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Background: Effective treatment of acute myeloid leukemia (AML) is still controversial, therefore; a comprehensive
understanding regarding the impaired cellular signaling pathways in AML can be useful in designing new therapeutic
approaches. Among signaling pathways involved in AML, the mammalian target of rapamycin (mTOR) signaling pathway
is of particular importance. While dysregulation of mTOR signaling has been reported in a wide range of patients with AML,
but most studies have focused on mTOR downstream targets, and mTOR upstream targets have been overlooked.
Objective: In this study, expression of mTOR genes and three upstream targets (5' adenosine monophosphate-activated
protein kinase (AMPK, adiponectin, and sestrin 2) involved in mTOR signaling was investigated.

Materials and Methods: In this study, expression of mTOR, AMPK|, sestrin 2, and adiponectin genes in 60 patients with
AML were evaluated compared to those of 30 healthy individuals as controls using the Real-Time polymerase chain reaction
(Real-Time RT-PCR) method.

Results: According to the results, there was a significant difference in the expression of all the studied genes in patients in
comparison to the normal control group (P <0.05). Expression of the mTOR gene was increased, while expression of AMPK,
sestrin 2, and adiponectin genes was decreased in the patients with AML. Mean expression of the genes (2-ACt) (AMPK,
sestrin 2, adiponectin, and mTOR) was equal to 7.9, 3.2, 3.74, and 1.49 for controls and 6, 2.1, 2.83, and 2.64 for patients
with AML, respectively.

Conclusions: Given the decreased expression levels of sestrin 2, adiponectin, and AMPK genes as tumor inhibitors and
the increased expression level of the mTOR gene as an oncogene in the patients with AML in our study, it is thought that
disruption of this pathway may be involved in leukemogenesis and can be considered as an effective factor in the progression
of cancer.
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1.Background

Acute myeloid leukemia (AML) is characterized by
invasive proliferation and abnormal differentiation
of hematopoietic stem cells (HSCs) leading to the
accumulation of immature myeloid cells with reduced
differentiation potential (1). Evidence suggests that
various deviations in the cell signaling pathway lead to
cessation of maturation of myeloid progenitors (2-4).
Mammalian target of rapamycin (mTOR) signaling is

a vital pathway in the regulation of cellular processes
including the metabolism of proteins, carbohydrates,
and lipids (5, 6). In leukemic cells, mTOR signaling
activation is a mandatory prerequisite to reduce growing
needs for energy and raw materials. Recent findings
have suggested that AML cells are dependent on the
increased activity of the glycolysis pathway due to high
mTOR activity, and this phenotype may be involved in
their sensitivity to inhibition of glucose-6-phosphate

Copyright © 2021 The Author(s); Published by National Institute of Genetic Engineering and Biotechnology. This is an open access article, distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/)
which permits others to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


mailto:allahbakhshian%40sbmu.ac.ir?subject=

Abtahi SH et al.

dehydrogenase (G6PD) (7). These data, together with
other related studies indicate an antileukemic potential
for specific mTOR inhibitors, such as rapamycin analogs
(rapalogs) in the patients with AML and provide a
significant approach for further studies in this field (8, 9).
However, mTOR inhibitors have not been able to show
significant results in clinical trials on AML (10, 11).
Determining which patients benefit from which
therapies is the ultimate aim of the targeted therapy
however, AML therapy has largely failed to achieve
this aim, possibly due to bypassing of the damaged
signaling pathways by the uncontrolled molecules. For
accurately evaluating mTOR as a drug target and using
it in a clinical context, it is essential to know all the
elements involved in mTOR signaling. In this regard,
some studies have recently identified adiponectin and
sestrin 2 as the most important negative regulators
of the mTOR pathway, which may be due to the
activity of AMP-activated protein kinase (AMPK)
(12-15). AMPK is a pivotal sensor of cellular energy
and acts as the main negative regulator of metabolic
pathways including proteins, carbohydrates, and lipids
to minimize consumption of adenosine triphosphate
(ATP). AMPK controls the rate of protein synthesis
through suppression of mTOR signaling, an axis that is
impaired in patients with AML (16, 17).

