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Abstract

In spite of successful initial remission, chemo-resistance and relapse are still concerning
points in acute myeloid leukemia (AML) treatment strategies. Multidrug resistance (MDR)
appears to be the major contributor of chemo-resistance, arising in some sub-clones of cancers
and could be developed in others. The aim of this study was to investigate the role of extracellular
vesicles (EVs) derived from AML patients on the transmission of chemo-resistance phenotype.
Ultracentrifugation was employed to isolate EVs from healthy controls, new cases, and relapsed
AML patients. The EVs size, morphology, and immunophenotype were determined by dynamic
light scattering, TEM, and flow cytometry respectively. Bradford assay was performed to
measure the protein content of EVs. MTT assay and flow cytometry analysis were also used to
determine the viability index, induction of apoptosis, and ROS generation in U937 cells. The
expression level of two efflux pumps was assessed using qRT-PCR analysis. Findings of TEM,
DLS, and flow cytometry confirmed that EVs had a desirable shape, size, and surface markers.
EVs derived from both new cases and relapsed AML patients significantly reduced idarubicin-
induced apoptosis in the U937 cells. The analysis of drug efflux pumps gens revealed that EVs
over-express MRDI and MRPI in the target cells. These findings suggested a novel role of EVs
in mediating the acquired chemo-resistance in AML patients by inducing the expression of the
drug efflux pumps; however, further investigations will be required to elucidate other underlying
mechanisms of resistance that are mediated by EVs.
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Introduction

Acute myeloid leukemia (AML) is
the commonest acute leukemia in adults.
Despite basic advances in the understanding
of AML pathogenesis, the patient’s clinical
situation is still dismal and their therapeutic
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outcome has not kept pace in parallel with
molecular findings (1, 2). Although complete
remission (CR) occurs in most patients using
conventional chemotherapy, the majority of
them eventually succumb to disease relapse
as a result of the development of resistant
colons (3). The advances in the molecular
understanding of leukemia have currently
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introduced AML as a disease with subtly
different clonal hematopoietic cells and a vast
variety of heterogeneous stromal cells (4). It
is now realized that in spite of the monoclonal
entity of hematologic malignancies, a
marked heterogeneity is evolved in a myriad
type of these malignancies as a result of
an accumulation of different genetic and
epigenetic changes over a prolonged period of
time (5). With the favor of this phenomenon,
many sub-clones will be shaped with different
phenotypes, such as chemo-resistance and
metastatic (6). It is well-defined that reciprocal
dialogs between leukemic cells and their
surrounding environment could be contributed
to the horizontal transfer of the drug resistance
(7). Extracellular vesicles (EVs) are one of
the most important communication tools for
establishing a dialogue between leukemic
cells and the bone marrow microenvironment
(8).

EVs are bi-layer lipid membrane particles
released by both normal and neoplastic cells
that could deliver their cargos to recipient
cells by a variety of mechanisms, including
ligand/receptor signaling, phagocytosis, and/
or endocytosis (9). The amount and the content
of EVs can vary depending on the type and the
condition of originated cells; however, some
cargos are systematically enriched in EVs (10).
A mounting preclinical and clinical evidence
indicated that EVs are strongly associated
with transmitting cancer phenotype from
cell-to-cell (10, 11). Recently, a horizontal
transfer of drug export molecules has been
suggested as a plausible mechanism in this
pathway (12). Drug efflux pumps located at
the cell membrane have been proved to expel
out the xenobiotics from the cells to maintain
their intracellular concentration at a sub-lethal
level. Multidrug resistance generally results
from the expression of ATP-dependent efflux
pumps, which could induce resistance to the
therapy in any field of medicine (12-15).
Resistance to Vinca Alkaloids, anthracyclines,
actinomycin-D, and paclitaxel are the most
striking examples in the field of cancer therapy.

