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Chapter

MicroRNAs and Their Role in
Acute Lymphoblastic Leukemia

Edgardo Becerra Becerra and Guadalupe Garcia-Alcocer

Abstract

Acute lymphoblastic leukemia (ALL) has been established as the most common
acute leukemia in children, accounting for 80-85% of cases. ALL occurs mostly in
children and it is considered as a high-risk disease in the elderlies. ALL is char-
acterized by a clonal disorder where the normal hematopoiesis is replaced by a
malignant clonal expansion of lymphoid progenitors. Although many therapeutic
strategies have been established to treat ALL leading to improved survival rates,
the short-term and long-term complications derived from treatment toxicity
represent a critical risk for patients. The treatment-related toxicity suggests a need
for the development of new therapy strategies to effectively treat high-risk and
low-risk disease. Nowadays, an important approach is focused on the identification
of molecules involved in the mechanisms that lead to leukemia generation and
progression to determine potential targets at the transcriptional level. MicroRNAs
(miRNAs) are a group of key molecules that regulate signaling pathways related
to lymphopoiesis. miRNAs participate in the regulation of hematopoietic dif-
ferentiation and proliferation, as well as their activity. The present review details
the recompilation of evidences about the relation between miRNAs and lympho-
poiesis, ALL development and progression in order to propose and explore novel
strategies to modulate ALL-related miRNA levels as a therapeutic approach.

Keywords: miRNAs, therapeutics, lymphopoiesis, acute lymphoblastic leukemia,
agomiR, antagomiR

1. Acute lymphoblastic leukemia generalities

Acute lymphoblastic leukemia (ALL) has been established as the most common
acute leukemia in children representing 80-85% of cases [1]. The global incidence
ranges from three to five cases per 100, 000 population and the lowest incidence
occurs in the adults older than 65 years old [2]. Even though ALL occurs mostly in
children, it represents a devastating disease in the elderlies. ALL is a clonal disorder
where the normal hematopoiesis is replaced by a malignant clonal expansion of
lymphoid progenitors (blasts) [3]. Such clonal disorder is characterized by genetic
abnormalities that lead to a block in B or T cell differentiation leading to abnormal
cell proliferation and apoptosis in the bone marrow, peripheral blood and extra-
medullary sites [4, 5]. The overall survival of patients with ALL has been improved
after treatment stratification according to immunophenotype and genotype. This
treatment has allowed to incorporate, into therapy protocols, and more effective
drug combinations [6]. Although improved survival rates have been obtained, the
short-term and long-term complications derived from treatment toxicity represent
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a critical risk for patients. This suggests a need for the development of new therapy
strategies to diminish the treatment-related toxicity and effectively treat high-risk
and low-risk disease. An important approach is focused on the mechanisms that
lead to leukemia generation and progression by identifying potential targets at the
transcriptional level.

The development of B-lymphocytes and T-lymphocytes from a lymphoid
progenitor occurs in the bone marrow and thymus, respectively, and the normal
lymphopoiesis is regulated at a transcriptional level involving transcription factors
acting as regulators of genes expression [7]. Nevertheless, a question arises: does the
transcriptional process is sufficient to control the cell fate, lineage and other aspects
of cellular functioning? The answer is “no”, and there are other key mechanisms
involved. MicroRNAs (miRNAs) are a group of key molecules that regulate signal-
ing pathways related to lymphopoiesis. miRNAs regulate hematopoietic differentia-
tion and proliferation, as well as their activity. Besides, a deregulation in miRNAs
expression is observed in leukemias having a main role in the pathogenesis of such
clonal disorder [7, 8]. The first connection between miRNAs and leukemia indicated
that 13q14 deletion in B-cell chronic lymphocytic leukemias induced the loss of
miR-16-1 and miR-15a in 70% of chronic lymphocytic leukemias [9]. In addi-
tion, recent studies suggested that at least 50% of miRNAs are located in cancer-
associated genomic regions and mRNAs are regulated by these miRNAs populations
[5]. Moreover, different patterns of miRNAs are observed in normal lymphopoiesis
and leukemias. The investigation of the relation between miRNAs and pathological
cellular processes represents an interesting approach for the development of new
therapeutic strategies.

2. miRNAs biology

miRNAs are endogenous small non-coding RNAs with a length of 19-25
nucleotides (nt) and their genes are transcribed by RNA polymerase II (Pol II)
in the nucleus [10, 11]. miRNAs transcripts are first generated as pri-miRNAs
structures (up to 1000 nt of length) which contain cap structures and poly-A tails
(Figure 1). The pri-miRNAs transcript is briefly processed into precursor miRNA
(pre-miRNA) transcript of 60-120 nt of length by the microprocessor complex
formed by class 2 ribonuclease III enzyme called DROSHA and the DiGeorge
Syndrome Critical Region Gene (DGCR8) protein. The pre-miRNA structure
bears a hairpin structure with 2-nt overhang at the 3'end [12, 13]. The next step
consists in exporting the pre-miRNA from the nucleus to the cytosol. This process
is mediated by the exportin-5 (a RanGTP-dependent dsRNA-binding protein)
which recognizes the overhang in the pre-miRNA as a target to be transported [14].
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Figure 1.
miRNAs biogenesis and gene silencing mediated by miRNA.
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Once in the cytosol, and pre-miRNA is processed by the DICER enzyme (RNAse
type III) leading to a mature miRNA duplex (miRNA: miRNA) about 22 nt of
length. The miRNA duplex is loaded into the RNA-induced silencing complex
(RISC), composed by of the Argonaute2 (Ago2) and the trans-activator RNA
(tar)-binding protein (TRBP). Note that the mature single-strand miRNA is
retained by the Argo2 protein in the RISC complex to guide the gene silencing
by binding to its mRNA target leading to mRNA degradation [10, 13, 15]. Recent
evidence indicates that some pri-miRNAs contain open reading fragments about
300 nt and could be transported, without being processed, into the cytosol, and
then become translated into micropeptides, having the ability to influence a
variety of cellular processes. This is an additional field of opportunity to carry out
functional studies with the aim to develop novel therapeutic strategies [16].

