla-
tion is a kind of covalent modification at the 5’ position of
the cytosine ring (5SmC) within CpG dinucleotides and is
associated with transcriptionally repressed chromatin. DNA
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oncogene promoters, or genome-wide hypomethylation.
Among histone modifications (acetylation, methylation, etc.)
lysine acetylation catalyzed by several histone acetyltrans-
ferases (HATSs), neutralize the positive charge of histone,
weaken histone-DNA interactions and enhance transcription.
The activity of HATs is balanced by histone deacetylases
(HDACs—18 enzymes grouped into four classes), which
restore the positive charge of the lysine, stabilize the chro-
matin architecture and act as transcription co-repressors [1].
High levels of HDAC’s cause histone hypoacetylation, being
identified in cancer cells [2, 3].

In contrast to various genetic abnormalities, such as
somatic mutations or genomic instability, which mainly lead
to activation of oncogenes and inactivation of tumor sup-
pressor genes, aberrant epigenetic genes silencing are poten-
tially reversible by a combination of DNA-demethylating
agents—DMNTs inhibitors and HDAC inhibitors [4, 5]. The
interaction of DNA hypermethylation with histone hypoa-
cetylation silences gene expression, due to the attachment
of the 5-methylcytosine binding protein to the target gene
promoter followed by HDAC recruitment [6]. The observed
synergy between DNMT inhibitors (DNMTi) and HDAC
inhibitors (HDACIi) seems to be influential in extending
the use of DNMTi [2, 7]. The relationship between DNA
methylation and histone deacetylation is the basis for using
a combination of epigenetic factors that target these mecha-
nisms of gene silencing.

In developed countries, epithelial ovarian cancer (EOC) is
one of the most common cancers. Histologically it is divided
into five types: high-grade and serous cancer, endometri-
otic, mucinous, and clear cell carcinoma. Each of the his-
tological subtypes of ovarian epithelial carcinoma shows a
clear etiological and molecular pathogenesis and different
sensitivity to treatment [8]. Most epithelial ovarian cancers
spread through the blood or lymphatic system in the classi-
cal metastatic cascade mechanism. In the beginning, a local
invasion of primary tumor cells into the surrounding stro-
mal and extracellular matrix (ECM), invasion and spread by
blood or lymph vessels, retention in a distant site, extravasa-
tion to the parenchyma, and eventually proliferation to form
metastases. The basis for invasion and metastasis is the third
type of epithelial to mesenchymal transition (EMT) in which
non-motile, polarized epithelial cells undergo a series of bio-
chemical changes, becoming mobile non-polar mesenchymal
cells with invasive features with characteristic changes at the
epigenetic and genetic level [5, 9].

The opposite mesenchymal to epithelial transition (MET)
occurs at the metastatic site, allowing for anchored and
extravasating cancer cells to regain epithelial features and
proliferate into the tumor [9]. Typical biomarkers for EMT
are cell-surface proteins, cytoskeletal markers, and extracel-
lular proteins. Downregulation of genes encoding, among
others, E-cadherin, occludin, desmoplakin, keratin (type I
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cytoskeletal 19), caveolin-2, and fibroblast growth factor-
binding protein 1 is associated with the 3 type EMT [10-12].
On the other hand, up-regulated during EMT in cancer are
genes encoding, among others, N-cadherin, a5p1 integrin,
aVP6 integrin, vimentin, B-catenin, caldesmon, moesin,
al(I) collagen, ol (IIT) collagen, fibronectin, matrix metal-
loproteinase-9, matrix metalloproteinase-2, stromelysin-1,
metalloproteinase inhibitor 1, and versican core protein
[11, 13]. EMT involves epigenetic alterations to chromatin
modifications at both the DNA and protein level. Transcrip-
tion factors important for regulation of EMT belong to the
three main families such as TWIST (TWIST1 and TWIST?2),
SNAI (Snail and Slug), and ZEB (ZEB1 and ZEB2) involve
various histone-modifying complexes to chromatin, mediat-
ing epigenetic silencing of genes [10, 11, 14].

Epigenetic modulation of EMT: natural compounds
as an alternative epigenetic modulators

Nutritional genomics, dietary supplements, and natural com-
pounds is an emerging field that may lead to reverse the
epigenetic marks which are altered during carcinogenesis.
Diet has a significant impact on the epigenetic pattern by
regulating posttranslational modifications. For this reason,
epigenetics has emerged as a topic of interest in the field
of nutrigenomics [15]. Nowadays, nutraceuticals, defined
as a substance, which has physiological benefit or provides
protection against chronic disease, have received consider-
able interest due to potential nutritional, safety, and thera-
peutic effects. An interesting example includes anti-cancer
compounds known as flavones. Morin (2',3,4',5,7-pentahy-
droxyflavone), a member of the flavanol group [16] exist
in high concentrations in many plants such as Morus alba
L. (Moraceae) and Otostegia persica (Lamiaceae), and
it also exists in figs, apples, onions, tea and cereal grains
[17]. The presence of two aromatic rings connected by a
c-pyrone ring, in which polar hydroxyl groups are bound
at various positions to characterize the chemical structure
of morin. All hydroxyl groups are responsible for the free
radical-scavenging properties of flavonoids [18]. Morin has a
promising anti-cancerous activity by reducing DNA damage
and modulating signaling pathways responsible for prolif-
eration and differentiation, which could lead to cell-cycle
arrest and apoptosis [19, 20]. Morin downregulated NF-kB
which inhibited the inflammatory gene cascade along with
the downregulation of several factors such as an inhibitor
of apoptosis protein 1 and 2, in cell proliferation, cyclooxy-
genase-2 and cyclin D1, and invasion such as matrix met-
alloproteinases [21]. Evidence suggests that polyphenols
can modulate chromatin structure through influencing the
expression of chromatin remodeling enzymes, HDACs and
DNMTs. Some of the flavonols, e.g., quercetin or fisetin,
highly structurally similar to morin, were tested for DNMT
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inhibition, and all inhibited DNMT1-mediated DNA meth-
ylation. Additionally, quercetin causes HAT activation and
HDAC inhibition [22, 23].