Among a variety of drug resistance
molecules, the multi-drug resistance gene
(MDR1), also known as P-glycoprotein 1
(Pgp), and multidrug resistance protein 1
(MRP-1) are contributed to the treatment
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failure of anthracyclines in AML patients (16,
17). In a study conducted by Bouvy, it has been
reported that anthracycline-resistant strain
of HL60 cell line displayed over-expressed
MRP-1and transferred EVs which could give
rise to the resistance in the anthracycline
sensitive strain (12). Additionally, Torreggiani
and colleagues showed that exosomes derived
from doxorubicin-resistant osteosarcoma
cells could be uptaken by secondary cells and
induced a doxorubicin-resistant phenotype
(18). Wang demonstrated that through
dysregulation of Rab8B and Rab5 function,
chemotherapeutic agents could stimulate the
secretion and recycling of ABCBI1-enriched
EVs, which in turn could ultimately induce
chemo-resistance phenotype (19). Given the
high rate of disease relapse in AML patients
and the frequency of drug-resistance in this
malignancy, we aimed to evaluate the effect
of EVs derived from new cases and relapses
in AML patients on the induction of resistance
against idarubicin (IDA) in the U937 cell line.
Then, to dissect the molecular mechanism
through which EVs could induce resistance
in IDA-sensitive U937 cells, the expression
levels of MRP1 and MDRI were evaluated.

Experimental

Study population

EVs were obtained from peripheral blood
of 11 patients with AML, including 7 new
cases before treatment and 4 relapsed AML
patients who were referred to Taleghani
hospital (Tehran, Iran). Sequentially, 10
apparently healthy subjects were included
in this study as a control group. Informed
consent was obtained from all individuals and
was included in the study. All patients were
diagnosed with a history of non-M3-AML.
Samples were collected in heparin tubes.
The detailed demographic and biological
characteristics of patients were presented in
Table 1.

Isolation of Extracellular vesicles

The volume of the plasma samples was
variable. At first, the plasma samples were
diluted with a similar volume of Phosphate
Buffered Saline (PBS) and were centrifuged
for 15 min at 3000 xg. The collected
supernatants were then centrifuged at 12,000



xg for 20 min. The ultimate supernatants were
transferred into 5 mL ultracentrifuge tubes
(Beckman model. L5-50-USA) and were
ultra-centrifuged at 110,000 xg for 90 min
(all centrifugation steps were performed at 4
°C). The supernatants were then discarded,
the pellet containing EVs were dissolved in
500 uL PBS and transferred to the -80 °C for
further analyses.

EVs surface CD markers detection

EV-enriched and suspended pellets were
analyzed by a attune NxT cytometer (Thermo
Fisher Scientific-USA). The system was
calibrated using standard microbeads with
diameters of 0.3-0.1-3 um (BD-USA) to
define the precise size of particles, which
shall be gated as EVs in flow cytometry (20).
EVs were characterized by flow cytometry
using fluorescein isothiocyanate (FITC) - or
phycoerythrin (PE)-conjugated antibodies.
In the first step, pan EVs’ markers CD9 and
CD63 were used to confirm the entity of EVs,
and then AML CD markers, such as CD13,
CD33, CD34, and HLA DR were evaluated.

TEM and DLS
Fifty microliter EVs from AML patient
and healthy subjects were put on a copper

Table 1. Characteristics of AML patients included in this
study.

Newly diagnosed AML patient (n =7)
56 (Range, 33—-74)
FAB classification

Median Age (years)

M1
M2

2
5
Blast present (%) 47 (Range, 29-63)
WBC count (pL) 17300 x 10° (4600-31200)
Relapsed diagnosed AML patient (n = 4)
44 (Range, 9-74)
FAB classification
M1 1
M2 3
Blast present (%) 31 (Range, 14-58)
‘WBC count (nL) 10700 = 10*(5100-18100)
Healthy subjects (n = 10)
49 (Range 17-69)
5100 x 10°(3800-8600)

Median Age (years)

Median Age (years)
WBC count (uL)
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grid coated with 0.125% Formvar in
chloroform. The grids were stained with 1%
v/v uranyl acetate in ddH2O and the samples
were examined immediately. A JEOL 1011
transmission electron microscope was used
for imaging (JEOL, Tokyo, Japan). The size
distribution of EVs was determined using
DLS by a Malvern Nano ZS instrument (UK).
Briefly, the volume of each sample (patients
and cell line) was increased up to 1 mL by PBS,
loaded into a quartz cuvette, and measured at
25 °C. Finally, the results were analyzed using
the Zetasizer software (version 7.11).

