
Regular paper

Epigenetic modifiers, 5-aza-2’-deoxycytidine and valproic 
acid, differentially change viability, DNA damage and gene 
expression in metastatic and non-metastatic colon cancer cell 
lines
Abdelmoudjib Ghecham1, Abderrahmane Senator2, Elzbieta Pawlowska3, Waffa Bouafia2 and 
Janusz Blasiak4✉

1Faculty of Life Sciences, Biotechnology Laboratory of the Bioactive Molecules and Cellular Physiopathology, University of Batna 2, Batna,  
Algeria; 2Faculty of Life Sciences, University of Batna 2, Batna, Algeria; 3Department of Orthodontics, Medical University of Lodz, Łódź, Poland; 
4Faculty of Biology and Environmental Protection, Department of Molecular Genetics, University of Lodz, Łódź, Poland

DNA methylation and histone modifications are major 
components of cellular epigenetic pattern determining 
gene expression. Cancer cells have their own epigenet-
ic array, which can be different in cells of primary and 
metastatic tumors. In the work presented here, we in-
vestigated effects of 1 mM valproic acid (VPA), a histone 
deacetylase inhibitor, and 0.2 μM 5-aza-2’-deoxycytidine 
(5-aza-dC), a DNA demethylation agent, singly or in com-
bination in two colorectal cancer cell lines: Caco-2 (non-
metastatic) and LoVo (metastatic). Cell viability, DNA 
damage and mRNA expression of the CDC25C (cell divi-
sion cycle 25C), CDKN1A (cyclin dependent kinase inhibi-
tor 1A) and CHEK1 (checkpoint kinase 1), SQSTM1 (p62, 
sequestosome 1), ULK1 (unc-51 like autophagy activat-
ing kinase 1), RELA (RELA proto-oncogene, NF-κB subu-
nit) and TP53BP1 (tumor protein p53 binding protein 1) 
genes important for cell cycle regulation, autophagy and 
cancer progression were investigated. Both drugs in-
duced a moderate decrease in cell viability and a signifi-
cant DNA damage in both cell lines. The LoVo cells were 
more sensitive to VPA and combined treatment than 
Caco-2. The LoVo cells also showed higher expression 
of genes that are often associated with more aggressive 
tumors than the Caco-2 cells and treatment with modifi-
ers had increased this difference. In conclusion, 5-aza-dC 
and VPA can induce different effects in metastatic and 
non-metastatic cancer cell lines and this may be impor-
tant in determination of an epigenetic profile responsi-
ble for metastatic properties of cancer cells.
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INTRODUCTION

Malignant tumors contain a heterogeneous collec-
tion of cancer cells and this heterogeneity reflects vari-
ous functions that they may play in cancer transforma-
tion (Caswell & Swanton, 2017; Prasetyanti & Medema, 
2017). Although identification and eradication of cancer 
stem or stem-like cells can be an ultimate goal of can-
cer therapy, targeting the subpopulation of cells involved 
in metastasis is crucial, as metastasis is the main reason 
for cancer-related death (De Greef et al., 2016). Cells in-
volved in metastasis are characterized by a different phe-
notype than cells that are not implicated in this process. 
This phenotypic specificity is determined by a specific 
gene expression pattern, which in turn is determined by 
the gene sequence and epigenetic modifications of DNA 
and histones, as well as activity of regulatory RNAs (Toh 
et al., 2017). These modifications result from mutations 
or/and altered expression of epigenetic enzymes and 
their regulators (You & Jones, 2012). Therefore, changes 
in the epigenetic pattern of cancer cells may lead to the 
loss or acquisition of phenotypes important in cancer-
related effects, including metastasis. Determination of 
epigenetic pattern specific to metastasis is important for 
cancer prognosis and therapy, as it can be targeted to 
change into a pattern associated with a less-invasive phe-
notype or to induce cancer cell senescence or death. 

Many drugs targeting proteins involved in the forma-
tion and maintenance of an epigenetic pattern have been 
approved in cancer therapy or are being tested in clinical 
trials (reviewed in (Mohammad et al., 2019)). This kind 
of therapy is called the epigenetic therapy. Such drugs 
mainly target DNA methylation and chemical modifi-
cations of histone tails, and are represented by various 
compounds, but likely the most widely investigated drugs 
are inhibitors of enzymes involved in epigenetic modifi-
cations, including DNA methyltransferases (DNMTs), 
histone deacetylases (HDACs) and methyltransferases, as 
well as BET (bromodomain and extra-terminal domain) 
family proteins (reviewed in (Zhao et al., 2018)). 

