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Abstract. Background/Aim: Azacitidine (AZA) is a
hypomethylating agent used in myeloid neoplasms, however,
approximately half of patients show treatment failure or relapse.
This in vitro study investigated the effect of the combination of
AZA with the natural compound curcumin (CUR) in increasing
its efficacy. Materials and Methods: We analyzed the effects of
AZA plus CUR on proliferation, apoptosis, cell cycle and
differentiation in myeloid leukemic cell lines (U-937, HL-60, K-
562, and OCI-AML3) and bone marrow samples of patients.
Results: The results showed a synergy between AZA and CUR
in all leukemic lines and in most leukemic samples, with a
decrease in proliferation and an increase in apoptosis compared
to the activity of each drug separately. In addition, AZA plus
CUR showed low cytotoxicity in healthy samples. Conclusion:
A remarkable antioncogenic effect of the combination of AZA
plus CUR was shown, providing a basis for future studies
analyzing the clinical efficacy of these drugs.

Myelodysplastic syndromes (MDS) and acute myeloid
leukemia (AML) are two heterogeneous groups of
hematopoietic myeloid neoplasms. Although the neoplastic
process is more aggressive in AML, common phenomena of
epigenetic dysregulation and mutations have been identified.
Despite major advances in biological understanding of both
diseases, basic treatment principles have hardly varied.
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Aberrant methylation of tumor-suppressor gene promoters
in myeloid diseases has been traced to their most immature
cells, suggesting that this alteration is an important factor in
their pathogenesis (1). Azacitidine (AZA) is a hypo-
methylating agent that inhibits DNA methyltransferase at
sufficiently low doses to avoid cytotoxicity, and can reverse
the transcriptional silence of tumor-suppressor genes. It has
also been observed, in leukemic cell assays, that restoration of
methylation by AZA inhibits growth, induces apoptosis, alters
cell cycle and promotes differentiation (2-4). The use of AZA
is currently approved by the Food and Drug Administration
and European Medicines Agency for use in MDS and in older
patients (=65 years) with newly diagnosed AML. Despite the
promising initial results in both diseases (overall response
rates of 30 to 50%), approximately half of patients fail to
respond to treatment or relapse (5-7). Moreover, recent
findings have shown that AZA would only affect sub-clonal
blasts, while founder clones would not be eliminated and
would continue to drive clonal hematopoiesis (8).

In order to improve the response rate to hypomethylating
agents such as AZA in the treatment of myeloid neoplasms,
research is being conducted combining them with other
molecules with different mechanisms of action such as histone
modifiers (vorinostat), kinase inhibitors (midostaurin), Bcl-2
inhibitors (venetoclax) and antimetabolic agents (cytarabine)
9, 10).

Curcumin (CUR), a hydrophobic polyphenol derived from
the plant Curcuma longa, inhibits histone deacetylases and
induces apoptosis in both solid and hematologic tumors (11-
15). In leukemic cell assays, CUR affects growth, apoptosis,
and cell cycle (16-17). In addition, in vitro studies have
shown that CUR can induce glioma cell differentiation (18),
although leukemic cell differentiation has only been
observed when combined with other compounds (19). In
vitro assays with dimethoxycurcumin (structural analog of
CUR) have shown minimal cytotoxicity and enhanced
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antioncogenic activity in combination with decitabine, a
hypomethylating agent (20). The combination of AZA and
CUR has not yet been tested in hematological neoplasms, but
in solid tumors a positive interaction between these drugs has
been observed (21). Interestingly, CUR has also been tested
in several clinical trials and proved to be safe, non-toxic and
efficient as a single agent or combined with other therapies
(9, 22, 23). Finally, although the low water solubility of CUR
hinders its initial bioavailability in the bloodstream, it has
recently been reported that combining it with organometallic
compounds enhances significantly its transport to cancer
cells (24).

Based on these previous data, the aim of the current study
was to investigate the combined effect of AZA plus CUR on
proliferation, apoptosis, cell cycle and differentiation, of
myeloid leukemia cell lines and bone marrow patient
samples of AML and MDS.

