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Background: Hypomethylating agents (HMAs), such as decitabine (DAC), are currently
used as first-line therapy for patients with high-risk myelodysplastic syndromes (MDS) and
leukemia (AML) not eligible for
Exacerbation of thrombocytopenia is one of the prevalent complications after HMA

acute myelogenous standard chemotherapies.
treatment. Eltrombopag (EP), an oral thrombopoietin receptor agonist, can efficiently
stimulate megakaryopoiesis and elevate platelet counts in MDS/AML patients. However,
the significance of combining EP with HMAs in patients with high-risk MDS/AML has not
been determined.

Purpose: To explore the impacts and mechanisms of EP and/or DAC on leukemia cell
growth and to explore whether EP exhibits antileukemic effects in the context of DAC
treatment in human myeloid leukemia cell lines.

Methods: In our study, we assessed the anti-leukemic effect of EP in the context of DAC
treatment by measuring cell proliferation, apoptosis, cell-cycle distribution, and intracellular
reactive oxygen species (ROS) levels.

Results: Our results showed that the combination of EP and DAC had a more obvious
antiproliferative effect than that of DAC as a single agent. EP mainly induced S or G0/G1
phase cell cycle arrest, and DAC arrested the cell cycle in the S or G2/M phase. The
combination of EP and DAC had a synergistic effect on cell cycle arrest. Furthermore,
single-agent treatment with EP or DAC induced a change in intracellular ROS levels, and the
combination of EP and DAC had a synergistic effect on ROS levels, exacerbating leukemia
cell death.

Conclusion: Our study provides in vitro evidence of the synergistic antileukemic effect and
potential mechanisms of the combination of DAC and EP on myeloid leukemia cells.
Keywords: cltrombopag, decitabine, myeloid leukemia, reactive oxygen species, ROS

Introduction

Myelodysplastic syndromes (MDS) and acute myelogenous leukemia (AML) are
heterogeneous groups of clonal hematopoietic diseases, characterized by inefficient
hematopoiesis and leukemic blast proliferation frequently affecting older adults.'
Hypomethylating agents (HMAs), such as 5-aza-2'-deoxycytidine (DAC) and aza-
cytidine are presently approved for the therapy of advanced-stage MDS, chronic
myelomonocytic leukemia (CMML), and AML that are ineligible for standard
chemotherapy or allogenic stem-cell transplantation.”* The response rates of
HMAs ranged from 10% to 60% in patients with MDS and AML.*® Although
the efficacy of HMAs has been demonstrated, their clinical application is largely
restrained by bone marrow cytotoxicity.’
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Myelosuppression, including severe thrombocytopenia,
is prevalent and causes the majority of mortality and
morbidity in AML and MDS patients.'® HMA-based treat-
ments in those patients frequently induce thrombocytope-
nia during induction chemotherapy.” Clinical studies of
azacytidine have revealed that grade 3 or 4 hematological
toxicity of thrombocytopenia occurs in around 85% of
patients with high-risk MDS.'"'? Thrombocytopenia has
recently been defined as an independent negative prognos-
tic factor in MDS patients.'? Treatment for high-risk MDS
and AML with thrombocytopenia remains challenging
because most chemotherapeutic agents are associated
with the development or exacerbation of thrombocytope-
nia. DAC-based therapy is the current standard first-line
treatment for MDS/AML patients; however, dose reduc-
tion or treatment cessation due to thrombocytopenia has
limited the widespread use of DAC.® Thus, there is an
urgent need to develop combination therapies capable of
recovering platelet counts in the context of chemotherapy
in MDS and AML.

