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A B S T R A C T

Several studies detected abnormal mi-RNAs expression levels in childhood Acute Lymphoblastic Leukemia (ALL)
with potential diagnostic value. We conducted a systematic search on certain microRNAs in childhood ALL. We
included 17 studies with a total of 928 ALL children and 307 controls. Ten studies provided miRNAs expression
levels and seven provided frequency data. Sensitivity and specificity of a single miRNA ranged from 46.55% to
100% and from 71.8% to 100%, respectively. The highest diagnostic odds ratio (DOR) was for the diagnostic
panel (miR-128a and miR-223) reaching 546 [95% CI: 73.768–4041.282]. Also, miR-128a, miR-128b, miR-223,
let-7b, miR-155 and miR-24 can be used as diagnostic discriminatory biomarkers between ALL and AML. Further
large cohort studies are needed to confirm our results.

1. Introduction

microRNA (miRNA) is endogenous noncoding RNA that contains
19–25 nucleotides. It has a regulatory effect on gene expression on both
transcription and post-transcription levels (Bartel, 2004). Fifty percent
of annotated human miRNAs are located at fragile sites or cancer-re-
lated genomic regions (amplification, breakpoint and heterozygosity)
(Calin et al., 2004).

Worldwide, acute lymphoblastic leukemia (ALL) is the most
common childhood malignancy; It accounts for one fourth of all
childhood cancers and approximately 75% of all childhood leukemias
(Pui, 1995). ALL is a complex disease characterized by clonal pro-
liferation of B-cell precursors (BCP) and T-cell precursors and results in
accumulation of leukemic lymphoblast in bone marrow (BM) and var-
ious extramedullary sites. The gold standard diagnostic method in
childhood ALL is invasive (Haferlach et al., 2005). Therefore, re-
searchers keep seeking for molecular changes that can diagnose pa-
tients with early cancer or precursor lesions by minimally invasive
samples such as blood, stool, and urine for extraction of DNA or RNA
(Iacobucci and Mullighan, 2017; Roberts and Mullighan, 2015).

Identification and molecular profiling of novel miRNAs in childhood
ALL have been accessible in the era of great advances in different
technologies used for gene expression analysis. Correlating the great

miRNA databases with the clinical application in childhood ALL is the
optimum benefit that is urgently needed by clinicians. Many studies
have been published on either an individual miRNA or a diagnostic
panel of miRNAs as a valuable diagnostic biomarker in childhood ALL.
Only one meta-analysis study about circulating miRNAs as a diagnostic
biomarker in any type of hematological cancers has been published (Li
et al., 2014). But no systematic review or meta-analysis has been
published on miRNA as a diagnostic biomarker in pediatric ALL.

The aim of this systematic review and meta-analysis is the identi-
fication of miRNAs as diagnostic biomarkers in childhood ALL. Also, we
recommend specific modifications in setting up miRNAs research stu-
dies that will help in clinical translation that is eagerly needed.

2. Methods

2.1. Research strategy

We have searched PubMed (2007–2018), The Cumulative Index to
Nursing & Allied Health Literature (CINHAL) in addition to both
International Society of Paediatric Oncology (SIOP) and American
Society of Hematology (ASH) abstract meetings (2007–2017). Also, a
parallel search of Google Scholar was conducted. Other databases of
miRNA such as, miRbase.org were screened for relevant miRNAs. The
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following combinations were used in PubMed: microRNA OR miRNA
OR miR AND Acute Lymphoblastic Leukemia. Based on these results a
more focused search was built: miR-17-3p OR miR-17-5p OR miR-18a
OR miR-19 OR miR-21 OR miR-24 OR miR-30e-5p OR miR34b OR miR-
99a OR miR-100 OR miR-101 OR miR-125b OR miR126 OR miR-128a
OR miR-128b OR miR-130b OR miR-142 OR miR-146a OR miRNA-149
OR miR-191 OR microRNA-193b-3p OR microRNA-196a OR
microRNA-196b OR let-7b; OR miR-203 OR miR-204 OR miR-210 OR
miR-222 OR miR-223 OR miR-181a OR miR-331 OR miR-339, and miR-
142-3p OR miR-708 AND Acute Lymphoblastic Leukemia.

2.2. Inclusion and exclusion criteria

The search was limited to English literature only. We also scanned
the references in the extracted studies and included what was con-
sidered relevant. The eligibility criteria were: (i) using a case –control
design; (ii) cases are childhood ALL patients (iii) contained frequency
data. The major exclusion criteria were (i) no control population; (ii)
complete data is not available; (iii) duplicate publication; (iv) the data
in cell lines or any non-human experimental approach was excluded.

Two investigators independently (WMR, AS) followed a standar-
dized research protocol and extracted the data. The following in-
formation was extracted: the surname of the first author, year of pub-
lication, ethnicity, age group, 2× 2 contingency table for specificity
and sensitivity. For studies including subjects of different ethnic groups,
data were extracted separately for each ethnic group whenever pos-
sible. Ethnicity was categorized as country where the study was con-
ducted.

2.3. Statistical analysis

Diagnostic odds ratios (DOR) were pooled using random-effects
methods for pooling odds ratios. We considered positive test where it is
detectable. We estimated summary ROC curves using the Moses-
Littenburg regression-based method on STATA package 14.2.
Comparative functions of effect size for binary data are the log-odds
ratio or relative risk. Heterogeneity quantity Q was calculated across
the studies based on DerSimonian and Laird (DerSimonian and Laird,
1986).