Materials and Methods

Human acute leukemia cell lines, patient samples and culture
medium. First, we examined four well-established human AML cell
lines (HL-60, U-937, K-562, OCI-AML3) that are commonly used
to study the biological properties and drug response of AML cells.
Next, we also analyzed bone marrow cells from six patients with
myeloid neoplasms and two healthy donors. Bone marrow samples
were treated to lyse erythrocytes with BD Pharm Lyse buffer (BD
Biosciences, San José, CA, USA) following the manufacturer’s
instructions. Leukemia cells were maintained in RPMI medium with
10% heat-inactivated fetal bovine serum (HL-60, U-937, K-562, and
patient samples) or a-MEM with 20% of heat-inactivated fetal
bovine serum (OCI-AML3). Both media were supplemented with
100 units/ml penicillin and 100 mg/ml streptomycin. Cells were
grown at 37°C in a humidified atmosphere containing 5% CO,. All
cell lines used were obtained from Leibnitz Institute DSMZ German
Collection of Microorganisms and Cell Cultures. All bone marrow
samples of patients and healthy donors were acquired from the
biobank of Hospital Clinico Universitario of Valencia with written
informed consent in accordance with the Declaration of Helsinki
and the approval of the internal review of Bioethics and Medical
Research of the Hospital Clinico Universitario of Valencia.

Reagents. Curcumin (Sigma, St. Louis, MO, USA) was dissolved
in DMSO as a stock solution at 50 mM. Azacitidine (Sigma) was
dissolved in RPMI medium at 0.5 mM. Both reagents were
aliquoted and stored in dark at —20°C.

Proliferation assay. In 100 pl of medium, 105 cells/well (cell lines) or
100000 cells/well (patient samples) were seeded in 96-well plates and
were treated for 24 and 48 h with AZA (1, 2, and 4 uM), CUR (5, 10,
20, and 40 uM) and different combinations of AZA plus CUR. Cells
were analyzed for proliferation by a colorimetric method determining
the viable cell number using the CellTiter 96® Aqueous One Solution
Cell Proliferation Assay (Promega, Madison, WI, USA) following the
manufacturer’s instructions. The absorbance values were recorded at
450 nm after incubation at 37°C for 3 h and corrected by subtracting
the background absorbance (culture media alone). All samples and
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controls were run in triplicate. Cell viability percentages were
calculated as follows: cell viability %=[absorbance of treated
cultures/absorbance of control cultures] x100.

Apoptosis and cell cycle assays. In 100 pl medium, 2x104 cells/well
(cell lines) or 105 cells/well (patient samples) were cultured in 96-
well plates for 24 h in the presence or absence of AZA, CUR and
AZA plus CUR. Apoptosis was evaluated by measuring annexin-V-
FITC and propidium iodide (PI) binding, using Annexin-V apoptosis
detection kit (Santa Cruz Biotechnology, Dallas, TX, USA). Viable
cells were negative for both annexin-V-FITC and PI, early apoptotic
cells were positive for annexin-V-FITC staining, and late apoptotic
cells were positive for both annexin-V-FITC and PI staining. Cell
cycle analysis was performed using DNA-Prep kit (Beckman
Coulter, Nyon, Switzerland) for cell permeabilization and PI
staining following the manufacturer’s instructions. The samples
were analyzed by flow cytometry using a FACSCanto II flow
cytometer (Becton—Dickinson, East Rutherford, NJ, USA). Samples
were run in duplicate with 10000 events counted per sample.

Cell differentiation assay. In 100 ul medium, 2x104 cells/well (cell
lines) or 105 cells/well (patient samples) were cultured in 96-well
plates for 24 h in the presence or absence of AZA, CUR and AZA
plus CUR. Immunophenotyping was performed by staining cells
with a panel of five specific monoclonal antibodies (CD34, CD11b,
CD45, CD13, and HLA-DR). The samples were analyzed by flow
cytometry using a FACSCanto II flow cytometer (Becton—
Dickinson, East Rutherford, NJ, USA). Data were analyzed with
Infinity software (Cytognos, Salamanca, Spain). Samples were run
in duplicate with 30000 events counted per sample.

Statistical analysis. Statistical differences were determined using
two-tailed Student’s #-test for dual comparisons. Data are expressed
as meanzstandard deviation (SD). Significance was accepted at
*p<0.05 and **p<0.01 levels.

