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Abstract

Acute myeloid leukemia (AML), is a clonal disorder caused by acquired somatic mutations and chromosomal
rearrangements. According to some evidence, progression of hematolymphoid malignancies depends on the induction
of new blood vessel formation under the influence of acute leukemia. Various factors are produced by cancer cells
under hypoxic conditions to increase vascular formation. Among these, vascular endothelial growth factor (VEGF)
plays a crucial role. Cytotoxicity and anticancer effects of arsenic trioxide (ATO) have been reported in many cancers.
Sorafenib, known as an angiogenic inhibitor, decreases leukemic cell survival. The aim of this study was to indicate
combination effects of ATO and sorafenib in two AML cell lines, KG-1 and U937. Effective doses was determined by
MTT assay for both single and combination treatments. Percentages of apoptotic cells were evaluated by Annexin V
FITC staining and mRNA levels of VEGF isoforms and receptor expression were investigated by Real-Time PCR. Our
data show that sorafenib (SuM and 7uM in KG-1 and U937 cell lines respectively), ATO (1.618uM and 1uM in KG-1
and U937 cell lines respectively), and also their combination significantly increased the percentage of apoptotic cells.
In addition the mRNA level of VEGF isoforms was downregulated in the U937 cell line while upregulated in KG-1
cells. Taken together, our results suggest that the VEGF autocrine loop may have an influence on AML development
and progression and could be consider as a therapeutic target. The combination of sorafenib as a VEGF inhibitor with
ATO synergistically inhibits cell proliferation and promotes apoptosis.
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VEGF), placenta growth factor (PGF), VEGF-B, VEGF-C
and VEGF-D. There are 4 receptors for VEGF have been
recognized: Flt-1 (VEGFR-1), Flk-1/KDR (VEGFR-2),
Flt-4 (VEGFR-3), and neuropilin-1 (NRP-1) (Ferrara et

Introduction

Acute myeloid leukemia (AML) is a clonal disorder as
a result of acquired somatic mutations and chromosomal

rearrangements (Rubnitz et al., 2010) which occurs in
a hematopoietic progenitor (Mohammadi et al., 2016;
Bohl et al., 2017). Progress in our comprehension as
to pathophysiology of AML have not yet led to major
advances in disease-free and overall survival of patients.
While the particular reason for this biological abnormality
in patients are usually unclear, advances in understanding
of the genetic basis of leukemia could lead to a wide array
of targeted therapies. The importance of angiogenesis in
tumor growth has become evident in numerous studies
(Lee et al., 2016; Mohammadi et al., 2017b). Different
factors are being produced from malignant cells in hypoxic
condition to promote vascular formation. Among those,
vascular endothelial growth factor (VEGF) has crucial role
in enhancing migration, proliferation, and differentiation
of endothelial cells. VEGF have five isoforms; VEGF-A
(key regulator of blood vessels growth, herein refer to