3. miRNAs and their implications in lymphopoiesis and ALL
development

3.1 Lymphopoiesis regulation by miRNAs

Lymphopoiesis is a process in which hematopoietic stem cells (HSCs) differenti-
ate into an immature form called lymphoid progenitor and finally into mature B- or
T-lymphocytes [17]. The miRNAs play a key role in the process of cell differentia-
tion by regulating several signaling pathways. The pattern of miRNAs expression is
different according to normal or malignant lymphopoietic process.

The miRNA-150 (miR-150) is expressed in B- and T-cells and the lymphoid pro-
genitors express the miR-150 to promote B-cell maturation and by assisting in the
transition of the progenitor B-cells (pro-B) to precursor B-cell (pre-B) stage. When
a premature miR-150 expression occurs, the result is a blocked transition from
pro-B to pre-B stage [18, 19]. In the thymus, the expression of miR-150 enhances
T-cell development and its key pathways (Notch pathway) and prevents an alterna-
tive lineage differentiation (B-cell differentiation) in the progenitors. Since C-myb
is an essential transcription factor involved in the early lymphoid development, a
downregulation eventually leads to an arrest from pro-B to pre-B stage. This event is
accompanied by miR-150 overexpression [15, 17].

The miRNA-155 (miR-155) is upregulated in both B- and T-cells in their acti-
vated and mature stage. In the case of B-cells differentiation, miR-155 inhibits PU.1
expression leading to Pax5 downregulation and the initiation of the plasma cell
differentiation pathway. This event is known as the miR-155-PU.1 axis. The role of
miR-155 in T-cells differentiation depends on the level of miR-155 expression. The
expression of miR-155 mediates the differentiation of T-cells into T-helper type 1,
while its absence leads to T-cells transition into T-helper type [20, 21].

The miRNA-181 (miR-181) is a family of miRNAs and is composed of three
clusters located in a different chromosome. Hsa-miR-181a-1 and hsa-miR181b-1
are located on chromosome 1; hsa-miR-181a-2 and hsa-miR181-b-2 are located on
chromosome 9 and finally hsa-miR181c-1 and hsa-miR-181c-2 are located on chro-
mosomel9 [22]. miR-181 family have been reported to be implicated in lung and
breast cancers [23]. miR-181a can act as inhibitor of the normal cellular response
to DNA damage by affecting the expression and activity of the stress-sensor kinase
ataxia telangiectasia mutated (ATM). In the early stage of B-cells differentiation,
the expression of miR-181 is high and decreases subsequently within differentia-
tion [17], and during T-cell development, the miR-181 is highly expressed in
double-positive T-cells. The targets for miR-181 are BCL-2, CD89, EGR1 and T-cell
receptor [24, 25].
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miRNA Function Target miRNA References
expression
in ALL vs.
normal
samples
miR-150 Transition from pro-B to C-MYB High Heetal.,
pre-B stage 2015 [26]
miR-155 Promotes T-cell PTEN High Seddiki et al.,
differentiation into Th type 2014 [21]
1 cells
miR-181 B-cell differentiation and BCL-2, MYC, High Veruci et al.,
T-cell development CDX2, CD69, 2015 [24]
GR1, and T-cell
receptor
miR-17-92 Transition from pro-B to YLD, HOXA9, High Raoetal,,
pre-B stage BIM, RUNX1, 2015 [27]
MYC
miR-126 B-ALL development MYC and CDX2 High Fulci etal.,
2009 [28]
miR-223 Reduction in cell growth and IKAROS, PTEN, Low Mavrakis et al.,
T-ALL development BIM, PHF6, NF1, 2011 [29]
and FBXW7
miR-19b T-ALL development IKAROS, PTEN, High Mavrakis et al.,
BIM, PHF6, NF1, 2011 [29]
and FBXW7
miR-20a T-ALL development IKAROS, PTEN, High Mavrakis et al.,
BIM, PHF6, NF1, 2011 [29]
and FBXW7
miR-92 T-ALL development IKAROS, PTEN, High Mavrakis et al.,
BIM, PHF6, NF1, 2011 [29]
and FBXW7
miR-26a T-ALL development KAROS, PTEN, High Mavrakis et al.,
BIM, PHF6, NF1, 2011 [29]
and FBXW7
miR-123a PI3K signaling activation PTEN High Bertacchini
etal., 2015 [30]
miR-21 Regulation of PI3K/Akt/ PTEN High Bertacchini
mTOR pathway etal., 2015 [30]
miR-99a Promotes the differentiation mTOR, IGF-1, Low Lietal., 2012
of human granulocytes and and MCL1 [31], Lietal.,
monocytes cells 2013 [32]
miR-100 Promotes the differentiation mTOR, IGF-1, Low Lietal.
of human granulocytes and and MCL1 2013 [32]
monocytes cells
miR-19 T-ALL development PTEN, HOXA, High Tsuchida
CYLD, BIM, and etal., 2011 [33]
NOTCH1
miR-29a T-ALL development MYC and CDX2 Low Zaidi et al.,
2017 [34]
miR-30a B-ALL development NOTCH1, High Ortegaetal,,
NOTCH2 and 2015 [35]
MYC
Table 1.