Results

Combination of AZA and CUR synergistically inhibited
proliferation in leukemia cell lines. To determine the effect of
AZA and CUR on cell viability, AML-derived cell lines were
treated in vitro for 24 or 48 h with increasing doses of the two
drugs. Results showed that AZA treatment inhibited growth of
HL-60, U-937, and K-562 cell lines in a time- and dose-
dependent manner, showing an approximate inhibition rate
after 24 h of 15% at dose of 1 uM and 25% at dose of 2 uM
(Figure 1A). In contrast, AZA did not inhibit growth of OCI-
AML3 at any dose examined (Figure 1A). On the other hand,
CUR inhibited cell proliferation in all cell lines tested in a
time- and dose-dependent manner, reaching an optimal of 25%
inhibition rate at 10 uM in HL-60, K-562, and OCI-AML3
cells and 40% at 5 pM in U-937 cells (Figure 1A). For the
combination assays, two concentrations of AZA (1 and 2 pM)
and CUR (5 and 10 uM) were examined. The highest
synergistic effect was observed at 1 uM AZA/10 uM CUR in
HL-60, K-562, and OCI-AML3 cells and at 1 uM AZA/5 uM
CUR in U-937 cells (Figure 1B). For both U-937 and K-562
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Figure 1. AZA and CUR inhibit growth of myeloid leukemia cell lines. (A) HL-60, U-937, K-562, and OCI-AML3 cells were exposed to different
concentrations of AZA (left) and CUR (right) for 24 h. Significant growth inhibition was observed in all the leukemic lines following treatment with
AZA at concentrations higher than 1 uM, except in the OCI-AML3 line where no significant growth inhibition was observed at the three doses tested.
Significant growth inhibition was also observed in HL-60 and K-562 cells treated with CUR at concentrations higher than 10 uM and in U-937 cells
and OCI-AMLS3 cells treated with CUR at concentrations higher than 5 uM. (B) All leukemic lines were exposed for 24 or 48 h to AZA, CUR and a
combination of the two drugs. The AZA/CUR combination synergistically inhibited proliferation following treatment for 24 h or 48 h in all leukemic
lines. Cell growth, expressed as the percentage of cell viability relative to the control cultures (100%) for each cell line, was assessed in duplicate

samples. Results are expressed as mean+SD of pooled data from two experiments. *p<0.05 and **p<0.01 with respect to control untreated cells.

cell lines incubation for 48 h was necessary to observe a
significant synergistic inhibitory effect. These combinations
were selected for the next functional assays.

Combination of AZA and CUR synergistically induced
apoptosis and may also alter cell cycle in leukemia cell lines.
Next, we hypothesized that induction of apoptosis might
account for the reduced cell proliferation in treated cultures.
CUR significantly increased early and late apoptosis in all
leukemic cell lines (Figure 2A and B). AZA increased

significantly apoptosis only in U-937 cells (early apoptosis,
71% vs. 10.1%, for untreated and AZA treated cells
respectively; p<0.01). Interestingly, a significant synergistic
effect was observed with the AZA/CUR combination in all
cell lines either in early apoptosis (K-562; Figure 2B) or in
late apoptosis (HL60, U-937, and OCI-AML3; Figure 2B).
To assess if the growth inhibitory effect of the two drugs
might also involve cell cycle arrest, cell proportions in different
phases of the cell cycle were measured by flow cytometry
assay. AZA caused cell cycle alteration in two of the four cell
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Figure 2. AZA, CUR and their combination induce apoptosis in leukemic cell lines. (A) OCI-AML3 cells treated without (control culture) or with drugs
(1 uM AZA, 10 uM CUR and 1 uM AZA/10 uM CUR, for 24 h) were stained with PI and Annexin-V-FITC and analyzed by flow cytometry. The indicated
percentages refer to total analyzed cells. Results shown are from one representative of two independent assays. (B) Fold increase (relative to control
untreated cultures of each cell line) of early and late apoptosis in leukemic cell lines treated and analyzed as indicated in (A) for OCI-AML3 cells.
Values higher than 1 (horizontal bar) indicate increased apoptosis in AZA, CUR or AZA/CUR treated cells. Data are presented as mean+SD from two
experiments. *p<0.05, and **p<0.01 with respect to control untreated cells. *p<0.05, and " p<0.01 with respect to different treatment groups.