Among chemical compounds that inhibit DNMTs activ-
ity, there are distinguish nucleoside analogues and non-
nucleoside inhibitors. Nucleoside analogues (i.e. 5-azacy-
tidine, and 5-aza-2'-deoxycytidine—have been approved
by the U.S. FDA for clinical use against hematological
malignancies) incorporate into DNA and form an irrevers-
ible covalent complex with the enzyme triggering its pro-
teasomal degradation [24]. Among HDAC inhibitors there
are compounds divided into four classes hydroxamic acids
(Trichostatin A—TSA, derivative isolated from Streptomy-
ces), cyclic tetrapeptides, benzamides, and short-chain fatty
acids [2].

In this report, we hypothesized that morin exerts the anti-
proliferative, anti-metastatic, and anti-adhesive influence
on ovarian cancer cell lines in reference to the changes of
expression level of genes involved in epithelial to mesenchy-
mal transition, and the methylation level in cells, similar to
decitabine, and decitabine in combination with trichostatin
A as the example of chemical epigenetic modulators.

Experimental section
Cell culture

Two human ovarian cancer cell lines were used, A2780 and
SKOV-3. A2780 was purchased from European Collection
of Authenticated Cell Cultures (ECACC®, 93112519) and
were cultured in RPMI-1640 medium with 2 mM L-glu-
tamine, 10% (v/v) fetal bovine serum (FBS, Biological
Industries) and 0.1% (v/v) gentamicin (50 mg/ml gentamicin
sulfate, Biological Industries), in a humidified atmosphere
containing 5% CO,, at 37 °C. SKOV-3 were purchased from
American Type Culture Collection (ATCC® HTB-77™)
and were cultured in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco) supplemented with 10% (v/v) fetal bovine
serum (Biological Industries), and 0.1% (v/v) gentamicin
(50 mg/ml gentamicin sulfate, Biological Industries), in a
humidified atmosphere containing 5% CO,, at 37 °C. For the
adhesion assay, dermal endothelium cells were used. HMEC-
1, human microvascular endothelial cells—purchased from
American Type Culture Collection (ATCC®, CRL-3243™)
were cultured in MCDB131 (Gibco) supplemented with
10 ng/ml Epidermal Growth Factor (EGF, Thermo Fischer
Scientific), 1 pg/ml hydrocortisone (Sigma-Aldrich), 10 mM
glutamine (Sigma-Aldrich), 10% (v/v) fetal bovine serum
(Biological Industries), and 0.1% (v/v) gentamicin (50 mg/
ml gentamicin sulfate, Biological Industries), in a humidified
atmosphere containing 5% CO,, at 37 °C.

Epigenetic modulators treatment

Morin hydrate (2',3,4',5,7-Pentahydroxyflavone, Sigma-
Aldrich) 50 mM stock solution in DMSO (dimethyl sul-
foxide, BioShop), decitabine (5-aza-2'-deoxycytidine,
Sigma-Aldrich) 10 mM stock solution in a DMSO, and
trichostatin A ([R-(E,E)]-7-[4-(Dimethylamino)phenyl]-
N-hydroxy-4,6-dimethyl-7-0x0-2,4-heptadienamide,
Sigma-Aldrich) 10 uM stock solution in a DMSO were
used. Cells were exposed to different concentrations of all
modulators (morin hydrate: 150 pM and 200 pM, decit-
abine: 12.5 pM and 25 pM, trichostatin A: 6.25 nM and
12.5 nM in combination with decitabine 25 pM—for the
adhesion assay, migration assay, cell cycle analysis, and
global methylation assay, and morin hydrate 150 pM,
decitabine 25 pM, decitabine 25 pM with trichostatin
A 6.25 nM—for EMT microarray assay) selected after a
prior cytotoxicity test evaluation: MTS cell proliferation
assay and clonogenic assay of cells in vitro.

Cell viability assay was performed using CellTiter
96®AQueousNon-Radioactive Cell Proliferation Assay
(Promega). For the assay SKOV-3 cells were seeded at
6% 10° cells and A2780 12 x 10%/0.32 cm? growth area in
96-well plates, grown overnight, and treated with all mod-
ulators for 24 h (morin hydrate range from 12.5-400 uM,
decitabine range from 0.78 to 100 uM, trichostatin A range
from 0.78 to 100 nM, additionally the highest used concen-
tration of DMSO was examined). Samples were prepared in
triplicates. Following the treatments, MTS assay was pro-
vided according to the manufacturer’s protocol. Plates were
incubated at 37 °C for 4 h in a humidified CO, incubator
in the dark. The absorbance of each well was measured at
490 nm with ELISA plate reader (Dynex Technologies Triad
Multi-Mode Microplate Reader). All treated cells were com-
pared against untreated control cells (considered as 100%
viable).

For the clonogenic survival assay, SKOV-3 (5 x 10?
cell/well) and A2780 (10 x 10% cell/well) were seeded in
24-well plates. After serum starvation for 16 h cells were
treated with all modulators for 24 h (morin hydrate range
from 12.5 to 400 puM, decitabine range from 0.78 to 100 pM,
trichostatin A range from 0.78 to 100 nM, additionally the
highest used concentration of DMSO were examined) in
a 37 °C cell culture incubator. Samples were prepared in
triplicates. After 24 h, cells were washed, and the culture
medium was replaced. After seven days of SKOV-3 incuba-
tion and 14 days of A2780 incubation, surviving colonies
were washed with PBS and fixed and stained with 0.5% crys-
tal violet (BTL) with 6% glutaraldehyde (Sigma-Aldrich) for
30 min. The cells were photographed and counted using an
inverted microscope (Axiovert 40 CFL, Zeiss, magnifica-
tion X 5). Clonogenicity was expressed as % of colonies in
relation to untreated control cells.
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For in vitro cell adhesion assay and for in vitro cell
migration assays cell culture media supplemented with
inhibitors was changed every day until cell harvesting after
six days. Untreated control cells were cultured in cell growth
media at the same time.