3. Results

3.1. Baseline characteristics of studies

Our search yielded a total of 602 records, twenty-four studies were
found potentially relevant. Causes of exclusion were outlined in the
graphical abstract. Two studies conducted on adult patients were ex-
cluded (Ninomiya et al., 2012; Zhu et al., 2012). The final eligible
studies were 17 case-control studies. Ten studies provided the expres-
sion levels of the over/under-expressed miRNAs and seven studies
provided frequency data namely, sensitivity and specificity (Tables 1
and 2). We also synthesized the diagnostic odds ratio for some studies
(Table 2). For simplicity we will discuss both groups separately.

3.1.1. Studies providing the expression levels
A total of ten case-control studies included 556 patients of child-

hood ALL and 209 normal controls. In most studies, samples were taken
from BM, and RNA was extracted using TRIZOL assay. Three studies
(Duyu et al., 2014; Ju et al., 2009; Li et al., 2013b) used initially mi-
croarray analysis that was further validated using qRT-PCR, other stu-
dies used qRT-PCR for quantification of specific microRNA panel. The
number of differentially expressed microRNAs ranges from 9 to 144.
One study (Li et al., 2013c) investigated the expression of two micro-
RNAs, namely miR-100 and miR-99a, that were found to be down-
regulated in ALL patients while they were reported to be upregulated in
another study (Schotte et al., 2011). Two studies investigated the

expression of only one miRNA (Cao et al., 2016; Organista-Nava et al.,
2015). In one study, the median expression level of miR-24 was 0.84
compared to 1.25 in the normal control (p < 0.001) (Organista-Nava
et al., 2015). In the other, the mean expression of miR-34b was
1.65 ± 0.69 with a significant difference compared to controls
(p= 0.012) (Cao et al., 2016). Four studies reported all the altered
miRNAs (Duyu et al., 2014; Ju et al., 2009; Li et al., 2013b; Zhang et al.,
2009). The range of up-regulated miRNAs was 6 to 77, and the range of
down-regulated miRNAs was 3 to 67. It is worthy to mention that all
cases included in these studies are the two ALL subtypes (B- and T-
lineages) except three studies that included only one ALL subtype (B-
lineage) (Ju et al., 2009; Li et al., 2013c; Ramani et al., 2017). In ad-
dition, four studies compared miRNAs expression ALL with AML and
control and consequently proved some miRNAs as diagnostic dis-
criminatory biomarkers between ALL and AML (Cao et al., 2016; Mi
et al., 2007; Organista-Nava et al., 2015; Schotte et al., 2011).

3.1.2. Studies providing data about sensitivity and specificity
Seven studies reported sensitivity and specificity of 19 microRNAs.

They recruited 372 children with ALL and 161 normal controls. The
frequency data are outlined in Table 2. The sensitivity and specificity of
a single miRNA ranged from 46.55% to 100 and from 71.8% to 100%,
respectively. The highest diagnostic odds ratio was for combination of
miR-128a and miR-223 reaching 546 [95%CI: 73.77–4041.28]. The
frequency per case of six altered microRNAs were provided in two
studies (Mi et al., 2007; Swellam et al., 2018), the pooled DOR of those
six miRNAs was 83.048 [95%CI: 28.95–238.22] see Fig. 1. The pooled
estimated sensitivity and specificity were 0.81 (95% CI: 0.74–0.87) and
0.91 (95% CI: 0.87-0.94), respectively (Fig. 2). The area under the
curve of the receiver operator curve (ROC) of the six microRNAs was
more than 0.8 (Fig. 3) and the positive likelihood ratio was 6.502
[95%CI: 2.12–19.97] (Fig. 4). Moreover, Fig. 5 shows the summary
operating point, i.e., summary values for sensitivity and specificity.

4. Discussion

We found that many dysregulated microRNAs have been reported to
be used as diagnostic discriminatory biomarker between ALL and AML.
Both miR-128 and miR-155 were proven to be significantly highly ex-
pressed in childhood ALL (Duyu et al., 2014; Ramani et al., 2017). In
addition, miR-128a, miR-128b, miR-155 were reported in the literature
(Mi et al., 2007; Wang et al., 2010; Zhu et al., 2012) that they are
significantly highly expressed in ALL compared with AML. On the other
hand, miR-24, let-7b and miR-223 are significantly expressed at a lower
level in ALL compared to AML(Mi et al., 2007; Organista-Nava et al.,
2015). Consequently, miR-128a, miR-128b, miR-155, miR-24, let-7b,
and miR-223, can be used as diagnostic discriminatory biomarkers
between ALL and AML.

In addition, when we ranked the diagnostic odds ratio (DOR) cal-
culated (Table 2): the diagnostic panel (miR-128a+miR-223) for
childhood ALL was the highest (DOR=546, 95% CI= [73.38,
4041.28]); followed by miR-203 (DOR=280, 95% CI= [27.38,
2863.38]); then the diagnostic panel (miR-128a+128b) (DOR=202,
95% CI = [39.36, 1100.79]); thenmiR-181a (DOR=89.23, 95% CI =
[22.59, 352.43]); then the diagnostic panel (miR-128b+ let7b)
(DOR=62.07, 95% CI = [17.60, 218.85]); then the diagnostic panel
(miR128a+ let-7b) (DOR=44.1, 95% CI = [13.32, 146.03]); then
miR-21 (DOR=18.86, 95% CI = [7.44, 47.83]); then miR-326
(DOR=11.45, 95% CI = [3.47, 37.8]); and, finally, miR-200c which
was the lowest (DOR=4.84, 95% CI = [1.39, 16.77]).

