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ABSTRACT

Introduction: Aberrant expression of miRNAs has been linked with the initiation and progression of several cancers. 
However, their role as prognostic biomarkers in pediatric core binding factor AML (CBF-AML) is still unclear. The 
objective of the present study was to identify differentially expressed miRNAs and their prognostic significance in 
pediatric CBF-AML patients. Methods: Bone marrow samples from 28 pediatric CBF-AML patients and 27 pediatric 
controls were obtained after ethical approval. Based on our previous findings, expression levels of 11 miRNAs and 
their selected potential targets were analysed using TaqMan advanced miRNA assay and SYBR Green-based qRT-
PCR, respectively. Differential miRNA expression was correlated with clinicopathological parameters and survival 
outcomes. Results: Upregulation of miR-100-5p, miR-4446-3p, and miR-335-3p and downregulation of miR-409-3p, 
miR-151a-3p, miR-196b, miR-4772-5p, and miR-758-3p was observed in pediatric CBF-AML patients as compared 
to controls. Low miR-196b expression was associated with poor disease-free and overall survival and low expression 
of miR-4772-5p was found to be an independent predictor of poor event-free survival. Except PAX-5, other predicted 
gene targets were found to be upregulated in pediatric CBF-AML patients. Conclusion: miR-196b and miR-4772-5p 
may be considered as independent prognostic biomarkers in pediatric CBF-AML. The miRNA-mRNA interaction 
network suggests potential involvement of miRNAs, which needs to be further confirmed using mechanistic studies.
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INTRODUCTION

Acute Myeloid Leukemia (AML) is a hematopoietic stem cell disorder characterised by expansion of undifferentiated 
myeloid progenitor cells [1,2]. The diagnosis and prognosis of AML is based on clinical symptoms, cell morphology, 
immunophenotyping, conventional and molecular cytogenetics, and mutation analysis [2]. Though largely affecting 
adults, AML is the second most common pediatric leukemia after Acute Lymphoblastic Leukemia (ALL) and accounts 
for 15-20% of all pediatric leukaemia’s. Intensive therapy and supportive care have improved the 5-year Overall 
Survival (OS) rates to 65-70%. However, duration of OS varies according to the AML subtypes and other influential 
factors [2]. Karyotype presentation at the time of diagnosis is the most important prognostic factor. Around 40-50% 
of adult and 25-30% of pediatric AML patients are cytogenetically normal [3], placed in the intermediate risk group 
and are treated accordingly. AML patients carrying t(8;21) or inv(16) cytogenetic abnormalities are classified as Core 
Binding Factor (CBF)-AML and they have a favourable disease outcome. There are, however, significant differences 
in disease diagnosis, prognosis and treatment responses for adult and pediatric AML that is increasingly being recog-
nised. 
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Apart from various cytogenetic and genetic factors, few studies have also looked at the role of epigenetic factors, such 
as non-coding RNAs in leukemogenesis. MicroRNAs (miRNAs) are made up of highly conserved 18-25 nucleotides 
that do not code for any protein [4–6]. They are considered to be negative post-transcriptional regulators of gene ex-
pression that function by binding to an imprecisely complimentary 3’ Untranslated Region (UTR) of a target mRNA 
in the cytoplasm. However, increasing reports suggest that miRNAs in the nucleus may also promote gene expression 
by binding to cognate promoters [7]. Dysregulation in the expression of a specific or a group of miRNAs has been 
observed in various human diseases, including haematological malignancies [8]. The role of miRNAs in the regulation 
of diverse cellular and biological processes involved in the initiation and progression of cancer is also well elucidated 
[9,10]. 