Eltrombopag (EP), an oral thrombopoietin receptor
agonist, can stimulate megakaryopoiesis and elevate plate-
lets by binding to c-MPL."* Previous studies have demon-
strated that EP inhibits leukemia cell proliferation and
stimulates megakaryopoiesis in bone marrow cells from
AML and MDS patients.'>'® EP can induce rapid cell
death in AML cell lines, and its anti-leukemic function
does not depend on c-MPL.'” A previous study also found
that EP suppresses leukemia cell growth by reducing
intracellular iron and blocking the cell cycle in Gl
phase.'® An in vivo study further indicated the anti-leuke-
mic activity of EP in prolonging the survival of two mouse
leukemia models.'"® This anti-leukemic effect was also
observed in an AML patient with nucleophosmin 1
(NPM1) mutation. After 2 months of treatment with EP,
that patient achieved short-term remission of AML." A
preclinical study also showed that EP in combination with
lenalidomide suppresses leukemia cell growth while pre-
serving the advantageous effect of stimulating megakaryo-
cyte growth.””

In our present study, we explored whether EP exhibited
antileukemic effects in the context of DAC treatment in
human myeloid leukemia cell lines. Previous studies have
shown that EP causes the apoptosis of leukemia cells by
changing the intracellular reactive oxygen species (ROS)
metabolism.'®?! ROS are a group of reactive chemical
entities including hydroxyl radicals, hydrogen peroxide
(H,0,), and superoxide anions that participate in cell

death. ROS regulate various cellular procedures including
cell motility, cell cycle progression, and growth factor
signaling.”” The alteration of ROS levels, whether increase
or decrease, leads to activation of the stress response.”'
Likewise, the generation of ROS during apoptosis has also
been identified in several leukemia cell lines treated with
DAC.?** DAC has been found to induce delayed and
sustained ROS accumulation and G1 or G2/M cell cycle
block, depending on the leukemia cell types.*’

Several clinical trials have already explored the efficacy
and safety of EP in high-risk MDS and AML (NCT00903422,
NCT01890746, and NCT01440374).2°?” The results indicate
that EP administration is safe in high-risk MDS and AML
populations and reduces the frequencies of bleeding and plate-
let transfusion without stimulating malignant hematopoiesis.
However, the synergistic effect of EP and HMAs in patients
has not been determined. A preclinical study in MDS/AML
patient-derived cells assessed EP activity in the context of
HMAs. The results revealed that concurrent treatment of EP
and azacytidine in leukemia cells did not induce the prolifera-
tion of leukemic cells.”® One randomized phase 2 clinical trial
(NCT02446145) that compares DAC plus EP or placebo in
older patients with AML not eligible for induction chemother-
apy is ongoing, and the result has not been reported yet.>

Here, we performed an in vitro study to explore the
impacts and mechanisms of EP and/or DAC on leukemia
cell growth. For the first time, we assessed the synergistic
anti-proliferative effect of the combination of EP and DAC
by using in vitro assays to measure cell proliferation,
apoptosis, cell cycle distribution and ROS generation.
Our study provides in vitro evidence of the efficacy of
EP when simultaneously treated with DAC in myeloid
leukemia cells.

Materials and methods

Reagents and cell culture

Eltrombopag (SB-497115-GR, SB497115) was purchased
from Selleck Chemicals and dissolved in dimethyl sulfox-
ide (DMSO) (Sigma, USA) and decitabine was purchased
from Shandong Qilu Pharmaceutical Co., Ltd. (China).
Human myeloid leukemia cell lines (K562 and THP-1)
were purchased from the China Center for Type Culture
Collection (CCTCC) and were cultured in RPMI 1640
medium (HyClone, USA) containing 10% fetal bovine
serum (FBS, SeraPro, Germany), 1% penicilin/streptomy-
cin (Wuhan Servicebio Technology Co., Ltd., China) and
incubated at 37 °C with 5% CO,.
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Drug treatment

Leukemia cell lines were cultured with 2.5, 5, 10 or 30 pg/
mL EP or 0.5, 5, 10, or 20 pumol/L DAC single agents for
24, 48, 72 or 96 hrs. For the combination treatments, EP
and DAC were used concurrently in the two cell lines in
the following combinations: 2.5 pg/mL EP with 20 umol/L
DAC, 5 pg/mL EP with 20 pumol/L DAC, 10 pg/mL EP
with 20 pmol/L DAC, 30 pg/mL EP with 20 umol/L DAC.