al., 2003). Expression levels of VEGF and its receptors
are accepted as an indicators of angiogenesis in solid
tumors. Different types of leukemia like solid tumors were
also shown to have high microvessel density (MVD) in
bone marrow (Medinger et al., 2010; Lee et al., 2016).
Based on various studies, acute leukemia cells secrete
substantial amounts of VEGF in the serum and also
malignant hematopoietic cells were detected to express
VEGF and VEGFR (Zhu et al., 2003). Expression of
VEGF and VEGF receptor (VEGFR) genes have been
linked to reduced survival and lower remission rates in
patients with different hematologic malignancies (Aguayo
et al., 2002; Song et al., 2012b). VEGF signaling known
as a key aspects of tumorgenesis (Goel and Mercurio,
2013). Co-expression of VEGF and VEGFR in lymphoma,
multiple myeloma and leukemia, connected with its
direct role in malignant cell survival, proliferation. These
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data indicate the pivotal function of autocrine VEGF
loops in the pathogenesis of these sort of malignancies
(Podar and Anderson, 2005; Mohammadi et al., 2017a).
Variant direct and indirect VEGF and VEGFR inhibitor
strategies are under clinical research for treatment of
both solid tumors and hematologic malignancies. The
production of anti-apoptotic and pro-apoptotic molecules
changes within the course of conventional treatment for
cancer. Specifically, previous researches indicate that
chemotherapy, irradiation and surgery, could promote
tumor angiogenesis through increasing production of
VEGF and other endothelial cell survival and growth
factors in tumor cells. High concentration of VEGF
in bone marrow microenvironment in hematologic
malignancies may repress the anti-proliferative effects
of several chemotherapeutics which enhance multidrug
resistance (Tran et al., 2002; Mohammadi et al., 2017a).
Thus, combination of chemotherapies and irradiation
with medicine that inhibit VEGF signaling may promote
antitumor efficacy. (Teicher et al., 1992; Lee et al., 2000;
Podar and Anderson, 2005). Sorafenib is known as a
multi kinase inhibitor through activity against the Ser/ Thr
kinase Raf that recognize to have important role in tumor
cell signaling and proliferation (Liu et al., 2006) (Figure
1). In addition to targeting Raf serine/threonine kinases,
also sorafenib potently inhibits the auto phosphorylation
of various receptor tyrosine kinases including, VEGFR1,
2 and 3 and also PDGFRJ (Wilhelm et al., 2006) which
play pivotal roles in tumor progression and angiogenesis.
(Adnane et al., 2006; Wilhelm et al., 2008). Arsenic
trioxide (ATO) as a single agent is able to target various
cellular functions through multiple molecular factors
(Emadi and Gore, 2010) (Figure 2). Likewise, ATO
known as a current standard treatment for adult acute
promyelocytic leukemia. The aim of present study was to
evaluate the combination effect of ATO and sorafenib as a
new strategy with unique anti-cancer properties on VEGF
gene expression and apoptosis in KG-1 and U937 lines.
Also, the effect of these compounds on mRNA expression
level of different isoform of VEGF were evaluated in
these cell lines.

Material and Methods

Reagents

Annexin V-FITC aposptosis detection Kkit,
dimethylsulfoxide (DMSO), DEPC treated water and ATO
were obtained from the Sigma-Aldrich (Sigma-Aldrich,
St. Louis, MO). Sorafenib was purchase from the Santa
Cruz (Santa Cruz, Dallas, Texas). RPMI 1640 medium and
fetal bovine serum (FBS) were purchased from (Gibco,
Carlsbad, CA). The cDNA synthesis kit was purchased
from Takara Bio Inc. (Takara Bio Inc., Otsu, Japan).TRI
pure was obtained from Roche Applied Science (Roche
Applied Science, Germany).

Cell line

The human leukemia cell lines U937 and KG-1 were
obtained from the National Cell Bank of Iran (Pasteur
Institute, Tehran, Iran). These cell lines were cultured in
complete RPMI-1640 medium with 10% and 20% heat
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inactivated FBS for U937 and KG-1 cell line respectively,
supplemented with 100 U/mL penicillin, 100 pg/mL
streptomycin. All cells were cultured in a humidified
atmosphere at 37°C with 5% CO2 incubator.

Proliferation assay

U937 and KG-1 cell line were seeded ( at an initial
density 5 x 103 cells per well) in 96-well plate. Cells were
treated with ATO, Sorafenib and their combinations at
37°C and 5% CO2 atmosphere for 24, 48 and 72 hours.
The proliferation rate of cells was analyzed by MTT assay.
Results were expressed as a proliferation rate, with 100%
representing control cells treated with 0.1% DMSO alone.

Apoptosis assay

U937 and KG-1 cell lines were seeded at density of
3 x 10° cell/well and incubated for 48 hours in absence
and presence of ATO, Sorafenib and their combinations.
To assess the percentage of apoptosis induction by
treated compounds, fluorescein-conjugated Annexin V
(Annexin V-FITC) staining assay was accomplished based
on manufacturer protocol. The percentage of apoptosis
was determined as a percentage of the Annexin V+/
PI- cells through flow cytometry by BD flow cytometer
instrument and analyzed with flowjo (Tree Star Inc.,
version 9.6.3,USA) program.

DNA cell cycle analysis

Cells were treated with indicated concentrations of
ATO and Sorafenib for 48h, then fixed in 70% in ethanol
and dye by PI. Cells were assessed by BD flow cytometer
instrument analyzed with flowjo program. The apoptotic
cell fraction could predict from hypodiploid sub-G0/G1
DNA fraction.