Unlike sestrin 2, which remains in the cytoplasm of
producer cells after translation, adiponectin is secreted to
plasma and is generally in a circulating form. Adipocytes
of bone marrow adipose tissue (MAT) are one of the
major secretors of adiponectin. Adiponectin has versatile
functions and is involved in the metabolism of lipids,
insulin sensitization, and anti-inflammatory responses.
In particular, recent studies have shown growth
inhibitory effects of adiponectin on hematopoietic cells,
produced by activation of AMPK (12-15). So, it appears
that adiponectin acts as a tumor inhibitor through the
AMPK axis (18, 19). As mentioned above, sestrin 2,
a stress-responsive protein responsible for adapting
cells to various metabolic challenges is another arm for
activation of AMPK (20).

2. Objectives

In this study, for detecting dysregulation of the mTOR
pathway in the patients with AML, the expression
of the three major regulators of this gene (sestrin 2,
adiponectin, and AMPK) was evaluated.

3. Materials and Methods

3.1. Patients
From 2013 to 2017, peripheral blood (PB) and bone

Iran. J. Biotechnol. April 2021;19(2): e2860

marrow (BM) samples collected from 60 patients
with new AML aged 15-72 years (mean 53 years)
and 30 PB and BM samples from healthy controls.
Informed consent in agreement with the Declaration of
Helsinki was confirmed in all patients or parent/legally
authorized representatives. Patients were diagnosed at
the Taleghani hospital, Tehran, Iran. The acute myeloid
leukemia diagnosis was based on the morphological
classification of FAB /WHO, which was categorized in
MO0/M1/M2=29, M3=9, and M4/M5=22 (Demographic
and subclinical characteristics of patients samples are
summarized in Table 1).

3.2. RNA Extraction and cDNA Synthesis

Using RNeasy kit (Total RNA Purification from Whole
Blood. Qiagen, Germany) extraction and purification
of RNA from samples of peripheral blood and bone
marrow mononuclear cells were performed according
to the manufacturer’s protocol. By Nanodrop (ratio of
260/280 nm OD > 1.8) quality and quantity extracted
RNA was assessed. In the next step, cDNA synthesis
was performed using a Thermo Scientific kit (Qiagen,
USA).

3.3. Real-Time RT-PCR

Primers of target genes(mTOR, AMPK, sestrin 2, and
adiponectin) and internal control genes (ABL) were
designed using software Oligo. (details are shown
in Table 2). by real-time quantitative polymerase chain
reaction (Real-Time RT-PCR) (Step One Plus, Thermo
Scientific, USA) the level of mRNA expression of
selected genes was analyzed (Table 3). The total volume

Table 1. Profile of specifications of patients with de novo AML
from which samples were obtained.

Sex

Male 38(%63)
Female 22(%37)
Age (years)

Median 53
Range 15-72
<40 8 (%14)
40-55 18 (%30)
>55 34(%56)
Blasts count

Median (% 63.62)
Range (% 20-96)
Subtypes of FAB/WHO

MO/M1/M2 29(%A48)
M3 9(%14)
M4/M5 22(%38)
Specimen type

BM 37(%62)
P.B 23(%38)
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Table 2. Real-time RT-PCR oligonucleotide primers.

AMPK Sequence (5'->3") TM(°C) product length
F primer ATGGTGATGGAATATGTCTCAG 553

R-primer TCCACACCAGAAAGGATCT 55.18 13
Sesn 2

F_primer CTGCGTCTTTGGCATCAGATA 58.45 125
R-primer ACATTCTTCGGGTGGTCTTCT 59.02

Adiponectin

F_primer GAGATCCAGGTCTTATTGGTC 55.19 139
R-primer AATGCTGAGCGGTATACATAG 55.37

mTOR

F_primer GCATGAATCGGGATGATCG 56.35 119
R-primer CTGCTGCTGTGTGATTTCTT 56.63

ABL

F primer TGGAGATAACACTCTAAGCATAACTAAAG 59.13 124
R-primer GATGTAGTTGCTTGGGACCCA 60.00

Table 3. Schedule time and temperature of Real-time RT-PCR target genes and reference gene