Several drugs for epigenetic therapy, including decit-
abine and azacitidine (DNMT inhibitors, DNMTi), be-
linostat, vorinostat and romidespin (HDAC inhibitors, 
HDACi) have been approved as drugs for monothera-
py in hematologic cancers (Taby & Issa, 2010). Such 
drugs are also reported to produce a synergistic reac-
tion with conventional anticancer drugs, targeted drugs 
and drugs for immunotherapy, when applied in com-
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bination (Raynal et al., 2017). In addition, a combined 
treatment with epigenetic drugs may result in a synergis-
tic outcome, as shown for the first time at the end of 
the last century for the reactivation of tumor suppres-
sor and other cancer-related genes after a joint action of  
HDACi and  DNMTi (Cameron et al., 1999). Since then, 
many combinations of DNMTi and HDACi have been 
tested in both, preclinical studies and clinical trials (Bha-
dury et al., 2014; Fiskus et al., 2017; Fiskus et al., 2009; 
Juergens et al., 2011; Kirschbaum et al., 2014; Momparler 
et al., 2012). Cancer, similarly to other complex diseases, 
is presumed to be more susceptible to a combined treat-
ment than monotherapy (Bertolini et al., 2015). 

In the work presented here, we investigated the ef-
fect of two modifiers of cellular epigenetic pattern: val-
proic acid (VPA), an HDACi, and 5-aza-2′-deoxycytidine 
(5-aza-dC), a DNA demethylating agent, alone or in 
combination, in two colorectal cancer cell lines: Caco-2 
and LoVo. Caco-2 is the colon adenocarcinoma cell line 
derived from primary colorectal tumor, whereas LoVo 
originates from colon adenocarcinoma metastatic site: 
the left supraclavicular region (Drewinko et al., 1979). 
Therefore, we assumed that we employed a cell line that 
represents a growing and invading, but non-metastatic 
tumor (Caco-2), which we called non-metastatic, and an-
other cell line representing tumor at the stage of metas-
tasis (LoVo), and so we called it metastatic. Although ei-
ther cell line contains a great array of cells with different 
phenotypes, we assumed that LoVo contained more cells 
with a metastatic phenotype than Caco-2. Therefore, we 
compared the influence of epigenetic modifiers, which 
are used as epigenetic drugs in non-metastatic and meta-
static colon cancer cell lines, assuming that their differ-
ent properties are underlined, at least in part, by different 
epigenetic profiles of these cells. We investigated cell vi-
ability, DNA damage and expression of a panel of genes 
important in metabolism of cancer cells in non-metastat-
ic and metastatic colon cancer cell lines exposed to VPA 
or/and 5-aza-dC. mRNA expression of the TP53BP1 
(tumor protein p53 binding protein 1), CDC25C (cell 
division cycle 25C), CDKN1A (cyclin dependent kinase 
inhibitor 1A) and CHEK1 (checkpoint kinase 1) genes 
that are involved in DNA damage response (DDR) and/
or cell cycle regulation, was assessed.  Also, genes im-
portant in autophagy: SQSTM1 (p62, sequestosome 1) 
and ULK1 (unc-51 like autophagy activating kinase 1), as 
well as RELA (RELA proto-oncogene, NF-κB subunit) 
that is involved in inflammation, immunity response, cell 
growth and differentiation, tumorigenesis and apoptosis 
were investigated.

MATERIALS AND METHODS

Chemicals. VPA and 5-aza-dC obtained from Merck 
(Poznan, Poland) were dissolved in water or DMSO, re-
spectively, to prepare stock solutions kept at –20°C. Cell 
culture media DMEM (Dulbecco’s modified Eagle me-
dium) and EMEM (Eagle’s minimal essential medium) 
were obtained from Lonza (Basel, Switzerland).  Low 
melting point (LMP) and normal melting point (NMP) 
agarose, resazurin, phosphate buffered saline (PBS), fe-
tal bovine serum (FBS), penicillin, streptomycin, DAPI 
(4’,6-diamidino-2-phenylindole) and hydrogen peroxide 
were purchased from Merck. Reagents for gene expres-
sion analysis were obtained from Thermo Fisher Scien-
tific (Waltham, MA, USA).

