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Abstract

Background: DNA methyltransferases (DNMTs) are key epigenetic regula-
tory enzymes involved in the expression of many genes and are considered as
an attractive target for cancer treatment, especially hematological malignan-
cies. Therefore, promising DNMT inhibitors characterized by low toxicity,
target activity and high selectivity are crucial for the development of new can-
cer therapy and research on the inhibitory mechanism. We had previously
demonstrated that the novel 2’-fluoro-2’-deoxy-arabinofuranosyl 5-azacyto-
sine nucleoside (2’F-araAC) showed high antiproliferative activity in vitroand
increased hydrolytic stability compared to the known agents like azacitidine
and decitabine. Objective: The objective of the present study was to investi-
gate the effect of novel 2’F-araAC as potent anti-leukemia agent and DNMT's
inhibitor on nuclear extract of the HCT-116 human colorectal cell line and
P388 and L1210 mouse leukemia cell lines. Methods: The DNMTs activity was
evaluated using the fluorometric DNMT Activity Quantification Kit (Abcam)
and were reported as the percentage of control. Nuclear proteins were ex-
tracted from HCT-116 cell line using the Nuclear Extraction Kit (Abcam). To
explore the mechanism of anti-leukemic activity of 2’F-araAC, cell cycle and
apoptosis analyses were performed on P388 and L1210 cell lines. Results: It
has been shown that the DNMTs activity was significantly reduced at 1 and 10
UM of 2’F-araAC compared to controls. Moreover, 2’F-araAC can induce
G2/M cell cycle arrest and apoptosis in P388 and L1210 mouse leukemia cell
lines as shown by flow cytometry method. Apoptosis was 54.53% and 43.35%
for 2’F-araAC vs. 2.88% and 5.25% for the control P388 and L1210 cell lines,
respectively. Conclusions: Thus, our study presents a new and promising
compound to further develop new epigenetic regulators to be used as anti-
tumor agents.

DOI: 10.4236/pp.2024.1511023 Nov. 29, 2024 388

Pharmacology & Pharmacy


https://www.scirp.org/journal/pp
https://doi.org/10.4236/pp.2024.1511023
http://www.scirp.org
https://www.scirp.org/
https://orcid.org/0000-0002-9138-9271
https://doi.org/10.4236/pp.2024.1511023
http://creativecommons.org/licenses/by/4.0/

E. Kalinichenko et al.

Keywords

Drug Discovery, Decitabine, 2’-Fluorodeoxy-Arabino Analog,
DNA Methyltransferase, Enzyme Inhibition, Cell Cycle, Apoptosis

1. Introduction

Myelodysplastic syndromes are a heterogeneous group of blood cell disorders
arising at the hematopoietic stem cell level, which are manifested by cytopenias
due to ineffective hematopoiesis, myeloid cell dysplasias and the risk of transfor-
mation to acute myeloid leukemia (AML) [1]-[3]. The use of agents affecting path-
ogenetic processes (DNA hypermethylation) represents one of the most promis-
ing strategies to treat myelodysplastic syndrome (MDS) [4]-[7]. The significance
of DNA methylation is emphasized by the growing number of human diseases.
Abnormal DNA methylation associated with increased DNMT expression or ac-
tivity has been found in many different diseases, especially cancer. DNMT inhibi-
tion can contribute to demethylation and silent gene expression.

The addition of methyl groups is implemented by the DNMT enzyme family.
Three DNMTs (DNMT1, DNMT3A, and DNMT3B) are requisite to establish and
maintain DNA methylation patterns [8] [9]. Two additional enzymes (DNMT2
and DNMT3L) may also have more specialized, but related functions. DNMT1 is
likely responsible for maintaining established DNA methylation patterns, whereas
DNMT3A and DNMT3B are likely to mediate the establishment of new or de
novo DNA methylation patterns. DNMT3L has been found to be a catalytically
inactive regulatory factor of DNA methyltransferases necessary for DNMT3A and
DNMT3B functioning. In cancer cells, not only DNMT1 can be responsible for
maintaining abnormal gene hypermethylation but also DNMT3B can share this
function. In mammalian cells, methylation is commonly triggered in the DNA
CpG sections at the C-5 position of the cytosine residue. The methylated CpG sites
specifically arranged form the DNA methylation profile [8] [9]. The methylation
profile is established de novo by DNMT3A and DNMT3B and supported in each
round of replication by Dnmtl [10]-[12]. Many tumors show CpG site hyper-
methylation in the promoter regions of tumor suppressor genes and genes respon-
sible for DNA repair. This results in the inactivation of these genes, as well as in
common DNA hypomethylation causing genome instability [13]-[15].