Stage Step Temperature C Time Cycle
Holding Denaturation and enzyme activation 95 10 min 1
Denaturation 95 10 sec
Cycling Annealing 58-64 20 sec 40
Extraction 72 30 sec
Holding Final Extraction 72 10 min 1
Melting Melting curve analysis 70-99 7 min 1

of 15 pL of components in Real-time RT-PCR reaction
for each target was composed of 1 uL of forward and
reverse primer, 7.5 uL of Biofact 2X Real-Time PCR
Master Mix Sybergreen (Biofact, South Korea), 2 uL.
of template target cDNA, and 4.5 pL water. A standard
curve for each target gene using four dilutions of
cDNA sample (1, 0.1, 0.01, and 0.001) was produced.
Assessments were performed in triplicate and the
Livak method (2-AAct) for each sample was calculated
using the relative amount of mRNA expression (fold
change=FQ) (21-22).

3.4. Statistical Analysis

For statistical analysis, SPSS software for Windows
(version 24.0) and GraphPad Prism 8.4 software was
used. To assess the normal distribution of data in AML
patients and controls from both the Shapiro-Wilk and
Kolmogorov-Smirnov tests were used. Also, the Student
t or Man-Whitney U test was used to determine that
there was a significant difference in the expression of
target genes between AML and control patients. Finally,
the Pearson correlation test was used to investigate the
relationship between the expression of target genes. To
determine significant differences in the genes assess,
P-Value less than 0.05 was considered.
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4. Results

4.1. mTOR, AMPK, Sestrin 2, and Adiponectin
Expression in AML Patients and Normal Controls

Expression levels of mTOR, AMPK, sestrin 2, and
adiponectin were analyzed using the Real-Time RT-
PCR method. Normal expression levels of mTOR,
AMPK, sestrin 2, and adiponectin were equal to 0.99
—-1.9,7-8.8,2.7- 3.7, and 3.1-4.2, respectively, which
were defined as 95% confidence interval range in
normal controls. According to this reference level, the
patients with AML whose mTOR, AMPK, sestrin 2, and
adiponectin expression was within the normal range
were considered to have an intermediate expression
(10, 30, 12, and 12%, respectively). While those with
levels below the threshold of intermediate-range for
mTOR, AMPK, sestrin 2, and adiponectin expression
were defined to have low expression levels observed
in 29, 65, 64, and 70% of AML patients, respectively.
contrarily, high-level expressions were observed in 61,
5,24, and 18 % of AML-positive patients, respectively.
The mRNA expression levels of mMTOR, AMPK, sestrin
2 and adiponectin in AML patients were compared
with control group. A significant mTOR expression
difference between AML patients 2.73 = 0.2 (SEM)
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compared with control group 1.49 + 0.16(SEM) (P
<0.02). Statistically significant AMPK expression
difference was observed between AML patients 6
+ 0.3 (SEM) compared with control group 8 £+ 0.26
(SEM) was confirmed by significant level (P < 0.0003).
Observed difference between sestrin 2 mRNA in AML
patients 2.2 £ 0.4 (SEM) compared to control samples
3.24 + 0.26 (SEM) was confirmed by significant level
(P <0.01. A significant adiponectin mRNA difference
between patient and control groups was detected, 2.8
+ 0.2 (SEM) and 3.7 + 0.27 (SEM) respectively (p<
0.002) (Fig. 1 and Table 3).

