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Expression of microRNA-181 determines response to
treatment with azacitidine and predicts survival in
elderly patients with acute myeloid leukaemia

ALEKSANDRA BUTRYM'?, JUSTYNA RYBKA!, DAGMARA BACZYNSKA?,
RAFAL POREBA*, GRZEGORZ MAZUR* and KAZIMIERZ KULICZKOWSKI'

Departments of 1Haematology, Blood Neoplasms and Bone Marrow Transplantation, and 2Physiology,

Wroclaw Medical University, Wroclaw 50-367,; 3Department of Forensic Medicine, Molecular Techniques Unit,

Wroclaw Medical University, Wroclaw 50-345; 4Departmerlt of Internal and Occupational Diseases,

Hypertension and Clinical Oncology, Wroclaw Medical University, Wroclaw 50-556, Poland

Received December 2, 2015; Accepted June 2, 2016

DOI: 10.3892/01.2016.4970

Abstract. MicroRNAs (miRs) are small non-coding RNAs
that play important roles in cell differentiation and survival.
Abnormal expression of miRs has been demonstrated in
numerous types of cancer, including acute myeloid leukaemia
(AML). The aim of the present study was to evaluate miR-181
expression at diagnosis and following the completion of
chemotherapy in AML patients, with regard to clinical
response and outcome, particularly in patients treated with
azacitidine. miR-181 expression was analysed using reverse
transcription-quantitative polymerase chain reaction in 95 bone
marrow specimens from newly diagnosed AML patients and
in 20 healthy subjects for comparison. The results revealed
upregulated miR-181 expression in the total cohort of AML
patients, which was correlated with longer survival. However,
in a subset of older AML patients treated with azacitidine, low
miR-181 expression at diagnosis was a predictor for complete
remission and prolonged survival. The findings indicated
that miR-181 has an important role in AML and determines
response to azacitidine treatment in older AML patients.

Introduction

Acute myeloid leukaemia (AML) is a haematological malig-
nancy with a heterogeneous clinical course. Currently, gene
expression profiling and various mutations (NPMI, CEBPA,
FLT3-ITD) are used to stratify AML patients and distinguish
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prognostic subgroups (1). The standard of care for fit AML
patients remains intensive chemotherapy based on anthracy-
cline and cytarabine regimens, while in elderly populations,
new therapeutic strategies are being tested (2-6). Azacitidine,
a chemical nucleoside analogue, appears to be a promising
option for elderly patients (7-9). Unfortunately, a large propor-
tion of patients do not respond to AML therapy, while others
will relapse in a short period of time. In the context of these
data, new diagnostic and prognostic biomarkers are required
for the appropriate selection of patients suitable for chemo-
therapy regimens and novel target therapies.

MicroRNAs (miRs) are a large family of non-coding
small RNAs that are involved in many crucial processes,
including cell differentiation, proliferation and apop-
tosis (10-12). Dysregulation of numerous miRs has been
reported in solid tumours and haematological malignan-
cies. Certain miRs have been identified to act as a tumour
suppressors or oncogenes (12,13). Furthermore, miRs are
able to regulate the expression of many target genes through
mRNA interference.

The miR-181 family has been previously studied in
haematological malignancies (14-19). Human miR-181 genes
are located on chromosomes 1, 9 and 19 (14). Members of
miR-181 group (miR-181a, miR-181b, miR-181c and miR-181d)
have been conserved during evolution, which may suggest
that they are functionally important. Previous evidence has
suggested an association between miR-181a expression and
French-American-British (FAB) AML subtypes (20).

The purpose of the current study was to evaluate miR-181a
expression in AML patients prior to chemotherapy compared
with healthy controls, and miR-181 expression after chemo-
therapy was completed. The results were analysed with regard
to the clinical features of AML patients and the type of induc-
tion chemotherapy (intensive vs. low-dose).

Materials and methods

Patient characteristics. This study included 95 patients
[mean age + standard deviation (SD), 60.2+15.0 years;
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age range 22-90 years; male, 61%] with newly diagnosed
AML. Samples of the bone marrow for miR-181 expression
analysis were collected prior to the start of chemotherapy and
repeated following the completion of induction chemotherapy
(40 patients). Patients were treated in the Department of
Haematology, Blood Neoplasms and Bone Marrow Transplan-
tation of Wroclaw Medical University (Wroclaw, Poland). A
control group of 20 healthy subjects was also assessed [mean
age + SD, 64.2+10.5 years; age range, 39-80 years; male, 65%).
According to the AML FAB classification, 7 patients had AML
MO, 34 had M1, 29 had M2, 14 had M4 and 11 had M5. There
were 73 patients with primary leukaemia and 22 patients with
leukaemia secondary to myelodysplastic or myeloproliferative
syndromes. A summary of patient characteristics is present in
Table I.

