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Abstract Cytogenetically normal acute myeloid leukemia
(CN-AML) constitutes the largest subgroup of AML patients
that is associated with molecular alteration. MiRNAs have
been shown to be aberrantly expressed in CN-AML. In addi-
tion, specific miRNA (miR) expression patterns were found to
be associated with certain genetic alterations in these patients.
This study investigated the expression level of miR-1, miR-
486, and let-7a in 45 CN-AML patients well characterized for
FLT3 and/or NPM1 mutations using real-time quantitative
RT-PCR and evaluated the association between candidate
miRs expression and clinical features. Our data revealed that
miR-1 was significantly overexpressed in CN-AML patients,
and increasing expression of miR-1 correlated with NPM1
mutation (P<0.05) and lower hemoglobin level was also ob-
served in patients with miR-1 overexpression (P<0.05). The
expression of miR-1 was much higher in AML-M2 compared
with other subtypes. Further, we found significantly increas-
ing miR-486 expression in 40 of 45 (89%) CN-AML patients.
There was no significant association of upregulation of miR-
486 with clinical parameters. The expression level of miR-486

was increased in AML-M2 subtype. The levels of let-7a were
significantly increased in CN-AML patients compared to the
healthy control and significantly higher in the NPM1±CN-
AML patients. There was no correlation detected between
the level of let-7a and FLT3+. An increasing expression level
of let-7a was demonstrated in M2 subtype. In addition, our
data showed no significant association between increasing let-
7a and clinical characteristic. Comparison of peripheral blood
and bone marrow results in 30 CN-AML patients showed that
there is a considerable concordance between PB and BM in
the results of candidate miR levels (P<0.001). In conclusion,
further studies should also be performed to detect functional
mechanism of these miRs.
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Introduction

Acute myeloid leukemia (AML) is a group of hematopoietic
stem cell disorders that are characterized by the autonomous
proliferation of myeloid progenitors and is also associated
with genetic instability and molecular changes. Cytogenetic
aberrations have classified AML patients into favorable, inter-
mediate, and adverse prognostic groups [1, 2]. AML patients
with cytogenetic normal (CN) who comprise the largest cyto-
genetic group of AML (approximately 45 %) fall into the
intermediate category [3, 4]. This heterogeneous AML sub-
group shows molecular alterations and genemutation. Among
these genetic abnormalities, Fms-like tyrosine kinase 3 (FLT3)
lesions have been reported in about 25 % of AML cases, and
patients with this abnormality are associated with a poor prog-
nosis [5–7]. Nucleophosmin (NPM1) abnormalities were
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predominantly observed in 45 to 60 % of patients with CN-
AML, accounting for the most frequent genetic change in this
subset [8, 9]. Four main categories may be identified by alter-
ations of these genes including FLT3wt/NPM1wt, FLT3wt/
NPM1+, FLT3+/NPM1wt, FLT3+/NPM1+ [10].

MicroRNAs (miRNAs) are small, noncoding RNA which
typically regulate the levels of mRNA stability and translation
by binding the 3′untraslated region (UTR) of mRNAs.
MiRNA plays an important role in hematopoietic stem
cells, proliferation, survival, and differentiation [11, 12].
Dysregulation of miRNAs in all of these pathways are
observed in AML patients [13, 14]. Aberrant miRNA
expressions have been variable in different cytogenetic
and molecular subtypes in AML cases [15, 16]. For
example, several miRNAs such as rmiR-10a, miR-10b,
miR-155, let-7a, miR-125b, and miR-196a act as
oncomiRs in hematological malignancies especially in
CN-AML patients. A large number of genes in AML
patients can be targeted and repressed by these miRs
[17–21]. The role of miR-130a, miR-424 as tumor suppressor
was reported in CN-AML patients. The expression of these
miRNAs is downregulated in these patients. Despite several
miRNA profiling studies on AML patients, there are only few
reports of miRNA deregulated [10, 19, 21].

In this study, we focused on CN-AML patients that are
categorized according to the NPM1 and FLT3 expression,
and then three miRNAs (miR-1, miR-486, and let-7a) were
selected among them; miR-486 and let-7a are involved in
erythroid differentiation, and deregulation of miR-1 plays an
important role in many types of cancers [22–25]. In addition,
we investigated whether these miR expressions associate with
clinical features such as age, gender, white blood cell (WBC),
Hb count, and French-American-British (FAB) subtype of
CN-AML patients. Here, we evaluated the concordance be-
tween peripheral blood (PB) and bone marrow (BM) in de-
tecting expression levels of candidate miRs.