Cell viability analysis

Cell counting kit-8 (CCK-8) (Dojindo, Japan) was utilized to
detect the viability of leukemia cells. A leukemia cell suspen-
sion (100 pL, 5x10? cells/mL) was added to a 96-well plate.
Different concentrations of DAC and EP alone or in combi-
nation as described above were added to the medium from
day 0 and the cells were treated for 72 hrs in an incubator
(37 °C, 5% CO,). Before testing the cell viability, 10 uL
CCK-8 was added into each well. The plate was incubated
2 hrs. Then, the absorbance was recorded by a microplate
reader (Rayto, USA) at 450 nm. The cell viability rate (%)
was calculated as follows: (OD450umpie=OD450p4nk)/
(OD450,0ntr01~OD4 5011411 % 100%.

Cell apoptosis assay

Leukemia cell lines were treated with EP, DAC, and EP
plus DAC for 72 hrs, and then 5x10° cells were collected
by centrifugation. The cells were washed with phosphate-
buffered saline (PBS, Servicebio, China) and resuspended
in 500 pL of 1x binding buffer. The cells were incubated
with 5 pL annexin V-FITC and 5 pL propidium iodide (PI)
for 5 min in the dark (room temperature). Then, a flow
cytometer (Beckman, USA) was used to analyze leukemia
cell apoptosis at excitation wavelength (Ex) of =488 nm
and emission wavelength (Em) of =585+21 nm. The apop-
totic cells consisted of early apoptotic cells with positive
Annexin V and negative PI staining and late apoptotic cells
that were double positive for Annexin V and PI.

Cell cycle analysis

Leukemia cell lines were treated with EP, DAC, and EP
plus DAC for 72 hrs, and then the leukemia cells were
harvested and resuspended in PBS. Next, 75% cold etha-
nol was added to the cells and the cells were fixed on ice
overnight. The cells were washed with PBS and resus-
pended in staining buffer with 50 pg/mL PI and PBS
(including 100 pg/mL RNase A). The above suspension
was incubated at 4°C (overnight). Data on cell cycle

distributions were acquired using a flow cytometer.
FlowJo software was used to analyze the cell cycle
distributions.

ROS analysis

Leukemia cell lines were cultured at varying concentrations
of EP and/or DAC for 72 hrs. Then leukemia cells were
collected and resuspended in PBS. Cell concentrations were
adjusted to 1x10%-2x10® cells/mL. The cells were stained
the cells with 10 pM DCFH-DA at 37 °C for 20 min and
mixed and inverted every 3—5 min. The stained leukemia
cells were washed once with PBS, and the signal was
analyzed the signal at Ex =488 nm and Em =585+20 nm
by flow cytometry.

Statistical analysis

The data were evaluated by GraphPad Prism 7.0. All
statistical analyses were tested in at least 3 biological
replicates and are shown as the mean £ SD. Statistical
comparisons of different groups were performed by t
tests (and nonparametric tests). Statistically significant
differences were considered when the p-value was <0.05.

Results
Synergistic antileukemic effects of EP and

DAC in myeloid leukemia cells

An important concern about the possible use of EP and
DAC together in AML/MDS patients is that EP might
affect the antileukemic effect of DAC in these diseases.
To evaluate the potential anti-leukemic effects of EP, mye-
loid leukemia cells (THP-1 and K562) were cultured with
EP, DAC, and the combination of EP and DAC.