Induction chemotherapy. Following diagnosis, 56 patients
were treated with standard induction intensive chemo-
therapy (daunorubicin plus cytarabine 3+7), 27 received
low-dose chemotherapy (low-dose cytarabine or azacitidine)
and 12 received best supportive care only. Following the
completion of induction therapy, the response to treat-
ment was evaluated. Complete remission (CR) was defined
by the Cheson criteria (21). Bone marrow samples were
also reevaluated for miR-181 expression in 40 patients.
Patients were followed up for a median of 21 months (range,
1-40 months).

AML patients treated with azacitidine. There were 17 newly
diagnosed AML patients who were not suitable for intensive
chemotherapy and were treated with azacitidine (4 women
and 13 men; age range, 65-90 years; median age, 75 years).
Azacitidine was administered at a dose of 75 mg/m? subcu-
taneously on days 1-7 of 28-day cycles. Patients received
1-35 cycles of azacitidine (median, 7 cycles). There were
6 patients who achieved CR, 6 who had partial response or
disease stabilisation and 5 who did not respond to therapy. At
the time of analysis, all patients, except one, had succumbed
to the disease.

Compliance with ethical standards. Research was conducted
in compliance with the Declaration of Helsinki. Approval
for the study was obtained from the Bioethics Committee of
Wroclaw Medical University. Written informed consent for the
study was obtained from all participants.

Isolation and expression analysis of miRs. Bone marrow
mononuclear cells were isolated by Ficoll-Hypaque density
gradient centrifugation. Total RNA and miRs were extracted
from collected AML mononuclear cells using the mirVana™
miRNA Isolation Kit (Ambion; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) according to the protocol of the
manufacturer. Subsequently, 5 ul of total miRNA was used
as a template for the synthesis of cDNA using TagMan
MicroRNA Transcription Reaction Kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.) and 3 pl of specific miRNA
primers from the TagMan MicroRNA Assays (Applied
Biosystems; Thermo Fisher Scientific, Inc.). Individual
reactions were conducted in a 15 pl total volume with the
following thermal condition: 16°C for 30 min, 42°C for 30 min
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Table I. Clinical characteristics of patients with acute myeloid
leukaemia (n=95).

Characteristic Value
Gender, n

Male 56

Female 39
Age (years)

Range 22-90

Median 61
French-American-British subtype, n

MO 7

M1/M2 63

M4/M5 25
White blood cells, x10%/1

Range 0.2-295

Median 14
Haemoglobin, g/dl

Range 5.8-13.1

Median 9.3
Platelet count, x10%/1

Range 2-310

Median 65
Lactate dehydrogenase, U/l

Range 108-4,565

Median 340
Blasts in bone marrow, n

<50% 35

>50% 60
Cytogenetics, n

Favorable 5

Intermediate 39

Unfavorable 51
Chemotherapy, n

Intensive 56

Low-dose 27

Best supportive care 12
Mutation status, n 60

AML/ETO (positive/negative) 4/56

CBFb-MYHI1 (positive/negative) 2/58

NPMI (positive/negative) 7/53

FLT3/ITD (positive/negative) 13/47
Complete remission, n

Yes (total) 51

Yes (after first-line therapy) 36

No 44
Duration of remission, months

Range 2-54

Median 20
Time to relapse, months

Range 3-23

Median 12
Survival, months

Range 0-55

Median 3
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Figure 1. Indirect correlation between baseline miR-181 relative expression
and patient age (years).
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Figure 2. Correlation between miR-181 relative expression and gender.
miR-181 expression was higher in F patients and was correlated with a higher
WBC count. M, male; F, female; WBC, white blood cell.

and 85°C for 5 min. TagMan MicroRNA Assays for miR-181
(hsa-miR-181) and RNU48 were used. The expression levels
of each miR were measured by the relative quantitative poly-
merase chain reaction (QPCR) method using TagMan Gene
Expression Assays and TagMan Fast Universal PCR Master
Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.).
All reactions were performed in triplicate in a total volume
of 20 ul on 96-well plates. gPCR was performed on 7900HT
Fast Real-Time PCR System (Applied Biosystems; Thermo
Fisher Scientific, Inc.) under the following thermal cycling
conditions: 20 sec at 95°C; and 40 cycles of 1 sec at 95°C
and 20 sec at 60°C. For quantification, the samples were
normalised against the expression of RNU48 miR. Relative
quantification factors for the examined miRs were calculated
using the AACq method (22).

Statistical analysis. The differences in the mean levels of
gene expression between the study and control patients were
assessed using the Student's #-test (for independent samples). To
examine the time to mortality or remission, a Cox regression
analysis was applied (23). The differences between the gene
expression levels before and after treatment were analysed
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Figure 3. Correlation between baseline miR-181 relative expression and
response to induction chemotherapy. Patients with higher miR-181 expres-
sion had a better prognosis and lower probability of relapse. X, mean;
SD, standard deviation.

using robust regression and multivariate approach (24). The
computation was performed in R software (25) and based
on the simulation technique known as Gibbs sampling in
WinBUGS platform (26). Kaplan-Meier survival curves
were used to determine any significant relationship between
miR-181 expression and clinical outcome. P<0.05 indicated a
statistically significant difference.