In vitro cell adhesion assays

Endothelial HMEC-1 cells were grown to 85-90% conflu-
ence in a 24-well plate (seeding density 1 x 10° cell/mL).
Ovarian cancer cells, treated with all modulators for six
days, were stained with 5 pM CellTrace™ CFSE dye (Invit-
rogen) in PBS (phosphate-buffered saline, Gibco) for 20 min
at 37 °C, protected from light. After incubation, PBS dye
solution was removed, and complete culture media were
added for 30 min at 37°C. In the meantime, HMEC-1 were
stained with DAPI for 5 min at 37 °C (final conc. 5 pg/ml in
PBS, Sigma-Aldrich) and washed with PBS (Gibco). After-
ward, the ovarian cancer cells were trypsinized, pelleted
and added onto HMEC-1 in the 24-well plate and incubated
for 60 min at 37 °C. All experiments were carried out in
triplicates. After incubation, each well was gently washed
with PBS to remove non-adherent ovarian cancer cells. The
adherent ovarian cancer cells were visualized and photo-
graphed using an inverted fluorescence microscope Nikon
Eclipse Ti (magnification X 100) with a digital camera. The
number of adherent ovarian cancer cells was measured
with a NIS-Elements Imaging Software at excitation/emis-
sion wavelengths of 492 nm/517 nm for CellTrace™ CFSE
dye and 354 nm/460 nm for DAPI dye as a ratio to control
untreated cells [%].

In vitro cell migration assays

The migration of A2780 and SKOV-3 were analyzed in
Transwell chambers ThinCert™ Cell Culture Inserts 24 Well
(Greiner bio-one) with 8 um pore size. Ovarian cancer cells,
treated with all modulators for six days, were trypsinized,
counted and resuspended in 100 pl serum-free media, and
then seeded in the upper chamber (seeding density 0.5 x 10
cell/insert). The lower chamber filled with 600 pl of 10%
(v/v) fetal bovine serum media as a chemoattractant. All
experiments were carried out in triplicates. After 24 h of
incubation, media from the top side of the insert was dis-
carded, and cells were washed with PBS. The non-migrated
cells were scraped from the top side of the membrane using
a cotton swab, and the migrated cells were fixed in 4% para-
formaldehyde (Sigma-Aldrich) for 30 min, then washed with
PBS, and stained with 0.1% crystal violet (BTL) for 30 min.
The cells were photographed and counted using an inverted
microscope (Axiovert 40 CFL, Zeiss, magnification X 200).
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Cell cycle analysis

The cell cycle analysis was carried out by flow cytometry
after staining with propidium iodide (PI). Ovarian cancer
cells were seeded in a 6-well plate (A2780 seeding den-
sity 0.6 x 10° cell/cm?, SKOV-3 seeding density 0.3 x 10°
cell/cm?), in media supplemented with various concen-
trations of all modulators, with 24 h media replacement,
for 72 h. All experiments were carried out in triplicates.
Then adherent cells were harvested, centrifuged 300xg for
5 min, washed with PBS, and centrifuged 300xg for 5 min
again. The harvested cells were fixed with 70% ethanol
at — 20 °C for 3 h. The 500 pl of fixed cells were washed
with PBS, centrifuged, and suspended in 200 pl of Muse®
Cell Cycle Assay Kit (Merck) for 30 min in RT (room tem-
perature), protected from light. The cell cycle analysis was
performed on Muse™ Cell Analyzer (Merck), and results
were analyzed with Muse 1.5 Analysis.

gRT-PCR-based microarray assay

Total RNA was isolated using the ZR-Duet™ DNA/RNA
MiniPrep (Zymo Research) according to the manufactur-
er’s instructions. Total RNA (1 pg) was reverse transcribed
to cDNA using the RT? First Strand Kit (Qiagen), accord-
ing to the manufacturer’s protocol. The relative quan-
titation of gene expression was performed by using the
Epithelial to Mesenchymal Transition (EMT) PCR Array
(Qiagen) in combination with RT?> SYBR® Green qPCR
Mastermix (Qiagen), according to the manufacturer’s pro-
tocol. Samples were prepared in triplicate. For all reac-
tions recommended thermal profile was used: activation
of HotStart DNA Tag Polymerase for 10 min at 95 °C,
followed by 40 cycles of 15 s at 95 °C, 1 min at 60 °C,
followed by 10 min at 72 °C (Mx 3000p Stratagene). The
level of target gene expression was quantified using the
relative quantification. The ACq value for each sample
was determined by calculating the difference between the
Cq (quantitation cycle) value of the genes of interest and
the Cq value of the reference housekeeping genes (e.g.,
RPLPO—Ribosomal protein, large, PO for A2780 cells,
HPRTI—Hypoxanthine phosphoribosyltransferase 1 for
SKOV-3 cells, and B2M—Beta-2-microglobulin for both)
used for normalization, according to the manufacturer’s
protocol. That was determined for each unknown sam-
ple of cells treated with morin hydrate (150 pM), decit-
abine (25 pM), decitabine (25 pM) with trichostatin A
(6.25 nM) for the control cells. Next, the AACq value for
each sample was determined by subtracting the ACq value
of the control from the ACq value of particular experimen-
tal samples. Finally, the normalized level of target gene
expression was calculated by using the formula: 2724¢49,
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Global methylation assay

Total DNA was prepared using the ZR-Duet™ DNA/
RNA MiniPrep (Zymo Research) according to the manu-
facturer’s protocol. For the measurement of global DNA
methylation status, Methylated DNA Quantification Kit
was used (Abcam). To quantify the absolute amount of
methylated DNA a standard curve was generated (0.5, 1.0,
2.0, 5.0 and 10.0 ng/ul for 5-mC), and the OD (optical den-
sity) values versus the amount of positive control at each
concentration point were plotted. The slope (OD/ng) of
the standard curve was determined using linear regression.
The amount (ng) of methylated DNA (5-mC) was calcu-
lated by subtracting the negative control OD from sample
OD and divided by the slope (OD/ng) and multiplied by
2, which is a factor to normalize 5-mC in the positive con-
trol to 100%, as the positive control contains only 50% of
5-mC, according to the manufacturer’s protocol. The per-
centage of methylated DNA was calculated by dividing the
amount of 5-mC (ng) by the amount of input sample DNA
(ng) and multiplying by 100%. Absorbance at 450 nm was
measured using with ELISA plate reader (Dynex Tech-
nologies Triad Multi-Mode Microplate Reader). Samples
were prepared in triplicate.