4.2. Correlation between mTOR, AMPK, Sestrin 2, and
Adiponectin Expression Levels

Results of statistical analysis show a positive and
significant correlation between expression levels of the
mTOR gene with those of AMPK and sestrin 2 genes
in the patients with AML. Analysis results determined
a positive and significant correlation between mTOR
and AMPK and sestrin 2 (P <0.004, <0.001 and r
=0.37, 0.42, respectively) in the patients with AML,

A Pv<0.02

=2 mTOR Patient
mTOR Control

Relative expression of
mTOR mRNA

Pv<0.01

@® Sestrin2 Patient

34 Sestrin2 Control

Relative expression of
Sestrin2 mRNA
N

suggesting dependence between their expression. Also,
there was no significant correlation between mTOR and
adiponectin in the patients with AML (Fig. 2).

4.3. Differential Expression of mTOR, AMPK, Sestrin
2, and Adiponectin in AML FAB Subtypes (M0O/M1/M2,
M3, and M4/M5)

According to the obtained findings, there was no
significant difference in the expression level of mTOR,
AMPK, and sestrin 2 genes between AML FAB
subtypes (MO/M1/M2, M3, and M4/M5).

The mRNA expression levels of mTOR, AMPK, sestrin
2, and adiponectin in AML FAB subtypes (MO/M1/M2,
M3, and M4/M5) were compared with the control group.
Observed mTOR mRNA difference between M0/M1/
M2 2.64 + 0.2(SEM), M3 2.83 + 0.4 (SEM) and M4/
M5 2.57 £ 0.29 (SEM) wasn’t significant between these
subgroups. Observed AMPK mRNA difference between
MO/M1/M2 6.3 +0.36 (SEM), M3 5.8 £0.52 (SEM) and
M4/M5 5.7 £ 0.33 (SEM) wasn’t significant between
these subgroups. Observed sestrin 2 mRNA difference
between MO/M1/M2 2.22 + 0.27 (SEM), M3 2.3 + 0.4
(SEM) and M4/M35 2.03 £0.29 (SEM) wasn’t significant
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Figure 1. A) Significant mTOR expression difference between patient and control groups. B) Significant AMPK expression difference
between patient and control groups. C) Significant sestrin 2 expression difference between patient and control groups. D) Significant

adiponectin expression difference between patient and control groups.
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Figure 2. A) Correlation between mTOR and AMPK was determined to be positive and significant in patients. B) Correlation between
mTOR and sestrin 2 was determined to be positive and significant in patients. C) Correlation between mTOR and adiponectin was not

significant in patients.
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Figure 3. A) mTOR expression difference between AML FAB subtypes wasn’t significant between these subgroups.B) AMPK expression
difference between AML FAB subtypes wasn’t significant between these subgroups.C) Sestrin 2 expression difference between AML FAB
subtypes wasn’t significant between these subgroups.D) Adiponectin expression difference between AML FAB subtypes wasn’t significant

between these subgroups.

between these subgroups. Adiponectin mRNA difference
between MO/M1/M2 2.8 + 0.2 (SEM), M3 2.6 + 0.33
(SEM) and M4/M5 2.9 + 0.23 (SEM) wasn’t significant
between these subgroups (Fig. 3).
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5. Discussion

Under steady-state, coordinated sets of intracellular
signaling pathways act to shape cellular architecture.
However, all living organisms occasionally face
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diverse environmental stresses, such as temperature
shock, oxygen alternation, nutrient deprivation, DNA
damage, and production of reactive oxygen species
(ROS) (23,24). In this situation, they should decide
to adopt one of the possible fates including a program
to repair and adapt or apoptosis (25). The decision
of cells is influenced by both severity of the inflicted
stresses and also the pre-event status of cells. During
evolution, malignant cells choose survival options
while encountering stressful conditions by deactivating
apoptosis-inducing pathways. Most recently, in line
with this notion, Ghiraldeli ef al., (26) demonstrated
that primary AML cells with partial AMPK activity
were resistant to damage inflicted by chemotherapy
in comparison with AML cells with normal AMPK
activity. This feature was attributed to the loss of the
ability of these cells to produce H2A histone family
member X (H2AX), p53, and p21 following exposure
to chemotherapy-inducing stresses. These findings
have been obtained through laboratory studies and their
clinical value depends on the prevalence of AML in the
patients showing low or normal AMPK activity. Given
the importance of dysregulation of the mTOR pathway
in the pathogenesis of AML, in this study, expression
of mTOR, AMPK, sestrin 2, and adiponectin genes was
evaluated in the patients with AML.