A number of studies have found dysregulated miRNAs expression in both adult and pediatric AML patients. Using 
small RNA sequencing, we have recently identified 66 upregulated and 102 downregulated miRNAs in the bone mar-
row of pediatric Cytogenetically Normal AML (CN-AML) patients [11]. Further qRT-PCR-based validation of 11 
miRNAs revealed a significant upregulation of miR-196b, miR-100-5p, miR-1275, miR-4446-3p, and miR-335-3p, 
while the expression of miR-151a-3p, miR-409-3p, miR-4772-5p, and miR-758-3p was significantly downregulated 
[11]. Interestingly, the expression of miR-4446-3p and miR-758-3p significantly correlated with survival outcome in-
dicating their potential utility as prognostic biomarkers [11]. In the present study, we investigated if the expression of 
any of these 11 miRNAs (along with their putative target genes) is dysregulated in pediatric CBF-AML patients, and 
whether they have any prognostic significance. We also established miRNA-mRNA interaction network to identify 
perturbed molecular pathways in CBF-AML.

MATERIALS AND METHODS

Patients

This study included 28 newly diagnosed and untreated patients of pediatric CBF-AML and 27 pediatric controls. 
All the subjects were recruited from the outpatient Department of Medical Oncology, All India Institute of Medical 
Sciences, New Delhi, India between 2016 and 2019. Pediatric patients with solid tumors without any Bone Marrow 
(BM) involvement were taken as controls. From every subject, demographic and baseline clinical data was collected. 
The diagnosis of AML was based on cellular morphology, cytochemistry, immunophenotyping and percentage of 
blast from BM aspirate and/or peripheral blood using flow cytometry, BM/blood smears, and cytogenetic analysis. All 
patients received 3+7 induction chemotherapy with daunorubicin (60mg/m or 90 mg/m on days 1, 2 and 3) and cyta-
rabine (100 mg/m /daily for one week) followed by consolidation therapy after achievement of Complete Remission 
(CR). Patients older than 18 years previously treated with anti-leukemic therapy or not classified as CBF-AML were 
excluded from the study. The study was approved by the Institutional Ethics Committee and informed written consent 
was obtained from all the subjects.

Mutation Analysis 

BMMCs were isolated by density gradient centrifugation using Histopaque 1077 (Thermo Fisher Scientific) from 5 
mL of BM. The purified BMMCs were used for the isolation of genomic DNA and total RNA using PureLink Genomic 
DNA mini kit (Thermo Fisher Scientific) and TRIzol (Thermo Fisher Scientific), respectively. The quantification of 
RNA and DNA was performed by Nanodrop 1000 (Thermo Fisher Scientific) while their quality was assessed by 
agarose gel electrophoresis.

Genomic DNA was used for the identification of Fms-related tyrosine kinase 3 Internal Tandem Duplication (FLT3-
ITD) and FLT3 Tyrosine Kinase Domain (TKD) mutations using Polymerase Chain Reaction (PCR). RNA was used 
for detecting the mutation in Nucleophosmin-1 (NPM1) gene using reverse transcriptase allele-specific oligonucle-
otide PCR [12,13]. No further mutation analysis could be undertaken due to limited availability of nucleic acid from 
patient samples.

Analysis of miRNA Expression by qRT-PCR

Based on the findings of our previous study in CN-AML patients, we selected 11 miRNAs for the analysis of their 
expression using TaqMan advanced miRNA assay [11]. Briefly, cDNA was prepared from total RNA using TaqMan 
advanced miRNA cDNA synthesis kit (Thermo Fisher Scientific) as per recommended protocol. The miRNA-specific 
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TaqMan advanced miRNA assays (Applied Biosystems) were used for the quantification of individual miRNAs on 
Roche Light Cycler 480 in compatible white 96-well plates (Roche) using TaqMan fast advanced master mix (Thermo 
Fisher Scientific). The relative expression of miRNAs was calculated by 2-ΔΔCt method after normalizing the expres-
sion of target miRNA with recommended endogenous miR-423.

Prediction of Potential Targets of miRNAs and Analysis of their Expression

The potential targets of selected miRNAs were predicted using miRanda v3.3a, with cut-off values, including score 
≥140, complementarity ≥60%, alignment length ≥10 and total energy ≤-20. The expression of the predicted targets 
was checked by SYBR Green qRT-PCR assay (Thermo Fisher Scientific). Primers of target genes were designed us-
ing online tools such as primer blast and primer 3. The relative gene expression was calculated by 2-ΔΔCt method after 
normalizing target gene expression with the expression of β-actin. 