Cells and treatment. The Caco-2 and LoVo cell lines 
were obtained from ATCC (Manassas, VA, USA). Nor-

mal colorectal cell line CCD841 was kindly donated by 
Dr. B. Szymanska (CoreLab, Medical University of Lodz, 
Lodz, Poland). After reaching confluence and determina-
tion of cell density and viability by trypan blue exclu-
sion, the cells were ready to use. They were incubated 
at 37°C for 24 h with VPA at 1 mM or for 72 h with 
0.2 µM 5-aza-dC. In the combined exposure mode, cells 
were treated for 48 h with 0.2 µM 5-aza-dC and then 
VPA was added to a final concentration of 1 mM and 
incubation proceeded for the next 24 h. Cells that were 
treated for 30 min on ice with 15 mM hydrogen per-
oxide were used as a positive control. Cell viability was 
determined with Resazurin Based In Vitro Toxicology 
Assay Kit (Merck).

Comet assay. Comet assay was performed in an al-
kaline version according to the procedure of Singh et 
al. with some modifications, as described previously 
(Klaude et al., 1996; Pawlowska et al., 2014; Singh et al., 
1988). Briefly, a 5 × 104 suspension of cells in LMP aga-
rose was spread on microscope slides precoated with 
NMP agarose. After lysis and denaturation, electropho-
resis was run in alkaline (pH > 13) conditions. The slides 
were observed at 200 × magnification under an Eclipse 
fluorescence microscope (Nikon, Tokyo, Japan) connect-
ed with COHU 4910 digital video camera (Cohu, San 
Diego, CA, USA) and analyzed with Lucia-Comet V.4.51 
(Laboratory Imaging, Praha, Czech  Republic). A hun-
dred randomly selected cells were chosen to assess the 
DNA content in the comet tail and each experiment was 
performed in triplicate.

Gene expression. Total RNA was extracted with 
RNeasy preparation Kit (Chatsworth, CA, USA). cDNA 
was synthesized using Thermo Scientific Maxima First 
Strand cDNA Synthesis Kit (Thermo Fisher Scientific). A 
total of 10 ng RNA were used per experiment. TaqMan® 
Fast Advanced Master Mix kits with specific primers 
(Thermo Fisher Scientific) were used to measure mRNA 
levels of the CDC25C (probe ID Hs00156411_m1), CD-
KN1A (Hs00355782_ml), CHEK1 (Hs00967510_g1), 
RELA (Hs01042014_m1), SQSTM1 (Hs01061917_g1), 
TP53BP1 (Hs00996827_m1) and ULK1 (Hs00177504_
m1) genes. The gene encoding glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was used as an internal 
control. mRNA expression was related to that measured 
in normal colorectal CCD841 cells. These cells were 
used only as a reference and were not exposed to any 
epigenetic modifier. Real time quantitative PCR (RT-qP-
CR) was run at 95°C for 2 min, followed by 40 cycles 
at 95°C for 1 s and 60°C for 20 s. Samples were run in 
duplicate. Applied Biosystems 7900HT Fast Real-Time 
PCR System machine was used. All data were analyzed 
by Sequence Detection System 2.0 (Thermo Fisher Sci-
entific). Relative expression was calculated according to 
the 2–ΔΔct method and presented as the fold change ratio 
to CCD841 cells (Livak & Schmittgen, 2001). 

Data analysis. Statistical analyses were performed 
with the SigmaPlot v. 12.5 software (Systat Software, 
Inc., San Jose, CA, USA). Statistical significance was de-
termined by performing one-way ANOVA, with Tukey 
post-hoc multiple comparison (cell viability, DNA dam-
age) or Student t-test (gene expression).

RESULTS

Cell viability

5-Aza-dC and VPA, both singly and in combination, 
evoked a moderate decrease in the viability of both cell 
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lines (Fig. 1). That decrease was more pronounced for 
LoVo than Caco-2 cells after exposure to VPA and 
combined treatment (p < 0.05 in both cases). A 30-min 
exposure on ice to H2O2 at 15 mM (positive control) re-
sulted in about 50% decrease in cell viability in both cell 
lines (results not shown). We presumed that the condi-
tions of incubation with the epigenetic modifiers pre-
serve the viability of the cells to study DNA damage and 
gene expression independently of their cytotoxicity.