Patients with MDSs have been found to show increased methylation of the
p15INK4b gene encoding a protein inhibitor of cyclin-dependent kinases 4 and 6,
which regulates the passage of G1 phase of the cell cycle [16]-[18]. Methylation of
this gene is noted in more than 50% of cases, mostly in patients with elevated bone
marrow blast cell levels (RAEB). In addition to the p15 gene, the genes encoding
the CDHI, HIC1 and ER proteins are in the methylated state [19]. DNA methyl
transferase inactivation can result in silent gene rebalancing and cell differentia-
tion [20] [21].
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Azacitidine (AZA, 5-azacytidine, Vidaza®) and decitabine (DAC, 2’-deoxy-5-
azacytidine, Dacogen®), two hypomethylating agents, are used in the treatment of
high-risk myelodysplastic syndromes (MDS) and acute myeloid leukemia patients
(AML) [22]-[24]. These agents as cytidine analogues (Figure 1) are incorporated
in place of cytosine during replication: about 80% - 90% of AZA is incorporated
into the RNA and to a lesser degree into the DNA; and DAC - into the DNA.

HO  OH HO  OH HO HO
Cytidine Azacitidine Decitabine 2'F-araAC

Figure 1. Chemical structures of cytidine and its biologically active 5-azacytosine deriva-
tives.

Due to the substitution of a carbon atom with a nitrogen atom, the methyl
group attachment becomes irreversible. DNMT remains bound to DNA mole-
cules, which contributes to the depletion of its intracellular deposits. Decitabine
can decrease DNMTI1 and DNMT3A expression, reversing abnormal transcrip-
tion activation, while azacitidine only targets DNMT1 [23]. DNA replication sub-
sequent cycles result in a weaker methylation. Silent gene function recovery in-
duces a cellular differentiation repair [25].

AZA and DAC, being highly effective, are still fiercely toxic and mutagenic in
their effects. The search for direct DNMT inhibitors that along with their anti-
tumor activity would be moderate in effect on normal cells is a pressing challenge
of developing new highly effective anticancer agents [26] [27].

The introduction of a fluorine atom, which has a prominent effect on the phys-
ical, chemical and biological characteristics of these compounds, seems to be a
promising area of the molecule modification [28]-[31]. We have previously
demonstrated that 2°(3’)-fluorine-containing nucleoside of 5-azacytosine is char-
acterized by good solubility, high chemical stability, improved pharmacological
properties, and is less toxic compared to AZA [32].

The in vitro anti-leukemia activity assessment of the novel 2’F-araAC (4-
amino-1-(2-deoxy-2-fluoro-S-D-arabinofuranosyl)-1,3,5-triazine-2(1H)-one,
Figure 1) showed that the new fluoro analog as well as AZA as a comparator,
selectively and dose-dependently suppressed viability of acute myelogenous leu-
kemia KG-1 cells, acute monocytic leukemia TPH-1 and acute promyelocytic leu-
kemia HL-60 cells. At the same time, ECs, (median effective concentration) values
were 0.35 uM (KG-1), 0.51 pM (TPH-1), 0.58 uM (HL-60) for the novel fluoro
analog and 3.66 uM (KG-1), 4.25 uM (TPH-1), 5.37 uM (HL-60) for AZA suggest-
ing a 9 to 10-fold increase in the specific cytotoxic effect of 2’F-araAC compared
to control [32].
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The antileukemic activity of 2’F-araAC was examined in comparison with DAC
in the P388D1 mice leukemia model on females in the dose range of 0.5 - 10
mg/kg. There was a significant increase in life expectancy compared to controls
from 77% to 176%, which was evidence of a dose-dependent effect. A comparative
analysis of the antitumor activity of 2’F-araAC and decitabine in equimolar effec-
tive doses (2 mg/kg) indicates significant effectivity for 2’F-araAC: mean survival
time of animals is 30% higher and lifespan extension is 53% higher [33]-[35].

