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Abstract
Objective: Acute myeloid leukemia (AML) is a clonal disorder of hemopoietic progenitor cells. The Raf serine/threonine
(Ser/Thr) protein kinase isoforms including B-Raf and RAF 1, are the upstream in the MAPK cascade that play essential
functions in regulating cellular proliferation and survival. Activated autophagy-related genes have a dual role in both
cell death and cell survival in cancer cells. The cytotoxic activities of arsenic trioxide (ATO) were widely assessed in
many cancers. Sorafenib is known as a multikinase inhibitor which acts through suppression of Ser/Thr kinase Raf that
was reported to have a key role in tumor cell signaling, proliferation, and angiogenesis. In this study, we examined the
combination effect of ATO and sorafenib in AML cell lines.

Materials and Methods: In this experimental study, we studied in vitro effects of ATO and sorafenib on human leukemia
cell lines. The effective concentrations of compounds were determined by MTT assay in both single and combination
treatments. Apoptosis was evaluated by annexin-V FITC staining. Finally, mRNA levels of apoptotic and autophagy
genes were evaluated using real-time polymerase chain reaction (PCR).

Results: Data demonstrated that sorafenib, ATO, and their combination significantly increase the number of apoptotic
cells. We found that the combination of ATO and sorafenib significantly reduces the viability of U937 and KG-1 cells.
The expression level of selective autophagy genes, ULK1 and Beclin1 decreased but LC3-Il increased in U937.

Conclusion: The expression levels of apoptotic and autophagy activator genes were increased in response to
treatment. The crosstalk between apoptosis and autophagy is a complicated mechanism and further investigations
seem to be necessary.
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Introduction

Acute myeloid leukemia (AML) as a malignant disease
of the bone marrow, is caused by acquired somatic
mutations and chromosomal rearrangements which
occur in a hematopoietic progenitor. Regardless of its
etiology, the AML pathogenesis involves extraordinary
differentiation and proliferation of a clonal population
of myeloid stem cells. Different processes involved in
leukemia are controlled by signaling pathways initiated
by activated receptor tyrosine kinases (RTKs) (1).

RAS is adownstream factor for various RTKs. Activation
of RAS signaling pathway has a critical function in the
development of human malignancies (2). Fundamental
activity of the RAS pathways arises from downstream
effectors of RAS, activating mutations in the RAS, or even
overexpression of a variety of RTKs, including vascular
endothelial growth factor receptors (VEGFRs), epidermal
growth factor receptor (EGFR) or platelet-derived growth

factor receptor (PDGFR) (3). Therefore, RAS mutations
or activation in human tumors could lead to cell survival
and proliferation. RAS adjusts multiple pathways such
as RAF/MEK/ERK pathway which remarkably activate
cellular transformation.

RAF kinases are serine/threonine protein kinases which
act as a downstream effector of RAS. The Raf serine/
threonine protein kinase isoforms including A-Raf,
B-Raf and Rafl, are the upstream in the MAPK cascade
(4) and they regulate cellular proliferation and survival.
Moreover, it was recently demonstrated that wild-type
Rafl could, independently of MAPK signaling, promote
cell survival, through interactions with apoptosis and anti-
apoptosis regulatory proteins (5).

Beclinl (which is encoded by BCNG [ gene) is
one of the core autophagy-regulating elements and a
haploinsufficient tumor suppressor gene which is directly
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associated with BCL-2 (6). ULK1 is a serine/threonine-
protein kinase that is involved in autophagy pathways
(7). LC3 (an ubiquitin-like protein) is a soluble protein
that is distributed in cultured cells and tissues. During
autophagy activation, LC3-I is found in the cytoplasm and
it is also conjugated with phosphatidylethanolamine via
LC3-phosphatidylethanolamine conjugate (LC3-II) that
induces formation and elongation of the autophagosome
(8). PTEN as a tumor suppressor is one of the most
commonly deleted, mutated or promoter methylated genes
in various cancers. PTEN is able to control autophagy
based upon lipid phosphatase activity that opposes the
function of PI3K and also deactivates Akt and mTOR
signaling (9).

Sorafenib is known as a multikinase inhibitor which
has effective roles in tumor cell signaling, proliferation,
and angiogenesis (Fig.1A) (10). Arsenic trioxide (ATO)
targets various cellular functions through multiple
molecular factors (Fig.1B). ATO plays dual roles in
acute promyelocytic leukemia (APL) cells, and at low
concentrations, it activates differentiation while at high
concentrations, it promotes apoptosis (11). The aim of the
present study was to appraise the combination effect of
ATO and sorafenib on VEGFA, B-RAF, MEKI1, MEK?2,
Beclinl, LC3-1I, ULKI, RAF1, BCL-2 and PTEN gene
expression and apoptosis in leukemic cell lines.

Material and Methods
Reagents

In this in vitro experimental study, annexin-V-FITC
apoptosis detection kit, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT), dimethylsulfoxide
(DMSO) and diethyl pyrocarbonate (DEPC)-treated water
were obtained from Sigma-Aldrich (St. Louis, MO), and
sorafenib was purchased from Santa Cruz (Dallas, Texas).
ATO was provided by Sigma-Aldrich, St. Louis, MO,
and dissolved in distilled water. RPMI 1640 medium and
fetal bovine serum (FBS) were purchased from Gibco,
Carlsbad, CA. The cDNA synthesis kit was purchased
from Takara Bio Inc. (Otsu, Japan). TRI pure (used as
the isolation reagent) was obtained from Roche Applied
Science (Germany).

Cell lines and treatments

We purchased U937 and KG-1 cell lines from the National
Cell Bank of Iran (Pasteur Institute, Iran). Cell lines were
cultured and expanded in RPMI 1640 supplemented with 10
and 20% heat-inactivated FBS for U937 and KG-1 cell line,
respectively, 100 IU/ml penicillinand 100 pg/ml streptomycin.
Cells were cultured in a CO, incubator at 37°C with 5% CO,
in a humidified atmosphere. Cells were seeded at 1x10°
cells/mL. For treatment experiments, prior to each assay, 80-
90% confluent flask was centrifuged, the supernatant was
discarded and each cell pellet was resuspended separately
in 1-2 ml of media and completely pipetted to prevent cell
clumping. Then, 10 pL of cell solution including cell and
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media, was pipetted and cells were counted. Afterward, the
cells were treated with the selected concentrations.
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Fig.1: Molecular target of sorafenib and arsenic trioxide (ATO). A. Sorafenib
is known as a multikinase inhibitor which acts through suppressing Ser/
Thr kinase Raf that is known to have important roles in tumor cell signaling
and proliferation and B. ATO as a single agent, targets various cellular
functions through affecting multiple molecular factors. ATO activates both
autophagy and apoptosis.