Indeed, from a practical point of view, since Real-time
RT-PCR is an accessible and feasible technique in
most routine clinical practices and from a biological
point of view, because in the cells under steady-state
condition, (for this study, primary AML cells before
administration of treatment and control cells from
healthy donors) levels of transcripts largely explain
the amount of respective proteins (27), herein, it was
attempted to dissect probable changes in the AMPK
axis at the transcriptional level.

There were lower levels of AMPK expression in 65%
of the patients with AML (concerning 95% confidence
interval of the healthy control group) (0.75-fold
change, p<0.0003). However, other patients expressed
either similar expression (30 %) or higher expression
(5%) in comparison with the healthy control group.
These results led us to hypothesize that partial activity
of AMPK reported in a previous study on AML cells
(17) was at least in part due to downregulation of its
expression. Our search was also expanded to identify
other possible mechanisms of AMPK partial activity
in patients with AML. When gene expression of two
positive regulators of AMPK (adiponectin and sestrin
2) was analyzed, it was found that both of them were
reduced significantly in 70 and 64% of the patients with
AML, respectively (0.76-fold change for adiponectin,

Iran. J. Biotechnol. April 2021;19(2): e2860

p<0.002 and 0.66-fold change for sestrin 2, p<0.01).
However, other studies have shown that liver kinase B1
(LKB1) failed to induce AMPK activity in AML cells
(17), and to the extent of our knowledge, aberrance in
the expression of adiponectin and sestrin 2 genes in the
AML patient-derived cells has not been investigated
so far. In agreement with our results, the previous
reports have demonstrated that expression of sestrin
2 is decreased in different types of solid tumors such
as non-small cell lung cancer, colorectal cancer, and
hepatocellular carcinoma. Besides, low expression of
sestrin 2 has been reported to be remarkably correlated
with the advanced tumor stage, metastasis, and poor
prognosis (28-30). Moreover, a negative regulatory
role of adiponectin has been found for HSPCs and
proliferation of progenitor cells and more investigations
have highlighted that plasma circulatory level of
adiponectin is decreased in diverse types of cancer
including breast cancer, hepatocellular, and colorectal
cancers (31-33). As already reviewed (34), in response
to a variety of adverse conditions, p53 and AMPK
strengthened activation of each other in a positive
feedback loop mediated by sestrin 2, which led to
reversible cell cycle arrest, senescence, and finally, cell
death. Furthermore, adiponectin triggers activation of
signaling pathway launching AMPK pathway and in
turn, strengthening this loop.

By and large, it was found that 36, 18, and 16% of
the patients with AML had decreased expression
levels in three, two, and one of AMPK axis elements
(adiponectin, sestrin 2, and AMPK), respectively, which
in sum delineates that at least one of AMPK pathway
genes was disrupted in up to 90% of the patients with
AML.

In this regard, p53, a prominent AMPK activator
has been previously demonstrated to significantly
underexpressed in the patients with AML (35), moreover,
other mechanisms, such as TP53 mutations and
aberrant expression of p53 regulators, have been found
to frequently lead to loss of p53 function in AML (34).
Based on this evidence, it is suggested that dysfunction
of AMPK pathway is highly prevalent in patients
with AML and can be regarded as a broad druggable
target. Taken together, based on our experiment and
parallel results, it was found that various cellular
elements inducing AMPK activity including sestrin 2,
adiponectin, p53 (36), and LKB1 (17) are abrogated
in AML cells, so the use of AMPK direct activator is
suggested instead of indirectly targeting this molecule
(such as metformin that induces the activity of LKB1)
in the patients with AML.