Bradford assay

Thedetermination was carried outaccording
to the manufacturer’s instructions (Kiazist,
Iran) and spectrophotometric quantification of
the protein content was measured at 595 nm.
Protein levels were first measured separately
for all the samples, then the samples from
each group (newly diagnosed patients, relapse
patients, and control group) were pooled
separately and used for subsequent tests.

Drug

Idarubicin hydrochloride (Sigma-Aldrich,
Germany) is an anthracycline anti-leukemic
drug, which is commonly used in combination
with cytosine arabinoside as a first-line
treatment of AML. To obtain a 1 mg/mL stock
solution, this drug was dissolved in phosphate-
buffered saline (PBS) and the stock was kept
at —20 °C. Actinomycin D, a chemotherapy
drug with the ability to inhibit transcription,
was provided from Minatajhiz Aria Company
(Tehran, Iran). This drug was dissolved in
Dimethyl sulfoxide (DMSO) to obtain a 0.5
mg/mL stock solution and stored at —20 °C.

Cell culture

ThehumanAMLcellline U937 wasobtained
from the Pasteur Institute (Tehran, Iran) and
cultured in suspension in RPMI medium
supplemented with 2 mM L-glutamine, 10%
FBS, 100 units/mL penicillin, and 100 pg/mL
streptomycin in a humidified 5% CO2 at 37
°C. For Idarubicin (IDA) treatment, a relevant
amount of stock solution (0.5 mM in RPMI) of
IDA was added to a culture medium to attain
the concentrations of 0.05, 0.1, 0.2, 0.3, 0.4,
and 0.5 pM. All drug treatments were carried
out in three independent experiments and all
assays were performed in triplicate.
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MTT assay

U937 cells (5 x 103) were seeded into a
96-well plate in the presence of IDA. After 36
h, the MTT solution (5 mg/mL in PBS) was
added to each well and incubated at 37 °C for
the next 3 h. The percentage of the metabolic
activity of the cells was evaluated by dividing
the optical densitometry (OD) of a resulting
formazan measured by an enzyme-linked
immunosorbent assay (ELISA) reader in the
drug-treated groups by the OD of the control

group.

Evaluation of Apoptosis by Annexin V/
Propidium lodide (PI) Assay

To explore the effect of IDA, IDA-plus-
healthy-EVs, IDA-plus-nAML-EV, and IDA-
plus-rAML-EV on the induction of apoptotic
cell death, the cells were subjected to
Annexin-V/PI staining analysis. Drugs-treated
cells were collected after 36 h of treatment and
suspended in 100 pL of the incubation buffer.
Then, 2 pL annexin-V-Flous was added to each
sample and incubated for 20 min in the dark.
The intensity of fluorescence was measured by
flow cytometry.

ROS assay

To determine the effect of IDA on the
production of intracellular reactive oxygen
species (ROS) in U937 cells, we used a
fluorogenic dye DCFH-DA, for measuring
hydroxyl, peroxyl, and other ROS activity
within the cell. After incubation with IDA, the
cells were incubated with DCFH-DA at 37 °C
for 30 min. Finally, fluorescence intensities of
the samples were detected by a fluorescence
spectrophotometer (Cary Eclipse, USA) with
excitation at 485 nm and emission at 530 nm.