lines tested, while CUR caused cell cycle alteration in three of
the four cell lines (Figure 3A). Treatment of U-937 and K-562
cells with AZA for 24 h increased significantly the percentage
of cells in the Gy/G, phase. In contrast, CUR treatment caused
more heterogeneous cell cycle arrest in the different cell lines;
significantly increased percentage of cells in the G/G| phase
in U-937 cells and in the M phase in K-562 and OCI-AML3
cells (Figure 3B). No relevant changes were detected in the
HL-60 cells, and the significant decrease in the GO/G1 phase
observed following CUR treatment (51.5% vs. 34.8%, for
untreated and CUR treated respectively; p<0.05) could be
explained by a decrease in viable cells due to a high rate of
apoptosis. Finally, a synergistic effect on cell cycle was not
detected with the AZA/CUR combination.
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Combination of AZA and CUR synergistically inhibited
proliferation and induced apoptosis in bone marrow
samples of patients. We evaluated the effect of AZA and
CUR on two healthy bone marrow samples and six primary
bone marrow samples of AML and MDS (Table I). In
healthy bone marrow samples, AZA, CUR or their
combination did not induce a significant growth inhibition
(Figure 4A) or a significant increase in early or late
apoptosis (Figure 4B).

In contrast, samples (Table I), we observed a notable
effect of CUR on growth inhibition in the six bone marrow
patient samples as well as a synergistic effect of the
AZA/CUR combination in five of the six studied samples
(S1, S3, S4, S5 and S6; Figure 5A). The synergistic effect of
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Figure 3. AZA or CUR leads to cell-cycle arrest in some leukemic cell lines. (A) U-937, K-562 and OCI-AML3 cells treated without (control culture)
or with drugs (AZA, CUR, and AZA/CUR for 24 h) were permeabilized, stained with PI, and DNA contents were analyzed by flow cytometry. Gates
of cells in different cell cycle phases are indicated. (B) The indicated cell lines, with or without treatments were permeabilized and stained with PI,
and DNA contents were analyzed by flow cytometry. The percentage of cells in each phase of the cell cycle is shown. Data are presented as mean+SD
from two experiments. *p<0.05, and **p<0.01 with respect to control untreated cells.

the two drugs on proliferation can be clearly observed in
sample S6, in which AZA barely inhibited growth and CUR
inhibited it moderately, while combining them produced a
very high degree of inhibition (proliferation S6, 98% AZA
vs. 79.3% CUR vs. 42.4% AZA/CUR, p<0.01; Figure 5A).
Regarding apoptosis, AZA had a small effect on patient
samples, whereas CUR induced a significant increase in
early and late apoptosis in all samples except for S5 (Figure
5B). Finally, AZA/CUR combination assays showed a
synergistic effect on apoptosis in four of the six studied
samples (S2, S3, S5 and S6; Figure 5B).

The combination of AZA and CUR did not induce
differentiation in myeloid leukemia cell lines and patient

samples. To study the effect of AZA and CUR on
differentiation, we performed the immunophenotyping of
leukemia cell lines and bone marrow patient samples
incubated for 24 h in the presence or absence of each drug
and their combination, by staining cells with 5 monoclonal
antibodies (CD34, CD11b, CD45, CD13, and HLA-DR).
Under these conditions, no significant immunophenotypic
differences were found in the four leukemic cells lines
treated with AZA, CUR or AZA/CUR. On the other hand, in
two patient samples with a high percentage of blasts (S3,
50%; S6, 76%) and high cell mortality after adding the
combination of drugs, it was not possible to study
differentiation, while in the four remaining samples (S1, S2,
S4 and S5) no significant differences were observed.
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Figure 4. Effects of AZA and CUR on healthy bone marrow cells. (A) AZA, CUR and AZA/CUR combination did not significantly inhibit growth on
two samples (HI1 and H2) from healthy volunteers. Cell growth was expressed as the percentage of cell viability in relation to control cultures
(100%). Results are expressed as mean+SD of pooled data from two experiments. (B) AZA, CUR and AZA/CUR combination did not significantly
increase early or late apoptosis in the two samples of healthy bone marrow. In the HI sample, a modest increase in late apoptosis can be observed
with the AZA/CUR combination, although it was not significant (p=0.09). Values higher than 1 (horizontal bar) indicate increased apoptosis in
AZA, CUR or AZA/CUR treated cells. Data are expressed as mean+SD from two experiments.

Table 1. Main characteristics of patient samples.