Our results also demonstrated that 61 % of the studied
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patients have a significantly higher expression level
of mTOR transcript (fold change= 1.8, p<0.02). In
contrast to a majority of studies that tried to provide
cytotoxicity for AML cells by inhibiting mTOR, results
of a recent study have revealed that induction of AMPK
activity in AML cells exhibiting mTOR over-activation
led to a specific and higher lethal effect than mTOR
inhibition. If mTOR overexpression is considered
equivalent to mTOR overactivation, then it is postulated
that up to 50% of the patients with AML might benefit
from AMPK activator-based therapies. However, the
previous studies have reported a higher rate of mTOR
overactivation in the patients with AML through
tracing multiple phosphorylation sites of mTOR targets
by western blot technique (37). In this regard, further
studies are needed to determine whether the patients
with AML having mTOR overexpression at transcript
level benefit differently from AMPK activators.

As studied elsewhere, mTOR and AMPK work in
opposing ways to maintain metabolic homeostasis
and cell growth (23, 38). Once cells are exposed to
stressful conditions, such as nutrient starvation, AMPK
becomes active and then, reduces the rate of cellular
translation through suppression of mTOR activity.
Although it was found that AMPK was downregulated
and mTOR was upregulated in the patients with AML,
a significant positive correlation was observed between
these genes both in AML cases and healthy subjects
(p=0.0002 and r=0.46 for AML cases and p=0.02 and
=0.56 for healthy subjects). Although the correlation
was more significant in AML cases (probably due to the
difference between the number of cases in two groups,
n=60 for AML cases vs. n= 30 for healthy subjects),
healthy cells showed a stronger correlation. A similar
correlation was also observed between the expression
of sestrin 2 and mTOR genes. But, still, there is no
knowledge about the mechanisms that are commonly
involved in the coordinated regulation of sestrin 2,
AMPK and mTOR, at the expression level of genes and
thus, further investigations are required to clarify this.
A positive correlation was also observed between the
expression of AMPK and sestrin 2 genes again in both
AML and healthy subjects. As stress-responsible genes
share a common promoter and enhancer, this correlation
is suggested to be related to common transcription
factors generally orchestrating a set of gene expressions
(39).

In the present study, a clear disparity was not found
in the expression of the investigated genes in terms
of different clinical criteria, such as gender, age, AML
subtypes, blast count, and specimen type indicating
that their expression was irrespective of sex hormones,
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cellular senescence, myeloid or monoid origin of
AML(AML-M4 and —MS5 against other subtypes)
differentiation status of cells(AML-M3 against other
subtypes), progression of disease at the time of diagnosis
and finally, cellular composition of origin source. Our
results were congruent with those obtained in the study
by Re’cher et al., who showed a constitutive activity of
AMPK in all the primary AML cells (37) irrelevant to
any criteria emphasizing the importance of genes as a
global prognostic factor and therapeutic window in the
patients with AML however, more studies are needed
using large sample size and clinical trial to further
prove these findings. Interestingly, as anticipated, bone
marrow and peripheral blood samples tend to express
adiponectin similarly. This can be in part due to the
eradication of adipocyte niches as a consequence of
an accumulation of myeloid progenitor cells in bone
marrow space. Although herein, the biopsy was not
obtained from the patients to clarify this notion, the
percentage of blast cells in the aspirated and peripheral
blood samples was a mirror of bone marrow cellular
composition.

6. Conclusion

In general, there are both affirmative and negative
findings regarding the role of AMPK in AML cells.
Some studies have revealed that the patients with AML
might benefit from AMPK suppressor agents (40) and
others have established that AMPK activator is lethal
for AML cells. Based on our results, in a majority of
the patients with AML, AMPK probably plays a tumor
suppressor role and mTOR has protumor function
as confirmed by the expression of genes. Although
our results provide a preliminary view regarding the
balance of mTOR activity and its negative regulators
in the patients with AML, further studies are needed for
translation of this scenario from transcriptional level
to function of the respective protein, and to determine
whether this expression signature could be used as a
classifier for the targeted therapy in clinical practices.
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