Historically, the identification of miRNA profile signatures in di-
agnosis or prognosis of human cancers started in 2004 in CLL patients,
then research investigated other common cancers such as breast and
lung. In 2007, Mi et al performed the first genome-wide miRNA ex-
pression analysis on ALL and AML samples (Mi et al., 2007). They have
found four types of miRNAs that discriminate ALL from AML (Table 2).

W.M. Rashed, et al. Critical Reviews in Oncology / Hematology 136 (2019) 70–78

71



Ta
bl
e
1

C
ha

ra
ct
er
is
ti
cs

of
st
ud

ie
s
re
po

rt
in
g
th
e
ex
pr
es
si
on

le
ve

l
of

dy
sr
eg

ul
at
ed

m
ic
ro
R
N
A
s.

St
ud

y
Sa

m
pl
e
si
ze

(p
op

ul
at
io
n)

R
N
A

ex
tr
ac
ti
on

(s
am

pl
e
so
ur
ce
:

ca
se
/c
on

tr
ol
)

Q
ua

nt
ifi
ca
ti
on

m
et
ho

d
C
ut
-o
ff

D
ys
re
gu

la
te
d

m
iR
N
A
/T

ot
al

To
ta
l#

(a
nd

th
e
m
os
t)

ov
er
-e
xp

re
ss
ed

m
iR
N
A
s

To
ta
l
#

(a
nd

th
e
m
os
t)

un
de

r-
ex
pr
es
se
d-

m
iR
N
A
s

1-
Za

ne
tt
e
et

al
.,
20

07
(Z
an

et
te

et
al
.,

20
07

)

7
A
LL

vs
6
co

nt
ro
ls

(C
D
19

+
-c
el
ls
)

(B
ra
zi
lia

n)

Tr
iz
ol

LS
(B
M
/P

B)
Ta

qM
an

®
M
ic
ro
R
N
A
A
ss
ay

s
H
um

an
Pa

ne
l.
V
al
id
at
io
n:

R
ea
l-t
im

e
PC

R

Fo
ld

ch
an

ge
by

2^
-Δ
ΔC

t
m
et
ho

d
R
ef
er
en
ce
:m

iR
-

30
b

46
/1

64
$
N
R
(m

iR
-1
28

b,
m
iR
-2
04

,
m
iR
-2
18

,m
iR
-

33
1)

$
N
R
(m

iR
-1
35

b,
m
iR
-
13

2,
m
iR
-1
99

s,
m
iR
-1
39

,
m
iR
-1
50

)

2-
Ju

et
al
.,
20

09
(J
u

et
al
.,
20

09
)

40
pr
e-
B-
A
LL

vs
6
N
L

co
nt
ro
ls
(C

hi
ne

se
)

TR
IZ
O
L
as
sa
y

(B
M
&
PB

/B
M
)

M
ic
ro
ar
ra
y
an

al
ys
is
.

V
al
id
at
io
n:

St
em

-L
oo

p
qR

T-
PC

R

Fo
ld

ch
an

ge
>

2
or

<
0.
5
co

m
pa

re
d
to

th
e

m
ea
n
of

no
rm

al
sa
m
pl
es
.

11
/3

28
6
(m

iR
-5
19

e;
m
iR
-4
87

b;
m
iR
-3
61

;
m
iR
-

14
2}

3p
;m

iR
-2
22

;m
iR
-3
39

)
5
(m

iR
-4
51

;m
iR
-3
73

;
m
iR
-2
96

;
m
iR
-

48
5-
3p

-M
M
1;

m
iR
-4
83

)

3-
Zh

an
g
et

al
.,
20

09
(Z
ha

ng
et

al
.,
20

09
)

27
A
LL

vs
5
co

nt
ro
ls

(C
hi
ne

se
)

TR
IZ
O
L
as
sa
y

(B
M
/B

M
)

Se
qu

en
ci
ng

-b
y-
sy
nt
he

si
s

(S
BS

)
st
ra
te
gy

V
al
id
at
io
n:

qR
T-
PC

R

fo
ld

ch
an

ge
s
>

2.
0
(P

<
0.
00

1)
14

4/
84

7
77

(m
iR
-9
*,
m
iR
-9
,
m
iR
-1
22

,m
iR
-1
81

a,
m
iR
-1
28

,
m
iR
-9
2a

-1
*,
m
iR
-1
81

a*
,m

iR
-

18
1a

-1
*m

iR
-1
81

a-
2*

,m
iR
-1
81

d,
m
iR
-

25
*,
m
iR
-1
81

b,
m
iR
-1
30

b,
m
iR
36

3,
m
iR
-

59
8,

m
iR
-1
81

c,
le
t-
7e

,m
iR
-4
99

-5
p,

m
iR
34

2-
3p

,
m
iR
-1
7*

)

67
(m

iR
-4
86

-5
p,
m
iR
37

4a
*-
m
iR
-4
24

,m
iR
-

30
a,

m
iR
-5
82

-5
p,
m
iR
-4
51

,
m
iR
-

14
3*

,m
iR
-1
99

b-
3p

,
m
iR
-1
99

b-
5p

m
iR
12

6,
m
iR
-3
35

,m
iR
-1
44

,m
iR
10

a,
m
iR
-

14
4*

,m
iR
-2
23

,m
iR
-1
43

,m
iR
-1
26

,
m
iR
-

61
8,
m
iR
-1
27

7,
m
iR
-1
45

)
4-
Sc
ho

tt
e
et

al
.,
20

11
(S
ch

ot
te

et
al
.,

20
11

)