Patient Pathology Age (years) Gender Karyotype Genes mutated* Survival (months), status
S1 MDS 83 Male 46, XY TET2 24 (a)
S2 AML 65 Male 46, XY ASXLI 3.6 (a)
S3 AML 65 Male 46, XY ASXLI, SRSF2, TET2 4.2 (a)
S4 AML 75 Female 45 XX,-7 ASXLI, TET2 3.4 (d)
S5 MDS 82 Male 46, XY SF3B1, TET2 1.1 (a)
S6 AML 69 Male 46, XY FLT3, IDH2 1.3 (a)

MDS: Myelodysplastic syndrome; AML: acute myeloid leukemia; status, d: dead; a: alive. *A diagnostic panel with the most frequently mutated
genes in myeloid diseases was studied: FLT3, CEBPA, NPM1, NRAS, KRAS, ASXLI, TET2, DNMT3A, IDHI, IDH2, EZH2, TP53, SRSF2, SF3B1,

U2AF1, SETBPI and JAK2.

Discussion

The hypomethylating drug AZA is an effective
pharmacological option for MDS and older AML patients;
however, only half of patients show response to treatment (5-
7). Curcumin and curcuminoids, natural compounds of the
rhizome of the plant Curcuma longa, have demonstrated
antileukemic activity individually, but also in combination
with other agents such as hypomethylating drugs (20).
Furthermore, the selective ability of curcumin to attack
tumor cells and not healthy cells makes it an attractive
candidate for drug development (25, 26). In the present in
vitro study, we investigated the effect of the combination of
AZA and CUR on leukemia cell lines and bone marrow
patient samples and report for the first time their synergistic
antioncogenic activity in hematologic myeloid neoplasms.
First, we studied the effect of AZA and CUR on cell
proliferation in four myeloid leukemia cell lines: U-937, HL-
60, K-562, and OCI-AML3. As shown in previous studies,
AZA induced a time- and concentration-dependent inhibitory
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effect on U-937, HL-60, and K-562 cells (2, 27), and a small
inhibitory effect on OCI-AMLS3 cells (28). The OCI-AML3
cells carry a NPMI gene mutation (type A) and a mutation
in the DNA methyltransferase gene DNMT3A (R882C). It
has been reported that DNMT3A mutation in OCI-AML3
cells results in a decrease in the average level of DNA
methylation and less methylated CpG dinucleotides than
wild-type DNMT3A cells (29). Accordingly, as a
hypomethylating drug, AZA showed a very low growth
inhibition of OCI-AML3 cells. However, establishing the
possible lack of efficiency of hypomethylating drugs in
DNMT3A-mutated cells with globally hypomethylated
genomes requires a greater number of functional and
molecular studies. As regards the effect of CUR on growth
inhibition, the leukemic cell lines showed different
sensitivity. In HL-60, K-562, and OCI-AML3 cells, CUR
showed a high inhibition rate at a dose of 10 uM, whereas
in U-937 cells the single dose of 5 uM CUR was sufficient
to cause a very high rate of growth inhibition. Curcumin-
related cell death in HL-60 and K-562 has been associated
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Figure 5. AZA and CUR inhibit growth and apoptosis in patient samples. (A) Six patient samples were exposed for 24 h to AZA, CUR and a
combination of the two drugs. The AZA/CUR combination significantly inhibited proliferation in all samples. Cell growth was expressed as the
percentage of cell viability in relation to the control cultures (100%). Results are expressed as mean+SD of pooled data from two experiments. (B)
At the top, the cells of S6 patient treated without (control culture) or with the drugs (I uM AZA, 10 uM CUR and 1 uM AZA/10 uM CUR, for
24 h) were stained with PI and Annexin-V-FITC and apoptosis was analyzed by flow cytometry. The indicated percentage refers to total analyzed
cells. On the bottom, fold increase (relative to control untreated cultures of each patient sample) of early and late apoptosis of patient cells treated
and analyzed as the S6 sample. Values higher than 1 (horizontal bar) indicate increased apoptosis in AZA, CUR or AZA/CUR treated cells. Data
are expressed as mean=SD from two experiments. *p<0.05, and **p<0.01 with respect to control untreated cells. *p<0.05, and *p<0.01 with

respect to different treatment groups.

with the activation of caspases-9 and -3 (30), whereas the
high sensitivity of U-937 to CUR has been directly
associated with the expression of interferon-regulating genes
that increased apoptosis (17). Finally, as in solid tumors (21),
the AZA/CUR combination offers significant advantages in
growth inhibition compared to the use of either drug alone.