Statistical Analysis

Complete remission was defined as <5% of blast in BM/blood. Event-Free Survival (EFS) was measured from the 
date of diagnosis to the death or relapse whichever comes first. Disease-Free Survival (DFS) was calculated from the 
date of complete remission to relapse or death, while OS was calculated from the date of diagnosis till the death or 
last follow up. The stratified log rank test was used for univariate comparison. All patients were grouped into quartiles 
according to miRNAs expression levels and divided into high and low based on the trend observed in the clinical 
outcomes after performing a Cox regression analysis of EFS, DFS and OS with all validated miRNA quartiles group-
ing as independent variables. The Kaplan Meier method was used to estimate the probability of EFS, DFS and OS. 
Multivariate analysis was performed using Cox regression model. Student’s t-test was used to determine the statistical 
significance of experimental results and a p<0.05 was considered as statistically significant. SPSS 23 and GraphPad 
prism 8 was used to process the obtained data.

RESULTS

Patient Characteristics

The mean age of the pediatric CBF-AML and pediatric controls was 10.9 years and 10 years, respectively. Most of the 
patients were male (60.7%). Their median EFS, DFS and OS were 465 days, 446 days, and 547 days, respectively. The 
median BM blast percentage was 60% (range of 20%-95%). Almost 93% of the patients achieved CR after first induc-
tion and 12.5% of patients required re-induction. Consolidation therapy was given to all patients who achieved CR. 
None of the patient underwent allogenic hematopoietic stem cell transplantation. In the present study, the data on mini-
mal residual diseases status of pediatric CBF-AML patients was not available. The clinico-pathological characteristics 
of CBF-AML patients are listed in Table 1. Out of 28 CBF-AML patients, 26 were having t(8;21) (q22;q22) while 2 
were positive for  inv(16) abnormality. The analysis of FLT3-ITD/TKD (n=21) and NPM1 (n=15) mutations indicated 
the presence of FLT3-ITD mutation in only one patient, while none of the patient carried NPM1 mutation. We could 
not perform any additional molecular analysis, including mutations in KIT gene due to unavailability of sample.

Table 1 Clinico-pathological characteristics and their correlation with survival of pediatric CBF-AML patients

Clinical 
parameters Total patients

EFS DFS OS

Chi-Square p-value Chi-Square p-value Chi-Square p-value

Age (years)
Median: 10.5

0.03 0.86 0.03 0.87 0.22 0.63
Range:3-17

Gender
Male: 17 (60.7%)

2.04 0.15 1.69 0.19 0.17 0.68
Female: 11(39.3%)

Total leukocyte 
count (mm3)

Median: 11270
0.04 0.83 0.05 0.82 0.12 0.72

Range: 3260-320000
Absolute 

neutrophil count 
(mm3)

Median: 5135
0.02 0.88 0.02 0.89 1.65 0.2

Range: 590-186000
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Platelets (per 
microliter)

Median: 42000
0.03 0.87 0.05 0.82 3.35 0.07

Range: 2600-190000

Haemoglobin (g/
dl)

Median: 7.6
0.19 0.66 0.44 0.5 0.07 0.78

Range: 5.4-12.4

Bone marrow blast 
(%)

Median: 60
3.36 0.07 3.65 0.08 0.87 0.35

Range: 20-95
Lactate 

dehydrogenase 
(U/L)

Median: 642
0.03 0.86 0.02 0.88 1.31 0.25

Range: 247-2175

EFS: Event-Free Survival; DFS: Disease-Free Survival; OS: Overall Survival

Differential Expression of miRNAs and Their Predicted Targets in Pediatric CBF-AML Patients 

We found a significant upregulation of 3 miRNAs (miR-100-5p, miR-335-3p, and miR-4446-3p), while 5 miRNAs 
(miR-4772-5p, miR-758-3p, miR-151a-3p, miR-196b and miR-409-3p) were significantly downregulated in pediatric 
CBF-AML patients as compared to controls. In contrast, the expression levels of miR-133b, miR-1275, and miR-
589-5p remained largely unchanged (Figure 1). While miR-100 expression correlated significantly with Total 
Leukocyte Counts (TLC), none of the other differentially expressed miRNAs were found to have any correlation with 
any clinicopathological parameter tested, including age, gender, TLC, absolute neutrophil counts, platelet counts, 
haemoglobin levels, BM blast percentage and lactate dehydrogenase levels (Table 2). 