Materials and methods

Patients and samples

In this study, BM and PB samples were obtained from
AML adult patients with newly diagnosed AML admitted
at Hematology, Oncology and Stem Cell Transplantation
Research Center, Shariati Hospital, Tehran, Iran, and
this project was approved by the ethics committee board
of this research center. The BM and PB samples were
collected from 15 healthy donors (9 men and 6 women)
with a median age of 46 (range, 29–65), and they did
not have anemia. Populations of the patients were col-
lected from all French-American-British (FAB) types ex-
cept M3, and the patients had a median age of 57 years.
Cytogenetic analyses of the samples were performed
after short-term culture. Metaphase chromosomes were
banded using trypsin-giemsa banding technique and an-
alyzed according to the International System for Human
Cytogenetic Nomenclature. The type of this research is
experimental study. In this study, 45 patients with nor-
mal karyotype were selected. Details of the patients are
presented in Table 1.

Gene mutation detection

Identifying the presence or absence of FLT3-internal tandem
repeat (ITD) of FLT3 exon 14 was carried out by capillary
electrophoresis as reported previously. Mutation in NPM1
was assessed by polymerase chain reaction (PCR) amplifica-
tion and fragment analysis of NPM1 exon 12. In order to
decrease the level of heterogeneity, CN-AML patients
only have ITD mutations for FLT3, and type A muta-
tions for NPM1 were selected. Herein, FLT3-ITD and
type A NPM1 mutation are showed in FLT3+ and
NPM1+, respectively.

Table 1 Patients’ clinical features according to miR-1, miR-486, and miR-let-7a expression levels

miR-1 expression miR-let-7a expression miR-486 expression

+ − + − + −

Gender (male/female) 20/15 8/2 16/12 12/5 14/26 1/4

Mean age at diagnosis (years) 48±14 40±14 47±15 45±18 46±16 49±14

Mean WBC at diagnosis (×109/L) 22,750±29,250 21,560±23,850 19,500±26,280 27,600±37,500 22,250±27,290 25,740±38,230

Mean hemoglobin at diagnosis (g/L) 7.5±1.6 9.1±1.5 7.7±1.7 8±1.7 7.7±1.7 8.7±1.1

Mean platelets at diagnosis (×109/L) 493,840±2,8950 43,340±46,230 45,410±29,000 43,480±30,500 45,020±33,200 41,250±38,850

FAB

M0/M1 6 2 7 2 7 1

M2 19 2 16 5 20 2

M4 8 4 4 6 10 1

M5 2 2 2 2 4 0
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qRT-PCR for miRNA

Total RNA was extracted from the samples by using the
miRNeasy Mini Kit following the manufacturer’s instructions
(Qiagen, Miami, FL, USA). The concentration and purity of
the RNA samples were detected spectroscopically. For
miRNA quantification, 1 μg of total RNA were transcribed
into cDNA via miRNA reverse transcription reaction using
stem loop-RT primer and reverse transcriptase kit
(Invitrogen). Quantitative real-time PT-PCR (qRT-PCR) was
performed using Excite Real Time Mastermix with SYBR
green (Biogene, Cambridge, UK) and using ABI prism 7700
(Applied Biosystems). Thermal cycling condition for miRNA

was performed as follows: step 1—at 95 °C for 15 min; step
2—at 95 °C for 15 s; step 3—at 60 °C for 30 s, step 4—at
72 °C for 1 min. Steps 2–4 were repeated for 40 cycles. U6
small nuclear RNAwas used as an internal normalization.
The relative expression levels of miRNAs were calcu-
lated using the 2−ΔΔCt method. The primers used for stem-
loop RT-PCR for miR-1, miR486, and let-7a are presented in
Table 2.

Statistical analysis

The difference in miRNA expression levels between CN-
AML patients and control groups was estimated using
Student’s t test (for independent samples). Results were ana-
lyzed using the GraphPad software (GraphPad PRISMV 5.04
analytical software).