DNA damage

Both modifiers induced a significant DNA damage 
in both, the Caco-2 and LoVo cells, expressed as an in-
crease in the DNA content in the tail of comets in the 
alkaline comet assay (Fig. 2). The extent of DNA dam-
age in the Lovo cells was significantly (p < 0.05) higher 

than in the Caco-2 cells, when the cells were incubated 
with VPA or both modifiers. 

Gene expression

We observed pronounced differences in the expres-
sion of almost all genes between the non-metastatic 
Caco-2 and the metastatic LoVo control (unexposed) 
cells (Fig. 3). Exposure to 5-aza-dC or VPA increased 
these differences, especially in case of the combined 
treatment. For most genes, LoVo cells showed a greater 
level of mRNA expression than Caco-2 cells, and in the 
case of the CDKN1A and SQSTM1 genes, their expres-
sion in LoVo cells exceeded that observed in Caco-2 
cells by many folds, particularly in case of the combined 
treatment. However,  mRNA expression of the CHEK1 
gene was lower in the LoVo than Caco-2 cells for all 
modes of incubation. In general, expression of all genes 

Figure 1. Relative viability of colorectal cancer Caco-2 (gray) and 
LoVo (black) cells exposed at 37°C to 1 mM 5-aza-2’-deoxycyti-
dine (5-Aza-dC, 72 h) and 0.2 μM valproic acid (VPA, 24 h) singly 
or in combination, as evaluated by the resazurin based assay 
and expressed as percentage of the viability of control (non-
exposed) cells. 
Each point is mean of six independent experiments and error 
bars represent S.E.M.; *p < 0.05 for comparison between LoVo and 
Caco-2.

Figure 2. DNA damage in colorectal cancer Caco-2 (gray) and 
LoVo (black) cells exposed at 37°C to 1 mM 5-aza-2’-deoxycyti-
dine (5-Aza-dC, 72 h) and 0.2 μM valproic acid (VPA, 24 h) singly 
or in combination, evaluated by the alkaline version of the com-
et assay and expressed as DNA percentage in the tail of comets. 
The mean value for one hundred cells analyzed in each treatment 
in three independent experiments is presented; error bars repre-
sent S.E.M.; *p < 0.05 for comparison between LoVo and Caco-2.

Figure 3. Relative expression of the CDC25C (cell division cycle 
25C), CDKN1A (cyclin dependent kinase inhibitor 1A), CHEK1 
(checkpoint kinase 1), RELA (RELA proto-oncogene, NF-κB subu-
nit), SQSTM1 (p62, sequestosome 1), TP53BP1 (tumor protein 
p53 binding protein 1) and ULK1 (unc-51 like autophagy activat-
ing kinase 1) genes in colorectal cancer Caco-2 (gray) and LoVo 
(black) cells exposed at 37°C to 1 mM 5-aza-2’-deoxycytidine 
(5-Aza-dC, 72 h) and 0.2 μM valproic acid (VPA, 24 h), singly or 
in combination. 
The mRNA expression was determined by real time quantitative 
PCR and is presented as fold change relative to normal colorectal 
CCD841 cells. Expression of each gene was assessed in duplicate. 
Error bars represent S.D., n = 2 for each gene; *p < 0.05, **p < 0.01, 
***p < 0.001 for comparison between LoVo and Caco-2.
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in the Caco-2 cells did not show a pronounced change 
under any treatment.

DISCUSSION

Metastasis is still the main reason for cancer-related 
death and it determines the line in cancer progression 
which is associated with fatal prognosis once crossed. 
Progress in therapy of metastatic cancer is much slower 
than in the general anticancer therapy, and in fact such 
therapy is usually only palliative to help to control and 
reduce the cancer-associated syndromes (Lobbezoo et 
al., 2016). Therefore, studies on molecular aspects of the 
process of metastasis are justified. Metastatic cancer cells 
must have different properties than the rest of the tu-
mor mass to invade borders of the surrounding tissues, 
migrate with bloodstream and colonize distant organs 
(van Zijl et al., 2011). These properties are determined, 
at least in part, by mutations and changes in epigenetic 
pattern in some genes (Macaluso et al., 2003). Therefore, 
search for modifiers of epigenetic pattern that may be 
important for metastasis is warranted.