 
 

Figure 1 Differential expression of miRNAs in the bone marrow of pediatric CBF-AML patients (n=28) as compared to 
controls (n=27) as quantified by qRT-PCR and normalized using miR-423. *, **, ***, **** denotes p-values of <0.05, <0.001, 
<0.0001, and <0.00001 respectively; ns: Non-Significant



Gaur, et al. Int J Med Res Health Sci 2020, 9(12): 104-115

108

C
lin

ic
al

 p
ar

a-
m

et
er

s 
(N

)

m
iR

-4
09

-3
p

m
iR

-7
58

-3
p

m
iR

-4
77

2-
5p

m
iR

-4
44

6-
3p

m
iR

-1
51

a-
3p

m
iR

-1
00

-5
p

m
iR

-1
96

b
m

iR
-3

35
-3

p

m
ed

ia
n

p  
-v

al
ue

m
ed

ia
n

p  
-v

al
ue

m
ed

ia
n

p  
-v

al
ue

m
ed

ia
n

p  
-v

al
ue

m
ed

ia
n

p  
-v

al
ue

m
ed

ia
n

p  
-v

al
ue

m
ed

ia
n

p  
-v

al
ue

m
ed

ia
n

p  
-v

al
ue

A
ge

 (y
ea

rs
)

0.
16

0.
05

5
0.

09
0.

42
0.

28
0.

9
0.

61
0.

74
<1

0 
(1

4)
-9

.8
7

-9
.9

4
-3

.4
8

4.
16

-4
.0

2
1.

09
-2

.2
4

1.
2

>1
0 

(1
4)

-6
.3

-2
.2

7
-1

.4
4

3.
71

-4
.4

2
10

.8
-2

.4
9

1.
36

G
en

de
r

0.
78

0.
51

0.
45

0.
62

0.
28

0.
1

0.
77

0.
33

M
al

e 
(1

7)
-6

.2
1

-1
.8

6
-1

.0
6

4.
08

-3
.9

1
1.

66
-2

.2
6

1.
56

Fe
m

al
e 

(1
1)

-8
.8

6
-8

.7
-1

.9
6

3.
94

-4
.6

8
0.

8
-2

.2
5

0.
73

T
L

C
 (m

m
3 )

0.
87

0.
87

0.
19

0.
49

0.
76

0.
02

0.
17

0.
16

≤1
1,

27
0 

(1
4)

-7
.9

9
-6

.1
5

-1
.9

8
4.

09
-4

.0
2

0.
5

-2
.5

7
1.

93

>1
1,

27
0 

(1
4)

-8
.5

2
-6

.4
7

-1
.0

9
3.

8
-4

.7
2

1.
5

-2
.0

2
0.

61

A
N

C
 (m

m
3 )

0.
54

0.
99

0.
33

0.
6

0.
57

0.
31

0.
22

2
0.

17
≤5

13
5 

(1
3)

-8
.8

6
-3

.5
3

-1
.9

5
4.

09
-4

.1
7

0.
76

-2
.5

1
1.

88

>5
13

5 
(1

3)
-7

.5
7

-9
.4

2
-0

.7
7

3.
73

-3
.9

1
1.

29
-1

.4
5

0.
5

Pl
at

el
et

s 
(/

uL
)

0.
42

0.
51

0.
51

0.
19

0.
37

0.
45

0.
79

0.
95

≤4
2,

00
0 

(1
4)

-8
.9

1
-3

-1
.5

9
3.

89
-4

.6
8

0.
91

-2
.8

7
1.

23

>4
2,

00
0 

(1
4)

-8
.5

-9
.2

9
-2

.4
2

4.
1

-3
.9

4
1.