81
A
LL

su
bt
yp

es
vs

17
co

nt
ro
l/

(C
au

ca
si
an

)
TR

IZ
O
L
as
sa
y(
BM

&
PB

/B
M
)

St
em

-lo
op

R
T-
qP

C
R

V
al
id
at
io
n:
N
on

e
Fo

ld
ch

an
ge

,
P F

D
R

<
0.
05

89
/3

97
N
R
(m

iR
-1
96

a,
m
iR
-3
83

,
m
iR
-5
42

-5
p,

m
iR
-1
33

a)
N
R
(m

iR
-7
08

,m
iR
-5
11

,
m
iR
-7
08

,
le
t-
7b

)

5-
Li

et
al
.,
20

13
a
(X

.L
i

et
al
.,
20

13
b)

34
pr
ec
ur
so
r
B-
ce
ll

A
LL

vs
5
co

nt
ro
l

(C
hi
ne

se
)

TR
IZ
O
L
as
sa
y(
BM

&
PB

/B
M
)

M
ic
ro
ar
ra
y
as
sa
y,

V
al
id
at
io
n:

st
em

-lo
op

R
T-

PC
R

tw
of
ol
d
di
ff
er
en

ce
an

d
a

q-
va

lu
e
<

0.
05

11
/N

R
8
(m

iR
-7
08

,m
iR
-2
10

,m
i-
18

1b
,m

iR
-3
45

,
m
iR
-3
24

-5
p,

an
d
m
iR
-1
25

b)
3
(m

iR
-2
3a

,
m
iR
-2
7a

,
an

d
m
iR
-2
3b

)

6-
Li

et
al
,2

01
3
(X

.J
.L

i
et

al
.,
20

13
c)

11
1
A
LL

vs
10

co
nt
ro
ls

(C
hi
ne

se
)

TR
Iz
ol

re
ag

en
t

(B
M
/B

M
)

R
T-
PC

R
V
al
id
at
io
n:
N
on

e
N
R

2/
2

0
2
(M

iR
-1
00

an
d
m
iR
-9
9)

7-
D
uy

u
et
.a

l.,
20

14
(D

uy
u
et

al
.,
20

14
)

43
A
LL

vs
14

co
nt
ro
l

(T
ur
ki
sh
)

Q
ia
zo

l(
BM

/B
M
)

M
ic
ro
ar
ra
y
V
al
id
at
io
n:

qR
T-
PC

R
Fo

ld
ch

an
ge

±
2-
fo
ld
,

P F
D
R

<
0.
05

15
/1

13
6

13
(m

iR
-5
48

i,
m
iR
-7
08

,
m
iR
-1
81

b,
m
iR
-

44
9a

,
m
iR
-1
46

a,
m
iR
-1
55

,
m
iR
-1
81

a,
m
iR
-3
12

1,
m
iR
-1
28

,
m
iR
-1
32

3,
m
iR
-

19
5,

m
iR
-5
87

,
m
iR
-6
40

)

2
(m

iR
-6
40

,
m
iR
-1
45

)

8-
O
rg
an

is
ta
-N

av
a
et
.a

l.
(O

rg
an

is
ta
-N

av
a

et
al
.,
20

15
),
20

15

11
1
A
LL

vs
10

0
co

nt
ro
l
(M

ex
ic
an

)
TR

IZ
O
L
as
sa
y

(B
M
/P

B)
R
T-
PC

R
V
al
id
at
io
n:

N
on

e
M
ed

ia
n
Ex

pr
es
si
on

le
ve

l
w
it
h
P
<

0.
05

1/
1

0
m
iR
-2
4

9-
C
ao

et
.a

l.,
20

15
(C
ao

et
al
.,
20

16
)

42
A
LL

vs
20

A
M
L
vs

11
M
LL

+
vs

20
C
on

tr
ol

(C
hi
ne

se
)

TR
IZ
O
L
as
sa
y

(B
M
/B

M
)

R
T-
qP

C
R
va

lid
at
io
n:
N
on

e
M
ea
n
of

ex
pr
es
si
on

le
ve

l
w
it
h
P
<

0.
05

1/
1

1
(m

iR
-3
4b

)
0

10
-R
am

an
i
et
.a

l.,
(R

am
an

i
et

al
.,

20
17

)
20

17

60
Pr
e-
B
A
LL

vs
17

C
on

tr
ol
s
(C

au
ca
si
an

)
TR

IZ
O
L
as
sa
y(
BM

or
PB

in
bo

th
)

St
em

-lo
op

R
T-
qP

C
R

va
lid

at
io
n:
N
on

e
(P

FD
R
)
<

0.
05

.
13

6/
36

5
N
R

N
R

$
N
R
=

no
t
re
po

rt
ed

,w
e
ad

op
te
d
th
e
co

nv
en

ti
on

al
cu

t-
off

ei
th
er

<
0.
5
or

>
1.
00

in
ca
se

of
2^
-Δ
ΔC

t
m
et
ho

d.
-A
ll
re
po

rt
ed

dy
sr
eg

ul
at
ed

m
iR
N
A

in
th
is

ta
bl
e
w
er
e
th
e
ou

tc
om

e
of

th
e
fi
rs
t
qu

an
ti
fi
ca
ti
on

an
al
ys
is

st
ep

,m
iR
N
A
s
ar
e
pr
es
en

t
in

bo
ld

an
d
it
al
ic
s
fo
nt

m
ea
ns

th
ey

un
de

rw
en

t
va

lid
at
io
n
pr
oc

es
s.

BM
:B

on
e
M
ar
ro
w
,P

B:
pe

ri
ph

er
al

Bl
oo

d,
P F

D
R
=

Fa
ls
e
di
sc
ov

er
y
ra
te
-
P
va

lu
es
.