To further investigate, the correlation between the preva-
lence of deregulation levels of each miRNA and the clinical
and hematologic parameters were analyzed with Spearman’s
rank correlation. Paired sample t test was utilized to investi-
gate equivalence between paired PB and BM readouts for
candidate miRs in this study. All P values were two-tailed,
and P<0.05 was considered statistically significant.

Table 2 MiRNA stem loop primers used for real-time PCR

Gene Primer sequence

U6 AAG GAT GAC ACG CAA ATT C

miR-1 (F) CAA CCT GGA ATG TAA AGA AGT

miR486-5p (F) CGT CCT GTA CTG AGC TGC

Let-7a (F) GGCTGAGGTAGTAGGTTGTATAG

Common (R) GAG CAG GGT CCG AGG T
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Fig. 1 Expression level of miR-1
in CN-AML and healthy control.
a Relative expression of miR-1 in
AML patients was quantified by
real-time PCR, normalized to the
expression of U6 and calculated
according to the 2−ΔΔCt method.
b CN-AML patients were divided
in four groups: NPM1-wt/FLT3-
wt; NPM1+=FLT3-wt and
NPM1mutA; FLT3+=FLT3-ITD
and NPM1-wt; NPM1+/FLT3+=
FLT3-ITD and NPM1mutA. c
Relative expression of miR-1 in
these patients demonstrated in all
of subtype except M3.
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Fig. 2 Expression level of
miR-486 in CN-AML and healthy
control. a Relative expression of
miR-486 was obtained by qRT-
PCR and normalizing with U6. b
Expression value of miR-486 in
subgroups of CN-AML
patients(NPM1-wt/FLT3-
wt,NPM1+, FLT3+, NPM1+/
FLT3+) were compared. There is
no correlation between miR-486
level and NPM1+ and FLT3+ c
Relative expression of miR-486
was compared in different FAB
subtypes of AML except M3.
High expression level of miR-486
was detected in almost all of the
subtypes
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Fig. 3 Expression level of let-7a
in CN-AML and healthy control.
a Let-7a expression level at CN-
AML patients was presented. b
Comparison in subgroups of CN-
AML patients (NPM1-wt/FLT3-
wt, NPM1+, FLT3+, NPM1+/
FLT3+) was demonstrated. c
Comparison of let-7a expression
level in different FAB subtype of
AML except M3
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Result

MiR-1 expression in CN-AML

Significant increase in miR-1expression in CN-AML patients
compared to the healthy donors was observed (Fig. 1a). We
also analyzed the relationship between miR-1 and FLT3-ITD
and NPM1 mutation. The upregulation of miR-1 was
observed in CN-AML carrying the NPM1+. However,
overexpression of miR-1 is not statistically different be-
tween FLT3+ and FLT3-wt/NPM1-wt in CN-AML patients
(Fig. 1b).

Associations between themiR-1 and clinical characteristics
(sex, age, WBC count, Hb count, and platelet count) have
been detected in the current study; no significant difference
in age, gender and other clinical parameters except Hb levels
was found in patients with miR-1 overexpression compared to
the patients without any increased miR-1 expression. Patients
with higher miR-1 expression had lower Hb level than those
without miR-1 overexpression (P<0.05) (Table 2).
Overexpression of miR-1 was also observed in almost all of
the subtypes except M5, and the expression level of miR-1
was much higher in AML-M2 than in other subtypes of these
patients (Fig. 1c).

Overexpression of miR-486-5p in CN-AML

Analysis of miR-486-5p expression level in CN-AML cases
showed higher levels of miR-486-5p expression in 40 of the
45 patients (89 %) (Fig. 2a). The status of miR-486 expression
was not correlated with NPM1+ and FLT3+ (Fig. 2b). Our
data showed no significant difference in sex, age, WBC, and
Hb and platelet levels between patients with and without miR-
486-5p overexpression. Upregulated miR-486-5p expression
was observed in almost all of the subtypes, and the highest
expression of miR-486 was detected in patients with M2
(P<0.001) (Fig. 2c).