RNA extraction, c¢cDNA synthesis, and
quantitative real-time PCR

Total RNA from U937 cells, AML patients,
and AML derived EVs were extracted by
RiboEx (GeneAll®- South Korea), and RiboEx
LS TM (GeneAlI®) respectively, according to
the Protocol. After confirming the quantity of
each extracted RNA by Nanodrop instrument,
the reverse transcription reaction was
performed using the PrimeScript™ 1% strand
cDNA Synthesis Kit (Takara Cat. #RR037A,
Japan) and the synthesized cDNA were kept at
-20 °C until use. Next, to examine the effect of
IDA-plus healthy-EVs, IDA-plus-nAML-EV,
and IDA-plus-TAML-EV on the expression of
MRD]I and MRPI in U937 cells, control group,
and patients samples, thawed cDNAs were
subjected to quantitative real-time PCR (qRT-
PCR). The fold change values were calculated
based on 2—AACt relative expression formula.
Selected primers are shown in Table 2

Statistical analysis

The results obtain from three independent
tests and presented as mean + SD. Statistical
analyses were analyzed using GraphPad
Software (GraphPad Prism version 7.00
for Windows,) and the significance of
differences between experimental variables
was determined by the use of a two-tailed
student’s -test and one-way variance analysis.
A probability level of P < .05 was considered
statistically significant.

Results

Evaluating the characteristics of isolated
EVs by flow-cytometry, DLS, and electron
microscopy imaging

Flowcytometry
EVs isolated from the plasma of AML

Table 2. Primer sequences of the endogenous control and drug resistant genes.

Primer length

Gene Primer sequence (5’ to 3") p) Amplicon length (bp)

Y
F: AGTCTCAGGATGCAGGTGCT 20

ABL 124
R: TAGGCTGGGGCTTTTTGTAA 20
F:GAGGCCGCTGTTCGTTTCCT TTAGGTC 26

MRDI(ABCBI) 102
R: AGATTCATTCCGACCTCGCGCTCCT 25
F: CGGATGTCATCTGAAATGGGA 21

MRPI(ABCCI) 103

R: GAGCTGTCTCCTGGATTTGC 20




patients expressed CD34, HLA DR, and CD33,
aswellas CD9and CD63. The presence of these
markers confirmed that they were originated
from myeloblasts. Although the expressional
pattern of new cases and relapsed-relevant CD
markers, CD9 and CD63 on EVs were similar,
the expression of other markers on EVs was
proportional to the percentage of blasts. While
CD9, CD63, and CD33 were positive in the
control group, the expression of CD34 and
HLA DR were negative (data were not shown)
(Figure 1).

TEM and DLS analyze of EVs

To investigate whether the structure of
isolated EVs was completely conserved
during the isolation process, a TEM technique
was performed. As presented in Figure 1, the
result showed that EVs had an intact structure.
EVs size on electron microscopy was less than
1 pm. This data was also confirmed by DLS,
which showed a curve with two peaks, one
at 61.43 = 14.12 nm and another at 589.5 +
35.6. Moreover, these curves had a weighted
intensity of 40.2% and 59.2%, respectively
(Figure 1), indicating that the EVs were
isolated properly.

The comparison between EVs protein
levels in healthy individuals, new cases, and
relapsed patients

Mean protein content of EVs at diagnosis
was 105.5 = 16 pg/mL, which dropped to 62 +
7 ug/mL in relapsed AML patients (P < 0.05).
Ten apparently healthy subjects as controls
were included in this study and plasma EVs
were isolated and mean protein content was
17.5 =+ 3 pg, which was significantly lower
than both groups (at diagnosis and relapsed
patients), (P < 0.001, P < 0.01 respectively)
(Figure 2). There was no significant
relationship between extracellular vesicles,
the blast percentage, and WBC count.