The assessment of physical and chemical characteristics of the synthesized com-
pounds showed [32] that the novel AZA analogue with a fluorine atom at C(2)
with arabino configuration had a better hydrolytic stability compared to the
known agent AZA which might help to avoid a partial loss of its biological activity
during the expected half-life.

Apparently, 2’F-araAC, like 2’-deoxy-5-azacytidine, is phosphorylated inside
the cell at first to 5’-monophosphate and then to 5’-triphosphate. The active form
of 2’F-araAC is incorporated into DNA, thereby providing the drug with the di-
rect cytotoxic potential and inhibiting DNA methylation. Since aberrant DNA
methylation at CpG islands within promoter regions of individual tumor suppres-
sor genes is considered as one of the main mechanisms regulating the phenotype
of tumor myeloblasts in MDS/AML, it is postulated that DNA hypomethylation
under the influence of decitabine is able to induce re-expression of silenced tumor
suppressor genes. It can be assumed that 2’F-araAC acts in a similar way.

Based on previous studies, the inhibitory activity of 2’F-araAC against total
DNMTs and its effect on the cell cycle and apoptosis has been studied in this work.

2. Materials and Methods
2.1. Reagents

AZA and DAC were supplied by the Research and Production Center “Him-
FarmSintez”, Institute of Bioorganic Chemistry of the National Academy of Sci-
ences of Belarus, Republic of Belarus; 4-amino-1-(2-deoxy-2-fluoro-fS-D-arabino-
furanosyl)-1,3,5-triazine-2(1H)-one (2’F-araAC) was synthesized according to
the method described in [32]. HCT-116 human colorectal carcinoma cell line, L-
1210 mouse lymphocytic leukemia cell line and P-388 murine lymphoid neoplasm
cell line were obtained from the Russian Collection of Cell Cultures (Institute of

Cytology, Russian Academy of Sciences).

2.2. DNA Methyltransferase Activity Inhibition Assessment

HCT-116 cancer cells were grown to 70% - 80% confluence in McCoy’s 5A (Sigma
M4892) medium, 10% fetal bovine serum (Capricorn FBS-12A) and 1% Antibiotic
Antimycotic solution (Sigma A5955), and then removed with 0.25% tryp-
sin/EDTA solution (Capricorn TRY-2B), washed from trypsin with potassium
phosphate buffer centrifuging for 5 minutes at 1000 rpm [36].

The nuclear protein was isolated using the Nuclear Extraction Kit (Abcam,

ab113474). Cell pellet (31 x 10°) was resuspended in a pre-extraction buffer
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(containing DT'T and 1:1000 protease inhibitors), incubated for 10 minutes on ice
and vortexed vigorously for 10 seconds and centrifuged for 1 minute at 12,000
rpm. The supernatant was removed and an extraction buffer was added to the
precipitate. It was incubated on ice for 15 minutes and vortexed for 5 seconds
every 3 minutes. Then it was sonicated for 10 seconds. It was then centrifuged for
10 minutes at 14,000 rpm. A supernatant containing the nuclear protein was col-
lected.

The amount of nuclear protein was quantified using the Bradford Assay Kit
(Abcam, ab102535) according to manufacturer’s instructions. Absorbance was
measured at 595 nm using a Tecan Infinite M200 plate reader. The DNMTs Ac-
tivity Quantification Kit (Fluorometric) (Abcam, ab113468) was used to analyze
DNA methyltransferases activity. The analysis was performed according to man-
ufacturer’s instructions.