24
-2

.4
2

1.
15

H
b 

(g
/d

l)

0.
79

0.
94

0.
4

0.
31

0.
13

0.
28

0.
34

0.
23

≤8
 (1

8)
-8

.9
1

-6
.1

5
-2

.1
2

3.
84

-4
.1

2
1.

19
-2

.5
3

1.
13

>8
 (1

0)
-6

.7
5

-6
.4

7
-1

.5
9

4.
14

-3
.8

6
0.

8
-1

.6
4

1.
68

B
M

 b
la

st
 (%

)

0.
11

0.
96

0.
89

0.
08

0.
29

0.
86

0.
43

0.
21

≤6
0 

(1
5)

-9
.4

6
-8

.2
6

-1
.9

1
3.

45
-4

.0
6

1.
03

-2
.8

7
1.

1

>6
0 

(1
3)

-6
.0

6
-3

.5
3

-1
.9

6
4.

1
-3

.9
7

1.
24

-2
.4

2
1.

97

L
D

H
 (U

/L
)

0.
52

0.
48

0.
78

0.
57

0.
31

0.
92

0.
6

0.
53

≤6
42

 (1
2)

-7
.9

9
-6

.1
1

-1
.6

5
4.

09
-4

.1
2

0.
8

-0
.9

3
1.

2

<6
42

 (1
1)

-9
.4

6
-1

0.
3

-1
.4

2
3.

89
-3

.7
9

1.
24

-2
.4

8
1.

16

T
L

C
: T

ot
al

 L
eu

ko
cy

te
 C

ou
nt

s;
 A

N
C

: A
bs

ol
ut

e 
N

eu
tr

op
hi

l C
ou

nt
s;

 H
b:

 H
ae

m
og

lo
bi

n;
 B

M
: B

on
e 

M
ar

ro
w

; L
D

H
: L

ac
ta

te
 D

eh
yd

ro
ge

na
se

Ta
bl

e 
2:

 C
lin

ic
o-

pa
th

ol
og

ic
al

 c
ha

ra
ct

er
is

tic
s a

nd
 th

ei
r 

co
rr

el
at

io
n 

w
ith

 m
iR

N
A

 e
xp

re
ss

io
n 

of
 p

ed
ia

tr
ic

 C
B

F-
A

M
L



Gaur, et al. Int J Med Res Health Sci 2020, 9(12): 104-115

109

For analysing the expression of predicted targets of differentially expressed miRNAs, 11 genes were selected based 
on their involvement in the pathogenesis of AML, with a preference for genes targeted by multiple miRNAs. While 
we found a significant upregulation in the expression of 8 target genes (CEBPA, SF3B1, IDH-2, KMT2A, N-RAS, 
PTEN, PTPN-11 and RUNX-1), PAX-5 was downregulated in pediatric CBF-AML patients as compared to controls  
(Figure 2). Network analysis revealed that miRNAs may regulate their predicted targets either directly or indirectly 
(Figure 3). For example, miR-4446-3p can directly regulate PAX-5 while indirectly regulating N-RAS, CEBPA, IDH-2, 
KMT2A, and RUNX-1 (Figure 3).  

 

Figure 2 Differential expression of predicted targets of miRNAs in the bone marrow of pediatric CBF-AML patients 
(n=25) as compared to controls (n=15) as quantified by qRT-PCR and normalized using β-actin. *, **, ***, **** denotes  

p values of <0.05, <0.001, <0.0001, and <0.00001, respectively; ns: Non-Significant

 

Figure 3 miRNA and AML target gene expression correlation network. miRNAs are denoted by circles and their target 
genes are denoted by rectangular shape. Green, red and yellow colours indicate downregulation, upregulation and normal 
expression of miRNAs and their predicted targets, respectively. Solid arrows indicate direct gene regulation by miRNAs 

while dotted arrows depict indirect gene regulation by miRNAs
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Correlation of miRNA Expression with Survival Outcomes in CBF-AML Patients

Lower expression of miR-4772-5p was significantly associated with poor EFS, DFS, and OS. Similarly, lower  
expression of miR-196b was significantly associated with poor DFS and OS in CBF-AML patients (Table 3, Figure 4). 
None of the remaining miRNAs as well as clinico-pathological characteristics correlated with any survival outcome  
(Table 3). Multivariate analysis (after adjustment for age and gender) revealed miR-4772-5p to be an independent 
prognostic factor for EFS while miR-196b was found to be independently associated with DFS and OS in pediatric 
CBF-AML patients (Table 4).