Statistical analysis

All results were analyzed statistically using the STATIS-
TICA 12.5. Significance was analyzed using ANOVA, fol-
lowed by post hoc Tukey’s multiple comparison test. The p
values for the normalized gene expression were calculated
based on a Student’s t-test of the replicate 2729 values
for each gene in the control group and treatment groups.
Data are presented as the mean + standard deviation (SD).
A p values less than 0.05 were considered as statistically
significant.

Results

Morin hydrate inhibits the viability and colony
formation of A2780 and SKOV-3 cells

The effect of morin hydrate, as well as decitabine and tri-
chostatin A on ovarian cancer cells, were analyzed using
MTS assay after treatment for 24 h at various concentra-
tions. Treatment with all modulators caused a decrease in
cell viability depending on the dose and cell line as shown
in Fig. 1. In A2780 cells ICs, was 43.37 pM + 3.1 pM for
decitabine, 46.86 nM +2.48 nM for trichostatin A, and
376.73 pM +4.5 uM for morin hydrate. In SKOV-3 cells ICy,
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Fig. 1 Effects of decitabine (A), trichostatin A (B), and morin hydrate
(C) on the viability of A2780 and SKOV-3 human ovarian can-
cer cells measured by MTS assay. The cells were treated with indi-
cated concentrations of modulators for 24 h. The data are shown as
mean=+SD of triplicate experiments. *¥ANOVA p<0.05, **p<0.01,
*##%p <(0.001 between the cells treated with the different concentra-
tions of modulators and the untreated control cells

was 45.64 pM + 1.9 pM for decitabine, 29 nM +0.78 nM for
trichostatin A, and 388.57 pM + 3.2 uM for morin hydrate.

A2780 and SKOV-3 cell survival after treatment with all
modulators was established by clonogenic assay. The results
indicated that 24 h of all modulators treatment caused the
inhibition of colony formation depending on dose in both
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Fig. 2 Effects of decitabine (A), trichostatin A (B), and morin hydrate
(C) on A2780 and SKOV-3 colony formation measured by clono-
genic assay. The cells were treated with indicated concentrations of
modulators for 24 h and then SKOV-3 cultured for 7 days, and A2780
cultured for 14 days. Data are expressed as colony-forming efficiency
calculated as a percentage in relation to untreated control cells. The
data are shown as mean+SD of triplicate experiments. *ANOVA
p<0.05, **¥p<0.001 between the cells treated with the different
concentrations of modulators and the untreated control cells

cell lines, as shown in Fig. 2. A2780 cells appear more sensi-
tive decitabine, slightly less sensitive to trichostatin A and
similarly sensitive to morin hydrate as compared to SKOV-3
cells.
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Morin hydrate inhibits the adhesion of A2780
and SKOV-3 cells to HMEC-1 and caused a delay
in migratory ability

Treatment with morin hydrate (150 pM) highly reduced the
adhesive abilities of A2780 and SKOV-3 cells to human
microvascular endothelial cells compared to untreated cells.
In A2780, morin hydrate gives even better results than chem-
ical compounds. Interestingly, we noticed a higher effect
at smaller concentrations in both cell lines. Representative
images of A2780 and SKOV-3 in vitro adhesion to HMEC-1
assay are shown in Fig. 3.

We noticed a significant (p < 0.001) delay in migration in
both experimental groups of cells treated with morin hydrate
(150 pM, 200 pM) compared to untreated control cells. Sta-
tistically significant effects were also observed between cells
treated with two different concentrations of morin hydrate
(p<0.001). Results obtained in SKOV-3 cells treated with
morin hydrate were highly similar to those obtained from
cells treated with decitabine, and trichostatin A. Representa-
tive images of A2780 and SKOV-3 in vitro transwell migra-
tion assay are shown in Fig. 4.

Morin hydrate induces G0/G1 phase cell cycle
arrest in A2780 cells and G2/M phase cycle arrest
in SKOV-3 cells

Morin hydrate induces the A2780 cell cycle arrest at the GO/
G1 phase. Both concentration of morin hydrate statistically
significant (150 pM—p < 0.001, and 200 pM—p < 0.01)
increased the percentage of cells in the GO/G1 phase while
the percentage of cells in the S and G2/M phase (p <0.001)
decreased. Analyses of the cell cycle distribution of A2780
cells after exposure to decitabine showed the cells’ accu-
mulation in the G2/M phase of the cell cycle compared to
untreated cells. Statistically significant (p <0.001) was also
the increase in the number of cells in the S phase. This result
was associated with a decrease in the number of cells in the
GO0/G1 phase. Similar effects were observed in A2780 cells
treated with the combination of decitabine and trichostatin
A, and statistically significant was the increase in the num-
ber of cells in the S phase after treatment with decitabine
(25 pM) and trichostatin A (6.25 nM, 12.5 nM) (p<0.01)
(Fig. 3). Analyses of the cell cycle distribution of SKOV-3
cells after exposure to morin hydrate and other epigenetic
modulators showed the statistically significant (p <0.001)
cell accumulation in the G2/M phase of the cell cycle com-
pared to untreated cells. Additionally, SKOV-3 cells treated
with decitabine (25 pM) and decitabine (25 pM) (p <0.01)
in combination with trichostatin A (6.25 nM, 12.5 nM)
(p<0.001) significantly increased the percentage of cells
in the S phase. This percent increase was associated with a
decrease in the number of cells in the GO/G1 phase (Fig. 5).