The stock solution of the studied compounds of 2’F-araAC, DAC and AZA was
diluted to final concentrations of 1 pM and 10 uM with buffer for analysis. The
concentration of the initial solvent in the reaction medium was no more than 1%.
The reaction medium contained 7 pg of nuclear protein, 1 uM and 10 pM of the
studied compounds, and the Adomet reaction buffer containing S-adenosylme-
thionine coenzyme. The control reaction medium contained 7 pg of nuclear pro-
tein and the Adomet reaction buffer, as well as 25 ng and 50 ng of DNMT enzyme
and the Adomet reaction buffer. The reaction was carried out at 37°C, 120 min in
filmed plate strips. Fluorescence was measured on the Tecan Infinite M200 plate
reader at Ex/Em = 530/590 nm. The degree of DNA methyltransferases activity
inhibition was calculated by the equation:

Inhibition (%) = [1 — ((RFU, inhibitor-containing sample - RFU, blank)/(RFU,
non-inhibitor-containing sample - RFU, blank))] x 100%.

where RFUs are relative fluorescence units.

2.3. In Vitro Cell Cycle Effects

L1210 and P388 cells were placed in a 6-well plate with a density of 3 x 10° per
well. The tested compounds were added at concentrations equal to ICs, (prespec-
ified) for 48 hours. Then the cells were washed from the culture medium by cen-
trifugation at 1000 rpm for 5 minutes, rewashed with PBS, and fixed with ice eth-
anol under permanent shaking and incubated at —20°C for 24 hours. The samples
were afterwards washed from alcohol by centrifugation, rewashed with PBS, and
a solution containing 100 ug/ml of RNase A and 50 pg/ml of propidium iodide
(PI) was added; incubated for 40 minutes in the dark and measured on the Cy-
tomics FC 500 Beckman Coulter flow cytometer (FL4 channel for PI). The results

were analyzed using Kaluza 2.0 software (Beckman Coulter) [37].

2.4. Apoptosis Assay

L1210 and P388 cells were placed in a 6-well plate in quantities of 3 x 10° per well.

Test compounds were added at concentrations equal to ICs (prespecified in the
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MTT assay for L1210 - 2’F-araAC, DAC and AZA at a concentration of 0.03 uM,
0.1 uM and 2.5 uM, respectively; for P388 2’F-araAC, AZA and DAC at a concen-
tration of 0.3 uM, 0.3 uM and 5.0 pM, respectively) for 48 hours. The cells are
then washed from the culture medium by centrifugation at 1000 rpm for 5
minutes, re-washed with a phosphate buffer, and the Annexin V-AlexaFluor488
and PI dyes were added from the Dead Cell Apoptosis Kit with Annexin V for
Flow Cytometry (Invitrogen, V13245) were added as described in the manufac-
turer’s instructions; they were incubated for 15 minutes in the dark and measured
on the Cytomics FC 500 Beckman Coulter flow cytometer (FL1 for Annexin V-
AlexaFluor488 and FL4 for PI) [38].

3. Results

DNMT inhibitors are being developed as potential anticancer drugs. Two nucle-
oside DNMT inhibitors, such as AZA and DAC, have been FDA approved for
clinical use to treat myelodysplastic syndromes and acute myeloid leukemia. De-
spite being highly effective, their use is restricted by poor bioavailability, chemical
instability and serious side effects.

The search for new analogues similar in effectiveness but with better stability
and less severe toxicity would be a solution to the problem of azacitidine re-
sistance. The introduction of fluorine into the molecule of natural compounds
changes their physical, chemical and pharmacological characteristics, which are
closely linked with their biological functions. It facilitates the changing of the
pharmaceutical profile of these compounds in a wide range, which explains their
broad use.

It is worth noting that that the fluorine atom and proton have close Van der
Waals radii (1.35 and 1.20 A, respectively) and, therefore, there are no additional
steric obstacles in the molecule. Substitution of the 2’-hydroxyl group for a fluo-
rine atom gives an analog similar to 2’-deoxy-5-azacytidine. In addition, the fluo-
rine atom is the most electronegative substituent and, given that there are other
electronegative substituents in the pentofuranose ring, it should have a powerful
effect on the furanose ring conformation. All these factors will determine the
physical, chemical and biological properties of fluorodeoxy analogs. In 2013, we
synthesized 2°(3’)-fluorinated analogues of 5-azacytidine [32] and examined their
biological properties. Considering the 2’F-araAC long-term benefits, we exam-

ined the inhibitory activity of the analogue in relation to DNMT.