Function, targets and expression level of miRNAs velated to ALL.
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The miR-17-92 cluster is composed of six miRNAs including miR-17, miR-18a,
miR-19a, miR19-b-1, miR-20a and miR-92-1 and is highly expressed in both B- and
T-lymphoid progenitors and subsequently decreases within maturation [27]. When
miR-17-92 cluster is downregulated or absent, occurs B-cell differentiation disor-
der due to the overexpression of the proapoptotic protein BIM (target of miR-17-92
cluster). On the other hand, when miR-12-92 cluster is overexpressed during lym-
phopoiesis, promotes lymphoproliferative disorders and severe autoimmunity [36].

The aforementioned miRNAs play a critical role on the lymphopoiesis and the
change of their expression pattern leads to blood disorders or malignant lympho-
poiesis mechanisms. Such is the reason why miRNAs can be potential targets for
treatment, diagnosis and prognosis in ALL.

3.2 The role of miRNAs in ALL development

Besides the involvement of aberrant miRNAs expression in malignant lympho-
poiesis, it may be related to drug resistance mechanisms. Focusing on promoting
the reversal expression of such miRNA may enhance disease management and
improve clinical outcomes. By comparing miRNAs expression in both normal pedi-
atric bone marrow and pediatric ALL, an overexpression of miR-100, miR-196b in
ALL and lower expression of let-7e in normal bone marrow were reported [37]. In
a study conducted in childhood B-ALL and T-ALL, the miRNA expression profile
in the bone marrow was evaluated to discriminate between T-ALL and B-ALL.

The results indicated a downregulation of miR-708-5p, miR-497-5p, miR-151a-5p,
miR-151b, miR-371b-5p, miR-455-5p, miR-195-5p, miR-1266-5p, miR-574-5p, miR-
425-5p and upregulation of miR-450b-5p, miR-450a-5p, miR-542-5p, miR-424-5p,
miR-629-5p, miR-29¢c-5p in T-ALL. Further machine process analyses showed that
miR-29¢-5p, involved in calcium signaling, is involved in B-cell fate and it is the best
discriminator to stablish childhood B-ALL or T-ALL. In addition, clinical samples of
T-ALL were studied and reveled that miR-223, miR-19b, miR-20a, miR-92, miR-
142-3p, miR-150, miR-93, miR-26a, miR-16, and miR-342., miR-19b,-20a,-26a,-92
and miR-223 target T-ALL tumor suppressors, such as IKAROS, PTEN, BIM, PHF6,
NF1 and FBXW7 [37], which means that overexpression of such miRNAs could lead
to ALL development and represents a potential therapeutic target.

The identification of miRNAs that target genes of MYC, TFs of CDX2 and
IncRNA of XIST could represent an approach to ALL therapeutics, due to that
the aforementioned genes may play important role in the development of B-ALL.
NOTCHL is another important target due to mutations of gain of function, which
are implicated in T-ALL development as well as NOTCH1 and NOTCH2 that take
part in B-malignances [38]. Table 1 exhibits a list of miRNAs involved in ALL
development and pathogenesis considered as potential therapeutic targets.

4. Modulation of miRNAs expression levels in ALL: a therapeutic
approach

Children diagnosed with ALL, in most cases follow a standard treatment
protocol divided into three phases: induction, consolidation and maintenance, and
sometimes a central nervous system-directed therapy. The drugs used in induc-
tion and consolidation phases usually include prednisolone (PRED), vincristine
(VCR), L-asparaginase (L-ASP) and daunorubicin (DNR), all these drugs presents
late effects. The maintenance phase is the most prolongated treatment in child-
hood ALL, however, it involves a much less intensive regimen than induction and
consolidation phases. The maintenance phase has been demonstrated to lower the
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risk of relapse, but could be a cause for emergence new mutations leading to drug
resistance [16]. Even though the great effort in the development of new treatment
strategies, drug resistance is the major cause of chemotherapy failure and relapse in
pediatric patients. The classification of patients resistant or sensitive to drugs can be
carried out based on the expression level of miRNAs.