RNA isolation and Real Time PCR
RNA isolation

Total RNA was extracted by using the TRI pure (Roche
Applied Science, Germany), according to the manufacturer
instructions. The RNA pellets were reconstituted in DEPC
treated water. The quality and quantity of total RNA was
determined spectro-photometrically using Nanodrop
ND-1000 (Nanodrop Technologies, Wilmington, DE)
at 260 and 280 nm. Complementary DNAs (cDNAs)
were reverse transcribed from 1-2ug of total RNA by
use of cDNA synthesis kit (Takara Bio Inc., Otsu, Japan)
according to the manufacturer instructions. The cDNA
concentration was then normalized in series of PCR
by using HPRT and GAPDH primers (Table 1).The
normalized cDNAs were subjected to amplification, using
Step One Plus™ ABI instrument (Apply Bio systems,
USA). The levels of HPRT mRNA expression were used
to estimate the relative expression levels. The comparative
Ctmethod was used to compute relative expression values.
The primers and their corresponding amplicon lengths
were provided in Table 1.

Statistical Analysis

All in vitro experiments were performed in triplicate,
and results have been expressed as the mean=standard
deviation (SE). Student’s t test and one-way analysis



of variance (one-way ANOVA) were used to determine
statistical significances of difference. Statistical
significance were defined at *P<0.05, **P<0.01, and
*#*¥P<(0.001 compared to corresponding control.

Results

Evaluation of cell proliferation using MTT test

The cell proliferation of U937 and KG-1 which treated
with indicated concentration of ATO (0.5uM - 5uM) and
sorafenib (2uM - 12uM) were assessed by MTT assay
for 24h, 48h and 72h. We perceived both time- and
dose-dependent effect of compounds. As seen in Figure 3,
we did not observed a significant difference between 48h
and 72h. We evaluated synergic effect of selected dose
of ATO and sorafenib (1.618uM and 2uM for KG-1 and
1uM for U937) and sorafenib (7uM for KG-1 and SpuM
for U937) respectively. Our data indicate that ATO and
sorafenib alone or their combination could significantly
reduced the cell proliferation in both U937 and KG-1
cell lines in comparison to the control group (Figure 3).
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Figure 1. Molecular Target of Sorafenib. Sorafenib
is Known as a Multi Kinase Inhibitor which acts via
Activity Against the Ser/ Thr kinase Raf that recognize
to Have Important Role in Tumor Cell Signaling and
Proliferation
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Figure 2. Molecular Target of Arsenic Trioxide (ATO).
ATO acts as a single agent targets with various cellular
functions through multiple molecular factors.
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Figure 3. Cell Proliferation in U937 and KG-1. Effects
of ATO and Sorafenib on cell proliferation of KG-1 and
U937 cell lines. The anti-proliferative effects of ATO
(0.4-5 uM), Sorafenib (2-12 uM) and their combinations
on cited AML cell lines were assessed by MTT assay
after 24 h-48h and 72 h treatment . Significant difference
between 48h and 72h was not observed. After detection
of suitable doses for ATO (1.618uM and 2uM for KG-1
and 1pM for U937) and sorafenib (7uM for KG-1 and
SuM for U937), we evaluated combination effect of ATO
and sorafenib. Combination effect of ATO and sorafenib
compared to the control or even single compound could
significantly decrease cell proliferation in both U937
and KG-1 cell lines. Data are mean + S.E of three
independent experiments. Statistical significance were
defined at *P<0.05, **P<0.01 and ***P<0.001compared
to corresponding control.
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Figure 4. Apoptosis Assay in KG-1 Cell Line after
48h. Cells in the lower right quadrant represented
apoptosis while in the upper right quadrant indicated
post-apoptotic necrosis. Data are mean = S.E of three
independent experiments. Statistical significance were
defined at *P<0.05, **P<0.01 and ***P<(0.001compared
to corresponding control.
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Figure 5. Apoptosis Assay in U937 Cell Line after
48h. Cells in the Lower Right Quadrant Represented
Apoptosis while in the Upper Right Quadrant Indicated
Post-Apoptotic Necrosis. Data are mean + S.E of three
independent experiments. Statistical significance were
defined at *P<0.05, **P<0.01 and ***P<0.001compared
to corresponding control.
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Figure 6. Cell Cycle Analysis for KG-1. Effect of ATO
and Sorafenib on KG-1 induced sub-GO/G1 DNA
population. Data are mean + S.E of three independent
experiments. Statistical significance were defined
at *P<0.05, **P<0.01 and ***P<0.001compared to
corresponding control.
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Figure 7. Cell Cycle Analysis for U937. Cell cycle
analysis for U937. Effect of ATO and Sorafenib on
KG-1 induced sub-G0/G1 DNA population. Data are
mean = S.E of three independent experiments. Statistical
significance were defined at *P<0.05, **P<0.01 and
***P<0.001compared to corresponding control.