W.M. Rashed, et al. Critical Reviews in Oncology / Hematology 136 (2019) 70–78

72



Ta
bl
e
2

Ba
se
lin

e
ch

ar
ac
te
ri
st
ic
s
of

st
ud

ie
s
pr
es
en

ti
ng

fr
eq

ue
nc

y
da

ta
(s
en

si
ti
vi
ty

an
d
sp
ec
ifi
ci
ty
)
of

m
ic
ro
R
N
A

in
ch

ild
ho

od
A
LL

.

St
ud

y
Sa

m
pl
e
si
ze

(P
op

ul
at
io
n)

R
N
A

ex
tr
ac
ti
on

(s
am

pl
e
so
ur
ce
:

ca
se
/c
on

tr
ol
)

Q
ua

nt
ifi
ca
ti
on

m
et
ho

d
C
ut
-o
ff

m
iR
N
A

Se
ns
it
iv
it
y
%
,

Sp
ec
ifi
ci
ty

D
O
R
[9
5%

C
I]

(M
i
et

al
.,
20

07
)

54
A
LL

an
d
44

A
M
L
vs

10
co

nt
ro
ls
(U

SA
)

be
ad

-b
as
ed

ex
pr
es
si
on

as
sa
y

ge
no

m
e-
w
id
e
m
ic
ro
R
N
A

ex
pr
es
si
on

pr
ofi

lin
g
as
sa
y

V
al
id
at
io
n:

Ta
qM

an
PC

R

cr
os
s-
va

lid
at
ed

pr
ob

ab
ili
ti
es

(C
V
pr
ob

ab
ili
ti
es
)=

2.
0

(+
)M

iR
-1
28

a/
(+

)1
28

b
96

%
89

%
20

2.
8[
39

.3
62

-
11

00
.7
93

]
(+

)M
iR
-1
28

a
an

d(
-)

le
t-
7b

91
%

82
%

44
.1
[1
3.
31

8-
14

6.
02

5]
(+

)M
iR
-1
28

b
an

d
(-
)l
et
-7
b

91
%

86
%

62
.0
67

[1
7.
60

3-
21

8-
84

8]
(+

)M
iR
-1
28

a
an

d(
-)

m
iR
-

22
3

96
%

95
%

54
6[
73

.7
68

-
40

41
.2
82

]
(S
w
el
la
m

et
al
.,

20
18

)
43

A
LL

vs
23

co
nt
ro
l

(E
gy

pt
ia
ns

)

m
iR
N
ea
sy

M
in
i

ki
t
(Q

ia
ge

n)
(P
B/

PB
)

qR
T-
PC

R
C
on

st
ru
ct

R
O
C
cu

rv
e.

(A
U
C

>
0.
5)
m
iR
-2
03

cu
to
ff
=

0.
97

3
m
iR
-1
25

b-
1 c

u
to
ff
=
3.
20

9
(-
)
m
iR
-2
03

97
.6
7%

86
.9
6%

28
0[
27

.3
8-

28
63

.3
82

]
(+

)m
iR
-1
25

b-
1

83
.7
2%

10
0%

FP
=

0
m
iR
-1
25

b-
1+

m
iR
-2
03

10
0%

87
%

FN
=

0
(S
w
el
la
m

an
d
El
-

K
ha

zr
ag

y,
20

16
)

85
A
LL

vs
25

co
nt
ro
l/

(E
gy

pt
ia
ns

)

m
iR
N
ea
sy

se
ru
m
/

pl
as
m
a
ce
ll

ly
sa
te
s
ki
t

(Q
ia
ge

n)

qR
T-
PC

R
m
iR
-1
00

cu
to
ff
=
3.
02

9
m
iR
-1
96

a c
u
to
ff
=
0.
97

3
m
iR
-1
46

a c
u
to
ff
=
3.
72

7

(+
)m

iR
-1
00

82
.7
6%

10
0

FP
=

0
(-
)m

iR
-1
96

a
46

.5
5%

10
0

FP
=

0
(+

)m
iR
-1
46

a
10

0
10

0
FP

=
0

(L
un

a-
A
gu

ir
re

et
al
.,
20

15
)

39
B-
A
L
vs

7
co

nt
ro
l

(M
ex

ic
an

)

m
iR
N
ea
sy

M
in
i

ki
t
(P
B)

Ta
qM

an
lo
w

de
ns
it
y

ar
ra
y
(T
LD

A
)
pl
at
es
,

V
al
id
at
io
n:

qR
T-
PC

R

m
iR

-5
11

,
ΔC

q
cu

to
ff
=

9.
45

8
m
iR

-3
4a

,Δ
C
q

cu
to
ff
=

7.
17

9m
iR

-2
22

,
ΔC

q
cu

to
ff
=

−
0.
13

25
m
iR

-2
6a

,
ΔC

q
cu

to
ff
=

2.
07

3m
iR

-2
21

,
ΔC

q
cu

to
ff
=

0.
18

61
m
iR

-2
23

,
ΔC

q
cu

to
ff
=

-4
.3
09

(+
)
m
iR
-5
11

10
0

10
0

FP
=

0
(+

)
m
iR
-3
4a

92
10

0
FP

=
0

(+
)
m
iR
-2
22

79
10

0
FP

=
0

(-
)
m
iR
-2
6a

79
10

0
FP

=
0

(-
)
m
iR
-2
21

83
10

0
FP

=
0

(-
)
m
iR
-2
23

89
10

0
FP

=
0

(N
ab

ha
n
et

al
.,

20
17

)
30

A
LL

vs
30

he
al
th
y
co

nt
ro
l

(E
gy

pt
ia
ns

)

m
iR
N
ea
sy

se
ru
m
/

pl
as
m
a
ki
t

(Q
ia
ge

n)

qR
T-
PC

R
C
ut
-o
ff
va

lu
e
w
as

0.
97

,(
A
U
C
)=

0.
93

(+
)
M
iR
-1
81

a
86

.5
%

93
.3
%

89
.2
26

[2
2.
59

-
35

2.
42

6]