Proliferation assay

The antiproliferative activity of ATO (0.5-5 uM) and
sorafenib (2-12 uM) was assessed using MTT assay at
24, 48 and 72 hours, to distinguish optimal conditions
with maximum effects, in KG-1 and U937 cells. In order
to determine the growth inhibitory effects of ATO and
sorafenib, KG-1 and U937 cells were seeded into 96-
well plates at a primary density of 5x10° per well (100
ul). After that, cells were treated with ATO, sorafenib and
their combinations for 24, 48 and 72 hours. Control cells
were treated with 0.1% DMSO alone. The proliferation
rate of cells was analyzed by MTT assay and results are
expressed as proliferation rate.



Apoptosis assay

To assess the percentage of apoptosis induced by
the above-noted compounds, fluorescein-conjugated
annexin-V  (annexin-V-FITC) staining assay was
accomplished based on the manufacturer’s protocol. We
treated KG-1 and U937 cells with ATO (1.618 and 2 uM
for KG-1 and 1 uM for U937) and sorafenib (7 uM for
KG-1 and 5 uM for U937) and their combination for
48 hours. Data acquisition and analysis of apoptosis by
a Becton Dickinson (BD, America) flow cytometer and
percentage of the annexin-V'/PI" cells was recorded;
finally, we used flowJo program to analyze our data.

Cell cycle analysis

Here, U937 and KG-1 cell population were treated
with specific concentrations of ATO and sorafenib for 48
hours, then fixed in cold 70% ecthanol and stained with
propidium iodide (PI). Cells were evaluated by BD flow
cytometer instrument and data were analyzed by flowJo
program. The apoptotic cell fraction was calculated based
on hypodiploid G0/G1 DNA fraction.

RNA isolation and real-time polymerase chain reaction

We treated KG-1 and U937 cells with ATO (1.618 and
2 uM for KG-1 and 1 uM for U937) and sorafenib (7 uM
for KG-1 and 5 uM for U937) and their combination for
48 hours. Treated cells were harvested and dissolved in
1 ml of TRI pure (Roche Applied Science, Germany),
based on the manufacturer’s instructions. DEPC-
treated water was used to reconstitute the RNA pellets.
The quantity and quality of total RNA were analyzed
spectrophotometrically using Nanodrop ND-1000
(Nanodrop Technologies, Wilmington, DE) at 260 and
280 nm. Then, complementary DNAs (cDNAs) were
reverse transcribed from 1-2 pg oftotal RNA by use ofa
cDNA synthesis kit (Takara Bio Inc., Japan) according
to the manufacturer’s instructions. The concentration
of ¢cDNA was normalized in series of PCR through
using HPRT and GAPDH primers. The normalized
cDNAs were subjected to amplification, using Step
One Plus™ ABI instrument (Applied Biosystems,
USA). The levels of HPRT mRNA expression were
used to evaluate the relative expression levels of
the genes. The comparative Ct method was used to
compute relative expression values. The primers and
their corresponding amplicon lengths are provided in
Table 1.

Statistical analysis

Data were analyzed using GraphPad Prism 5 software by
using one/two way ANOVA and for post-test evaluations,
we used t test. All data represent the results obtained from
triplicate independent experiments and expressed as mean
+ standard errors of the mean (SE). Asterisks (*, **, and
**%) in the Figures indicate P<0.05, P<0.01, and P<0.001,
respectively.
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Table 1: Real-time polymerase chain reaction primer

Gene Primer sequence (5°-3") Reference

GAPDH  F: TGAACGGGAAGCTCACTGG (12)
R: TCCACCACCCTGTTGCTGTA

HPRT F: GCTATAAATTCTTTGCTGACCTGCTG (13)
R: AATTACTTTTATGTCCCCTGTTGACTGG

VEGFA F: AGGGCAGAATCATCACGAAGT (14)
R: AGGGTCTCGATTGGATGGCA

VEGFB  F: GAGATGTCCCTGGAAGAACACA (15)
R: GAGTGGGATGGGTGATGTCAG

VEGFC  F: GAGGAGCAGTTACGGTCTGTG (16)
R: TCCTTTCCTTAGCTGACACTTGT

VEGF-RI F: CAGGCCCAGTTTCTGCCATT (14)
R: TTCCAGCTCAGCGTGGTCGTA

VEGF-R2 F:CCAGCAAAAGCAGGGAGTCTGT (14)
R: TGTCTGTGTCATCGGAGTGATATCC

LC3-11 F: GATGTCCGACTTATTCGAGAGC 17
R: TTGAGCTGTAAGCGCCTTCTA

Beclinl F: AGCTGCCGTTATACTGTTCTG 17
R: ACTGCCTCCTGTGTCTTCAATCTT

ULK1 F: TCGAGTTCTCCCGCAAGG (18)
R: CGTCTGAGACTTGGCGAGGT

BCL-2 F: CTGCACCTGACGCCCTTCACC (19)
R: CACATGACCCCACCGAACTCAAAGA

PTEN F: TGGATTCGACTTAGACTTGACCT (13)
R: TTTGGCGGTGTCATAATGTCTT

AKT F: AGCGACGTGGCTATTGTGAAG (13)
R: GTACTCCCCTCGTTTGTGCAG

mTOR F: AACTCCGAGAGATGAGTCAAGA (13)
R: AGTTGGTCATAGAAGCGAGTAGA

PI3K F: AACACAGAAGACCAATACTC (20)
R: TTCGCCATCTACCACTAC

B-RAF F: CTCGAGTGATGATTGGGAGATTCCTGATGG (21)
R: CTGCTGAGGTGTAGGTGCTGTCAC

RAF-1 F: CAG CCC TGT CCAGTA GC 21
R: GCG TGA CTT TAC TGT TGC

MEK] F: ACCAGCCCAGCACACCAA 22)
R: GGGACTCGCTCTTTGTTGCTT

MEK?2 F: TGCTCACAAACCACACCTTCA 22)

R: ACACAACCAGCCGGCAAA
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Result
Evaluation of cell proliferation using MTT test

Metabolic activity can be detected through measuring
the activity of succinate dehydrogenase as a mitochondrial
enzyme via MTT assay. We applied the MTT assay to
determine the anti-proliferative activity of ATO and
sorafenib (alone and in combination) in U937 and KG-1
cell lines.
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We perceived both time- and dose-dependent effect
of compounds. As seen in Figure 2, we did not see a
significant difference between 48 and 72 hours treatment
as assessed by two way ANOVA. Our data indicated that
combination effect of ATO and sorafenib (P<0.001 for
both cell lines) compared to the control or even single-
compound treatment (P<0.001 for KG-1 and P<0.01 for
U937), could significantly decrease cell proliferation at
48 hours in both U937 and KG-1 cell lines (Fig.2).
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Fig.2: U937 and KG-1 cells proliferation. In U937 A. The anti-proliferative effects of sorafenib, B. Arsenic trioxide (ATO) and C. Their combinations. In
KG-1 D. The anti-proliferative effects of sorafenib, E. ATO, and F. Their combinations were assessed by MTT assay after 24, 48, and 72 hours treatment.
Combination of ATO and sorafenib compared to the control or each compound alone, could significantly decrease cell proliferation in both cell lines. Data
are expressed as mean + SE of three independent experiments. Statistical significance was defined at *; P<0.05, **; P<0.01 and ***; P<0.001 compared to
corresponding control and red star compared to combination therapy, by using two way ANOVA and t test.
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Apoptosis assay