Apoptosis assay

We performed flow cytometry assay by Annexin
V FITC/PI staining to investigate apoptosis effects of
indicated compounds. As seen in Figure 4 and Figure 5, we
observed an increase in early apoptotic cells (Annexin +/PI-)
and minimum percentage of necrosis in treated cells as
compared with control in both U937 and KG-1 cell lines.
In addition, significant increase (70 % in KG-1 and 80
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Figure 8. The Effects of ATO and Sorafenib on the
mRNA Level of Indicated Genes in KG-1 and U937
Cells. The effect of ATO (1-2 uM) and Sorafenib (5-7
uM) on expression level of VEGF (A, B, C, R1 and R2)
were determined by qRT-PCR analysis. Values were
normalized using the expression of the housekeeping
HPRT. Values are given as mean + S.E. of three
independent experiments. Statistical significance were
defined at ¥*P<0.05, **P<0.01 and ***P<0.001compared
to corresponding control.
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Table 1. Real-Time PCR Primers

primer sequence Ref
GAPDH TGAACGGGAAGCTCACTGG (Kong et al.,
TCCACCACCCTGTTGCTGTA 2014b)
HPRT GCTATAAATTCTTTGCTGACCTGCTG (Gusenbauer
AATTACTTTTATGTCCCCTGTTGACTGG  etal., 2015)
VEGFA AGGGCAGAATCATCACGAAGT (Kong et al.,
AGGGTCTCGATTGGATGGCA 2014a)
VEGFB GAGATGTCCCTGGAAGAACACA (Yang et al.,
GAGTGGGATGGGTGATGTCAG 2009)
VEGFC GAGGAGCAGTTACGGTCTGTG (Awad et al.,
TCCTTTCCTTAGCTGACACTTGT 2015)
VEGF- CAGGCCCAGTTTCTGCCATT (Grellier et
R1 TTCCAGCTCAGCGTGGTCGTA al., 2009)
VEGF- CCAGCAAAAGCAGGGAGTCTGT (Giurdanella
R2 TGTCTGTGTCATCGGAGTGATATCC etal., 2015)

% in U937) of apoptotic cells were seen in combination
of ATO and sorafenib. The percentages of apoptotic
cells in treated KG-1(ATO1.618uM+Sorafenib7uM
and ATO 2uM+Sorafenib7uM) and U937
(ATO1pM+Sorafenib5uM) cell populations were
statistically remarkable as compared to the control groups.

Cell cycle assay

DNA content of KG-1 and U937 cells evaluated during
cell cycle to get information about cell cycle progression.
In present study after treatment of U937 the cell population
in GO/G1 phase increased in all doses especially when
cells treated with combination of Sorafenib and ATO for
48h. Moreover our data exhibited that combination of ATO
and sorafenib increased the hypodiploid sub G0/G1 DNA
fraction in dose depended manner (1.13% to 8.3% for
KG-1cell and 9.21% to 16.1% for U937 cell respectively)
indicating apoptotic population (Figure 6 and Figure 7).

Real-Time PCR assay

The expression of VEGF isoforms and VEGFR1
and VEGFR2 in treated cells were evaluated by
Real-time PCR. KG-1 cells were treated with selective
concentrations of ATO (1.618uM and 2uM), sorafenib
(7uM) and also their combination for 48h. We observed
that the mRNA expression of VEGFR1, VEGFR2 and
VEGFC downregulated when KG-1 cells were treated
with 7uM sorafenib while the mRNA expression of
VEGFA and VEGFB slightly upregulated. The significant
downregulation VEGFB mRNA expression observed
when cells treated with 1.618uM of ATO in KG-1 cells.
(Figure 8).

U937 cells were treated with selective concentrations
of ATO (1uM), sorafenib (5pM) and also their combination
for 48h. Our data indicate that ATO (1um), sorafenib
(5um) and specially their combination significantly
downregulate the mRNA expression of VEGFA in U937
cells. In addition our results showed that ATO and also
combination of ATO and sorafenib lead to downregulation
of mRNA expression of VEGFB gene. Likewise, slightly
upregulation in mRNA expression of cited gene was
observed in sorafenib treated cells. The expression of
VEGFR2 downregulated by ATO (1uM) (Figure 8).