The multidrug resistance (MDR) represents a problem in the treatment of
pediatric ALL. It is considered an ubiquitous and severe clinical problem. MDR is
mediated by adenosine triphosphate (ATP)-binding cassette (ABC) transporters.
Several chemotherapeutic drugs are actively transported by ABC transporters
across the cellular membranes leading to chemotherapy failure. Recent evidence
indicates that some miRNAs tend to enhance chemotherapy response by modulat-
ing the expression of ABC transporters. In a study, the transfection of miR-326 into
HepG2 cells demonstrated enhanced response to chemotherapeutic drugs due to
downregulation of ABC transporter ABCC144 [16, 39]. Previous reports indicated
that overexpression of ABCA2 and ABCA3 genes increases the risk of MDR and
relapse in pediatric ALL patients [40]. Based upon bioinformatics analysis, miR-326
was identified as negative regulator of MDR-related genes, ABCA2 and ABCA3 in
particular. Further evaluation of the miR-326 expression levels in pediatric ALL
patients resistant to chemotherapy (MDR+) revealed that miR-326 is significantly
decreased in MDR+ compared to the MDR- control group, supporting the idea
that low level expression of miR-326 impacts directly on chemotherapy treatment
response [41, 42].

Glucocorticoids (GC) are a group of drugs clinically used to treat ALL due to
their involvement in cell progression, immunoglobulin, lymphokine production
and apoptosis in immature lymphoblasts. The MLL rearrangements are common
genetic abnormality in ALL. MLL-AF4 is the result of a balanced translocation
between MLL and AF4 and it occurs in approximately 50% of ALL cases in infants.
MLL-AF4 is an indicative of poor prognosis due to failure in GC-induced apoptosis.
miR-128b and miR-221 are downregulated in this type of ALL and leads to overex-
pression of their targets: CDKN1B, MLL, AF4 and both MLL-AF4 and AF4-MLL
fusion genes (involved in AL development). The restoration of miR-128b and
miR-221 results in the downregulation of their aforementioned targets and increase
the sensitivity to GC therapy [37, 43]. After transiently overexpression of miR-17 in
a pre-B cell line (SUP-B15), it was found a reduced dexamethasone (DEX)-induced
apoptosis indicating resistance to DEX. Further inhibition of miR-17 by locked
nucleic acid inhibitor enhanced the response to DEX. The development of miRNA
inhibitors, antagomiRs and agomiRs allows to modulate miRNAs levels in order to
obtain a better response in ALL treatment.

AntagomiR is a chemically-modified single-strand miRNA inhibitor used to
block miRNA regulation of target gene expression efficiently. AntagomiRs are
synthesized to reduce the ability of endogenous miRNAs to silence target mRNA
transcripts. They can downregulate the corresponding endogenous miRNAs by
either local or systemic injection into the animals. Their structure consists of a
single-strand RNA carrying the chemically modifications functioning by block-
ing a target of miRNA. The strand of the antagomiR has 2 phosphorothionates at
the 5end, 4 phosphorothionates, 1 cholesterol group at the 3end and full-length
nucleotide 2'-methoxy modification. Its stability is significantly higher than miRNA
inhibitors. On the other hand, agomiR is a chemically-modified double-strand
miRNA mimics which can mimic mature endogenous miRNAs after transfection
into cells. They can upregulate the endogenous miRNA activity by utilizing the
natural miRNA machinery. The antisense strand of the agomiR has 2 phosphoro-
thionates at the 5end, 4 phosphorothionates, 1 cholesterol group at the 3end and
full-length nucleotide 2'-methoxy modification. The chemically-modified structure
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of agomiR increases its stability and activity. Both, agomiRs and antagomiRs are
recommended for miRNA functional iz vitro and in vivo studies.

Once a miRNA has been established or identified as a target to be downregu-
lated, or up regulated, agomiRs or antagomiRs can be used to modulate miRNAs
levels and further determination of anticancer effects. This is a promising and
interesting approach to combine miRNA-based therapy and current chemotherapy
to synergistically improve clinical outcomes. The potential therapeutic miRNAs
targets described below can be modulated by using agomiR or antagomiR.

The miR-101 has a potential role in drug response to doxorubicin (DOXO)
in Jurkat T-ALL. It was shown that miR-101 targets NOTCH1 which is linked to
enhanced DOXO sensitivity to myeloma cell lines in mouse. Therefore, miR-101
may enhance DOXO-mediated apoptosis by repressing NOTCH1, while low expres-
sion of miR-101 may be related to chemoresistance in T-ALL [44].

For ALL patients with BCR-ABL fusion gene, the treatment with tyrosine-kinase
inhibitors (TKI) could be a promising strategy even though the prognosis is sub-
optimal. BCR-ABL1 and ABLI1 are direct targets of miR-203. However, miR-203 is
silenced by genetic and epigenetic mechanisms in hematopoietic malignancies as
leukemia. It has been reported that the restoration of miR-203 expression reduces
BCR-ABL1 and ABL1 levels in cells and leads to arrest in cell proliferation [15, 45].
In addition, the inhibition of the DNMT?3A gene, which gives the instructions for
making the enzyme DNA methyltransferase alpha involved in DNA methylation
and gene silencing, can be assessed by increasing miR-217 or mimics expression.
This may prevent drug resistance to TKI in Philadelphia-chromosome-positive ALL
patients, being another therapeutic strategy [46]. According to the aforementioned,
the demethylation may be a potential therapeutic strategy in ALL. As mentioned
before, the miR-143 is epigenetically repressed by promoter hypermethylation in
MLL-AF4-positive primary blast, but not in normal bone marrow cells, and neither
in MLL-AF4-negative primary blasts. Besides, MLL-AF4 expression is regulated
by miR-143, such not being possible in MLL-AF4-positive cells. The restoration
of miR-143 levels could induce apoptosis and regulate in a negative way the of the
leukemia cells growth [47].