Table 3 Univariate analysis of miRNA expression with survival outcomes in pediatric CBF-AML patients

S. No. miRNAs Expression 
profile

EFS (Days) DFS (Days) OS (Days)

Median (95% CI) p-value Median (95% CI) p-value Median (95% CI) p-value

1. miR-409-3p
Low (15) 671 (220.71-1121.28)

0.62
642 (128.8-1155.1)

0.55 Not reached 0.83
High(13) 574 (121.09-1026.99) Not reached

2. miR-758-3p
Low(15) 325 (0-846.35)

0.98
642 (0-1416.67)

0.94 Not reached 0.92
High(13) 556 (206.12-905.87) 545 (487.2-602.7)

3. miR-4772-5p
Low(14) 271(231.53-310.46)

<0.01
261 (232.34-289.65)

0.02 511(Not reached) 
Not reached 0.04

High(14) Not reached Not reached

4. miR-4446-3p
Low(12) 671 (Not reached)

0.46
Not reached

0.07 Not reached 0.55
High(12) 325 (81.35-568.64) 292(49.23-534.76)

5. miR-151a-3p
Low(15) 574(80.14-1067.86)

0.82
(Not reached)

0.78 Not reached 0.6
High(13) 556 (171.25-940.74) 642 (235.7-1048.3)

6. miR-100-5p
Low(14) 556 (140.23-971.76)

0.62
521 (218.3-823.7)

0.35 Not reached 0.57
High(13) 574 (Not reached) Not reached

7. miR-196b
Low(5) 263(192.44-333.56)

0.053
235 (Not reached)

0.03 281 (104.94-457.06) 
Not reached <0.01

High(18) 671 (Not reached) 642(Not reached)

8. miR-335-3p
Low(15) 280 (0-585.99)

0.13
545 (0-1206.79)

0.22 Not reached 0.8
High(13) Not reached Not reached

EFS: Event-Free Survival; DFS: Disease-Free Survival; OS: Overall Survival; CI: Confidence Interval

Table 4 Multivariate analysis using miRNAs significantly affecting survival outcome in univariate analysis

Variables
EFS DFS OS

HR (95% CI) p -value HR (95% CI) p-value HR (95% CI) p-value

miR-4772-5p 0.249 (0.078-0.798) 0.019 0.218 (0.041-1.167) 0.075 0.346 (0.046-2.572) 0.299

miR-196b -- - 0.123 (0.020-.770) 0.025 0.156 (0.034-0.715) 0.017

Age 1.325 (0.458-3.837) 0.604 0.891 (0.219-3.631) 0.872 0.983 (0.205-4.709) 0.983

Gender 0.517 (0.156-1.715) 0.281 0.411 (0.091-1.863) 0.249 0.912 (0.180-4.613) 0.912

EFS: Event-free survival; DFS: Disease-free survival; OS: Overall survival; HR: Hazard ratio; CI: Confidence interval
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Figure 4 Kaplan-Meier curves of miRNAs significantly affecting EFS, DFS and OS in pediatric CBF-AML patients

DISCUSSION

Pediatric AML is a heterogenous and complex disease in terms of cytogenetics and molecular landscapes. Involve-
ment of miRNAs in various cancers, including pediatric AML has already been reported in many studies [14]. The 
focus of the current study was to identify dysregulated miRNA expression in pediatric CBF-AML patients, their in-
teraction with predicted mRNA targets, and their potential significance as prognostic biomarkers. We found that the 
differentially expressed miRNAs can regulate the expression of a number of genes with potential involvement in AML 
pathogenesis via their involvement in multiple cellular processes like cell signalling, tumor suppression, epigenetics, 
transcription regulation, chromatin modifications, and myeloid transcription factor gene fusions or mutations. Our 
analysis demonstrates an upregulation of miR-100-5p, miR-4446-3p, and miR-335-3p while the expression of miR-
409-3p, miR-151a-3p, miR-196b, miR-4772-5p, and miR-758-3p was downregulated in pediatric CBF-AML patients 
as compared to controls. Although the miRNA expression profile in the present study is largely in line with our recent 
findings in pediatric CN-AML, certain differences were noted. While miR-196b and miR-1275 were upregulated 
in pediatric CN-AML patients [11], miR-196b was found to be downregulated in pediatric CBF-AML patients and 
miR-1275 levels remained unchanged. This suggests that while miRNA deregulation is a generalized phenomenon in 
pediatric AML, expression levels of certain miRNAs may be dependent on specific cytogenetic abnormalities. 