Discussion

Acute myeloid leukemia (AML) is known as one
of the most common hematologic disorder in modern
society based on the World Health Organization report.
Beside of new treatment options which have improved
overall survival in last decades, AML still remain as a
life-threating disease (Panah et al., 2017). According to
recent data, the proliferation of both solid tumors and
hematological malignancies might be dependent on
angiogenesis (Barbarroja et al., 2007; Rodriguez-Ariza
etal., 2011). In present study we demonstrated the effect
of ATO and sorafenib on expression pattern of VEGFA,
VEGFB, VEGFC, VEGFRI and VEGFR2 in leukemic
cell lines. Previous studies demonstrated that AML blast
increase autocrine VEGF pathway to promote proliferation
which lead to cell survival (Mohammadi et al., 2017a).
This might elucidate why AML patients with VEGF
overexpression illustrate poor prognosis (Aguayo et al.,
2000; Padro et al., 2002).

VEGEF is known as a target in leukemia treatment
and various strategies have been used to down-regulate
or inhibit VEGF signaling pathway(Song et al., 2012b).
This new strategy which inhibit VEGF pathway could
block the autocrine VEGF pathway in AML cell lines
as well as the atypical vessel development through the
vascular endothelial cells (Song et al., 2012a). Perez-
Atayde etal., 1997 have reported that blood vessel density
increased in the bone marrow in children suffer from acute
lymphoblastic leukemia.

ATO is known as a multi target agent which able to
activate apoptosis through various molecular pathway
in various cancer including solid tumor cells and
hematological malignancies (Li and Broome, 1999;
Rousselot et al., 1999; Zhu et al., 1999; Bonati et al.,
2006). In this research we observed cytotoxicity of
ATO and also induction of apoptosis in both U937 and
KG-1 cell lines in a dose-dependent manner. In addition
we observed that ATO could down-regulate the gene
expression of VEGF. We tested various concentration
of ATO in resistance cell line (KG-1). We observed that
1.618uM of ATO exhibit significant effects as compare
with upper and lower doses of ATO in KG-1. Recent
researches have confirmed that low concentrations of
ATO (1-5 uM), induce partial apoptosis of T lymphocytes
by promoting caspase activation and oxidative stress
(Gupta et al., 2003). In good agreement with our result,
Rojewski et al., showed that low concentration of ATO
induce apoptosis in U937 cell population (Rojewski et
al., 2002). Goel and Mercurio., (2013) noted that ATO
disrupt a reciprocal stimulatory loop between endothelial
cells and leukemic cells through promoting apoptosis in
HUVEC:s cell line via inhibiting leukemic cell VEGF
protein production (Roboz et al., 2000). Data from our
laboratory also indicted that ATO down-regulate gene
expression of VEGFA, VEGFB and VEGFR-2 in U937
cell population and down-regulate gene expression of
VEGFB in KG-1 cell population.

The anti-angiogenic effect of sorafenib in breast,
colorectal carcinomas renal cell and hepatocellular
carcinoma has been reported (Wilhelm et al., 2008).
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The anti-angiogenic property of Sorafenib also is being
evaluated to use for AML treatment (Mori et al., 2008).
Considering the vital role of VEGF, we investigate the
effect of sorafenib on VEGF isoforms and their receptors.
However sorafenib evident to be more effective in
leukemias with the FLT3-ITD mutation, antileukemic
function has been elucidated in several patients with AML
and wild-type form of FLT3(Crump et al., 2010). In line
with our result, Shuiying et al, reported that sorafenib
exhibited antileukemic activity in AML cell lines (Hu
et al., 2011). Although previous studies confirmed
the antiangiogenic effect of sorafenib in cell line with
FLT3-ITD mutation, we exhibit antileukemic effect of
sorafenib in wild-type FLT3 cell line including in U937
and KG-1 cell line.

In conclusion, The VEGF pathway may has potential
impact on AML development and progression and could
be consider as a therapeutic target. Sorafenib as a VEGF
inhibitor in combination with ATO has a synergistic
impact on inhibition of cell proliferation and promotion of
apoptosis in AML cell line without FLT3 mutation. ATO
enhances the antitumor activity of sorafenib in both U937
and KG-1 cell population when used simultaneously in
combination. Our study indicated a potential mechanism
underlying the interaction between ATO and sorafenib in
U937 and KG-1 cell lines.
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