This combination seems to inhibit growth via apoptosis
induction and, at least in some cases, by altering the cell
cycle. In the study of apoptosis, we observed a small effect
in cells treated with AZA, whereas CUR treatment increased
apoptosis levels to a far greater degree. The effect of AZA

on apoptosis lies in its DNA hypomethylation effect that
allows the re-expression of tumor-suppressor genes,
triggering leukemic cell death (1, 2, 27, 28). In contrast to
AZA, which traps endogenous methyltransferase DNMTI,
CUR also functions as a hypomethylating agent but by
disrupting DNMT1 synthesis and chemically inhibiting its
enzymatic activity (31). In addition, it has been reported that
CUR may also act to inhibit histone deacetylases (32).
Because the two drugs operate using different mechanisms,
we speculated that together they could have additive or
synergistic antileukemic activity. This hypothesis on the
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synergistic behaviour between AZA and CUR was first
demonstrated in leukemic lines. The combination of these
drugs increased the different stages of apoptosis to a greater
degree than each drug separately.

Regarding cell cycle, our results showed that when K-562
cells were treated with AZA, cell cycle was arrested in the
Gy/G phase, while in a previous report it was shown that
AZA induced arrest in the G, phase (27). This difference
may be explained by the different dose of AZA (4 pM) and
incubation time (48 h) used in that study compared to ours.
CUR induced arrest in the Gy/G; phase of the cell cycle in
U-937 cells and in the M phase in K-562 cells, coinciding
with published results (16, 33). In contrast, no significant
arrest in the G1 phase was detected in HL-60 cells (30),
perhaps due to the high level of apoptosis. Finally, M phase
cell arrest in OCI-AML3 cells by CUR is very interesting
because its efficacy in this cell line, which has a very
frequent mutational profile in AML (34), has not been
previously analyzed.

AZA, CUR or their combination did not
differentiation in any of the assays performed. Admittedly,
previous reports have shown that AZA and CUR induced
differentiation of HL-60 cells only when combined with
vitamin D (35, 36). However, we considered that, given the
morphological variability between the lines, this assay
should be performed in other leukemic lines as well as in
human samples in order to confirm the absence of
differentiation. Based on these initial and other more recent
reports (23), future studies adding vitamin D to the
AZA/CUR combination would be useful.

Both drugs were tested in healthy samples and no
significant effects were found, which also shows that CUR,
as in previous reports, has a low cytotoxic effect in non-
tumor cells (25, 26, 33). In contrast, in bone marrow samples
of myeloid neoplasms, CUR had a high antileukemic activity
and, interestingly, the AZA/CUR combination showed in
most of them, synergistic antioncogenic effects by increasing
apoptosis. This synergistic activity can be clearly observed
in sample S6, which along with other alterations carries a
FLT3 mutation; the sensitivity of this mutational profile to
the CUR action has been demonstrated in vitro (37).

Therefore, our data together with the findings of others
(15-17, 30, 33, 38), support the usefulness of CUR in the
treatment of malignant hematological tumors. However, it
seems that CUR cannot completely suppress tumor growth
and should be administered in combination with other
clinically effective agents (31). Consequently, we suggest
AZA as an effective complementary agent. Elderly AML and
MDS patients are not suitable transplantation candidates and
have limited therapeutic options outside of conventional
chemotherapy and hypomethylating agents (39, 40). The
inclusion of these patients in clinical trials is currently
recommended, and the data obtained from trials in which
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CUR is used alone or in combination to treat hematological
neoplasms (9, 23), together with our results, invite
development of a future clinical trial based on the AZA/CUR
combination. Although more functional studies are needed to
explore this combination, as well as the molecular
mechanisms behind its activity, we suggest that it has the
potential to be used as a future therapeutic alternative in
AML and MDS.

We provide, for the first-time, evidence on the in vitro
efficacy of the AZA/CUR combination treatment. This
combination of drugs showed synergistic activity in growth
inhibition and apoptosis induction both in leukemic cell lines
and in patient samples of AML and MDS. In addition, the
AZA/CUR combination showed low cytotoxicity for healthy
cells, which increases its potential as a future therapeutic
option. Further studies of this combination in vivo using
animal models of leukemia to analyze the pharmacokinetics
and pharmacodynamics are justified, and would be a
preliminary step in the design of a clinical trial to evaluate
its real clinical benefit.
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