Molecular Biology Reports (2020) 47:1965-1978

1971

Controly untreated cells

" [cels treated with 12.5 MM decitabine |Cells treated with 25 M decitabine

Cells treatéd with 25 uM decitabine | Cells treated with 25 M decitabine
and trichostatin A 6.25 nM

110

Cells treated with 2&uM

decitabine
and trichostatin A 6.25 nM

Cells treated with 25 uM decitabine
and trichostatin A 12.5 nM

Cells treated with 150 M morin hydrate | Cells treated with 200 M morin hydrate

Cells treated with 25 uM decitabine
and trichostatin A 12.5 "M

100
90 -

80

70

60 -

50 +

mA2780

40 -
30
20
10 +

Adhesion to HMEC-1 [%]

control  decitabine decitabine  dec.

cells  12.5uM

Fig. 3 Effects of decitabine, decitabine with trichostatin A and morin
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sion assay, Nikon Eclipse Ti, magnificationx 100. C Inhibition of

Measurement of transcriptomic responses to morin
hydrate in A2780 and SKOV-3 cells

Fold change 2724€4 is the normalized gene expression
274% in all the test samples divided the normalized gene
expression 2724 in the control group. Fold regulation rep-
resents fold-change results in a biologically relevant way.
Fold change values greater than one indicates an up-regu-
lation, and the fold regulation is equal to the fold change;
on the other hand, fold-change values less than one indicate
a down-regulation, and the fold regulation is the negative
inverse of the fold change. Fold changes in analyzed genes in
cells treated with morin hydrate, decitabine, and trichostatin
A, and additionally, comparison of fold changes of genes
involved in EMT in A2780 and SKOV-3 cells are shown
in Fig. 6.

Analysis of expression of genes involved in EMT in
A2780 cells have shown a statistically significant decrease
of expression of genes involved in cell migration and
motility AHNAK, JAGI, TGFBI after morin hydrate,
decitabine and decitabine with trichostatin A, ERBB3 after
decitabine, CAV2, NODAL after decitabine, and decitabine

SKOV-3

dec. morin morin

25uM  25uM/TSA 25uM/TSA  150uM  200uM
6.25nM

12.5nM

the A2780 and SKOV-3 cells adhesion to HMEC-1 cells, after treat-
ment with morin hydrate compared to control untreated cells and
cells treated with decitabine, and decitabine (dec.) with trichostatin
A (TSA) [%].The data are shown as mean=+SD of triplicate experi-
ments, ***statistically significant results (p<0.001). (Color figure
online)

with trichostatin A. As well as ECM molecules and those
involved in cell adhesion: SERPINE after morin hydrate
and decitabine with trichostatin A, COLIA2, ITGAS,
MMP3 after morin hydrate and all used compounds,
BMPI1, BMP7, COL5A2, ITGBI, FNI, NODAL, STATS3,
and VCAN after decitabine, and decitabine with trichos-
tatin A. We observed a statistically significant decrease
of ERBBI (EGFR) gene involved in cells’ differentiation
and proliferation after morin hydrate and all compounds
treatment. Additionally, our results have shown a statis-
tically significant decrease of TMEFI and TMEM132A
genes considered as up-regulated during EMT after all
used compounds [8, 10, 23]. Analysis of expression of
genes involved in EMT in SKOV-3 cells have shown sta-
tistically significant decrease of genes involved in cell
migration and motility: AHNAK, FN1, and STAT3 after
morin hydrate and all used compounds, and MSTIR after
decitabine and decitabine with trichostatin A. We observed
statistically significant decrease of expression of genes
involved in cell adhesion: VCAN after morin hydrate and
all used compounds, and PTK?2 after decitabine treatment.
Additionally, our results showed a statistically significant
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Fig.4 Effects of decitabine, decitabine with trichostatin A and
morin hydrate on migratory abilities of A2780 and SKOV-3 cells
analyzed in Transwell chambers ThinCert™ Cell Culture Inserts
with 8 pm pore sizes. Migrated cells were stained with 0.1% crystal
violet after 4% paraformaldehyde fixation. A Representative images
of A2780 cells transwell migration assay, Axiovert 40 CFL, Zeiss,
magnification X 200. B Representative images of SKOV-3 cells tran-

decrease of CAMK2NI and GNG11 genes considered as
up-regulated during EMT after all used compounds.

Morin hydrate reduces global methylation in SKOV-3
cells and only partly in A2780 cells

Global DNA methylation in ovarian cancer cells treated
with morin hydrate, decitabine, and trichostatin A was
analyzed with Methylated DNA Quantification Kit in
comparison to control untreated cells. The highest reduc-
tion in the level of A2780 methylation was observed in
cells treated with morin hydrate (150 pM) (p <0.05),
decitabine (25 pM) with trichostatin A (6.25 nM)
(p <0.05), and decitabine (25 pM, 12.5 pM). Interest-
ingly, an increase in the level of methylation was observed
in A2780 cells treated with morin hydrate (200 pM) and
decitabine (25 pM) with trichostatin A (12.5 nM). The
highest reduction in the level of SKOV-3 methylation was
observed in cells treated with morin hydrate (150 pM,
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swell migration assay, Axiovert 40 CFL, Zeiss, magnification x 200.
C Inhibition of the A2780 and SKOV-3 cells mobility after treat-
ment with morin hydrate compared to control untreated cells and
cells treated with decitabine and decitabine (dec.) with trichostatin
A (TSA) [%].The data are shown as mean=+SD of triplicate experi-
ments, ***statistically significant results (p<0.001). (Color figure
online)

200 pM) (p <0.01) and decitabine (25 pM) with trichos-
tatin A (6.25 nM) (p <0.001). All obtained results were
statistically significant (Fig. 7).

Discussion

Epithelial ovarian cancer is the most lethal gynecological
malignancy, and tumor heterogeneity has been blamed for
treatment failure. Epigenetic treatment regimens being tested
in clinical or preclinical studies could provide promising
novel treatment approaches and hope for improving patient
survival [25]. In addition to standard cancer chemotherapy,
an essential and new approach is the use of nutrigenomics,
which possesses an enormous potential that can apply for
the prevention and management of certain carcinomas and
diseases. There is some evidence that dietary polyphenols
substantially take part in the prevention of, among others,
breast, skin, colorectal, prostate, pancreatic and lung cancers
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Fig.5 Effect of decitabine, decitabine with trichostatin A and morin
hydrate on A2780 and SKOV-3 cell cycle analyzed by flow cytom-
etry after staining with propidium iodide. A Representative profiles
of the A2780 cell cycle. Comparison of cells treated with 150 pM
and 200 pM morin hydrate; control, untreated cells; cells treated with
12.5 pM and 25 pM decitabine; cells treated with 25 pM decitabine
and trichostatin A 6.25 nM and 12.5 nM. B Representative profiles
of the SKOV-3 cell cycle. Comparison of cells treated with 150 pM