To investigate apoptosis and necrosis, we performed
flow cytometry assay using annexin-V FITC/PI
staining for both U937 and KG-1 cell lines following
48h treatment. As seen in Figures 3A and B, our result
indicated an increase in apoptotic cells (annexin'/PI") and
minimum percentage of necrosis in treated cells compared
to control, in both U937 and KG-1 cells. Moreover,
we observed a significant increase (up to 70% in KG-1
and around 80% in U937 cells) in combination doses
(P<0.001). The percentages of apoptotic cells in treated

U937-Control U937-1 ATO
AnnexiaFIIC: Annesin- FITC
U937-5 sorafenib
E U937-1 ATO- § Sorafenib
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KG-1 and U937 cell lines were significantly higher than
those of the control groups.

Cell cycle assay

DNA content of U937 and KG-1 cells was assessed by
flow cytometry. To specify the apoptosis activating role
of ATO and sorafenib, U937 and KG-1 cells were treated
with chosen doses for 48 hours. Our result indicated that
combination of ATO and sorafenib increased hypodiploid
GO/G1 DNA fraction in a dose-dependent manner (1.13 to
8.3% for KG-1 cell and 9.21 to 16.1% for U937 cell) (Fig.4).
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Fig.3: The rate of apoptosis and necrosis by flow cytometry. Investigation of apoptosis in A. U937 and B. KG-1 cell lines after 48 hours. Cells in the lower
right quadrant show apoptosis while in the upper right quadrant show post-apoptotic necrosis. Data are expressed as mean + SE of three independent
experiments. Statistical significance was defined at *; P<0.05, **; P<0.01 and ***; P<0.001 compared to corresponding control, by using two way

ANOVA.
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Fig.4: Cell cycle analysis. A. Cell cycle analysis for U937. Combination of arsenic trioxide (ATO) and sorafenib increased sub G1. B. Cell cycle analysis for KG-1. Effect

of ATO and sorafenib on KG-1 increased sub-G0/G1 DNA population.

Real-time polymerase chain reaction assay

In order to investigate the mechanisms underlying the
synergy observed for ATO and sorafenib, we analyzed
gene expression of B-RAF, MEK1, MEK?2, Beclinl, LC3-
1I, ULK1, RAF1, BCL-2, PTEN, PI3K, AKT, mTOR, and
VEGF isoforms and its receptors (VEGFRI and VEGFR?2)
by real-time PCR.

U937 cells were treated with specific concentrations of
ATO (1 uM), sorafenib (5 uM) and their combination for
48 hours. We observed that the expression of B-RAF and
MEK]1 decreased when cells were treated with a single
compound (P<0.05) while increased when treated with
the combination dose (P<(0.001) in comparison with the
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control. But, the expression of MEK?2 decreased following
treatment with chosen doses (both single and combination)
(P<0.05). Moreover, in this pathway, the expression
of RAF1 was markedly decreased following treatment
with the combination dose (P<0.01). Furthermore, the
expression of BCL-2 decreased while cells were treated
with a single compound (P<0.05), but slightly increased
following treatment with the combination dose (P<0.01).
The expression of PTEN as a tumor suppressor significantly
increased after treatment with the combination dose.
In addition, expression of PI3/AKT/mTOR decreased
following treatment with the combination dose (P<0.001).
Among the autophagy-related genes, we observed that
the level of expression of ULKI (P<0.01) and Beclinl



(P<0.05) decreased after combination treatment while
the expression of LC3-II increased (P<0.01) following
treatment with the combination dose (Fig.5A-D).

KG-1 cells were treated with ATO (1.618 and 2 uM),
sorafenib (7 uM) and their combination for 48 hours. Our
data indicated that the expression of B-RAF (P<0.001),
MEK]1 (P<0.05), MEK2 (P<0.001), and RAF'1 (P<0.001)
increased following treatment with the combination doses.
Furthermore, the expression of BCL-2 slightly increased
(P<0.05) following treatment with the combination doses.
The expression of PTEN significantly increased after
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treatment with combination dose (P<0.05). Moreover, the
expression of AKT (P<0.01) and mTOR (P<0.05) slightly
increased following treatment with the combination
of ATO and sorafenib. In addition, the expression of
Beclinl (P<0.05), LC3-1I (P<0.001 for the combination
of ATO 2 uM and sorafenib 7 uM) and ULKI (P<0.01
for the combination of ATO 2 uM and sorafenib 7 uM)
as autophagy activators, increased in KG-1 cells. Since
autophagy signaling pathway plays a dual role in cancer
cells, activation of this pathway may promote programmed
cell death (Fig.5E-H).
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Fig.5: The effects of arsenic trioxide (ATO) and sorafenib on the mRNA level of indicated genes in U937 and KG-1 cells. In U937 cell line A. The effects of
ATO and sorafenib on expression levels of cell proliferation genes, B. Autophagy genes, C. VEGF, D. Cell survival genes, and in KG-1 cells, E. The effects
of ATO and sorafenib on expression levels of cell proliferation genes, F. Autophagy genes, G. VEGF, and H. Cell survival genes, were determined by real-
time polymerase chain reaction (PCR) analysis. Values are given as mean + SE of three independent experiments. Statistical significance was defined at *;
P<0.05, **; P<0.01, ***; P<0.001 compared to corresponding control by using two way ANOVA and t test, and VEGF; Vascular endothelial growth factor.
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Discussion

In the present research, we tried to assess the in vitro
activity of sorafenib and ATO, alone and in combination,
in AML cell lines. AML is known as a heterogeneous
disorder. Despite advanced treatment options which have
to promote overall survival, AML still remains as a life-
threating disease (23). In the current article, we studied
the effect of ATO and sorafenib on the expression pattern
of VEGFA (24), B-RAF, MEK1, MEK?2, Beclinl, LC3-11,
ULKI, RAF1, BCL-2 and PTEN in leukemic cell lines.
We focused not only on apoptosis but also on autophagy.
Previous studies demonstrated that angiogenesis factors
such as VEGF-A play a vital role in cancer progression
and metastasis (25). Autophagy is a major protein
degradation process that contributes to maitainence of
intercellular hemostasis (26). The critical and dual role
of autophagy has been confirmed in various studies. Any
dysfunction of this pathway may contribute to cancer
progression, and metastasis or drug resistance.