We first evaluated the cell viability of both cell lines
treated with EP (2.5, 5, 10 and 30 pg/mL) or DAC (0.5, 5,
10 and 20 pmol/L) single agents for 24, 48, 72 and 96 hrs.
15718 \e found that in both

cell lines, EP did not stimulate the proliferation of leukemia

Consistent with previous studies

cells but suppressed leukemia cell growth. As shown in
Figure 1A-D, EP at 5-30 pg/mL or DAC at 0.5-20 umol/L
exhibited antiproliferation effects in a dose- and time-depen-
dent manner in K562 and THP-1 cells. In K562 cells, after
72 hrs of treatment, the cell viabilities with EP (2.5, 5, 10 and
30 pg/mL) treatment were 99.46%, 89.68%, 52.29%, and
38.40%, respectively, and the cell viabilities with DAC (0.5,
5, 10 and 20 umol/L) were 73.13%, 53.47%, 47.01%, and
46.05%, respectively. In THP-1 cells, the cell viabilities of
EP(2.5,5, 10 and 30 pg/mL) were 92.58%, 61.42%, 25.98%,
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Figure | Effect of eltrombopag (EP) and/or decitabine (DAC) on the viability of myeloid leukemia cells. (A) Viability of K562 cells incubated with EP (2.5, 5, 10 and 30 pg/
mL) alone for 24, 48, 72 and 96 hrs. (B) Viability of K562 cells cultured with DAC (0.5, 5, 10 and 20 pmol/L) alone for 24, 48, 72 and 96 hrs. (C) Viability of THP-1 cells
incubated with EP (2.5, 5, 10 and 30 pg/mL) alone for 24, 48, 72 and 96 hrs. (D) Viability of THP-1 cells cultured with DAC (0.5, 5, 10 and 20 pmol/L) alone for 24, 48, 72 and
96 hrs. (E) Viability of K562 cells treated with EP plus DAC (2.5 pg/mL EP +20 pmol/L DAC, 5 pg/mL EP +20 pmol/L DAC, 10 pg/mL EP +20 pmol/L DAC and 30 pg/mL EP
+20 pmol/L DAC) for 24, 48, 72 and 96 hrs. (F) Viability of THP-1 cells treated with EP (2.5, 5, 10 and 30 pg/mL) combined with DAC (20 pmol/L) for 24, 48, 72 and 96 hrs.

Data are represented as the mean * SD (***p<0.0001; ***p<0.001; **p<0.01; *p<0.05).

and 21.50%, respectively; when treated with DAC (0.5, 5, 10
and 20 umol/L), the cell viabilities were 87.21%, 78.56%,
61.66%, and 57.21%, respectively.

To measure the effects of EP plus DAC on leukemia cell
proliferation, based on the above single-agent studies, we
selected the most efficacious DAC concentration (20 pumol/
L) to test in combination with different concentrations of EP,
including EP 2.5 pg/mL + DAC 20 pmol/L (EP2.5+DAC20),
EP 5 pg/mL + DAC 20 pmol/L (EP5+DAC20), EP 10 pg/
mL + DAC 20 pumol/L (EP10+DAC20) and EP 30 pg/
mL + DAC 20 umol/L (EP30+DAC20). We found that in
the K562 cell line, EP at 5-30 pg/mL combined with DAC
(20 umol/L) significantly inhibited the proliferation of K562
cells after 48 hrs of treatment (Figure 1E). The viabilities of
the cells after treatment for 72 hrs with the four different
combinations of EP plus DAC described above, were
61.87%, 54.50%, 35.97%, and 32.73%, respectively
(Figure 1E). In the THP-1 cell line, different concentrations
of EP (2.5-30 pg/mL) combined with DAC (20 pumol/L)
resulted in significantly increased antileukemic -effects

compared to that of DAC as a single agent in a dose- and
time-dependent manner (Figure 1F). After incubation for 72
h, the viabilities of THP-1 cells treated with the four different
combinations of EP plus DAC were 51.04%, 45.33%,
25.33%, and 19.54%, respectively (Figure 1F).