[26, 27]. This evidence was the reason for investigating
the effect of morin hydrate on ovarian cancer cells. Morin
hydrate is a naturally occurring polyphenolic flavonol com-
pound which is an isomeric form of quercetin. It has been
recently investigated for its many biological activities, such
as anti-inflammatory, antioxidant, and as well as antican-
cer [28, 29]. In our study, we investigated the influence of
morin hydrate on viability and clonogenicity of A2780 and
SKOV-3 cells. Then, the migration and adhesion capacity
of the tested cells, and the cell cycle analysis after morin
hydrate treatment were performed. Next, we measured the
transcriptomic responses to morin hydrate in A2780 and
SKOV-3 cells compared to decitabine and decitabine with
trichostatin A. Finally, the global methylation level in cells
was examined. All tests were performed in relation to the
untreated control of cancer cells. A2780 and SKOV-3 cells
treated with decitabine, and decitabine in combination with
trichostatin A, were positive control of the morin hydrate
influence on cells in our studies.

We showed morin hydrate-induced inhibition of cell
viability and inhibition of A2780 and SKOV-3 cell colony
formation. Statistically significant in higher concentration.
We observed no colonies after 400 pM of morin hydrate
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and 200 pM morin hydrate; control, untreated cells; cells treated
with 12.5 pM and 25 pM decitabine; cells treated with 25 pM decit-
abine and trichostatin A 6.25 nM and 12.5 nM. C Average percent
of A2780 and SKOV-3 cells in various phases. The data are shown
as mean + SD of triplicate experiments. Statistically significant results
*#(p<0.01), ***(p<0.001) cells treated with morin hydrate, decit-
abine and decitabine (dec.) with trichostatin A (TSA) compared to
control untreated cells. (Color figure online)

treatment in SKOV-3 cells, and we observed statistically
significant colony-forming efficiency at the level of 68 +1%
in A2780 and SKOV-3 cells after 200 pM morin hydrate.
We observed statistically significant inhibition of adhe-
sion of A2780 cells to human microvascular endothelial
cells (HMEC-1), wherein the highest inhibitory (65%)
effect showed morin (150 pM), almost at the same level
as decitabine (25 pM) which reduced adhesion by an aver-
age of 56.64%, and decitabine (25 pM) in combination with
trichostatin A (6.25 nM) which reduced adhesion by an
average of 53.85% in comparison to untreated cells. On the
other hand, we observed statistically significant inhibition of
adhesion of SKOV-3 cells to human microvascular endothe-
lial cells (HMEC-1) after treatment with all compounds
except morin (200 pM). Notably, other used concentrations
we received similar results, wherein high inhibitory effect
showed morin (150 pM) reducing adhesion by an average of
57.72%, decitabine (25 pM) in combination with trichostatin
A (12.5 nM) reducing adhesion by an average of 66.7%,
and decitabine (25 pM) reducing adhesion by an average
of 50.41% [30, 31]. Similar results Lee JH et al. observed
and indicated that morin might have anti-cancer activity by
inhibiting MDA-MB-231 adhesion to HUVEC [30].
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fold change | p-value | fold change | p-value | fold change | p-value fold change | p-value | fold change | p-value | fold change | p-value
AHNAK 054  |0.0019| 034 [0.0003| 036 |0.0004 AHNAK 0.33 | 0.0052 051 0.0289 0.12 | 0.0002
BMPI1 0.29 0.0003 0.40 0.0007 1.41 0.0052 CAMK2N1 0.48 0.0440 0.95 0.9869 0.16 0.0249
BMP7 056 |0.0060| 069 |00366| 1.08 |0.8244 car2 035 03792 057 0.6732 6.52 | 0.0002
cav2 0.57 | 0.0005| 059 |0.0007| 101 |0.9927 CDHI 0.57 [0.0008| 039 0.0002 149 [0.0004
CDHI 561 |0.0002| 421 |0.0002| 408 |0.0002 CDH2 0.65 [0.1034] 122 0.0068 110 | 0.8507
CoL1A2 019 [0.0018 | 017 [0.0016| 073 |0.0456 COL5A42 419 [0.0203| 197 0.0472 034 | 0.8525
COL5A2 036 [0.0003| 043 [0.0004| 125 ]0.0333 DsP 0.52 00003 | 0.58 0.0005 199 10.0002
DSC2 032 00332 o011 |00075| 168 |0.0323 ERBB3 189 [0.0004| 223 0.0002 0.86 | 0.6101
ERBB3 0.59 0.0072 0.75 0.0811 0.91 0.7607 FGFBPI 0.09 0.7390 0.05 0.7203 6.96 0.0009
FNI 0.08 0.0002 0.23 0.0003 1.98 0.0002 FENI 0.84 0.0456 0.93 0.05953 0.10 0.0036
ITGAS 0.33 0.0002 041 0.0002 0.90 0.0039 GNG11 0.42 0.0479 0.73 0.0776 0.11 0.0438
ITGBI 0.39 0.0002 0.50 0.0003 1.03 0.9237 ILIRN 3.37 0.0033 6.09 0.0002 3.12 0.0062
JAGI 0.36 0.0006 0.30 0.0004 0.63 0.0134 KRTI9 0.74 0.0056 113 0.1206 1.53 0.0002
KRTI9 502 |0.0002] 057 [00419] 017 |0.0255 MSTIR 050 |0.0176 | 045 0.0104 1.65 | 0.0041
MMP3 045 |0.0004| 030 [00002] 040 |0.0003 NUDTI3 0.10 | 1.0000| 153 0.1240 597 |0.0002
NODAL 043 [0.0003| 048 [0.0003| 117 |0.0966 OCLN 0.60 | 0.8151 | 0.87 0.9908 5.08 | 0.0003
NUDTI3 044 (00012 067 [00253| 182 |0.0003 PPPDEZ/DEST | 062 |04215| 153 | 0.1968 | 640 | 0.0002
OCLN 085 |08155| 096 09951 | 254 |0.0003 PTK2 072 [0.0105] 081 0.0849 154 [0.0003
PPPDEZ/DESH | 044 | 0.0034| 065 |00418| 177 [0.0006 RGS2 1.69 01901 | 241 0.0076 1.69 | 0.1879
RGS2 180 [0.0943| 148 |04087| 246 [0.0045 SMAD2 045 02570  0.90 0.9842 6.69 | 0.0002
SERPINE] 0.90 0.5613 031 0.0003 0.02 0.0002 SNAIL2 0.63 0.5820 0.77 0.8952 8.66 0.0008
SMAD2 0.78 0.6358 0.96 0.9957 1.96 0.0033 SNAI3 0.25 0.7663 042 0.8701 6.15 0.0008
SNAI2 047 |0.0184] 060 [00367] 177 |0.0667 SPPI 0.79 | 0.3821 1.07 0.9280 2,01 |0.0004
STAT3 0.43 0.0167 0.46 0.0207 1.51 0.0267 STAT3 0.53 0.0002 0.74 0.0002 0.15 0.0002
TFPI2 125 |0.6507 1.17 | 0.8464 110 | 0.9646 TFPI2 136 05477 | 3.19 0.0003 207 |0.0156
TGFBI 0.17 0.0002 0.28 0.0002 0.57 0.0002 TIMP1 1.44 0.5286 3.65 0.0003 2.36 0.0105
TMEFFI 039 |0.0002| 039 00002 070 [0.0029 TSPANI3 134 103785 | 337 0.0002 2.72 | 0.0003
TMEMI1324 041 [0.0002] 042 [0.0002] 087 |0.0405 TWISTI 032 [0.0278| 034 0.0266 4.68 | 0.0002
TSPANI3 144 |09634| 187 [07937] 615 [0.0027 VCAN 048 [0.0372] 017 0.0038 0.06 | 0.0034
TWISTI 077 02620 068 |00862| 120 03345 VPSI3A 101 [0.8422] 053 0.0133 0.19 | 0.0165
VCAN 040 [0.0013] 026 [0.0004| 117 |03341
VPSI34 047 |0.0072] 067 [0.0074| 261 |0.0002
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«Fig. 6 Effect of decitabine, decitabine with trichostatin A and morin
hydrate on the expression of EMT related markers in A2780 and
SKOV-3 cells. A Comparison of the average fold change of genes
considered as up-regulated during EMT in A2780 and SKOV-3.
With an indication of a significant change in the level of expression
after using the compounds tested. The data are shown as mean+SD
of triplicate experiments, statistically significant results *(p <0.05),
**(p<0.01), ***(p<0.001). B Comparison of the average fold
change of genes considered as down-regulated during EMT in A2780
and SKOV-3. With an indication of a significant change in the level
of expression after using the compounds tested. The data are shown
as mean =+ SD of triplicate experiments, statistically significant results
*(p<0.05), ¥*(p<0.01), ***(p<0.001). C Average fold change of
all analyzed genes (in alphabetical order) in A2780 and SKOV-3 cells
treated with morin hydrate (150 pM), decitabine (25 pM), decitabine
(25 pM) with trichostatin A (6.25 nM) and comparing to control cells
(p-values less than 0.05 are indicated in red), genes considered as up-
regulated during EMT are marked in yellow, and genes considered
to be reduced in EMT are marked in green—with an indication of
a significant change in the level of expression after using the decit-
abine, decitabine with trichostatin A and morin hydrate. (Color figure
online)