3.1. DNA Methyltransferase Inhibition Assay

The level of DNMTs inhibition was determined in the nuclear extract of the
HCT-116 human colorectal cell line because the aberrant gain of DNA methyl-
ation at CpG islands is frequently observed in colorectal tumors [39]. The nu-
clear extract was exposed to varying concentrations of 2’F-araAC, DAC and
AZA for 120 minutes. Protein extracts were analyzed according to the DNMT
Activity Quantification Kit (Fluorometric) (Abcam, ab113468) protocol. Known
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DNA methyltransferase inhibitors DAC and AZA were used as comparators.
Figure 2 shows calculated data on the inhibitory activity of AZA, DAC and 2’F-
araAC at concentrations of 1 uM and 10 uM with respect to DNMT contained in
the HCT-116 cell nuclear extract. The experimental results showed that the
DNMT activity was remarkably inhibited by the tested compounds. At 10 uM
concentration of 2’F-araAC the level of DNMT activity vs. control was the lowest.
At the same time, AZA and DAC inhibited DNMT activity by 75% and 86%, re-
spectively, of the value of the inhibition by 2’-fluorodeoxy-arabino analog at a
concentration of 10 pM. It should be added that the ability of the studied com-
pounds to diminish the DNA methylation activity can be achieved at low doses.
Azacitidine at a concentration of 1 uM showed a 2-fold weaker DNA methylation
activity compared to 2’F-araAC, while for DAC it was 1.7-fold weaker compared

to fluoro analog.

i -
L [ _

Figure 2. Inhibition (%) of DNA methyltransferase activity (mean + SD; n = 2).

We assume that the compound may have metabolism similar to decitabine. In
particular, once incorporated into DNA, decitabine is recognized as a substrate by
DNMTs, namely DNMT1, but due to the presence of an N5 rather than C5 atom,
irreversible formation of a covalent bond between DNA and DNMT occurs. Un-
der low concentrations, this activity depletes DNMTs and results in global DNA
hypomethylation while under high concentrations, it additionally results in dou-
ble-strand DNA breaks and cell death [40] [41].

Experimental results indirectly allowed us to suggest the binding between the
carbon-6 atom of the cytosine ring and the catalytic site of DNMT resulting in

enzyme inactivation.

3.2. Effect of 2’F-araAC, AZA and DAC on the Cell Cycle of P388 and
L1210 Cells

The inhibition of the cell cycle resulting in the delay of the cancer cells prolifera-

tion is an underlying mechanism of action of antitumor agents.
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As previously shown, 2’F-araAC demonstrated antiproliferative activity against
several types of human hemoblastosis cell lines (KG-1, TPH-1, HL-60, K562) [32].
It is interesting that 2’F-araAC was strongly cytotoxic against acute myelogenous
leukemia cells at a concentration of 0.1 uM, whereas the threshold limit for AZA
was 1.0 pM. The saturation effect was achieved with increased concentration of
the tested nucleoside to 1.0 uM. The Aza saturating concentration was much
greater (10 uM) compared to 2°F-araAC [32].

The effect of the novel 2’-fluoro analog on the cell cycle was examined in com-
parison AZA and DAC. Cell cycle experiments were performed using P388 cells
treated with 2’F-araAC, DAC and AZA at concentrations of 0.3 uM, 0.3 uM and
5.0 uM, respectively. L1210 murine lymphoma cells were treated with 2’F-araAC,
DAC and AZA at concentrations of 0.03 uM, 0.1 uM and 2.5 uM based on their
ICsp. The cells were exposed to the compounds for 48 h. Treated cells were har-
vested, fixed in ethanol, stained with propidium iodide and analyzed for cell cycle
distribution by flow cytometry.