Let-7a expression in CN-AML

When expression levels of let-7a in CN-AML cases were
compared with normal samples, we detected upregulation of
let-7a in these patients (Fig. 3a). The expression of let-7a was
significantly higher in the NPM1±CN-AML group compared
to the FLT3-wt/NPM1-wt group (P<0.01), and the statue of
let-7a was also not correlated to the FLT3+ group (Fig. 3b).
Overexpression of let-7a was detected in each AML subtype.
However, the prevalence of let-7a upregulation in M2 subtype
was higher than in other subtypes (Fig. 3c). We also examined
whether the overexpression of let-7a could be associated
with clinical factors. This result showed that expression
levels of let-7a were not significantly associated with clinical
parameters.

Analysis of PB and BM paired samples

Thirty PB and BM from the same patients were compared at
the time of diagnosis to detect whether PB could serve as well
as BM and provide similar information in candidate miRs.
The expression level comparison of candidate miRs in paired
PB and BM samples demonstrated that there is a considerable
concordance between the expression levels of miRs for PB
and BM samples (P<0.001) (Fig. 4).

Discussion

MiRNAs as a noncoding RNA regulate several biological
processes such as cell cycle regulation, differentiation,
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proliferation, and apoptosis of cells in human body. Some
miRs may act as tumor suppressors and others as oncogenes
in many cancers. Despite the presence of miRNAs in biolog-
ical functions, pathway regulations based on miRNA expres-
sion remain unknown.

In the present study, we assessed the expression level of
miR1, let-7a, and miR486 in CN-AML, and association of the
deregulation of these miRs with clinical parameters and
FLT3+ and NPM1+ were detected.

In this study, we found increased expression of miR-1 in
CN-AML patients compared to normal controls which is con-
sistent with observation made by Marcucci et.al. [26], and a
study on AML cell lines showed that overexpression of miR-1
promotes cell proliferation [27]. Result of this study showed
for the first time that miR-1 upregulation has association with
NPM1+. However, there was no significant difference be-
tween the increasing miR-1 expression and clinical character-
istic. Aberrant expression of miR-1 has been shown to have a
role in tumorigenesis, and downmodulation ofmiR-1 has been
identified in many types of cancer, such as bladder, prostate,
lung, thyroid, colon, and colorectal cancer [23, 28, 29].
However, there is only one study on AML cell lines that
showed overexpression of miR-1 might act as an oncogene
in hematological malignancies [27]. Controversial results in
miR-1 function depend on the type of malignant cells, and
finding functional mechanism in each type of cancer needs
more investigation.

We showed for the first time that miR-486-5p was upreg-
ulated in CN-AML patients. No significant association was
observed between miR-486 overexpression and clinical fea-
tures. Overexpression of miR-486-5p was also not correlated
with FLT3+ and NPM1+ in these patients. Recently, Wang
et al. have showed the overexpression of chronic myeloid
leukemia (CML) in patients. Their result implicated that ex-
pression of miR-486-5p causes FoxO1 and PTEN protein
levels downregulated and enhanced phospho-AKT levels in
PI3K/AKT signaling in hematopoietic cells. Therefore,
increased expression of miR-486 modulates leukemic
hematopoietic progenitor growth, survival, and erythroid
differentiation [25]. In another study, Shaham et al. showed
that expression of miR-486 increased in myeloid leukemia of
Down syndrome [30].

The results of our study showed upregulated expression of
let-7a in CN-AML patients compared with healthy controls
which is in accordance to the reported finding in these patients
[20, 31]. Our findings showed higher let-7a expression in
nucleophosmin positive CN-AML patients, which is consis-
tent with results that were revealed by Becker et al. [21].
Comparison between the expression status of let-7a and its
clinical features in CN-AML was similarly in line with inves-
tigation made by Jinlong et al. [31] and also in concurrence
with the report by Li et al. [24]. However, in both studies, they
reported no significant difference in let-7a-2-3p expression

values between AML patients with or without FLT3-ITD
and NPM1 mutations [24, 31]

Using PB for various laboratory investigations is more con-
venient than BM if PB could provide similar information as
BM. Research have been shown that patients with newly diag-
nosis and over 30 % blasts have significant concordance be-
tween PB and BM in the results of cytogenetic and flow cyto-
metric analysis [32, 33]. In our study, comparison between the
levels of miRs in BM and PB was determined for the first time.
Our data revealed that there was strong concordance between
the expression levels of miRs for PB and BM samples.

In conclusion, further work is needed to determine the roles
of candidate miRs and links between gene mutations and miR
deregulation in CN-AML and also large patient number to
confirm our data.
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