(L
ab

ib
et

al
.,
20

17
)

75
Pr
e-
B
A
LL

vs
50

co
nt
ro
l

(E
gy

pt
ia
ns

)

m
iR
N
ea
sy

se
ru
m
/

pl
as
m
a
ki
t

(Q
ia
ge

n)

qR
T-
PC

R
C
ut
-o
ff
va

lu
e
w
as

3.
23

;E
xp

re
ss
io
n
cu

t-
off

le
ve

l=
9.
83

(+
)
m
iR
-2
1

88
.7

71
.8

18
.8
57

[7
.4
35

-
47

.8
25

]

(G
ho

do
us
i
an

d
R
ah

go
za
r,

20
18

)

46
A
LL

vs
16

co
nt
ro
l(
Ir
an

ia
n
)

TR
iz
ol

re
ag

en
t

(B
M
/B

M
)

qR
T-
PC

R
m
iR

-3
26

cu
to
ff
=
0.
29

m
iR

-2
00

c c
u
to
ff
=
0.
42

(-
)
m
iR
-3
26

0.
83

0.
70

8
11

.4
45

[3
.4
7-
37

.8
]

(-
)
m
iR
-2
00

c
0.
66

0.
71

4
4.
84

[1
.3
9-
16

.7
7]

B
H
=

Be
nj
am

in
i-
H
oc

hb
er
g,

N
R
=

no
t
re
po

rt
ed

,
FP

=
fa
ls
e-
po

si
ti
ve

,
FN

=
fa
ls
e
ne

ga
ti
ve

,
R
O
C
=

R
ec
ei
ve

r
op

er
at
in
g
ch

ar
ac
te
ri
st
ic
,
A
U
C
=

A
re
a
un

de
r
th
e
R
O
C

cu
rv
e,

M
LL

+
:
A
L
pa

ti
en

ts
w
it
h
m
ix
ed

lin
ea
ge

le
uk

em
ia

re
ar
ra
ng

em
en

t.
(+

)
ov

er
-e
xp

re
ss
ed

,(
-)

un
de

r-
ex
pr
es
se
d.

PB
=

pe
ri
ph

er
al

bl
oo

d,
BM

=
bo

ne
m
ar
ro
w
.

W.M. Rashed, et al. Critical Reviews in Oncology / Hematology 136 (2019) 70–78

73



Another Brazilian study in the same year found five highly expressed
miRNAs including miR-128b, miR-204, miR-218, miR-331, and miR-
181b-1 (Zanette et al., 2007). Great advances in technology enabled
both Mi et al. and Zhang et al. to report the same findings in ALL re-
garding the upregulation of miR-128, miR-130b and miR-210 and the
downregulation of miR-424, miR-223, miR-23a, miR-27a, although
they have used two different miRNA expression analysis platforms (Mi
et al., 2007; Zhang et al., 2009). The same findings from other studies
were reported for both miR-223 (Luna-Aguirre et al., 2015) and miR-
128 (Duyu et al., 2014; Zanette et al., 2007).

Great advances in bioinformatics have enabled researchers to es-
tablish multiple free online database as a valuable source for microRNA
target prediction. Supplementary Table (S1) summarized all target
prediction database for miRNA used in most studies mentioned here.
These microRNA target prediction databases are considered a com-
plementary step after expression profile analysis of miRNA diagnostic
biomarker in childhood ALL. These databases enable researchers to put
hypothetical correlations between the aberrant expression of miRNA in
ALL and the underlying disease etiology. These hypotheses open gates
for more future confirmatory studies. Using target prediction databases,
many putative targets for up/down-regulated miRNAs were reported
(Table 3).

MiR-128 is an intronic miRNA (Ching and Ahmad-Annuar, 2015)
that expressed by two distinct genes; miR-128-1 (2q21.3) and miR-128-
2 (3p22.3). Both are translated to produce the same mature miR-128. It
is extensively reported by many studies regarding its role in cancer, in
general, and in childhood ALL in particular (Li et al., 2013a). Our study
highlighted its role as a diagnostic discriminatory biomarker between
ALL and AML and as a member of the diagnostic panel for childhood
ALL. Also, it has been reported its association with certain ALL im-
munophenotype (T-ALL) (de Oliveira et al., 2012; Drobna et al., 2018),
and certain crucial gene (IKFZ1 deletion that affect ALL prognosis)
(Krzanowski et al., 2017). The association between miR-128b dysre-
gulated expression and ALL treatment response specifically gluco-
corticoid (Kotani et al., 2010, 2009) and survival (Nemes et al., 2015)
has also been reported.

miR-223 gene is located on chromosome Xq12 (Luan et al., 2015).
miR-223 has potential targets in lymphoid cells which consequently
affects the regulation of cell cycle or different signaling mechanism
(Fazi et al., 2005; Liu et al., 2010). In a cohort of 70 newly diagnosed
childhood ALL patients, downregulation of miR-223 proved its asso-
ciation with the individual relapse-free survival (Han et al., 2011).

miR-203 gene is within a fragile region on chromosome region
14q32.33 (Calin et al., 2004). Downregulation of miR-203 in childhood

ALL has been investigated to be a diagnostic molecular biomarker in
childhood ALL (Swellam et al., 2018). Also, miR-203 was reported to be
associated with poor prognosis in pediatric ALL (Wang et al., 2013).
Dysregulation of miR-203 is associated with genetic and epigenetic
mechanisms in hematological malignancy (Bueno et al., 2008; Chim
et al., 2011).