Overall, the combination treatment of EP plus DAC
showed a more obvious antileukemic effect in K562 and
THP-1 cell lines in comparison to that of treatment with
DAC alone. These results also suggest that compared with
K562 cells, THP-1 cells are more sensitive to EP plus
DAC treatment.

EP and DAC combination treatment
increases the apoptosis of myeloid
leukemia cells

THP-1 and K562 cells were cultured with 5 pg/mL EP,
30 pg/mL EP, 20 pmol/L DAC, 5 ug/mL EP +20 umol/L
DAC and 30 pg/mL EP +20 pmol/L DAC for 72 hrs, and
EP- and/or DAC-induced apoptosis was measured.
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Figure 2 Eltrombopag (EP) and/or decitabine (DAC) induced apoptosis in myeloid leukemia cell lines. (A) The ratios of apoptotic K562 cells following EP and/or DAC
treatment. (B) Comparison of the percentage of apoptotic cells induced by different concentrations of EP and/or DAC treatment of K562 cells. (C) The ratios of apoptotic
THP-1 cells following EP and/or DAC treatment. (D) Comparison of the percentage of apoptotic cells induced by different concentrations of EP and/or DAC treatment of
THP-1 cells. Data are represented as the mean * SD (***p<0.0001; **p<0.01; *p<0.05).

As illustrated in Figure 2A and B, in K562 cells, the ratios
of apoptotic cells (early plus late apoptotic cells) after incuba-
tion with EP5, DAC20, EP5+DAC20, EP30 and EP30
+DAC20 for 72 hrs were 15.33%, 18.99%, 26.11%, 90.26%,
and 80.9%, respectively, while in THP-1 cells (Figure 2C
and D), the ratios of apoptotic cells after incubation with
EP5, DAC20, EP5+DAC20, EP30 and EP30+DAC20 for
72 hrs were 15.99%, 24.33%, 51.59%, 89.89%, and 93.81%,
respectively. As shown in Figure 2C and D, in both cell lines,
compared to the untreated control, EP or DAC as single agents
induced a significant increase in the apoptosis of leukemia
cells (p=0.0012 or p=0.0024 in K562 cells, p=0.0064 or
p=0.0218 in THP-1 cells, respectively). Moreover, the combi-
nation of EP and DAC lead to increased leukemia cell apop-
tosis compared to that of DAC as a single agent. In the K562
cell line, the fraction of apoptotic cells was 15.33% following

treatment with 5 pg/mL EP and 18.99% following treatment
with 20 pmol/L DAC alone for 72 hrs. The ratio increased to
26.11% with the combination treatment of EP5+DAC20
(»=0.0001 and p=0.0062, compared to EP alone and DAC
alone, respectively). The ratio further increased to 80.9% with
the combination treatment of EP30+DAC20 compared to
DAC20 (p<0.0001). In the THP-1 cell line, the fraction of
apoptotic cells was 15.99% following treatment with 5 ng/mL
EP and 24.33% following treatment with 20 pmol/L DAC
alone for 72 hrs. This fraction increased to 51.59% with the
combination treatment of EP5+DAC20 (p<0.0001 and
p=0.0023, respectively). The ratio further increased to
93.81% with the combination treatment of EP30+DAC20
compared to DAC20 (»p<0.0001).

In both cell lines, EP and DAC could induce leukemia
cell apoptosis. The combination of different concentrations
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of EP with DAC induced remarkably increased apoptosis of
leukemia cells compared with DAC single agent treatment.