Results

miR-181 expression and clinical characteristics. miR-181
expression was found to be significantly higher in AML
patients compared to the control group (P=0.019), and was also
indirectly correlated with the age of the patient (r=-0.350563;
P=0.032) (Fig. 1). miR-181 expression was correlated with
higher white blood cell count (P=0.0069). It was also associ-
ated with gender and was significantly higher in women than
in men (P=0.001) (Fig. 2).

Patients with higher miR-181 expression at diagnosis
had better prognosis than those with lower miR-181 expres-
sion (P=0.048). In the group of AML patients who relapsed
following remission, the mean miR-181 expression level at
diagnosis was lower than in the group that maintained CR
(-0.299657 vs. 0.500855; P=0.012) (Fig. 3). The change in
miR-181 expression following chemotherapy did not influence
patients' clinical outcomes (P=0.065).

miR-181 expression and azacitidine therapy. At the time of
AML diagnosis, miR-181 expression was correlated with the
response to azacitidine treatment: Patients who responded
to azacitidine therapy had lower miR-181 expression at
diagnosis than those without remission (-0.21 vs. 1.26;
P=0.02) (Fig. 4).

Furthermore, miR-181 expression level prior to therapy
determined patients' clinical outcomes. Its expression was
indirectly correlated with survival after azacitidine therapy
(r=-0.503172; P=0.048); lower expression determined longer
survival (median survival 22 vs. 5 months). On multi-
variate analysis, low miR-181 expression at diagnosis was an
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Figure 4. Correlation between baseline miR-181 expression and complete

remission after chemotherapy with azacitidine. Me, median; Ql, first quar-
tile; Q3, third quartile; min, minimum; max, maximum.
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Figure 5. Estimated overall survival of acute myeloid leukaemia patients
treated with azacitidine depending on miR-181 expression prior to chemo-
therapy.

independent predictive factor for response to azacitidine and
prolonged survival (P=0.012; Fig. 5).

Discussion

Currently, an increasing number of studies on miRs in
solid tumours and haematological malignancies are being
conducted, with which our knowledge regarding the role of
miRs in pathogenesis and the clinical course of the disease
is still increasing. Dysregulation of the expression of various
miRs is associated with the development and progression of
AML (20,27-30).

The important role of miR-181 in AML has been already
described in previous studies. Isken et al (31) and Deber-
nardi et al (20) reported elevated expression of miR-181
in M1 and M2 FAB AML subtypes, while in M4 and M5
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patients the miR-181, expression was lower. In the present
study, higher levels of miR-181 expression were identified
in the AML group compared to the control group; however,
no association between expression and FAB AML subtype
was observed. In addition, the current results suggest an
indirect correlation of miR-181 expression with the age of
AML patients. Furthermore, higher miR-181 expression was
observed in women and associated with white blood cell
count.

The role of miR-181 as a potential prognostic marker has
been demonstrated in particular groups of AML subsets. A
study by Li et al (16) revealed downregulation of miR-181
expression in cytogenetically abnormal AML cases, while its
increased expression was associated with better prognosis.
The results of the present study are in line with previously
published studies, such as the study by Schwind et al (32) who
confirmed a higher CR rate, and longer overall survival and
disease-free survival times in patients with higher miR-181
expression levels. In the present study, lower miR-181 expres-
sion at diagnosis was associated with a higher risk of disease
relapse.

Although high expression of miR-181 was observed in
the total AML patient population and was correlated with
better survival, low expression of miR-181 was observed in
an older population treated with the hypomethylating drug
azacitidine and was associated with prolonged survival. The
novelty of our results relates to the relationship between
miR-181 expression and response to azacitidine therapy in
the subset of elderly patients with AML. In the aforemen-
tioned patient population, characterised by poor overall
survival, no standard chemotherapy options are available.
Azacitidine is a cytidine analogue which, in low doses,
causes DNA demethylation by inactivation of the DNA
methyltransferase-1 enzyme (33). Recently, it has been shown
that azacitidine is an effective and safe induction therapy
for elderly AML patients who are not suitable to undergo
intensive treatment (34). However, there is still a group of
patients who do not benefit from hypomethylating therapy.

To the best of our knowledge, the present study is the
first to show a correlation between miR-181 expression and
azacitidine efficacy in AML patients; lower expression was
an independent predictor for good response to treatment and
prolonged survival. With regard to the feasibility of miR-181
expression measurement, it is an easy tool in the selection of
particular patient groups potentially benefiting from this kind
of treatment.

In summary, the current study confirmed the presence of
upregulated miR-181 expression in AML patients. Further-
more, for the first time, the ability of miR-181 expression to
determine response to azacitidine in elderly patients has been
shown. In addition, miR-181 may be used as a stratification
tool to qualify patients for this kind of treatment, and to
select potential responders to azacitidine therapy. Neverthe-
less, these results must be validated in a larger population of
AML patients.
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