MiR-181a and miR-181b were reported to be highly expressed in
childhood ALL by many studies (Duyu et al., 2014; Li et al., 2013b;
Nabhan et al., 2017; Ramani et al., 2017; Zanette et al., 2007; Zhang
et al., 2009). The sensitivity & specificity of miR-181a were 86.5% &
93.3%, respectively.

MiR-146a had 100% specificity and 100% sensitivity in childhood
ALL (Swellam and El-Khazragy, 2016). Duyu et al. study reported the
association of miR-181a, miR-146a as well as miR-155 overexpression
with down-regulation of genes included in the innate immunity and
inflammation (Duyu et al., 2014). So, their overexpression may play
role in leukmogenesis via dysregulation of the normal immune func-
tion.

In mi-RNA members of let-7 family, let-7e is significantly upregu-
lated in childhood ALL (Ramani et al., 2017; Zhang et al., 2009). Let-7b
gene is located on chromosome 22q13.31. Both let-7b and let-7c are
significantly upregulated in MLL rearranged-ALL, while let-7c is upre-
gulated in ETV-RUNX1 patients (Schotte et al., 2011). Using one of
target prediction databases, Schotte et al. has reported target genes for
most discriminative miRNAs per some subtypes of childhood ALL. The

Fig. 1. Forest plot of the pooled diagnostic odds ratio (DOR) of the six microRNAs.

Fig. 2. Forest plot of the pooled estimated sensitivity and specificity.

Fig. 3. The summary receiver operator curve (ROC) of the six microRNAs.
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let-7 family has two documented targets (RAS and c-MYC). Although
MLL-rearranged ALL patients have 3- to 5-fold up-regulated levels of
mRNA for both RAS and c-MYC (P < 0.0001), but only c-Myc protein
showed a 2-fold up-regulation (P < 0.05).

MiR-21 gene is located on chromosome 17q23.1 (Lagos-Quintana
et al., 2001). The upregulation of miR-21 has been reported to play an
important role in the biology of T-acute lymphoblastic leukemia. It
affects JAK/STAT pathway as it inhibits STAT3 protein expression,
promotes both proliferation and invasion and decreases apoptosis (Shi
et al., 2016). It also controls survival, in part, through repression of the
tumor suppressor gene (PDCD4) (Junker et al., 2015). Also, miR-21
plays an important role as a prognostic biomarker in childhood B-ALL
(Labib et al., 2017).

MiR-326 and miR-200c genes are located on chromosome 11q13.4
and 12p13.31, respectively. The DORs of both miR-326 and miR-200c
were the lowest in our study. The inverse relation between miR-326 and
the multidrug resistance in pediatric ALL via ABCA2 transporter adds a
prognostic significance to its diagnostic impact (Ghodousi and
Rahgozar, 2018).

All these data along with our results should get attention of scien-
tists to the importance of these miRNAs (miR-128a, miR-128b, miR-
203, miR-223, let-7b, miR-21, miR-326 and miR-200c) as potential
diagnostic biomarkers to be incorporated in future large studies. In
addition, the prognostic impact of some of them in childhood ALL is
recommended to be investigated in large cohort studies.

Schotte et al. study was the only study that was able to highlight the
role of miRNAs in different ALL subtypes (Schotte et al., 2011):

- In BCR-ABL-positive ALL samples, the heterogeneity nature of

miRNA subtype in addition to the low number with low fold changes
of significantly expressed mi-RNA indicated that miRNA profile in
this subtype plays a minor role.

- In hyperdiploid ALL subtype, miR-223, miR-222/222*, miR-98 and
miR-511 have relatively high expressions and genes encoding these
miRNAs were located on two chromosomes (10 or X) whose extra
copies are commonly found in hyperdiploid patients. The sensitivity
and specificity of miR-511, miR-222 and miR-223 were reported by
a Mexican study, in Table 2, in which miR-511 had 100% sensitivity
and 100% specificity (Luna-Aguirre et al., 2015).

- Also, In ETV-RUNX1-positive ALL subtype samples, various miRNAs
including miR-99a, miR-100, miR-125b, miR-383 and let-7c showed
5- to 1700-fold up-regulation (PFDR< 0.001) (Schotte et al., 2011).

- MiR-196b is normally promoting proliferation and survival of he-
matopoietic cells. miR-196b is highly expressed in both MLL rear-
ranged-ALL and T-ALL which may be HOXA genes-driven activation.
Also, this high expression in MLL rearranged-ALL can be explained
based on DNA hypo-methylation of the miR-196b-embedded HOXA
area (Schotte et al., 2011).

- The miR-708-5p is the most significantly dysregulated miRNA in
childhood precursor B-cell ALL reported by many studies (Duyu
et al., 2014; Li et al., 2013b; Schotte et al., 2011). Also, it was re-
ported to have a role in glucocorticoids response and ALL risk
classification (Han et al., 2011). In addition, high miR-708 expres-
sion was reported to be associated with ETV6 deletion (Krzanowski
et al., 2017). Worthy of note, miR-708-5p has no association with
clinical features (de Oliveira et al., 2015). Recently, miR-708 was
studied as a candidate immunotherapy (anti-CD47) in T-cell (Huang
et al., 2018).