ATO as a multi-target agent is able to activate apoptosis
and autophagy (27) through various molecular pathways
in numerous cancers including solid tumor cells and
hematological malignancies. In this study, we observed
ATO cytotoxic and apoptosis-inducing effects in both
U937 and KG-1 cell lines in a dose and time-dependent
manner. Our data indicated that ATO can influence cell
proliferation and cell death pathway. We examined a wide
range of ATO concentrations in both resistant and sensitive
cell lines. We observed that 1.618 and 2 uM of ATO has a
significant effect as compared to its lower concentrations in
KG-1 (as aresistant cell line). Chiu et al. (28) reported that
ATO in combination with ionizing radiation may enhance
programmed cell death by activating both autophagy and
apoptosis in human fibrosarcoma cells. Also, Chiu et al.
(29) confirmed that ATO can synergistically activate both
apoptosis and autophagy.

Sorafenib is known as a multikinase inhibitor which act
through suppression of Ser/Thr kinase Raf that is known
to have an important role in tumor cell signaling and
proliferation, and various RTKs involved in angiogenesis,
such as VEGF (30). However, sorafenib was shown to be
more effective in leukemia with the FLT3-ITD mutation,
and its antileukemic function was clarified in several
patients with AML and wild-type form of FLT3 (31).
In our previous study, we demonstrated that sorafenib
downregulates the gene expression of VEGFR-1/2 in
KG-1 cell line and downregulates the gene expression of
VEGF-A in U937 cell line (32).

The RAF/MEK/ERK signaling pathway was shown to
be activated in various processes in cancer. In the present
study, we observed that the expression of B-RAF, MEK],
MEK?2, and RAF1 increased as a result of treatment
with ATO, sorafenib and their combination in KG-1 cell
line. In addition, the expression level of MEK2, RAFI,
Beclinl, ULK1, VEGFA and VEGFB decreased following
treatment with the combination dose in U937 cell line
while the expression of LC3-1I incresed. Various studies
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reported that blockade of the MEK/ERK pathway by ATO
treatment, induces apoptotic cell death. Fecteau et al. (33)
reported that sorafenib downregulates VEGFR and the
RAF/MEK/ERK signaling pathways.

We observed that the expression of Beclinl, LC3-1I
and ULKI as autophagy activators increased following
treatment with ATO, sorafenib and their combination
in KG-1 cell line. Our data indicated increases in the
expression of LC3-II and PTEN which may lead to
activation of both autophagy and apoptosis. Consistent
with our result, a group of scientists reported that ATO
decreased the gene expression level of Beclinl, LC3-11
and MAPK signaling pathways in U118-MG cells (29).
Li et al. (34) by studying Beclin 1 and LC3 II, indicated
that inhibiting autophagy promotes the cytotoxic effect of
ATO in glioblastoma cells. Goussetis et al. (35) reported
that ATO can activate autophagy in the leukemic cells;
induction of autophagy process seems to involve activation
of the ERK pathway. Chiu et al. (36) demonstrated that
ATO in combination with ionizing radiation, could initiate
autophagy through activation of ERK and inhibition of
PI3K/AKT signaling pathway. Wang et al. (37) showed
that mice xenografted with FLT3-ITD MOLM13 cell line
and treated with a combination of sorafenib and ATO have
remarkably promoted survival. This combination has the
potential to prosper the therapeutic effect of FLT3-ITD in
patients with AML.

Tai et al. (38) reported that sorafenib-induced
autophagy signaling pathway through significant
induction of LC3-II in HCC cell lines. Shimizu et al. (39)
demonstrated increased expression of LC3-/] which led to
autophagosome formation and autophagy activation while
expression of Beclin 1 did not change under sorafenib
treatment. Amantini et al. (40) using bladder cancer
cells, reported that sorafenib induces apoptosis through
blocking Akt and activating PTEN.

Conclusion

In this study, we found that combination of ATO and
sorafenib significantly reduced the viability of U937 and
KG-1 cells. In addition, the crosstalk between apoptosis
and autophagy is complicated and varies among different
cell types. Similar stimuli may activate both pathways
as they share various signaling. ATO with antileukemic
activity in AML cell lines, enhances the antitumor activity
of sorafenib in both U937 and KG-1 cells. Our study
indicated a potential mechanism underlying the interaction
between ATO and sorafenib in U937 and KG-1 cell lines.

Acknowledgements

This study had financial support by the Hematology,
Oncology and Stem Cell Transplantation Research
Center, Tehran University of Medical Sciences. The
authors declare no conflicts of interest.

Authors’ Contributions

A.H., M.N., S.M.; Contributed to conception


https://www.ncbi.nlm.nih.gov/pubmed/?term=Amantini%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26097873

and design. A.H., M.S., M\M.K., B.C., S.R., KM.;
Contributed to all experimental work, data and
statistical analysis, and interpretation of data. M.N.,
S.M.; Were responsible for overall supervision. A.H.;
Drafted the manuscript. All authors read and approved
the final manuscript.

References

1.

10.

11.

12.

13.

14.

15.

16.

De Kouchkovsky |, Abdul-Hay M. Acute myeloid leukemia:
a comprehensive review and 2016 update. Blood Cancer
J. 2016; 6(7): ed41.

Martinelli E, Morgillo F, Troiani T, Ciardiello F. Cancer re-
sistance to therapies against the EGFR-RAS-RAF path-
way: the role of MEK. Cancer Treat Rev. 2017; 53: 61-69.
Zaniboni A, Formica V. The Best. First. Anti-EGFR before
anti-VEGF, in the first-line treatment of RAS wild-type
metastatic colorectal cancer: from bench to bedside. Can-
cer Chemother Pharmacol. 2016; 78(2): 233-244.

Li P, Xue WJ, Feng Y, Mao QS. Long non-coding RNA
CASC2 suppresses the proliferation of gastric cancer cells
by regulating the MAPK signaling pathway. Am J Transl
Res. 2016; 8(8): 3522-3529.

Sun Y, Liu W-Z, Liu T, Feng X, Yang N, Zhou H-F. Signal-
ing pathway of MAPK/ERK in cell proliferation, differentia-
tion, migration, senescence and apoptosis. J Recept Signal
Transduct Res. 2015; 35(6): 600-6004.

De Amicis F, Guido C, Santoro M, Giordano F, Dona A, Riz-
za P, et al. Ligand activated progesterone receptor B drives
autophagy-senescence transition through a Beclin-1/Bcl-2
dependent mechanism in human breast cancer cells. On-
cotarget. 2016; 7(36): 57955-57969.