Effect of treatment with EP and/or DAC

on cell cycle distribution
A previous study has already identified that EP suppresses
leukemia cell growth by reducing the intracellular iron and
leading to cell-cycle block in G1 phase.'® DAC treatment
leads to G1 or G2/M cell-cycle block, depending on the
leukemia cell type.? In our study, we assessed the effects
of EP and/or DAC on the cell cycle distributions of mye-
loid leukemia cells by PI staining and flow cytometry.
Both cell lines were cultured with 5 pg/mL EP, 30 pg/
mL EP, 20 umol/L DAC, 5 pg/mL EP +20 umol/L DAC
and 30 pg/mL EP +20 umol/L DAC for 72 hrs, and then

the cell cycle distribution was analyzed. We found that in
K562 cells, EP at 5 pg/mL resulted in cell cycle arrest in S
phase (the proportion of cells increased from 38.1% to
43.99%, p=0.0062) and G2/M phase (increased from
15.1% to 18.09%, p=0.0203) (Figure 3A and B). In addi-
tion, EP at 30 pg/mL, consistent with the previous study,'®
resulted in GO/G1 phase cell cycle arrest (increased from
46.72% to 65.74%, p=0.0006). DAC at 20 umol/L caused
S phase arrest (increased from 38.1% to 43.47%,
p=0.0034) (Figure 3A and B). In THP-1 cells, consistent
with K562 cells, EP at 5 pg/mL induced S phase arrest
(increased from 21.03% to 26.93%, p=0.0296), and EP at
30 pg/mL resulted in GO/Gl phase cell cycle arrest
(increased from 65.27% to 79.78%, p=0.0296). However,
we found a slightly different cell cycle distribution after
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Figure 3 Effect of eltrombopag (EP) and/or decitabine (DAC) on cell cycle distribution in myeloid leukemia cell lines. (A) Variation in the cell cycle distribution of K562 cells
cultured with EP and/or DAC and the comparison of significantly increased proportions of cells in different phases of the cell cycle. (B) Cell cycle distributions of K562 cells
following EP and/or DAC treatment. (C) Variation in the cell cycle distribution of THP-I cells cultured with EP and/or DAC and the comparison of significantly increased
proportions of cells in different phases of the cell cycle. (D) Cell cycle distributions of THP-1 cells following EP and/or DAC treatment. Data are represented as the mean +

SD (¥5kp<0.000|; *+4p<0.00; *#p<0.01; #p<0.05).
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DAC treatment. DAC at 20 pmol/L caused cell cycle
arrest in the G2/M phase (increased from 13.02% to
25.79%, p=0.0006) (Figure 3C and D).

When leukemia cells were cultured with EP plus DAC,
the cell cycle distribution varied with the different con-
centrations of EP. In the K562 cell line, EP5+DAC20
induced cell cycle arrest in the S phase (increased from
38.1% to 50.12%, p=0.0006) and the G2/M phase
(increased from 15.18% to 28.51%, p<0.0001). EP30
+DAC20 led to GO/G1 phase cell cycle arrest (increased
from 46.72% to 63.95%, p<0.0001) (Figure 3A and B). In
the THP-1 cell line, EP5+DAC20 induced G2/M phase
cell cycle arrest (increased from 13.02% to 18.56%,
p=0.0314). EP30+DAC20 caused S phase cell cycle arrest

In the K562 and THP-1 cell lines, EP at a relatively
low concentration (5 pg/mL) mainly induces cell cycle
arrest in the S phase, while high-dose EP (30 pg/mL)
causes cell cycle arrest in the GO0/G1 phase. DAC20
induces cell cycle block in the G2/M or S phase depending
on the leukemia cell type. The combination of EP5 and
DAC20 had a synergistic effect on S and G2/M phase
arrest with a prolonged S phase. The combination of
high-dose EP with DAC mainly caused cell cycle arrest
in GO/G1 or S phase.