As seen from the results (Table 1 and Table 2), the novel 2’-fluoro analog sig-
nificantly disrupted the proliferation of P388 and L1210 cells.

Table 1. Effects of 2’F-araAC, AZA and DAC on P388 cell cycle.

Compounds C°n°e:;aﬁ°n’ GL, % S, % G2/M, %
P388 (control) DMSO 2299+269  6145+345 1556 +2.10
AZA 5.0 28994051  5859+0.71 1243 +0.21
DAC 0.3 34804008  5228+1.68 1293 +1.59
2F-araAC 0.3 560307 4676+ 1.18  47.64 +233

Table 2. Effects of 2'F-araAC, AZA and DAC on L1210 cell cycle.

Compounds Conce;l;;ation, Gl1,% S, % G2/M, %
L1210 (control) DMSO 30.28 £ 4.32 60.16 +2.78 9.57 + 1.80
AZA 2.5 29.48 £0.13 62.82 £0.11 7.72 £0.23
DAC 0.1 35.12 £ 1.92 49.10 £ 1.18 15.79 £ 0.75
2’F-araAC 0.03 23.39 £3.15 57.90 £ 1.36 18.72 £ 2.21

2’F-araAC significantly changed the cell cycle distribution of cells P388, causing
a 4-fold decrease in the fraction of G1 cells compared to control. Whereas, AZA
and DAC slightly increased the fraction of G1 cells in concentrations of 5.0 uM
and 0.3 uM and concomitantly reduced for all other cell cycle phases, respectively.

Unlike AZA and DAC, 2’F-araAC increased the percentages of G2/M phase al-
most three times with a concomitant decrease in the S-phase population (Table 1,
Figure 3(a)). This experiment suggested that new fluoro analog induces G2/M-

phase cell cycle arrest at concentration of 0.3 pM.
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Figure 3. Effect of AZA, DAC and 2’F-araAC on the cell cycle of of P388
mouse lymphoid neoplasm cell line (a) and L1210 (b).
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The L1210 mouse lymphocytic leukemia cell cycle analysis is shown in Figure
3(b). The results are summarized in Table 2. For L1210 cells, lower concentrations
of the studied compounds were used to diminish cytotoxic effects of the drugs.
Treatment for 48 hours with 2’F-araAC decreased fraction of G1 cells and caused
the increase in the percentages of cells in the G2/M phase from 9.57% (DMSO) to
18.72% (0.03 uM). AZA at a concentration of 2.5 M had no significant effect on
the cell cycle. Similar to 2’F-araAC, however, at a lower concentration, DAC (0.1
uM) increased the fractions of G2/M cells to 15.79%. Moreover, DAC prolonged
the G1 phase with a concomitant decrease in the S phase (Table 1).

Our results have shown that P388 and L1210 cells treated with 2’F-araAC at a
dose of 0.3 and 0.03 pM, respectively, contributed to a G2/M phase arrest suggest-
ing that the inhibition of cell cycle progression could be one of the mechanisms
through which fluoro analog might influence cancer cell proliferation. Inhibition
of cell proliferation of rapidly growing cancer cells is a compelling argument for

the development of an anticancer drug on the basis of 2’F-araAC.
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3.3. 2’F-araAC, AZA and DAC Increase Apoptosis Markers in
P388 and L1210 Cells

Apoptosis is crucial in the elimination of mutated neoplastic and hyperproliferat-
ing neoplastic cells from the system and is therefore considered a protective mech-
anism impeding cancer progression [42].

The fact that 2’F-araAC induces P388 and L1210 cell cycle disruption prompted
us to examine the effects produced by this compound on cell apoptosis level. In
the case of P388 the tested concentrations were 0.3 uM for 2’F-araAC, 5 uM for
AZA and 0.3 uM for DAC. L1210 cells were treated with 0.03 pM of 2’F-araAC,
2.5 uM of AZA and 0.1 uM of DAC. The concentrations were chosen on the bases
of there ICs. Both cell lines were treated for 48 hours. Apoptotic cells were deter-
mined by flow cytometry using Annexin V-FITC/PI double labeling. On the his-
tograms at Figure 4 and Figure 5, we can see that all investigating compounds in
the effective concentrations (ICsy) cause early (B4 quadrant) and late apoptosis
(B2 quadrant), whereas the amount of necrotic cells is small.