Russell RC, Tian Y, Yuan H, Park HW, Chang Y-Y, Kim J,
et al. ULK1 induces autophagy by phosphorylating Bec-
lin-1 and activating VPS34 lipid kinase. Nat Cell Biol. 2013;
15(7): 741-750.

Martinez J, Malireddi RK, Lu Q, Cunha LD, Pelletier S, Gin-
gras S, et al. Molecular characterization of LC3-associated
phagocytosis reveals distinct roles for Rubicon, NOX2 and
autophagy proteins. Nat Cell Biol. 2015; 17(7): 893-906.
Xia P, Xu X-Y. PI3K/Akt/mTOR signaling pathway in cancer
stem cells: from basic research to clinical application. Am
J Cancer Res. 2015; 5(5): 1602-1609.

Cao G, Li X, Qin C, Li J. Prognostic value of VEGF in hepa-
tocellular carcinoma patients treated with sorafenib: a me-
ta-analysis. Med Sci Monit. 2015; 21: 3144-3151.

Abaza Y, Kantarjian H, Garcia-Manero G, Estey E,
Borthakur G, Jabbour E, et al. Long-term outcome of acute
promyelocytic leukemia treated with all-trans-retinoic acid,
arsenic trioxide, and gemtuzumab. Blood. 2017; 129(10):
1275-1283.

Kong X, Xu X, Yan Y, Guo F, Li J, Hu Y, et al. Estrogen
regulates the tumour suppressor MiRNA-30c and its tar-
get gene, MTA-1, in endometrial cancer. PLoS One. 2014;
9(3): €90810.

Mohammadi S, Ghaffari SH, Shaiegan M, Zarif MN, Nik-
bakht M, Akbari Birgani S, et al. Acquired expression of
osteopontin selectively promotes enrichment of leukemia
stem cells through AKT/mTOR/PTEN/B-catenin pathways
in AML cells. Life Sci. 2016; 152: 190-198.

Hiramatsu A, Miwa H, Shikami M, lkai T, Tajima E, Yama-
moto H, et al. Disease-specific expression of VEGF and
its receptors in AML cells: possible autocrine pathway of
VEGF/type1 receptor of VEGF in t (15;17) AML and VEGF/
type2 receptor of VEGF in t (8;21) AML. Leuk Lympho-
ma. 2006; 47(1): 89-95.

Yang S, Dong Q, Yao M, Shi M, Ye J, Zhao L, et al. Estab-
lishment of an experimental human lung adenocarcinoma
cell line SPC-A-1BM with high bone metastases potency
by (99m) Tc-MDP bone scintigraphy. Nucl Med Biol. 2009;
36(3): 313-321.

Awad KS, Elinoff JM, Wang S, Gairhe S, Ferreyra GA, Cai
R, et al. Raf/ERK drives the proliferative and invasive phe-

261

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Haghi et al.

notype of BMPR2-silenced pulmonary artery endothelial
cells. Am J Physiol Lung Cell Mol Physiol. 2016; 310(2):
L187-L201.

Zhao Y, Yang J, Liao W, Liu X, Zhang H, Wang S, et al.
Cytosolic FoxO1 is essential for the induction of autophagy
and tumour suppressor activity. Nat Cell Biol. 2010; 12(7):
665-675.

Gao W, Shen Z, Shang L, Wang X. Upregulation of hu-
man autophagy-initiation kinase ULK1 by tumor suppres-
sor p53 contributes to DNA-damage-induced cell death.
Cell Death Differ. 2011; 18(10): 1598-1607.

Cianfrocca R, Tocci P, Semprucci E, Spinella F, Di Castro
V, Bagnato A, et al. B-Arrestin 1 is required for endothelin-
1-induced NF-kB activation in ovarian cancer cells. Life
Sci. 2014; 118(2): 179-184.

Fan B, Yu Y, Zhang Y. PI3K-Akt1 expression and its signifi-
cance in liver tissues with chronic fluorosis. Int J Clin Exp
Pathol. 2015; 8(2): 1226-1236.

Gronych J, Korshunov A, Bageritz J, Milde T, Jugold M,
Hambardzumyan D, et al. An activated mutant BRAF ki-
nase domain is sufficient to induce pilocytic astrocytoma in
mice. J Clin Invest. 2011; 121(4): 1344-1348.

Lin DA, Boyce JA. IL-4 regulates MEK expression required
for lysophosphatidic acid-mediated chemokine generation
by human mast cells. J Immunol. 2005; 175(8): 5430-5438.
Déhner H, Weisdorf DJ, Bloomfield CD. Acute myeloid leu-
kemia. N Engl J Med. 2015; 373(12): 1136-1152.
Mohammadi Kian M, Mohammadi S, Tavallaei M, Cha-
hardouli B, Rostami S, Zahedpanah M, et al. Inhibitory Ef-
fects of arsenic trioxide and thalidomide on angiogenesis
and vascular endothelial growth factor expression in leu-
kemia cells. Asian Pac J Cancer Prev. 2018; 19(4): 1127-
1134.

Zhao D, Pan C, Sun J, Gilbert C, Drews-Elger K, Azzam
D, et al. VEGF drives cancer-initiating stem cells through
VEGFR-2/Stat3 signaling to upregulate Myc and Sox2. On-
cogene. 2015; 34(24): 3107-3119.

Wei J, Long L, Yang K, Guy C, Shrestha S, Chen Z, et
al. Autophagy enforces functional integrity of regulatory T
cells by coupling environmental cues and metabolic home-
ostasis. Nat Immunol. 2016; 17(3): 277-285.

Zhang G, Liu J, Zhang Y, Qu J, Xu L, Zheng H, et al. Cbl-
b-dependent degradation of FLIP(L) is involved in ATO-
induced autophagy in leukemic K562 and gastric cancer
cells. FEBS Lett. 2012; 586(19): 3104-3110.

Chiu HW, Lin JH, Chen YA, Ho SY, Wang YJ. Combination
treatment with arsenic trioxide and irradiation enhances
cell-killing effects in human fibrosarcoma cells in vitro and
in vivo through induction of both autophagy and apoptosis.
Autophagy. 2010; 6(3): 353-365.

Chiu HW, Ho YS, Wang YJ. Arsenic trioxide induces au-
tophagy and apoptosis in human glioma cells in vitro
and in vivo through downregulation of survivin. J Mol
Med (Berl). 2011; 89(9): 927-941.

Yildiz C, Kacan T, Akkar OB, Karakus S, Kacan SB, Ozer
H, et al. Effects of pazopanib, sunitinib, and sorafenib, anti-
VEGF agents, on the growth of experimental endometriosis
in rats. Reprod Sci. 2015; 22(11): 1445-1451.