The miR-125b-2 cluster, consisting of miR-125b, miR-99a and let-7c, is
increased in ETV6-RUNX1+ leukemia. According to previous reports, the miR-
125b-2 cluster expression is not regulated by the ETV6-RUNX1 fusion protein,
which indicates that the expression of this cluster may be an independent leukemia
event. Further knockdown of miR-125b-2 cluster in the ETV6-RUNX1" cell line Reh
led to increased cell sensitivity to DOXO and staurosporine treatment. Hence, the
overexpression of miR-125b-2 cluster confers to leukemic cells survival advantage
through the inhibition of apoptosis and failure in activation of caspase-3 [48].
These findings support the idea that miR-125b-2 cluster is a potential therapeutic
target in pediatric ALL.

In pediatric ALL patients, a genome-wide miRNA analysis indicated a reduced
miR-335 expression, such being the most significant miRNA abnormality associ-
ated with a poor outcome. Furthermore, the overexpression of miR-335 signifi-
cantly sensitized the ALL cells to PRED. The role of miR-335 in PRED resistance
was studied by investigating downstream pathways. The results suggested that low
level of miR-335 leads to higher MAPK1-mediated survival. Further treatment with
MEK/ERK inhibitor enhanced PRED-induced cell death suggesting that using syn-
thetic miR-335 and overriding MAPK1 activity plus MEK/ERK pathway inhibition
may provide a promising therapeutic strategy to overcome PRED resistance [49].

In regards of T-ALL, few studies investigate the role of miRNAs in GC response.
GC bind to its receptor (GCR), which acts as a ligand-dependent-transcription
factor, inducing cell cycle arrest and apoptosis in cancer cells [50]. The GCR is
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modulated by miR-142-3p, which represses GCR biosynthesis. The inhibition

of miR-142-3p in T-ALL cell lines resulted in increased GC-mediated cell death
compared to not inhibited cells. Another protein involved in GC resistance via GCR
repression is the FKBP51, which is negatively regulated by miR-100 and miR-99.
Both miRNAs are found to be downregulated in the T-ALL as well as the B-ALL.

In transfected T-ALL cell lines with mimics of miR-100 and miR-99, the result

led to enhanced sensitivity to CG and apoptosis. In addition, previous studies
reported that miR-100 and miR-99 act synergistically with miR-125 enhancing
resistance to VCR [51, 52]. In vitro studies indicate that only the overexpression of
the three aforementioned miRNAs led to VCR resistance. Moreover, hypoxia is a
crucial microenvironmental factor supporting self-renewal of leukemic stem cells
in bone marrow niches. miR-210 is one of the hypoxia-regulated miRNAs most
studied in cancer including its role in drug resistance and as a prognostic potential.
The miR-210 levels were modified in ETV6-RUNX+ Reh and MLL-AF4 + RS4; 11
pediatric ALL cell lines by introducing antagomiR and agomiR to miR-210. After
24 h of the transfection, both cell lines were treated with the DNR, VCR, DEX

and L-ASP, individually or in combinations of the four drugs. In ETV6-RUNX+
Reh cells, the half maximal inhibitory concentrations (IC50s) of DNR, DEX and
L-ASP were significantly decreased (in agomiR-transfected cells) or increased (in
antagomiR-transfected cells) compared to cells transfected with negative control
mimics. At the other extreme, the IC50s of DNR, DEX and VCR were decreased
(in agomiR-transfected cells) or increased (in antagomiR-transfected cells) in
MLL-AF4 + RS4;11 cells [53]. In regards with these findings, the use of agomiRs and
antagomiRs to miRNAs could be an alternative to overcome resistance to chemo-
therapy. Nevertheless, the great challenge in clinical and nonclinical trials, is the
delivery of synthetic miRNAs to leukemia cells effectively.

5. Conclusion and future directions

miRNAs are taking place as therapeutic targets promising in the molecular
oncology due to their ability to regulate important cellular processes through multi-
ple targets. Their inherent role in carcinogenesis can be as oncogenes or tumor sup-
pressive genes, and the identification of specific biological functions, type of cancer
and targets of miRNAs is a critical aspect in the approach of miRNAs therapeutics.
Since miRNAs are differentially expressed in distinct stages of lymphopoiesis and
influence ALL development, the aberrant miRNAs signatures observed in ALL
may be intensively used to determine biomarkers for diagnosis, classification and
prognosis. The changes in the expression level of several miRNAs play a functional
role in drug resistance, and the reversal of such expression profiles could improve
drug sensitivity to obtain better clinical outcomes. The transfection of agomiRs or
antagomiRs to miRNAs allows the increase or decrease of specific miRNA expres-
sion levels. However, safety concerns and degradation effects limit their efficacy
in vivo. There is a need for systemic delivery of miRNA as therapeutic agent in the
treatment of ALL. The miRNAs listed before represent a low percentage of the
total miRNAs studied as potential therapeutic targets. It is quite difficult to present
the entire list, nonetheless, there is an available database considered as a valuable
source of information for researchers to understand and investigate miRNAs and
their targets with diagnostic and therapeutic potential in ALL. Such database is
LeukmiR and can be consulted in this link http://tdb.ccmb.res.in/LeukmiR/



MicroRNAs and Their Role in Acute Lymphoblastic Leukemia
DOI: http://dx.doi.org/10.5772/intechopen.94960

Author details
Edgardo Becerra Becerra and Guadalupe Garcia-Alcocer®
Unidad de Investigacién Genética, Posgrado en Ciencias Quimico Biolégicas,

Facultad de Quimica, Universidad Auténoma de Querétaro, Querétaro, Mexico

*Address all correspondence to: leguga@email.com

IntechOpen

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Acute Leukemias

References

[1] Noone AM, Howlader N,

Krapcho M, Miller D, Brest A,

Yu M, Ruhl J, Tatalovich Z, Mariotto A,
Lewis DR, Chen HS, Feuer EJ CK.
SEER Cancer Statistics Review (CSR)
1975-2015.