AML-EVS protected U937 cells from the
cytotoxic effects of the chemotherapeutic agent

The cytotoxic effects of IDA, either alone
or in combination with different concentrations
of EVs, were evaluated in U937 cells. After
treatment with different concentrations of
IDA for 36 h, growth-suppressive effects were
assessed by MTT assay. Our results showed
that IDA inhibited cell proliferation of U937
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cells with the IC, | values of 0.2 uM (Figure
3). U937 cells were then exposed to serial
concentrations of EVs and the results of the
MTT assay demonstrated that while EVs at
the concentrations of 20 pg and 30 pg had
the maximum proliferation effect on the cells,
the higher concentrations of EVs induced
apoptosis and halted cells proliferation. Based
on these findings, these concentrations of EVs
were selected for investigation in combination
with different doses of IDA. Moreover, to
examine whether EVs had the potential to
induce IDA-resistance in U937 cells, we
treated the cells with IDA, with the half-
maximal (50%) inhibitory concentrations,
and EVs at the concentrations of 20 and 30
png. The obtained results demonstrated that
the IC, values of IDA in the presence of both
new cases AML-EVs and relapsed AML-EVs
increased from 0.2 uM to 0.35 uM in U937
cells, indicating that the apoptotic effect of
IDA was attenuated in presence of EVs.

Induction of apoptosis in U937 cells after
treatment with EVs

To determine the effect of EVs on IDA-
induced apoptosis in U937 cells, we treated
the cells with different concentrations of IDA,
either alone or in combination with EVs,
and then the cells were subjected to Annexin
V-FITC and PI staining. In agreement with
the results of the MTT assay, we observed
that the exposure to AML- derived EVs
significantly reduced the apoptotic effects of
IDA as compared to the single-agent of IDA
or IDA-healthy-EVs combination. Our data
also underscored a higher induction of chemo-
resistance for EVs isolated from relapsed
patients than those isolated from new case-
patients (Figures 4 and 5).

MDR-1 and MRPI expression in AML
patients and EVs derived

To verify the presence of MDR-1 and
MRP] in all three groups (healthy control,
new case AML, and relapsed AML) and to
correspond EVs, the expression of these
genes was evaluated by qRT-PCR. Results
demonstrated that EVs expressed MDR-1 and
MRP]I in parallel with corresponding cells.
Moreover, the higher levels of MDR-I and
MRPI mRNA expression were detected in
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EVs-treated cells increased the expression

of drug export pumps in U937 cells

relapsed AML as compared to new cases AML

(P<.001,P<.001 for MRDI and P <.001, P
< .05 for MRP1 in cell and EVs respectively)

(Figure 6).
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induced apoptosis in U937 cells, we evaluate
the expression of two important drug efflux
pumps, MRD1, MRP1, in leukemic cells upon
exposure to the single concentration of healthy-
EVs, new case AML-Evs, and relapsed AML-
EVs (30 pg/mL). Our results showed that the
treatment of the cells with new case AML-
EVs and relapsed AML-EVs increased the
mRNA expression level of MRDI and MRPI
as compared to the cells, which were treated
with healthy EVs (Figure 6). As shown in
Figure 6, the expression of MRD1 and MRP1
were increased by 2.4- and 3.8-fold changes
in the presence of 30 pug new case AML-EVs
and relapsed AML-EVs, respectively (P < .01,
P <.001). MRP1 expression was increased by
1.9- and 2.8-fold changes in 30 pg new case
AML-EVs and relapsed AML-EVs compared
to control, respectively (P < .05, P <.01).

The effects of EV on gene expression were
due to de novo cell regulation rather than
RNA transfer

In order to investigate whether the effect
of EVs on gene expression was due to the
direct transfer of multidrug resistance mRNA
or by the induction of gene expression in
the recipient cells, U937 cells were treated

%* % K
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with actinomycin D (1 pg/mL) prior to EV
incubation. After 36 h of EV integration,
expression of MRD 1 and MRP1 were assessed.
The resulting data showed that the expression
of these genes was comparable prior and post
EVs treatment, indicating that the elevation of
these genes in the U937 cells untreated with
actinomycin D was independent of direct
RNA transfer by EVs (Figure 6).