Crump M, Hedley D, Kamel-Reid S, Leber B, Wells R,
Brandwein J, et al. A randomized phase | clinical and bio-
logic study of two schedules of sorafenib in patients with
myelodysplastic syndrome or acute myeloid leukemia: a
NCIC (National Cancer Institute of Canada) Clinical Trials
Group Study. Leuk Lymphoma. 2010; 51(2): 252-260.
Haghi A, Mohammadi S, Heshmati M, Ghavamzadeh A,
Nikbakht M. Anti-vascular endothelial growth factor effects
of sorafenib and arsenic trioxide in acute myeloid leuke-
mia cell lines. Asian Pac J Cancer Prev. 2017; 18(6): 1655-
1661.

Fecteau JF, Bharati IS, O’Hayre M, Handel TM, Kipps TJ,
Messmer D. Sorafenib-induced apoptosis of chronic lym-
phocytic leukemia cells is associated with downregulation
of RAF and myeloid cell leukemia sequence 1 (Mcl-1). Mol
Med. 2012; 18: 19-28.

Li C, Liu Y, Liu H, Zhang W, Shen C, Cho K, et al. Impact of

Cell J, Vol 22, No 3, October-December (Autumn) 2020


https://www.ncbi.nlm.nih.gov/pubmed/?term=Acute+myeloid+leukemia%3A+a+comprehensive+review+and+2016+update.+Blood+Cancer+Journal.+2016%3B6(7)%3Ae441.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Acute+myeloid+leukemia%3A+a+comprehensive+review+and+2016+update.+Blood+Cancer+Journal.+2016%3B6(7)%3Ae441.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cancer+resistance+to+therapies+against+the+EGFR-RAS-RAF+pathway%3A+the+role+of+MEK.
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+Best.+First.+Anti-EGFR+before+anti-VEGF%2C+in+the+first-line+treatment+of+RAS+wild-type+metastatic+colorectal+cancer%3A+from+bench+to+bedside.
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+Best.+First.+Anti-EGFR+before+anti-VEGF%2C+in+the+first-line+treatment+of+RAS+wild-type+metastatic+colorectal+cancer%3A+from+bench+to+bedside.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long+non-coding+RNA+CASC2+suppresses+the+proliferation+of+gastric+cancer+cells+by+regulating+the+MAPK+signaling+pathway.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long+non-coding+RNA+CASC2+suppresses+the+proliferation+of+gastric+cancer+cells+by+regulating+the+MAPK+signaling+pathway.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Signaling+pathway+of+MAPK%2FERK+in+cell+proliferation%2C+differentiation%2C+migration%2C+senescence+and+apoptosis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Signaling+pathway+of+MAPK%2FERK+in+cell+proliferation%2C+differentiation%2C+migration%2C+senescence+and+apoptosis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ligand+activated+progesterone+receptor+B+drives+autophagy-senescence+transition+through+a+Beclin-1%2FBcl-2+dependent+mechanism+in+human+breast+cancer+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ligand+activated+progesterone+receptor+B+drives+autophagy-senescence+transition+through+a+Beclin-1%2FBcl-2+dependent+mechanism+in+human+breast+cancer+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=ULK1+induces+autophagy+by+phosphorylating+Beclin-1+and+activating+VPS34+lipid+kinase.+Nature+cell+biology.+2013%3B15(7)%3A741-50.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martinez%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26098576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malireddi%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=26098576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=26098576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cunha%20LD%5BAuthor%5D&cauthor=true&cauthor_uid=26098576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pelletier%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26098576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gingras%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26098576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gingras%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26098576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molecular+characterization+of+LC3-associated+phagocytosis+reveals+distinct+roles+for+Rubicon%2C+NOX2+and+autophagy+proteins.
https://www.ncbi.nlm.nih.gov/pubmed/?term=PI3K%2FAkt%2FmTOR+signaling+pathway+in+cancer+stem+cells%3A+from+basic+research+to+clinical+application.
https://www.ncbi.nlm.nih.gov/pubmed/?term=PI3K%2FAkt%2FmTOR+signaling+pathway+in+cancer+stem+cells%3A+from+basic+research+to+clinical+application.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prognostic+value+of+VEGF+in+hepatocellular+carcinoma+patients+treated+with+sorafenib%3A+a+meta-analysis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akbari%20Birgani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27063991
https://www.ncbi.nlm.nih.gov/pubmed/?term=Acquired+expression+of+osteopontin+selectively+promotes+enrichment+of+leukemia+stem+cells+through+AKT%2FmTOR%2FPTEN%2F%CE%B2-catenin+pathways+in+AML+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hiramatsu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16465716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miwa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16465716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shikami%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16465716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ikai%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16465716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tajima%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16465716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamamoto%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16465716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamamoto%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16465716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Disease-specific+expression+of+VEGF+and+its+receptors+in+AML+cells%3A+possible+autocrine+pathway+of+VEGF%2Ftype1+receptor+of+VEGF+in+t+(15%3B+17)+AML+and+VEGF%2Ftype2+receptor+of+VEGF+in+t+(8%3B+21)+AML.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Disease-specific+expression+of+VEGF+and+its+receptors+in+AML+cells%3A+possible+autocrine+pathway+of+VEGF%2Ftype1+receptor+of+VEGF+in+t+(15%3B+17)+AML+and+VEGF%2Ftype2+receptor+of+VEGF+in+t+(8%3B+21)+AML.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang+S%2C+Dong+Q%2C+Yao+M%2C+Shi+M%2C+Ye+J%2C+Zhao+L%2C+et+al.+Establishment+of+an+experimental+human+lung+adenocarcinoma+cell+line+SPC-A-1BM+with+high+bone+metastases+potency+by+99m+Tc-MDP+bone+scintigraphy.+Nuclear+medicine+and+biology.+2009%3B36(3)%3A313-21.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raf%2FERK+drives+the+proliferative+and+invasive+phenotype+of+BMPR2-silenced+pulmonary+artery+endothelial+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cytosolic+FoxO1+is+essential+for+the+induction+of+autophagy+and+tumour+suppressor+activity.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Upregulation+of+human+autophagy-initiation+kinase+ULK1+by+tumor+suppressor+p53+contributes+to+DNA-damage-induced+cell+death.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cianfrocca+R%2C+Tocci+P%2C+Semprucci+E%2C+Spinella+F%2C+Di+Castro+V%2C+Bagnato+A%2C+et+al.+%CE%B2-Arrestin+1+is+required+for+endothelin-1-induced+NF-%CE%BAB+activation+in+ovarian+cancer+cells.+Life+sciences.+2014%3B118(2)%3A179-84.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cianfrocca+R%2C+Tocci+P%2C+Semprucci+E%2C+Spinella+F%2C+Di+Castro+V%2C+Bagnato+A%2C+et+al.+%CE%B2-Arrestin+1+is+required+for+endothelin-1-induced+NF-%CE%BAB+activation+in+ovarian+cancer+cells.+Life+sciences.+2014%3B118(2)%3A179-84.
https://www.ncbi.nlm.nih.gov/pubmed/?term=PI3K-Akt1+expression+and+its+significance+in+liver+tissues+with+chronic+fluorosis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=PI3K-Akt1+expression+and+its+significance+in+liver+tissues+with+chronic+fluorosis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gronych+J%2C+Korshunov+A%2C+Bageritz+J%2C+Milde+T%2C+Jugold+M%2C+Hambardzumyan+D%2C+et+al.+An+activated+mutant+BRAF+kinase+domain+is+sufficient+to+induce+pilocytic+astrocytoma+in+mice.+The+Journal+of+clinical+investigation.+2011%3B121(4)%3A1344-8.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin+DA%2C+Boyce+JA.+IL-4+regulates+MEK+expression+required+for+lysophosphatidic+acid-mediated+chemokine+generation+by+human+mast+cells.+The+Journal+of+Immunology.+2005%3B175(8)%3A5430-8.
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%B6hner+H%2C+Weisdorf+DJ%2C+Bloomfield+CD.+Acute+myeloid+leukemia.+New+England+Journal+of+Medicine.+2015%3B373(12)%3A1136-52.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohammadi%20Kian%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29699374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohammadi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29699374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tavallaei%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29699374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chahardouli%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29699374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chahardouli%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29699374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rostami%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29699374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zahedpanah%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29699374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inhibitory+Effects+of+Arsenic+Trioxide+and+Thalidomide+on+Angiogenesis+and+Vascular+Endothelial+Growth+Factor+Expression+in+Leukemia+Cells
https://www.ncbi.nlm.nih.gov/pubmed/?term=Autophagy+enforces+functional+integrity+of+regulatory+T+cells+by+coupling+environmental+cues+and+metabolic+homeostasis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cbl-b-dependent+degradation+of+FLIP+L+is+involved+in+ATO-induced+autophagy+in+leukemic+K562+and+gastric+cancer+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiu+H-W%2C+Ho+Y-S%2C+Wang+Y-J.+Arsenic+trioxide+induces+autophagy+and+apoptosis+in+human+glioma+cells+in+vitro+and+in+vivo+through+downregulation+of+survivin.+Journal+of+molecular+medicine.+2011%3B89(9)%3A927-41.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiu+H-W%2C+Ho+Y-S%2C+Wang+Y-J.+Arsenic+trioxide+induces+autophagy+and+apoptosis+in+human+glioma+cells+in+vitro+and+in+vivo+through+downregulation+of+survivin.+Journal+of+molecular+medicine.+2011%3B89(9)%3A927-41.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+pazopanib%2C+sunitinib%2C+and+sorafenib%2C+anti-VEGF+agents%2C+on+the+growth+of+experimental+endometriosis+in+rats.
https://www.ncbi.nlm.nih.gov/pubmed/?term=ump+M%2C+Hedley+D%2C+Kamel-Reid+S%2C+Leber+B%2C+Wells+R%2C+Brandwein+J%2C+et+al.+A+randomized+phase+I+clinical+and+biologic+study+of+two+schedules+of+sorafenib+in+patients+with+myelodysplastic+syndrome+or+acute+myeloid+leukemia%3A+a+NCIC+(National+Cancer+Institute+of+Canada)+Clinical+Trials+Group+Study.+Leukemia+%26+lymphoma.+2010%3B51(2)%3A252-60.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anti-Vascular+Endothelial+Growth+Factor+Effects+of+Sorafenib+and+Arsenic+Trioxide+in+Acute+Myeloid+Leukemia+Cell+Lines.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sorafenib-induced+apoptosis+of+chronic+lymphocytic+leukemia+cells+is+associated+with+downregulation+of+RAF+and+myeloid+cell+leukemia+sequence+1+(Mcl-1).
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sorafenib-induced+apoptosis+of+chronic+lymphocytic+leukemia+cells+is+associated+with+downregulation+of+RAF+and+myeloid+cell+leukemia+sequence+1+(Mcl-1).