Many modifiers of cellular epigenetic pattern are 
tested in preclinical research and clinical trials. In most 
cases, a single substance is investigated, but accumulating 
evidence suggests that combined treatment may be more 
effective due to positive synergistic drug interactions 
(Raynal et al., 2017). 5-aza-dC (azacitidine) proved to be 
effective in combination with entinostat, an HDAC1/3 
inhibitor in a phase I/II trial in patients with recurrent 
metastatic non-small cell lung cancer (Juergens et al., 
2011). Combined treatment leads to lowering of con-
centrations of individual compounds that are otherwise 
toxic to normal cells. Combined therapy may be carried 
out in a concurrent or sequential mode. Kirschbaum 
and coworkers (Kirschbaum et al., 2014) had shown that 
concurrent therapy with vorinostat and decitabine was 
more effective than its sequential administration in pa-
tients with acute myeloid leukemia (AML) or myelodis-
plastic syndrome in phase 1 trial. Similarly, Fiskus and 
coworkers (Fiskus et al., 2009) had shown that combined 
treatment with the S-adenosylhomocysteine hydrolase in-
hibitor 3-deazaneplanocin, an inhibitor of histone meth-
yltransferase, and panobinostat, a non-selective histone 
deacetylase inhibitor proved to be effective in selective 
epigenetic therapy against AML cells. 

Combined therapy with DNMTi and HDACi seems 
to be especially justified as hypermethylated DNA com-
bines with transcriptionally silent chromatin, typified by 
the presence of deacetylated histones. This combination 
is mediated by the recruitment of methylCpG-binding 
proteins (MBDs) that can complex with HDACs (Roun-
tree et al., 2001). Moreover, the link between HDAC 
activity and DNA methylation is essential for transcrip-
tional silencing of tumor suppressor genes (Kondo et al., 
2003). Moreover, this link has been recently recognized 
as significant for many other genes important for can-
cer development, including genes whose products are in-
volved in DNA repair, cell cycle regulation, apoptosis, 
differentiation, cell-cell interaction and others, including 
some genes investigated in the present work (Kondo, 
2009). However, not only canonical synergy may mat-
ter, as even an additive effect or just a significant in-
crease can bring a therapeutic benefit. In our study, we 
did not detect any synergy between 5-aza-dC and VPA, 
but we showed that cell viability was more efficiently de-
creased in the case of combined treatment as compared 
with either compound used singly. The same concerns 

an increase in the extent of DNA damage. Whether the 
difference between combined and individual treatments 
could be of therapeutic significance is to be established. 

We observed an induction of DNA damage in both 
cell lines by VPA and the combined treatment. Although 
both chemicals address epigenetic pattern, they are not 
limited to that target. Moreover, changes in epigenetic 
pattern of some genes, e.g. DNA maintenance genes, 
may result in DNA damage induction. Tung and Winn 
had observed an increase in DNA damage in mice af-
ter administration of teratogenic doses of VPA (Tung & 
Winn, 2011). This effect could be indirect as it was asso-
ciated with activation of apoptosis and inhibition of cell 
cycle. Similar results were obtained earlier by Schulpis 
et al. who had shown increased levels of 8-oxoG in 
the serum of children on VPA monotherapy (Schulpis 
et al., 2006). It was hypothesized that VPA induced free 
radicals through impairment of the liver functions. Also, 
5-aza-dC was reported to induce DNA damage (Hol-
lenbach et al., 2010; Jung et al., 2007; Khan et al., 2012; 
Sampath et al., 2003). DNA-damaging effects induced by 
VPA and 5-aza-dC in cancer cells may support their an-
ticancer action. 

We observed a difference in the expression of genes 
that are essential for cancer cell metabolism in meta-
static and non-metastatic cell lines. The action of epi-
genetic modifiers increased these differences with the 
greatest effects observed for combined exposure. In 
general, modifiers had increased expression of majority 
of the genes, especially in the LoVo cells, which is in 
agreement with general action of these compounds, as 
5-aza-dC may demethylate promoters of genes, increas-
ing their accessibility for transcription factors. VPA, as 
an HDAC inhibitor, may preserve an open configuration 
of chromatin, which favors gene expression. Changes in 
histone modifications occurring in the chromatin in case 
of genes that show no marked change in DNA meth-
ylation may also indirectly affect gene expression (Seelan 
et al., 2018). Suzuki and coworkers (Suzuki et al., 2002) 
suggested that Trichostatin A (TSA), an HDACi, could 
reactivate silenced genes with unmethylated promoters, 
while genes with hypermethylated promoters required 
both, 5-aza-dC and TSA.