Apoptotic cells percentages were 29.41% for AZA, 42.16% for DAC and 54.53%
for 2’F-araAC vs. 2.88% for the control P388 cell culture. Less than 1% of cell

population treated with all compounds showed necrotic signs (Figure 4).

10% control P388 AZA P388_5 uM DAC P388_0.3 uM . 2F-AZA P388_0.3 uM

iB1:0.02% B2: 0.04% 10°g1.0.85%  |B2: 14.23% . 10°%B1: 0.68% B2: 16.96% 0°%1.0.16% B2: 15.85% |
10% 102 i ; 10% 1024

o 10% o 10 o 10 i a10' AL

IB3: 97.10% B4: 2_84%\ 1B3: 57.16%[ B3: 45.31% B4: 38.68% W1
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Annexin V Annexin V Annexin V Annexin V

Figure 4. Effect of AZA, DAC and 2’F-araAC on apoptosis in murine lymphocytic leukemia lines P388 (B1 quadrant-necrosis; B2
quadrant-late apoptosis; B3 quadrant-living cells; B4 quadrant-early apoptosis).

Apoptotic cells percentages were 30.21% for AZA, 43.00% for DAC and 43.35%
for 2°F-araAC vs. 5.25% for the control L1210 cell culture. Less than 2% of cell
population treated with all compounds showed necrotic signs (Figure 5).
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Figure 5. Effect of AZA, DAC and 2’F-araAC on apoptosis in murine lymphocytic leukemia lines L1210 (B1 quadrant-necrosis; B2
quadrant-late apoptosis; B3 quadrant-living cells; B4 quadrant-early apoptosis).
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The P388 and L1210 cells showed different viability under the influence of 2°F-
araAC, which could be species-specific. A greater cell death of P388 cell line
caused by 2’F-araAC vs. AZA and DAC was due to a greater percentage of cells
undergoing early apoptosis (Figure 6). Early apoptotic cells percentages were
38.7% for 2’F-araAC vs. 15.2% and 25.2% for AZA and DAC, respectively. For
L1210 cells fluoro analog and DAC were similar in their effects on apoptosis level.
Of note, the small quantity of necrotic cells appeared after the 2’F-araAC treat-
ment of both cell lines is not more than 1.44% suggesting no significant cytotoxic
effect of 2’F-AZA on these sublines.
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Figure 6. Percent of apoptosis and necrosis induced by compounds in P388 and L1210 cell
line.

The obtained data suggest common cell death mechanisms of action of 2’F-
araAC, AZA and DAC and clearly different effect on the cell cycle. It can be as-
sumed that the novel azacitidine 2’-fluorodeoxy-arabino analog inhibits the pro-
liferation of P388 and L1210 cells through G2/M cell cycle arrest and apoptosis

induction.

4. Conclusions

2’-Fuoro-2’-deoxy-arabinofuranosyl 5-azacytosine nucleoside has been shown to
exhibit high inhibitory activity against HCT-116 human colorectal cancer cell line
DNA methyltransferases causing depletion of DNA methyltransferases and DNA
hypomethylation and showing superior results compared to known analogues
azacitidine and decitabine. In addition, 2’F-araAC induces G2/M cell cycle arrest
and apoptosis in P388 and L1210 murine leukemia lymphocytic cells.

To summarize, it can be assumed that the biological activity of the novel 2’-
fluoro analog 5-azacytidine demonstrates a powerful mechanism for cell cycle ar-
rest and apoptosis induction through inhibition of DNMT activity.

The results have demonstrated that azacitidine 2’-fluorodeoxy-arabino analog

might be a promising molecule for the development of a novel anti-cancer agent.
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Further in vivo studies are therefore needed to assess its potential antiproliferative

and antitumor activity.
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