Effects of Sorafenib and ATO: Apoptosis or Autophagy

35.

36.

37.

autophagy inhibition at different stages on cytotoxic effect
of autophagy inducer in glioblastoma cells. Cell Physiol
Biochem. 2015; 35(4): 1303-1316.

Goussetis DJ, Gounaris E, Platanias LC. BCR-ABL1-in-
duced leukemogenesis and autophagic targeting by arse-
nic trioxide. Autophagy. 2013; 9(1): 93-94.

Chiu HW, Ho SY, Guo HR, Wang YJ. Combination treat-
ment with arsenic trioxide and irradiation enhances au-
tophagic effects in U118-MG cells through increased mitot-
ic arrest and regulation of PI3K/Akt and ERK1/2 signaling
pathways. Autophagy. 2009; 5(4): 472-483.

Wang R, Li Y, Gong P, Gabrilove J, Waxman S, Jing Y.
Arsenic trioxide and sorafenib induce synthetic lethal-
ity of FLT3-ITD acute myeloid leukemia cells. Mol Cancer
Ther. 2018; 17(9): 1871-1880.

Cell J, Vol 22, No 3, October-December (Autumn) 2020

262

38.

39.

40.

Tai WT, Shiau CW, Chen HL, Liu CY, Lin CS, Cheng AL,
et al. Mcl-1-dependent activation of Beclin 1 mediates
autophagic cell death induced by sorafenib and SC-59 in
hepatocellular carcinoma cells. Cell Death Dis. 2013; 4:
e485.