[2] Rendén-Macias ME, Reyes-
Zepeda NC, Villasis-Keever MA,
Meneses JS, Nufiez AE. Tendencia
mundial de la supervivencia en
pacientes pedidtricos con leucemia
linfoblastica aguda. revision de las
ultimas cuatro décadas. Bol Med Hosp
Infant Mex. 2012;69(3):153-163.

[3] Zhao H, Wang D, DuW, Gu D,
Yang R. MicroRNA and leukemia: Tiny
molecule, great function. Crit Rev
Oncol Hematol. 2010;74(3):149-155.
doi:10.1016/j.critrevonc.2009.05.001

[4] Terwilliger T, Abdul-

Hay M. Acute lymphoblastic leukemia: a
comprehensive review and 2017 update.
Blood Cancer J. 2017;7(6):e577-e577.
doi:10.1038/bc;j.2017.53

[5] Rawoof A, Swaminathan G,
Tiwari S, Nair RA, Dinesh Kumar L.
LeukmiR: a database for miRNAs and
their targets in acute lymphoblastic
leukemia. Database. 2020;2020.
doi:10.1093/database/baz151

[6] Vora A. Childhood leukaemia: an
update. Paediatr Child Health (Oxford).
2016;26(2):51-56. doi:10.1016/j.
paed.2015.10.007

[7] Johanson TM, Skinner JPJ, Kumar A,
ZhanY, Lew AM, Chong MMW. The
role of microRNAs in lymphopoiesis.
Int ] Hematol. 2014;100(3):246-253.
d0i:10.1007/512185-014-1606-y

[8] Garzon R, Croce CM. MicroRNAs in
normal and malignant hematopoiesis.
Curr Opin Hematol. 2008;15(4):352-358.
doi:10.1097/MOH.0b013e328303e15d

10

[9] Calin GA, Dumitru CD, Shimizu M,
et al. Nonlinear partial differential
equations and applications: Frequent
deletions and down-regulation of
micro- RNA genes miR15 and miR16 at
13q14 in chronic lymphocytic leukemia.
Proc Natl Acad Sci.2002;99(24):15524-
15529. doi:10.1073/pnas.242606799

[10] Lin S, Gregory RI. MicroRNA
biogenesis pathways in cancer. Nat Rev
Cancer. 2015;15(6):321-333. doi:10.1038/
nrc3932

[11] O’Brien J, Hayder H,

Zayed Y, Peng C. Overview of
MicroRNA Biogenesis, Mechanisms
of Actions, and Circulation. Front
Endocrinol (Lausanne).2018;9.
doi:10.3389/fendo.2018.00402

[12] Acunzo M, Romano G,
Wernicke D, Croce CM. MicroRNA
and cancer — A brief overview. Adv
Biol Regul. 2015;57:1-9. doi:10.1016/j.
jbior.2014.09.013

[13] Yeasmin F, Yada T, Akimitsu N.
Micropeptides Encoded in Transcripts
Previously Identified as Long
Noncoding RNAs: A New Chapter

in Transcriptomics and Proteomics.
Front Genet. 2018;9. doi:10.3389/
fgene.2018.00144

[14] Zheng L, Tu Q, Meng S, et al.
Runx2/DICER/miRNA Pathway in
Regulating Osteogenesis. ] Cell Physiol.
2017;232(1):182-191. doi:10.1002/
jcp.25406

[15] Ultimo S, Martelli AM, Zauli G,
Vitale M, Calin GA, Neri LM. Roles
and clinical implications of microRNAs
in acute lymphoblastic leukemia. J

Cell Physiol. 2018;233(8):5642-5654.
doi:10.1002/jcp.26290

[16] Grobbelaar C, Ford AM. The
Role of MicroRNA in Paediatric



MicroRNAs and Their Role in Acute Lymphoblastic Leukemia

DOI: http://dx.doi.org/10.5772/intechopen.94960

Acute Lymphoblastic Leukaemia:
Challenges for Diagnosis and
Therapy. ] Oncol. 2019;2019:1-14.
doi:10.1155/2019/8941471

[17] Chen B, Luan C, Yang Z. The
functional role of microRNA in acute
lymphoblastic leukemia: relevance
for diagnosis, differential diagnosis,
prognosis, and therapy. Onco Targets
Ther. October 2015:2903. doi:10.2147/
OTT.S92470

[18] He Y, Jiang X, Chen J.