As distinctly bimodal distribution or clustering of miR-758-3p and miR-4772-5p expression in pediatric CBF-AML 
patients was observed, their expression levels were also compared separately in these two distinct populations. The 
expression of miR-758-3p retained statistical significance (p<0.01) even when both populations were compared sepa-
rately to pediatric controls. However, removing CBF-AML patient population with distinctly downregulated miR-
4772-5p expression from the analysis impacted the significance of miR-4772-5p expression in rest of the CBF-AML 
patients as compared to pediatric controls. Further, no significant differences in any clinical/molecular parameters as 
well as survival outcomes were observed between these distinct populations. 



Gaur, et al. Int J Med Res Health Sci 2020, 9(12): 104-115

112

While miR-758-3p and miR-4446-3p had prognostic significance for pediatric CN-AML patients [11], we noted inde-
pendent prognostic significance of miR-196b and miR-4772-5p for pediatric CBF-AML patients in the present study. 
There are very limited studies regarding the involvement of miR-4772-5p in other human malignancies. Though 
downregulation of serum exosomal miR-4772-3p has been suggested as a prognostic biomarker for tumor recurrence 
in stage II and stage III colon cancer patients [15], further studies are warranted to elucidate the role of miR-4772 in 
other human malignancies. Based on the evidence of downregulation of miR-196b and miR-4772-5p expression and 
their correlation with inferior survival outcome in CBF-AML patients, we speculate that they might have a tumor 
suppressor role. This is further supported by the fact that a common target of both these miRNAs, N-RAS is a known 
oncogene, and was found to be upregulated in CBF-AML patients. 

A number of studies have reported dysregulated miRNA expression in AML and other human malignancies. The 
expression of miR-100-5p has been found to be dysregulated in various cancers, including AML [16–18]. Though 
increased expression of miR-100-5p has been associated with poor EFS and OS in pediatric AML [19], we did not 
observe any such correlation. This could be due to various factors such as relatively low sample size, different age 
groups, absence of significant number of patients with FLT3-ITD/TKD or NPM1 mutations, and different treatment 
modalities. While 67% of the 106 pediatric AML patients in the study by Bai et al., belonged to intermediate and/or 
adverse cytogenetic group, majority of the patients in our study exhibited favourable cytogenetics [19]. An upregula-
tion of miR-335 expression in the present study is in line with earlier reports in adult AML and gastric cancer, but 
contrasts to it being downregulated in pediatric ALL [20-22].

We observed a downregulation of miR-196b-5p expression in our CBF-AML patient population, which is in contrast 
to other reports in epithelial ovarian cancer and lung cancer [23,24]. We found downregulation of miR-196b-5p to be 
associated with higher risk of relapse in pediatric CBF-AML patients. This is in contrast to an earlier report where 
upregulation of miR-196b-5p was associated with shorter OS in adult AML patients of intermediate-risk cytogenetics 
[25]. These differences could possibly be due to different age and cytogenetic risk groups of AML patients and differ-
ent disease biology. Further, miR-196b-5p has also found to be overexpressed in myelodysplastic syndrome where it 
may be closely associated with the risk of transformation to leukemia [26]. 