Shimizu S, Takehara T, Hikita H, Kodama T, Tsunematsu H,
Miyagi T, et al. Inhibition of autophagy potentiates the anti-
tumor effect of the multikinase inhibitor sorafenib in hepa-
tocellular carcinoma. Int J Cancer. 2012; 131(3): 548-557.
Amantini C, Morelli MB, Santoni M, Soriani A, Cardinali C,
Farfariello V, et al. Sorafenib induces cathepsin B-mediat-
ed apoptosis of bladder cancer cells by regulating the Akt/
PTEN pathway. The Akt inhibitor, perifosine, enhances the
sorafenib-induced cytotoxicity against bladder cancer cells.
Oncoscience. 2015; 2(4): 395-409.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Impact+of+autophagy+inhibition+at+different+stages+on+cytotoxic+effect+of+autophagy+inducer+in+glioblastoma+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Impact+of+autophagy+inhibition+at+different+stages+on+cytotoxic+effect+of+autophagy+inducer+in+glioblastoma+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=BCR-ABL1-induced+leukemogenesis+and+autophagic+targeting+by+arsenic+trioxide.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Combination+treatment+with+arsenic+trioxide+and+irradiation+enhances+autophagic+effects+in+U118-MG+cells+through+increased+mitotic+arrest+and+regulation+of+PI3K%2FAkt+and+ERK1%2F2+signaling+pathways.
https://www.ncbi.nlm.nih.gov/pubmed/29959200
https://www.ncbi.nlm.nih.gov/pubmed/29959200
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tai%20WT%5BAuthor%5D&cauthor=true&cauthor_uid=23392173
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shiau%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=23392173
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=23392173
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20CY%5BAuthor%5D&cauthor=true&cauthor_uid=23392173
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=23392173
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=23392173
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mcl-1-dependent+activation+of+Beclin+1+mediates+autophagic+cell+death+induced+by+sorafenib+and+SC-59+in+hepatocellular+carcinoma+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimizu+S%2C+Takehara+T%2C+Hikita+H%2C+Kodama+T%2C+Tsunematsu+H%2C+Miyagi+T%2C+et+al.+Inhibition+of+autophagy+potentiates+the+antitumor+effect+of+the+multikinase+inhibitor+sorafenib+in+hepatocellular+carcinoma.+International+journal+of+cancer.+2012%3B131(3)%3A548-57.

	_Ref478646043
	_Ref478646181
	_Ref478646238
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_39
	_ENREF_40
	_GoBack
	_ENREF_1
	_ENREF_3
	_ENREF_5
	_ENREF_8
	_ENREF_9
	_ENREF_11
	_ENREF_18
	_ENREF_21
	_ENREF_24
	_ENREF_30
	_ENREF_33
	_ENREF_36
	_ENREF_39
	_ENREF_40
	_ENREF_41
	_ENREF_42
	_ENREF_43
	_GoBack
	bbb0135
	OLE_LINK1
	_GoBack
	_GoBack
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_9
	_ENREF_11
	_ENREF_12
	_ENREF_17
	_ENREF_18
	_ENREF_23
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_33
	OLE_LINK12
	OLE_LINK14
	OLE_LINK18
	OLE_LINK11
	OLE_LINK29
	OLE_LINK30
	_GoBack
	OLE_LINK51
	OLE_LINK61
	OLE_LINK62
	OLE_LINK1
	OLE_LINK2
	OLE_LINK19
	OLE_LINK22
	OLE_LINK24
	baidusnap1
	baidusnap9
	OLE_LINK32
	OLE_LINK33
	OLE_LINK3
	OLE_LINK7
	OLE_LINK30
	OLE_LINK31
	OLE_LINK70
	OLE_LINK5
	_Hlk497835445
	OLE_LINK41
	OLE_LINK42
	OLE_LINK40
	OLE_LINK6
	OLE_LINK8
	OLE_LINK37
	OLE_LINK10
	OLE_LINK11
	OLE_LINK153
	_ENREF_1
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_19
	_ENREF_20
	_ENREF_22
	_ENREF_23
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_GoBack
	_Hlk12771307
	OLE_LINK3
	up17
	_ENREF_5
	_ENREF_7
	_ENREF_8
	_ENREF_19
	_ENREF_23
	_ENREF_28
	_ENREF_29
	_ENREF_32
	_GoBack
	_ENREF_25
	_ENREF_2
	_ENREF_40
	_ENREF_43
	_ENREF_44
	OLE_LINK2
	OLE_LINK3
	OLE_LINK12
	OLE_LINK13
	OLE_LINK14
	OLE_LINK15
	OLE_LINK161
	OLE_LINK162
	OLE_LINK25
	OLE_LINK26
	OLE_LINK75
	OLE_LINK76
	OLE_LINK77
	OLE_LINK78
	OLE_LINK79
	OLE_LINK82
	OLE_LINK83
	OLE_LINK86
	OLE_LINK87
	OLE_LINK93
	OLE_LINK94
	OLE_LINK125
	OLE_LINK126
	OLE_LINK141
	OLE_LINK142
	_GoBack
	OLE_LINK73
	OLE_LINK74
	OLE_LINK63
	OLE_LINK64
	OLE_LINK84
	OLE_LINK85
	OLE_LINK69
	OLE_LINK70
	OLE_LINK116
	OLE_LINK117
	OLE_LINK121
	OLE_LINK122
	OLE_LINK118
	_Hlk7082133
	_GoBack
	OLE_LINK91
	OLE_LINK71
	OLE_LINK72
	OLE_LINK2
	OLE_LINK3
	OLE_LINK35
	OLE_LINK36
	_Hlk7338366
	OLE_LINK127
	OLE_LINK128
	_GoBack
	OLE_LINK89
	OLE_LINK5
	OLE_LINK16
	OLE_LINK17
	OLE_LINK7
	_Hlk7286417
	OLE_LINK97
	OLE_LINK56
	OLE_LINK52
	OLE_LINK53
	OLE_LINK131
	OLE_LINK132
	_Hlk536870468
	OLE_LINK20
	OLE_LINK14
	OLE_LINK15
	OLE_LINK10
	OLE_LINK11
	OLE_LINK12
	OLE_LINK13
	OLE_LINK21
	OLE_LINK22
	OLE_LINK23
	OLE_LINK24
	OLE_LINK27
	OLE_LINK28
	OLE_LINK113
	OLE_LINK59
	OLE_LINK60
	_Hlk531031977
	OLE_LINK119
	OLE_LINK120
	OLE_LINK140
	OLE_LINK65
	OLE_LINK66
	_Hlk527730861
	OLE_LINK29
	OLE_LINK30
	OLE_LINK31
	OLE_LINK32
	OLE_LINK33
	OLE_LINK34
	OLE_LINK37
	OLE_LINK38
	OLE_LINK4
	OLE_LINK6
	OLE_LINK18
	OLE_LINK19
	OLE_LINK108
	OLE_LINK8
	OLE_LINK9
	OLE_LINK39
	OLE_LINK40
	_Hlk292078
	OLE_LINK41
	_Hlk360485
	OLE_LINK67
	OLE_LINK68
	OLE_LINK88
	OLE_LINK90
	_Hlk7280100
	OLE_LINK123
	OLE_LINK124
	OLE_LINK150
	OLE_LINK151
	OLE_LINK153
	OLE_LINK154
	OLE_LINK155
	OLE_LINK156
	OLE_LINK157
	_ENREF_12
	_ENREF_15
	_ENREF_17
	_ENREF_18
	_ENREF_29
	_ENREF_30
	_ENREF_37
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	OLE_LINK4
	OLE_LINK9
	OLE_LINK7
	OLE_LINK8
	OLE_LINK11
	OLE_LINK27
	OLE_LINK28
	_ENREF_4
	_ENREF_5
	_ENREF_31
	_GoBack