AML-derived EVs decreased ROS level in
U937 cells

To assess the effect of AML-derived EVs
on the production of ROS in U937 cells, the
cells were treated with IDA, either alone
or combined with healthy-EVs, new case
AML-EVs, and relapsed AML-EVs. Then,
the production of ROS was evaluated using
flow cytometry analysis. As shown in Figure
7, ROS generation was significantly reduced
when IDA was used in combination with 30
ug relapsed AML-EVs as compared with
those cells, which were only treated with IDA.
Although the amount of ROS also decreased
in the cells, which were treated with IDA
in combination with new case AML-EVs
and healthy-EVs, this reduction was not
statistically significant.

B At diagnosis

150

100

50

ug prolein/ml of plasma

B Rclapsed AML
=3 Healthy subjects

Figure 2. Mean protein content of EVs measured by Bradford method. Concentration of protein in new cases and relapsed groups
were significantly higher than healthy subjects. Of note, the concentration of protein in new cases was also higher than relapsed cases.
Data are 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.
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Figure 3. (A) Effects of IDA (0.05-0.5 pM) on the viability of U937 cells. The growth suppressive effect of IDA on U937 cells was
assessed using MTT assay. IC, pharmaceutical dose for U937 cells was 0.2 uM. (B) Data indicated that the anti-proliferative effects
of IDA was attenuated in the presence of different AML-derived EVs. (C) When U937 cells were treated with relapsed AML-EVs (30
pg) in combination with IDA, there was a more significant elevation in the IC, value of IDA. Data are 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.
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Figure 4. Effects of IDA on the induction of apoptosis in U937 cells. The cells were treated with 0.2 uM IDA and 20 and 30 pg
of healthy, new case AML and relapsed AML-EVs respectively. Data are mean + SE of three independent experiments. Statistical
significance were defined at *P < 0.05, P < 0.01 and ""P < 0.001compared to corresponding control

391



EVs in Mediating the Acquired Chemo-resistance

B
G @
N n;asv. oA o ?“7" ‘uzz”' 10 ?‘92% znizs% = Untreat
o 10 ] - BN (2uMIDA
o
] 05 ™ B (.2uM IDA/ 30pg rEVs
; L B 0.25:M IDA/ 30ug rEVs
T — B (.3uM IDA/ 30ug rEVs
il 5 PR i ‘pg
o 1o P B 0.350M DA/ 30ug rEVs
- R ) . 37
[ g
-
10" 40w b §
10° o ‘é.
o
1074 < 20
@
. —zul d 1
I 04

Annexin V-FITC =3

Figure 5. The result of annexin V/PI staining in EVs - or IDA+ 30 pg relapsed AML-EVs-treated U937 during co-culture. Cells were
treated for 36 h with either EVs (30 pg) or IDA+ EVs (30 pg). The relapsed AML-EVs protected the cells from IDA-induced apoptosis
and enhanced the IDA IC, in U937 cells (P < 0.001).
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Figure 6. (A) MDR-1 and MRPI expression in healthy, new case AML and relapsed AML-cells and correspond EVs. We first
analyzed the normalized expression of MRDI and MRPI in cellular and vesicular compartment of all subjects. The resulting data
showed that the expression of these genes were lower in EVs as compared with AML parent cells. In new cases and relapsed patients,
the fold changes of both genes in EVs were increased. (B) The expression of MRDI and MRP/ in U937 cell treated with new cases
and relapsed EVs were significantly increased. Data are mean + SE of three independent experiments. (C) U937 cells was treated with
actinomycin D (1 mg/mL) prior to EV incubation. After 24 h of EV integration, we did not observe any significant change in MDR-1
and MRP] expression, indicating that the increase of these genes was not due to RNA transfer. Statistical significance were defined at
*P<0.05, "P<0.01 and ""P < 0.001compared to corresponding control
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Figure 7. U937 cells were treated with or without 30 pg of healthy, new case AML and relapsed AML-EVs, and assayed for ROS
production by using the fluorescent dye DCFDA. Representative histograms showed ROS generation in each experimental condition.
Graph represented the mean values + SE of the MFI of DCF. Statistical significance were defined at "P < 0.05.