Our report of downregulation of miR-409-3p expression in pediatric CBF-AML patients is consistent with other 
reports in prostate cancer, colorectal cancer, and bladder cancer, but in contrast to the reported upregulation of miR-
409-5p in t(15;17) pediatric AML [14,27-29]. In another study, lower miR-409-3p expression was associated with 
a higher risk of relapse in the intermediate-risk cytogenetic AML [25]. The expression of miR-151a-3p, which is 
downregulated in our study, has also been found to be downregulated in Imatinib-resistant chronic myeloid leukemia 
and ALL patients. In contrary, it was upregulated in cholangiocarcinoma and breast cancer and may inhibit metastasis 
in primary breast tumors [30,31]. We also observed downregulation of miR-758-3p in pediatric CBF-AML patients, 
which is in line with other studies in cervical cancer, papillary thyroid cancer and gastric cancer [32-34]. Similar to our 
data, upregulation of miR-4446-3p expression has been reported in breast cancer and cancer-associated fibroblast [35]. 
We did not find any deregulation of miR-589-5p, miR-1275, and miR-133b expression in our pediatric CBF-AML 
patients. However, a recent study concluded that miR-589-5p might act as a protective factor for AML patient survival 
[36]. Similarly, miR-1275 expression was downregulated in AML, while upregulation of miR-133b was observed in 
AML, lung cancer and esophageal squamous cell carcinoma [37-40]. In addition to the reasons stated earlier, the lack 
of homogeneity in the findings on the expression profile of individual miRNAs along with the prognostic significance 
they carry could be attributed to a number of factors including, but not restricted to i) differences in disease biology, 
ii) variability in the recruitment of number of patients and controls, iii) variability in the age and the frequency of 
distribution of patients in various cytogenetic and molecular risk groups, iv) variability in treatment modalities which 
can greatly impact the survival outcome, v) use of purified blast population for the downstream analysis, and vi) vari-
ability in the methods and analysis platform for miRNA profiling. 

The prediction of genes targeted by individual miRNAs using bioinformatics approaches is more subjective and prone 
to variations among different studies, simply due to differences in the methods of analysis and more specifically due 
to the filters used for construction of the miRNA-mRNA networks. One of the major strengths of our study is that we 
not only predicted miRNA targets using in silico tools, but also analysed their expression in pediatric CBF-AML pa-
tients and controls. Our miRNA-mRNA interaction network (constructed based on expression profiles) revealed that 
a single miRNA can interact with multiple mRNAs, either directly or indirectly. For example, miR-4446-3p has been 
shown to downregulate tumor suppression-associated genes expression in breast cancer [41]. We identified and vali-
dated the expression of various predicted targets of miR-4446-3p, including PAX-5, BRAF, NRAS, KMT2A, RUNX1, 
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ERBB2, IDH2, and CEBPA indicating its potential role in AML pathogenesis through regulating these targets. N-RAS 
and SF3B1 were predicted as potential targets of miR-4772-5p. SF3B1, which encodes for splicing factor 3B subunit 
1, is located on 2q33.1 and is frequently altered in leukemia, suggesting its crucial role in disease initiation. Normal 
expression of BRAF might be due to the combined effects of upregulated miR-335-3p and downregulated miR-196b, 
and same is applicable for ERBB2, which is indirectly targeted by miR-4446-3p and miR-196b.

CONCLUSION

In conclusion, we analyzed the expression of 11 miRNAs, predicted targets of these miRNAs using in silico tools, 
studied their expression, and established a miRNA-mRNA network to find molecular pathways potentially involved 
in the pathogenesis of pediatric CBF-AML. We also identified important prognostic role of miR-4772-5p and miR-
196b. Along with a number of known miRNAs, our study reported deregulation in the expression of few less explored 
miRNAs such as miR-758-3p, miR-4446-3p, and miR-4772-5p, for which only limited data is available for their in-
volvement in cancer, including AML. In conjunction with our earlier study in pediatric CN-AML, we hypothesize that 
the expression of at least some miRNAs may depend on the cytogenetic profile of pediatric AML patients. This needs 
to be validated using larger patient cohorts including well-defined cytogenetic presentations and their correlation with 
survival outcomes. It would be interesting to perform functional studies using in vitro and in vivo models to establish 
role of these miRNAs in AML pathogenesis.
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