The role of miR-150 in normal and
malignant hematopoiesis. Oncogene.
2014;33(30):3887-3893. d0i:10.1038/
onc.2013.346

[19] Lawrie CH, Manterola L,
Fernandez-Mercado M, et al.
MicroRNAs as B-cell lymphoma
biomarkers. Blood Lymphat Cancer
Targets Ther. February 2015:25.
doi:10.2147/BLCTT.S60481

[20] O’Connell RM, Kahn D,

Gibson WSJ, et al. MicroRNA-155
Promotes Autoimmune Inflammation
by Enhancing Inflammatory T

Cell Development. Immunity.
2010;33(4):607-619. doi:10.1016/j.
immuni.2010.09.009

[21] Seddiki N, Brezar V, Ruffin N,

Lévy Y, Swaminathan S. Role of miR-155
in the regulation of lymphocyte immune
function and disease. Immunology.
2014;142(1):32-38. doi:10.1111/
imm.12227

[22] Yang Z, Wan X, Gu Z, et al.
Evolution of the mir-181 microRNA
tamily. Comput Biol Med. 2014;52:82-87.
doi:10.1016/j.compbiomed.2014.06.004

[23] Pop-Bica C, Pintea S,
Cojocneanu-Petric R, et al. MiR-181
family-specific behavior in different
cancers: a meta-analysis view. Cancer
Metastasis Rev. 2018;37(1):17-32.
doi:10.1007/s10555-017-9714-9

11

[24] Verduci L, Azzalin G, Gioiosa S,
et al. microRNA-181a enhances cell
proliferation in acute lymphoblastic
leukemia by targeting EGR1. Leuk
Res. 2015;39(4):479-485. doi:10.1016/j.
leukres.2015.01.010

[25] Neilson JR, Zheng GXY, Burge CB,
Sharp PA. Dynamic regulation of
miRNA expression in ordered stages
of cellular development. Genes Dev.
2007;21(5):578-589. do0i:10.1101/
gad.1522907

[26] He Y, Chevillet JR, Liu G, Kim TK,
Wang K. The effects of microRNA

on the absorption, distribution,
metabolism and excretion of drugs. Br
J Pharmacol. 2015;172(11):2733-2747.
doi:10.1111/bph.12968

[27] Rao R, Nagarkatti PS, Nagarkatti M.
A 9 Tetrahydrocannabinol attenuates
Staphylococcal enterotoxin B-induced
inflammatory lung injury and prevents
mortality in mice by modulation of
miR-17-92 cluster and induction of
T-regulatory cells. Br ] Pharmacol.
2015;172(7):1792-1806. doi:10.1111/
bph.13026

[28] Fulci V, Colombo T, Chiaretti S, et al.
Characterization of B- and T-lineage
acute lymphoblastic leukemia by
integrated analysis of MicroRNA and
mRNA expression profiles. Genes,
Chromosom Cancer. 2009;48(12):1069-
1082. doi:10.1002/gcc.20709

[29] Mavrakis KJ, Van Der

Meulen ], Wolfe AL, et al. A cooperative
microRNA-tumor suppressor gene
network in acute T-cell lymphoblastic
leukemia (T-ALL). Nat Genet.
2011;43(7):673-678. doi:10.1038/ng.858

[30] Bertacchini J, Heidari N,
Mediani L, et al. Targeting PI3K/
AKT/mTOR network for treatment
of leukemia. Cell Mol Life Sci.
2015;72(12):2337-2347. d0i:10.1007/
s00018-015-1867-5



Acute Leukemias

[31] LiY, Hu Z, Chen B, et al. Taurine
attenuates methamphetamine-
induced autophagy and apoptosis in
PC12 cells through mTOR signaling
pathway. Toxicol Lett. 2012;215(1):1-7.
doi:10.1016/j.toxlet.2012.09.019

[32] Li X-J, Luo X-Q, Han B-W, Duan
F-T, Wei P-P, Chen Y-Q. MicroRNA-
100/99a, deregulated in acute
lymphoblastic leukaemia, suppress
proliferation and promote apoptosis

by regulating the FKBP51 and IGF1R/
mTOR signalling pathways. Br ] Cancer.
2013;109(8):2189-2198. d0i:10.1038/
bjc.2013.562

[33] Tsuchida A, Ohno S, Wu'W, et al.
miR-92 is a key oncogenic component
of the miR-17-92 cluster in colon cancer.
Cancer Sci. 2011;102(12):2264-2271.
doi:10.1111/j.1349-7006.2011.02081.x

[34] Zaidi SK, Perez AW, White ES,
Lian JB, Stein JL, Stein GS. An AMLI1-
ETO/miR-29b-1 regulatory circuit
modulates phenotypic properties

of acute myeloid leukemia cells.
Oncotarget. 2017;8(25):39994-40005.
doi:10.18632/oncotarget.18127

[35] Ortega M, Bhatnagar H, Lin
A-P, et al. A microRNA-mediated
regulatory loop modulates NOTCH
and MYC oncogenic signals in B-
and T-cell malignancies. Leukemia.
2015;29(4):968-976. doi:10.1038/
leu.2014.302

[36] Inaba H, Greaves M, Mullighan CG.
Acute lymphoblastic leukaemia. Lancet.
2013;381(9881):1943-1955. d0i:10.1016/
S0140-6736(12)62187-4