Discussion

One of the main obstacles in the way to
successful treatment of leukemia is drug-
resistance, which is mediated through
several mechanisms. Dysregulation in the
expression level of both oncogenes and tumor
suppressors, alteration in apoptotic pathways,
as well as disruption in DNA repair responses
are the most important mechanisms that are
participated in decreasing the sensitivity of
cancer cells to the conventional treatment
strategies (21). To date, extracellular vesicles
(EVs) has attracted tremendous attentions in
cancer management, as they could participate
in all aspects of formation and progression
of malignant cells, such as differentiation,
proliferation, migration, invasion, apoptosis
and particularly chemo-resistance (22). It
has been indicated that EVs could confer
drug-resistance in cancer cells via vascular
remodeling, transferring the regulatory
apoptotic-related proteins, induction of
oncogenic signaling axis, and over-activation
of the drug efflux pumps (22). In this study, we
aimed to investigate the influence of EVs on
the induction of drug resistance in AML cells

with a special focus on the role of drug efflux
pumps and ROS production (23-25).

In agreement with the previous studies,
which reported the high concentrations of EVs
in peripheral blood of numerous malignancies,
we found that the protein content of AML
patients at diagnosis and relapse was
significantly higher as compared to healthy
controls. In consistent, Caivano. Previously
reported that the amount of EVs was elevated
in various hematologic malignancies (26). In
addition, Szczepanski and colleagues have
been reported that the sera of AML patients
had significantly greater protein content than
those isolated from sera of normal controls
(27). Hong also showed the protein levels of
exosome fractions in plasma of refractory/
relapsed AML patients was higher than healthy
controls, which could be due to the responses
to chemotherapy (28, 29). These findings
suggested that there is a probable connection
between EVs secretion and the proliferative
capacity of the leukemic cells.

AML-derived EVs could attenuate the
effectiveness of different chemotherapy agents
likely through induction of chemo-resistance
in the recipient cells (23). In this way, we
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found that EVs obtained from the plasma
of AML patients could confer resistance to
the IDA in U937 cell line, as revealed by
the significant elevation in the IC,, value of
IDA. In parallel with this finding, Viola had
reported AML-BMSC exosomes significantly
protected MOLM-14 cells against the anti-
leukemic effects of cytarabine and FLT3
inhibitor (30). Moreover, in another study,
Patel demonstrated that upon exposure of
pancreatic cancer cell lines to exosome, the
IC, value of gemcitabine increased in the cells
as compared to the naive cells (31).

In both malign and benign conditions, EVs,
either arbitrary or specifically, loads diverse
molecules from originated cells (32). It has
been reported that when the proportion of cargo
is greater in EVs than the corresponding cells,
it is indicative of the specifically loading (30).
The resulting data showed these molecules
are loaded less on EVs than on parents’ cells
that indicated probably other mechanisms,
including miRNA transmission, could be
involved in the occurrence of chemoresistance
(12). However, further studies are needed in
these patients to better understand the precise
mechanisms involved in the occurrence of
resistance. The ABC transporters, which
express ubiquitously on normal tissues, have
been identified as drug-resistance proteins
(17, 33 and 34). Upregulation of MRDI
and MRPI was also reported in human
osteosarcoma (18). Consistently, the results of
the present study declared that the expression
level of both MRDI and MRPI were higher
in relapsed AML patients as compared to the
new cases. Over-activation of the ABC efflux
pumps is a common occurrence in AML
and the expression of these resistance genes
are proposed as independent predictors for
treatment outcome in adults (35). Here, we
showed that in agreement with MDRI, the
expression of MRPI was increased in EVs
derived from AML patients as compared with
healthy controls. Studies of EVs isolated from
tumor-cell supernatants indicated that EVs
are enriched in the specific proteins, lipids,
and nucleic acids, which were presented in
the parental cell, while some other contents
are not presented in them, reflecting the fact
that EVs biogenesis is not a random process
(36). Moreover, bioanalyzer spectrum of
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bone marrow stromal cells (BMSC)-derived
exosome RNA showed a relatively greater
abundance of small RNAs as compared to the
parent cell (30). It has been reported that EVs
could induce chemo-resistance in tumor cells
through carrying MDR-associated proteins
and the ABC transporter efflux system (37).
It has been shown that docetaxel-resistant
prostate cancer and cisplatin-resistant ovarian
cancer cells released more exosomes than
sensitive cells (38). In our study, MDRI and
MRPI expressions were increased in U937
cells, which were treated with new case AML-
EVs and relapsed AML-EVs. The association
between EVs and induction of chemo-
resistance could be regulated through different
signaling pathways, such as MAPK/ERK,
CaM-Ks/Raf/MEK/ERK, and PI3K (39-41).