Actually, we highly recommend Schotte et al. study design as it
optimized the utilization of miRNA to diagnose different subtypes of
childhood ALL. Consequently, microRNA will be a valuable diagnostic
tool in the risk stratification and treatment allocation of pediatric ALL
patients.

We have noticed the controversy in reporting dysregulation of some
miRNAs. Both miR-100 and miR-99a whose expressions were sig-
nificantly lower in ALL in comparison to AML and healthy control (Li
et al., 2013c). Hesowever, both of them were reported to be over-
expressed in childhood ALL by another study (Schotte et al., 2011).
Large studies should be done to assess the expression level of both miR-
100 and miR-99a and their role as a diagnostic biomarker in childhood
ALL.

Our study has certain limitations that include: (1)- Many studies had
different sources of samples either cases or controls (BM and peripheral
blood” PB”). It was reported that there is a difference between miRNA
withdrawn from PB to that from BM in leukemic cases (Duyu et al.,
2014). Recently, it is recommended to study miRNAs from PB due to its
stability (Glinge et al., 2017; Grasedieck et al., 2013). (2)- Not all stu-
dies included healthy control. (3)- Some studies didn’t have certain cut-
off value of leukemic blasts for recruited cases. (4) some studies didn’t
do validation for predicted miRNAs. (5)- One study have used Gene
Ontology (GO) enrichment analysis and reported the role of miR-1986
in CNS relapse in ALL based on its putative target sox11 gene that is
related to nervous system development (Zhang et al., 2009). Due to
observed annotation bias in the GO annotations (Tomczak et al., 2018),
caution should be taken for studies that use GO enrichment analyses for

Fig. 4. Forest plot of the pooled estimates of positive and negative likelihood ratio of the six microRNAs.

Fig. 5. Summary curve from the ROC model of the six microRNAs indicating
the summary operating point, the circle bullet is the summary value for sen-
sitivity and specificity, the empty bullets are the studies estimates.
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interpreting the high throughput molecular data. Also, researchers must
revise previous results with the most updated versions of GO.

On the other hand, our study has certain advantages: (1). We con-
cluded some miRNAs that can be used as a diagnostic discriminatory
biomarker between ALL and AML. (2). Pooling data of some studies
enable us to calculate DOR but further large cohort studies are needed
to confirm our results.

5. Recommendations

Reproducibility of data-based biomedical research gets attention as
an important topic for discussion in favor of the feasibility of clinical
translation. Following a certain strategy or methodology, as the below-
mentioned recommendations, allows researchers to do systematic re-
view and/or meta-analysis studies with optimized conclusion. These
studies may help to get final conclusion regarding the everyday pub-
lications regarding the use of miRNA as a diagnostic biomarker in
childhood ALL. The presence of consensus publication guidelines/
checklist that each researcher should take in consideration while setting
up miRNA-based research study can lead to optimization of these
published data.

1 Study Design: Case-control study design is thought to be a valid and
optimum design to study the usefulness of miRNA as a diagnostic
biomarker in childhood ALL. It is recommended to choose cases of
certain ALL subtype (B or T lineage) and control from healthy po-
pulation. It is valuable to include AML patients to test the index
miRNA as diagnostic discriminatory biomarker between ALL and
AML.

2 Sample size: It will be valuable to study miRNA as a diagnostic
biomarker in childhood ALL using a large sample size to get a proper
statistical power. Large sample size can be easily achieved through
collaboration between specialized centers.

3 Sample source: It was reported that there is a difference between
miRNA withdrawn from PB to that from BM in leukemic cases (Duyu
et al., 2014). Circulating miRNAs show significant stability, making
them potential biomarkers (Grasedieck et al., 2013; Mitchell et al.,
2008). So, using non-invasive approach of blood-based detection of
tumor-derived miRNAs (serum or plasma) is recommended in the
hematology field (Glinge et al., 2017).

4 Leukemic blast: It is recommended to put cut-off value for the
percentage of leukemia blasts in the initial samples taken from the
study participants. In addition, it is recommended to use enrichment
method (Ramani et al., 2017) in case of samples with leukemic blast
percentage less than the cut-off value predetermined for inclusion in
the study (if possible), otherwise, it should be excluded from the
study.

5 Validating the expression of predicted miRNA: In general, pre-
diction followed by validation of miRNAs expression is carried out
according to pre-determined algorithm (Bentwich, 2005). Also,
factors that may affect techniques used in expression validation
should be considered (Morey et al., 2006). It should be carried out in
the same population as microRNA expression may be population
specific.

6 Gene Ontology (GO): GO is a valuable tool for interpretation of the
high throughput gene expression data. Recently, it was reported to
take caution for studies that used Gene Ontology (GO) enrichment
analyses for interpretations of their results to avoid annotation bias
in the GO annotations (Tomczak et al., 2018). It is important to use
the most updated version of GO annotation.

7 Target prediction database: Supplementary Table (S1) shows
many free online databases for miRNA target prediction that can be
used.

8 Validation of predicted target genes: Target prediction of miRNA
followed by biological validation techniques are the core steps in
most research studies for novel miRNA discovery. Researchers can

use Venn diagrams (Venny2.1, http://bioinfogp.cnb.csic.es/tools/
venny/) to compare lists of the predicted target genes then select
the highest related to the index miRNA. In general, it is re-
commended that validation of predicted target genes should be done
on the same population/ethnicity as gene expression can be popu-
lation-specific.
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