[37] Gémez-Gdémez Y, Organista-
Nava J, [llades-Aguiar B, Antonio
Leyva-Vazquez M. miRNAs in Acute
Lymphoblastic Leukemia: Diagnosis,
Prognosis and Target Therapeutic. In:
Advances in Hematologic Malignancies.
IntechOpen; 2019. doi:10.5772/
intechopen.84318

12

[38] Martinez N, Almaraz C, Vaqué JP,

et al. Whole-exome sequencing in
splenic marginal zone lymphoma reveals
mutations in genes involved in marginal
zone differentiation. Leukemia.
2014;28(6):1334-1340. doi:10.1038/
leu.2013.365

[39] Kibria G, Hatakeyama H,
Harashima H. Cancer multidrug
resistance: mechanisms involved and
strategies for circumvention using

a drug delivery system. Arch Pharm
Res. 2014;37(1):4-15. d0i:10.1007/
s12272-013-0276-2

[40] Rahgozar S, Moafi A, Abedi M,

et al. mRNA expression profile of
multidrug-resistant genes in acute
lymphoblastic leukemia of children,

a prognostic value for ABCA3 and
ABCA2. Cancer Biol Ther. 2014;15(1):35-
41. doi:10.4161/cbt.26603

[41] de Oliveira JC, Brassesco MS,
Scrideli CA, Tone LG, Narendran A.
MicroRNA expression and activity

in pediatric acute lymphoblastic
leukemia (ALL). Pediatr Blood Cancer.
2012;59(4):599-604. d0i:10.1002/
pbc.24167

[42] Ghodousi ES, Rahgozar S.
MicroRNA-326 and microRNA-200c:
Two novel biomarkers for diagnosis
and prognosis of pediatric acute
lymphoblastic leukemia. J Cell Biochem.
2018;119(7):6024-6032. doi:10.1002/
jcb.26800

[43] Kotani A, Ha D, Schotte D,
Armstrong SA, Lodish HF. A novel
mutation in the miR-128b gene reduces
miRNA processing and leads to
glucocorticoid resistance of MLL-AF4
Acute Lymphocytic Leukemia cells. Cell
Cycle. 2010;9(6):1037-1042. doi:10.4161/
cc.9.6.11011

[44] Qian L, Zhang W, Lei B, et al.
MicroRNA-101 regulates T-cell acute
lymphoblastic leukemia progression



MicroRNAs and Their Role in Acute Lymphoblastic Leukemia

DOI: http://dx.doi.org/10.5772/intechopen.94960

and chemotherapeutic sensitivity
by targeting Notchl. Oncol Rep.
2016;36(5):2511-2516. doi:10.3892/
0r.2016.5117

[45] Faber J, Gregory RI, Armstrong SA.
Linking miRNA Regulation to BCR-
ABL Expression: The Next Dimension.
Cancer Cell. 2008;13(6):467-469.
do0i:10.1016/j.ccr.2008.05.013

[46] Nishioka C, Tkezoe T, Yang ],
Nobumoto A, Tsuda M, Yokoyama A.
Downregulation of miR-217 correlates
with resistance of ph + leukemia cells to
ABL tyrosine kinase inhibitors. Cancer
Sci. 2014;105(3):297-307. doi:10.1111/
cas.12339

[47] DouL, Zheng D, LiJ, etal.
Methylation-mediated repression of
microRNA-143 enhances MLL-AF4
oncogene expression. Oncogene.
2012;31(4):507-517. d0i:10.1038/
onc.2011.248

[48] Gefen N, Binder V, Zaliova M, et al.
Hsa-mir-125b-2 is highly expressed in
childhood ETV6/RUNX1 (TEL/AML1)
leukemias and confers survival advantage
to growth inhibitory signals independent
of p53. Leukemia. 2010;24(1):89-96.
doi:10.1038/1eu.2009.208

[49] Yan ], Jiang N, Huang G, etal.
Deregulated MIR335 that targets
MAPK1 is implicated in poor outcome
of paediatric acute lymphoblastic
leukaemia. Br | Haematol.
2013;163(1):93-103. doi:10.1111/
bjh.12489

[50] Lv M, Zhang X, Jia H, etal. An
oncogenic role of miR-142-3p in human
T-cell acute lymphoblastic leukemia
(T-ALL) by targeting glucocorticoid
receptor-o and cAMP/PKA pathways.
Leukemia. 2012;26(4):769-777.
doi:10.1038/leu.2011.273

[51] Akbari Mogadam F, Lange-
Turenhout EAM, Ariés IM, Pieters R,

13

den Boer ML. MiR-125b, miR-100
and miR-99a co-regulate vincristine
resistance in childhood acute
lymphoblastic leukemia. Leuk Res.
2013;37(10):1315-1321. doi:10.1016/j.
leukres.2013.06.027

(52] Drobna M, Szarzynska-Zawadzka B,
Dawidowska M. T-cell acute
lymphoblastic leukemia from miRNA
perspective: Basic concepts,
experimental approaches, and potential
biomarkers. Blood Rev. 2018;32(6).
doi:10.1016/j.blre.2018.04.003

[53] Mei Y, Gao C, Wang K, et al. Effect
of microRNA-210 on prognosis and
response to chemotherapeutic drugs in
pediatric acute lymphoblastic leukemia.
Cancer Sci. 2014;105(4):463-472.
doi:10.1111/cas.12370