We also examined whether the
overexpression of drug efflux pumps in U937
cells was mediated by a direct transfer of
MRDI1 and MRPI mRNAs or was due to the
induction of gene expression. In this regard,
the de novo mRNA expression of U937 cells
was halted using actinomycin D treatment
just a few hours before treatment with EVs.
Of note, the gene expression of MRDI and
MRPI did not change significantly in the
presence of actinomycin D, suggesting that
the de novo mechanisms were involved in
the elevation of ABC efflux pumps upon
exposure to the malignant EVs. In parallel
with our experiments, Crompot has reported
the active uptake of the BM-MSC EVs by
chronic lymphocytic leukemia (CLL) cells
could modify the gene expression even after
exposure to actinomycin D, which abolished
the gene expression system in CLL cells (24).
On the contrary, the serial analysis clearly
showed that EVs mediate a horizontal transfer
of genetic information to recipient cells (12,
23 and 42).

Under normal conditions, ROS production
and ROS elimination are balanced; however,
it has also been reported that the production
of ROS could be an adaptive response to
age, sex, tumor growth or stress conditions
during the cell’s lifespan (43). EVs and ROS
are closely interrelated, as EVs can produce
or detoxify ROS, and on the other hand,
ROS could also increase EVs production.
Reciprocal effects depend on both the
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conditions of the EVs correspond to cells, as
well as the environmental conditions (44). It
is well-established that any aberrancies in the
redox system due to the fluctuation in ROS
levels could reduce the sensitivity of cancer
cells to the chemotherapeutic drugs (45). Our
results showed that when U937 cells were
treated with AML-derived EVs, there was a
reduction in the intracellular level of ROS.
This inhibition was even more significant in
those cells, which were exposed to relapsed
ALM-EVs, which was in agreement with the
results of both viability and apoptosis assays,
reflecting the fact that malignant EVs could
bypass the cytotoxic effect of IDA and increase
the survival of the cells. In parallel with our
research, F Alcayaga-Miranda indicated that
MSCs secreted exosomes reduced ROS in
prostate PC3 tumor cells (46). Jafarzadeh N
also represented that K562-derived exosomes
dose-dependently reduced the intracellular
level of ROS in bone marrow mesenchyme
stem cells (BM-MSCs) (47). On this basis,
GK Patel suggested that promoting ROS
detoxification could confer chemo-resistance
in pancreatic cancer (31). Although numerous
studies were suggesting that reduction in ROS
production could mediate chemo-resistance in
cancer cells, there are some conflicting results.
S Dutta has shown that the interactions and
the uptake of breast cancer cell lines-derived
exosome by HMECs serve as a signal to
induce ROS in the mammary epithelial cells,
suggesting that probably the behavior of the
cells and their responses could be varied due
to EVs cargo content (48).

Conclusion

Arising resistant diseases is of an utmost
important issue in medicine, particularly
in the path of cancer treatment. Our data
revealed that EVs could confer IDA resistance
in a sensitive AML-derived cell line. With
more depth analyses, we found that resistant
phenotype was mediated, at least in part,
through induction of MRDI and MRPI gene
expression, but not a direct transfer of these
genes. We also found that ROS reduction may
be another mechanism, which could result in
the generation of resistant cells upon exposure
to relapsed AML-derived EVs. A better
understanding of other plausible mechanisms
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involved in arising of resistant phenotype may
lead to the development of more effective
treatment for AML patients in the future.
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