When analyzing the results of changes in the rate of
migration, we observed the differential migratory ability
of A2780 cells with statistically significant inhibition of
mobility after treatment with all compounds in comparison
to untreated cells. We also observed statistically signifi-
cant inhibition of migratory ability of SKOV-3 cells after
treatment with all compounds, wherein high influence on
slowing down the migration rate showed morin (150 pM)
reducing the mobility by an average of 67.35%, morin
(200 pM) reducing the mobility by an average of 67%,
decitabine in combination with trichostatin A (25 pM and
6.25 nM—73.15%, 25 pM and 12.5 nM—68.52%), and
decitabine (25 pM) reducing the migratory ability by an
average of 57.1%, all in comparison to untreated cells [32].

Our research revealed an influence on the cell cycle of
SKOV-3 cells treated with epigenetic modulators. Analyses
of the cell cycle distribution of SKOV-3 cells after expo-
sure to all used compounds showed statistically significant
cell accumulation in the G2/M phase of the cell cycle in a
dose-dependent manner compared to the control groups of
untreated cells. A similar effect on A549 and HCT116 can-
cer cells were observed at the G2/M phase of the cell cycle
after decitabine treatment observed Shin et al. [32]. SKOV-3
cells treated with decitabine (25 pM) in combination with
trichostatin A (6.25 nM, 12.5 nM) statistically significantly
increased the percentage of cells in the S phase. This obser-
vation was associated with a decrease in the number of cells
in the GO/G1 phase. A similar effect on the HeLa cancer
cell cycle arrest at the G2/M phase after morin treatment
observed Zhang et al. [19].

The potential influence of epigenetic inactivation on
genes expression, which is down-regulated during epithelial
to mesenchymal transition, may be confirmed. In this study,
we observed an increase in their expression after treatment