Effect of EP and DAC on intracellular
ROS levels

A previous study suggests that EP induces leukemia cell

(increased from 21.03% to 31.633%, p=0.0027) apoptosis and that this effect is associated with a dramatic
(Figure 3C and D). reduction in ROS.?' Likewise, the generation of ROS during
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Figure 4 Intracellular ROS changes induced by eltrombopag (EP) and/or decitabine (DAC) in myeloid leukemia cells. (A) Intracellular ROS levels in K562 cells following
different doses of EP and/or DAC treatment were examined by flow cytometry. (B) Comparison of the ROS alterations in K562 cells cultured with EP and/or DAC. (C)
Intracellular ROS levels in THP-1 cells following different doses of EP and/or DAC treatment were examined by flow cytometry. (D) Comparison of the ROS alterations in
THP-1 cells incubated with EP and/or DAC. Data are represented as the mean = SD (***p<0.0001; ***p<0.001; **p<0.01; *p<0.05).
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apoptosis has been identified in several leukemia cell lines
treated with DAC.*® In our study, myeloid leukemia cells
were incubated with EP, DAC, or EP plus DAC at various
concentrations for 72 hrs, and the generation of intracellular
ROS was examined by DCFH-DA-based flow cytometry.

In K562 and THP-1 cells, decreased ROS levels were
observed when using 5 pg/mL EP treatment (p<0.0313 and
p<0.0031, respectively); however, significantly increased
ROS levels were found when using 30 pg/mL EP treatment
(p<0.0036 and p<0.0021, respectively) in comparison with
the untreated control (Figure 4A-D). ROS levels in K562
and THP-1 cells were different after DAC treatment.
Decreased ROS levels were observed in K562 cells after
20 pmol/L DAC treatment, while increased ROS levels
were found in THP-1 cells. Compared to DAC single-agent
treatment, the combination of EP5+DAC20 significantly
decreased ROS levels (p<0.0489 and p<0.0001), while
EP30+DAC20 dramatically increased ROS levels
(»<0.0002 and p<0.031) (Figure 4B and D). Consistent
with a previous study,”' our results demonstrate that EP at a
relatively low concentration (5 pg/mL) induced leukemia cell
apoptosis associated with a significantly decreased intracel-
lular ROS, while EP at a relatively higher concentration
(30 pg/mL) significantly increased intracellular ROS.

Therefore, we propose that the synergistic antileukemic
effect of EP and DAC is related to the change in intracel-
lular ROS. DAC induced intracellular ROS changes
depending on the leukemia cell type. A drop in ROS
concentration was observed when K562 cells were treated
with 20 umol/L DAC, while an increase in ROS produc-
tion was observed in THP-1 cells. Interestingly, in both
cell lines, we found that the combination of low-dose EP
and DAC induced increased leukemia cell apoptosis with
significantly decreased ROS. In contrast, the combination
of high-dose EP and DAC induced around 90% leukemia
cell apoptosis and was associated with remarkably
increased ROS.

Discussion

The risk of bleeding-related mortality and morbidity often
occurs in AML and MDS patients, especially in those
patients who have undergone HMA-based therapies with
thrombocytopenia complications.'> Studies have shown
that EP is able to inhibit leukemia cell proliferation as
well as stimulate megakaryopoiesis.'”?° In this study,
we examined whether EP exerted anti-leukemic activities
in the context of DAC treatment using in vitro assays that

measure cell proliferation, apoptosis, cell cycle distribu-
tion, and ROS production.

Concern has been raised in the use of thrombopoietin
mimetic agents in MDS and AML patients, as c-MPL is
also present on a considerable percentage of myeloid leuke-
mia cells.***' Therefore, it is important to identify whether
EP stimulates blast cells expressing c-MPL to proliferate.
Previous studies'>?° have demonstrated that EP does not
increase leukemia cell proliferation; in contrast, preclinical
ex vivo and in vivo studies have found that EP has an
antiproliferation effect on leukemia cells. The cytotoxicity
of EP, unlike its ability to promote megakaryopoiesis, does
not depend on c-Mpl.'” This anti-leukemic effect was also
observed in an AML patient with a NPMI mutation.'®
Consistent with those studies,>'®?* our results reveal that
continuous EP (5-30 pg/mL) or DAC (>0.5 umol/L) single-
agent treatment suppresses the proliferation of K562 and
THP-1 cells.