RELA, a product of the RELA protooncogene, plays 
an important role in the activation of genes involved in 
inflammation and the immune response, and it is impli-
cated in epithelial-mesenchymal transition in cancer and 
metastasis (Huber et al., 2004; Julien et al., 2007). We 
observed higher RELA expression in the LoVo than 
Caco-2 cells, and treatment with the modifiers had in-
creased RELA expression, but only in the LoVo cells. 
Therefore, its enhanced expression may be specific for 
metastatic cells. High expression of RELA was positively 
correlated with lymph node metastasis of nasopharyngeal 
carcinoma (Hu et al., 2010). It was also associated with 
invasive phenotype in breast cancer (Wang et al., 2007). 
RELA can contribute to cancer development by induc-
ing transcription of Bcl2 and stimulating angiogenesis 
through activation of inflammatory cytokines (Basseres 
& Baldwin, 2006; Naugler & Karin, 2008).

CHEK1, an essential regulator of the G2/M check-
point and DNA damage response, was overexpressed in 
metastasis of liposarcoma (Gobble et al., 2011). CHEK1 
expression was often more correlated with aggressive 
tumors (Verlinden et al., 2007; Yao et al., 2010). How-
ever, we observed a decreased expression of CHEK1 in 
the LoVo cells as compared with the Caco-2 cells, but 
CHEK1 plays so many diverse functions in both, normal 
and cancer cells, that its role in the process of metasta-
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sis may be quite complex and our experimental design is 
apparently not sufficient to assess that role.

Our work has several limitations. We did not check 
whether 5-aza-dC and VPA exerted their action of epige-
netics modifiers in the Caco-2 and LoVo cells, as it was 
shown many times elsewhere. Strey and others (Strey et 
al., 2011) had shown that VPA at 1 or 5 mM increased 
acetylation of H3 and H4 histones in the Caco-2 cells. In 
turn, Papi and others (Papi et al., 2012) had shown that 
VPA at 1 or 3 mM inhibited HDAC1 in the LoVo cells. 
Habano et al. had shown a DNA demethylating action 
of 5-aza-dC in the promoter of the pregnane X receptor 
gene in both cell lines (Habano et al., 2011). We focused 
on cancer cells with no parallel study on normal cells. 
Adverse side effects of anticancer drugs in normal cells 
are one of the most, if not the most, serious obstacles 
in cancer therapy and they should not surpass beneficial 
effects for cancer cells. However, safety of 5-aza-dC and 
VPA was tested in several clinical trials (Elshafay et al., 
2019; Schuh et al., 2017). In our gene expression analy-
sis we included genes which can be important for basic 
cellular processes whose deregulation may contribute to 
cancer transformation. We did not include genes that are 
suggested to play an essential role in colorectal cancer 
metastasis, as they have not been unequivocally identi-
fied and there are too many candidates to be included 
in such analysis. For instance, Al-Temaini et al. had ob-
served that 42 genes were associated with metastatic re-
lapse, short disease-free or overall survival and/or epi-
thelial to mesenchymal transition in stage II colorectal 
cancer (Al-Temaimi et al., 2016). All of them might be 
active in the metastatic relapse, but due to gene ontology 
they can be classified into genes involved in growth reg-
ulation, DNA maintenance, metabolism regulation and 
signal transduction, similarly to genes analyzed in the 
present work. We used two cell lines originating from 
different individuals, but we did not consider potentially 
different genetic background. Therefore, difference in 
gene expression might result from different spectrum 
of mutations that might determine different response 
to epigenetic modifiers. The metastatic LoVo cells were 
taken from secondary tumor and there is no guarantee 
that they still possessed properties which enabled them 
to metastasize.

In conclusion, we observed different reactions of 
metastatic and non-metastatic colon cancer cells to two 
epigenetic modifiers in cell viability, DNA damage and 
especially in the expression of genes important for me-
tabolism of cancer cells. These results can contribute to 
identification of cellular properties responsible for metas-
tasis. 
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