with morin hydrate and all other compounds. The most
important changes relate to statistically significant up-reg-
ulation of CDH]1 after all compounds which are significant
since the loss of function of this gene is thought to contribute
to cancer progression by increasing proliferation and metas-
tasis. We observed statistically significant up-regulation of
DSC?2 (protein encoded by this gene constitutes the adhesive
proteins of the desmosome cell—cell junction in epithelial
cells), NUDTI13, DESII (PPPDE2), RGS2, OCLN which
encodes an integral membrane protein that is required for
cytokine-induced regulation of the tight junction paracel-
lular permeability barrier, and TSPANI13 which plays a role
in the regulation of cell development, after morin hydrate
(150 uM) treatment and KRT'19, whose protein is respon-
sible for the structural integrity of epithelial cells, after
decitabine (25 pM). All the mentioned changes observed
in A2780 cells. In SKOV-3 cells we observed statistically
significant up-regulation of /LIRN after morin hydrate and
after all other used compounds, CAV2 (the protein encoded
by this gene may function as a tumor suppressor), CDH1,
DSP (encoded the component of the protein which links
adjacent cells), FGFBP1, KRT19, MSTIR, NUDT13, OCLN,
and SPPI after morin hydrate treatment, TFPI2, TIMPI
(the natural inhibitor of the matrix metalloproteinases) and
TSPAN13 after morin hydrate, and decitabine with trichos-
tatin A, COL5A2 and ERBB3 after decitabine and decitabine
with trichostatin A. RGS?2 after decitabine with trichostatin
A. Due to this increased expression, cells are less susceptible
to metastasis. Importantly, our studies suggested down-reg-
ulation of SMAD?2, which mediates the signal of the TGF-
B, and thus regulates multiple cellular processes, such as
cell proliferation, apoptosis, and differentiation, in A2780
and SKOV-3 after decitabine. We observed downregulation
of SNAI2, a transcriptional repressor that binds to E-box
motifs and is also likely to repress E-cadherin transcription,
and involved in epithelial-mesenchymal transitions and has
anti-apoptotic activity, in A2780 cells after decitabine, and
decitabine with trichostatin A (both statistically signifi-
cant), and in SKOV-3 after decitabine and decitabine with
trichostatin A, and downregulation of SNAI3 in SKOV-3
cells after decitabine and decitabine with trichostatin A.
Additionally, we observed statistically significant down-
regulation of STAT3, the signal transducer and activator of
transcription 3 which mediates the expression of a variety
of genes in response to cell stimuli, and thus plays a cru-
cial role in many cellular processes such as cell growth and
apoptosis, in A2780 after decitabine and decitabine with
trichostatin A, and SKOV-3 after morin hydrate and all other
compounds. STAT3 is the significant intrinsic transcription
factor in the induction of the EMT and in the pathogenesis
of cancer. IL-6/JAK2/STAT3 activation enhances metastasis
by induction of EMT by the upregulation of EMT-inducing
transcription factors (Snail, ZEB1, JUNB, and TWIST-1)
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Fig.7 The influence of decitabine, decitabine with trichostatin A and
morin hydrate on changes in the level of global DNA methylation in
A2780 and SKOV-3 cells compared to control untreated cells [%].
The data are shown as mean=+SD of triplicate experiments, statisti-
cally significant results *(p <0.05), **(p<0.01), ***(p<0.001)

and increases cell motility by focal adhesion kinase (FAK)
activation [33]. In A2780 and SKOV-3 (statistically signifi-
cant) cells after decitabine and decitabine with trichostatin
A TWISTI downregulation was observed, which is overex-
pressed in multiple human cancers, and the encoded protein
promotes tumor cell invasion and metastasis. A similar effect
Lo et al. observed and indicated that TWIST expression is
suppressed by EGFR and JAK/STAT3 inhibitors [34]. Note-
worthy, Yue et al. observed and indicated that the inhibition
of EGFR or STATS3 activity repressed Survivin, VEGF and
VIM expression and the colony-forming potential, viability,
and migration of ovarian cancer cells [35]. It is important to
remember that EMT is not only the cellular dynamic process
but also the inherent nature of the cell, which forms a spec-
trum ranging from epithelium to mesenchyme as a function
of the expression level of EMT markers, what is observed
in ovarian cancer [36].

The global methylation level in both cell lines treated
with all epigenetic modulators was analyzed. In A2780
cells morin hydrate (150 pM) (p <0.01), decitabine
(25 pM) with trichostatin A (6.25 nM) (p <0.01), decit-
abine (25 pM, 12.5 pM) decrease the methylation level in
comparison to untreated cells. On the other hand, morin
hydrate (200 pM) and decitabine (25 pM) with trichosta-
tin A (12.5 nM) increase the methylation level in A2780
cells. It is important to remember that in cancer cells,
methylation and demethylation regulating mechanisms
are much less regulated and lead to DNA methylation
instability when gains or losses of methylation. Impor-
tantly, our research suggests that morin hydrate (150 pM,
200 pM) had a significant (p <0.01) inhibitory effect on
the global DNA methylation level in SKOV-3cells. We
obtained a similar effect after decitabine (25 pM) with
trichostatin A (6.25 nM) (p <0.001) cell treatment. Similar
results observed Xie Q et al. in MCF-7 and MDA-MB-231
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human breast cancer cells treated with genistein (100 pM)
in vitro. Noteworthy, morin hydrate as a catechol polyphe-
nol, may indirectly inhibit DNMTs and DNA methylation,
through changing intracellular concentrations of S-adeno-
syl methionine (SAM) [23, 37-39]. Hypomethylation and
hypermethylation are found in the same tumor although in
the different sequences, it had been noticed that there is a
dependence between demethylation and de novo methyla-
tion mechanisms during tumorigenesis [38]. Ovarian can-
cer is generally characterized by the instability of the epig-
enome at the DNA and chromatin levels. It is necessary to
examine the observed quantitative changes by qualitative
methods targeted at the demethylation of tumor suppressor
gene promoters to distinguish with changes in methyla-
tion in regulatory areas of oncogenes where reduced level
affects transcription, often increasing it.

In conclusion, instability of the DNA methylation could
contribute to oncogenesis by affecting classical oncogenes,
but evidence suggests a greater involvement in the activation
of genes associated with tumor invasion and metastasis. We
observed the correlation between the decrease of methyla-
tion level and the changes of phenotypic cell features, e.g.,
reduction of cell mobility and reduction of their adhesive
abilities after morin hydrate in a concentration of 150 uM
treatment in A2780 and SKOV-3 cell lines. Furthermore,
these observations correlate with a decrease of expression
of genes characteristic for the mesenchymal type of cells.
We also observed increase of genes that expression level
is down-regulated while EMT during carcinogenesis which
is more significant to confirm our assumptions about the
potential regulative mechanisms of DNA methylation and
histone deacetylation [31] on the level of gene expression
and the validity of the use of compounds with potential
inhibitory activity on DNA methyltransferases. Our research
confirmed that the most significant was the usage of morin
hydrate (150 pM) and decitabine (25 pM) with trichosta-
tin A (6.25 nM) as a control compound, in comparison to
untreated cells, what we observed in both ovarian cancer cell
lines. We can assume, morin, as an example of anti-cancer
flavones with a potential epigenetic modulation activity,
may become a vital nutraceutical substance helpful in the
standard anti-cancer therapy as well as in the prevention of
carcinogenesis, in the near future.
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