Phase I/II clinical studies on EP have already demon-
strated safety and efficacy in high-risk MDS and AML
patients.’®?’ However, there is still much controversy
about the application of EP in patients simultaneously
treated with HMAs. One phase III clinical trial
(NCTO02158936) that examined the capability of EP in
intermediate or high-risk MDS patients using azacytidine
treatment was terminated because of the slower platelet
and increased risk of developing AML, and the usage of
EP combined with HMAs in patients with MDS is, there-
fore, contraindicated.®? Although that clinical study did
not observe a synergistic effect of azacytidine and EP in
MDS patients, concerns about concomitant treatment with
EP and HMAs have been raised. Recently, one preclinical
study of EP combined with azacytidine assessed the antil-
eukemic effect of EP in the context of azacytidine treat-
ment in MDS/AML patient-derived cells.”® The results
revealed that concurrent treatment of EP and azacytidine
in leukemia cells increased the proliferation of leukemic
cells in vitro.”® Interestingly, another in vitro study showed
that low-dose DAC was able to improve megakaryocyte
maturation and platelet production.®® This possible thera-
peutic benefit of DAC supports our hypothesis that AML/
MDS patients with severe thrombocytopenia may benefit
from low-dose DAC combined with EP treatment. The
potential effect of EP combined with DAC is being inves-
tigated in a clinical trial, and the results have not yet been
reported.?’

In our present study, we found that the combination
of different concentrations of EP and DAC showed
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effects than DAC
(20 umol/L) as a single agent. We further found that
the combination of EP and DAC inhibited leukemia cell

growth and induced cell apoptosis and cell cycle dis-

more obvious antiproliferative

tribution related to changes in intracellular ROS. EP at a
relatively low concentration (5 pg/mL) mainly induced
cell cycle arrest in the S phase, while high-dose EP
(30 pg/mL) resulted in cell cycle arrest in the GO/G1
phase. DAC caused G2/M or S phase cell cycle arrest.
The combination of lower concentration EP plus DAC
had a synergistic effect in the S and G2/M phase arrest,
while high-dose EP combined with DAC induced arrest
in the GO/G1 or S phase.

ROS are involved in various signal transduction pro-
cesses, and regulate cell growth, proliferation, and
differentiation.”>** The quantity of ROS that is required
for normal cell function varies among cell types and relies
on the metabolic state of the cell. Studies have found that
ROS levels are excessive during the progression of
cancers.”” The alteration of ROS levels, whether increased
or decreased, leads to stress response activation.’'
Consistent with a previous study,”' our results demonstrated
that EP at a relatively lower concentration (5 pg/mL)
induced leukemia cell apoptosis which was related to a
significant decrease in ROS, while EP at a relatively higher
concentration (30 pg/mL) dramatically increased the intra-
cellular ROS of leukemia cells. We further identified that
DAC induced changes in ROS depending on cell type.
More interestingly, we found that the combination of low-
dose EP and DAC induced increased leukemia cell apopto-
sis with significantly decreased ROS. In contrast, high-dose
EP combined with DAC induced around 90% leukemia cell
apoptosis which was associated with remarkably increased
ROS. Therefore, we propose that the synergistic antileuke-
mic effect of EP and DAC is related to the alteration of
intracellular ROS.

In summary, in this study, we found that EP or DAC is
cytotoxic to myeloid leukemia cells and for the first time
show that the synergistic antileukemic effects of EP and
DAC are associated with changes in intracellular ROS.
Our results provide evidence of the efficacy of the combi-
nation DAC and EP in myeloid leukemia cells. The com-
bination of EP and low-dose DAC may improve platelet
numbers, lessen hematologic toxicity, and ameliorate
patient morbidity. Further in vivo studies of the mechan-
isms of EP DAC combination treatment on leukemia cells
are needed.
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