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ABSTRACT

miRNAs regulate gene expression at post transcription level
thereby mediate several pathophysiological conditions. They
also act as epigenetic regulators to modulate biological
processes and involve in malignant cell development or
progression. miRNAs are evolving diagnostic and prognostic
biomarkers in several cancers including leukemia. As the
current clinical biomarkers have few limitations with respect to
optimal clinical decision making, miRNAs may have potential

clinical usage in d disease diagnosis.
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INTRODUCTION

MicroRNAs (miRNAs) are endogenous non-coding RNAs that consist of 19 to 25
nucleotides in size, involved in gene expression regulation usually at post-transcriptional
level thereby mediates several biological processes such as apoptosis, cell proliferation, and
differentiation (1-3). Dysregulation of specific miRNAs which are function as an oncogene or
tumor suppressors have been associated with the development of several human malignancies
and the specific miRNA expression pattern may use in the classification of human cancers.
(4-6). MIRNAs have also been associated with the development of hematological
malignancies and were correlated with chromosomal variations and clinical outcomes of
leukemia subtypes. Specific cytogenetic changes and clinical outcomes of different subtypes
of leukemia have been reported, demonstrating miRNAs have the potential to be used for

clinical diagnosis, prognosis, and cancer therapy (7-13).
mMiRNA signature in leukemogenesis

Dysregulation of several miRNAs such as miR-15/16, miR-34b/c, miR-29, miR-181b, miR-
17/92, miR-150, and miR-155 has been associated with disease progression and resistance to
chemotherapy in CLL patients [14]. Nearly two-thirds of CLL patients have showed
decreased miR-15a/16-1 expression levels. Indeed, miR-15a and miR-16- 1 are located in
the same locus of 13q14.3 chromosome, a genomic region typically observed to be deleted in
CLL patients. [15].

Micro RNA dysregulations have been observed by several mechanisms that are involved in
AML pathogenesis. Previous studies have reported that miRNAs can promote
leukemogenesis, modifying various biological processes such as survival, differentiation,
proliferation, self-renewal, and epigenetic modification. These biological processes are
typically mediated by interacting with deregulated tumor suppressor proteins or oncoproteins.
These interactions are usually controlled at the post-transcriptional level. In table (1) we have
summarized some candidate miRNAs which play an important role in AML pathogenesis.
We have illustrated each miRNA’s staus (up or down-regulation), their targets, and the
functional effect of its dysregulation in AML pathogenesis.

Previously, it was reported that the functional effect of miRNA dysregulation might be
depending on its expression levels. For instance, miRNA 155 overexpression may act as an
oncogenic factor in AML-FLT3-ITD patients (16,17) whereas in other subtype AML patients
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overexpression of miRNA 155 may act as a tumor suppressor (18,19). Elevated levels of
miRNA 155 have resulted in decreased clonal proliferation. In contrast, low levels of miRNA
155 have functioned to be oncogenic and led to enhanced proliferation and colony-forming
ability (20). Moreover, it was observed that miRNA 155 moderate levels were found to be
associated with in poor prognosis indicating the potential oncogenic function of miRNA 155

in hematological malignancy.

Polycistronic miRNA like miRNA17 expression has been significantly elevated in MLL
rearranged leukemia (21, 22). It was reported that the CDK inhibitor P21 was an important
target gene for miR-17. Leukemia cells with increased levels of miR-17 have exhibited
elevated LSC properties resulted in suppression of differentiation and increased cell
proliferation. (21). Moreover, it has been reported that decreased miR-17-92 levels may
promote myeloid lineage fate of CD34 positive HPCs derived from cord blood. miRNA125b
plays an important role in regulation of hematopoiesis (23). It was observed that miRNA
125b have been differentially expressed in the hematopoietic sub population (24). Its
downregulation was observed in committed progenitors whereas up-regulation observed in

lymphoid progenitors compared to myeloid progenitors (25).

miRNAs also play an important role in the regulation of hematopoiesis. Moreover, they
regulate the biological activity of LSC, their development, and self-renewal. (26,27).
miRNAs have been showing differential expression patterns in LSCs. It was suggested that
precise regulation of miRNA expression might be led to regulation of their target that
eventually led to LSC resistance elimination by promoting cell death (28). miRNAs
differential expression had been observed to be varied between LSC ( CD34", CD38") and
HSCs. They reported that levels of miRNA10a, miR29b, miR551b, miR125b, and miR151-5
were found to be elevated in HSCs compared to LSCs. (29). miRNA126 is a candidate
molecule in leukemia development. miRNA126 levels have been elevated in HSC and LSCs
compared to leukemia progenitor indicating the potential role of miRNA126 in the
maintenance of stem cell nitch (29). miRNA 126 has found to be regulated several signaling
pathways such as PISK/AKT/MTOR and protein kinase B that play a crucial role in
differentiation, self-renewal, and cell cycle progression of LSCs. However, miRNA126
shows the dual function in LSCs and HSC. Decreased levels of miRNA126 have led to
increased HSC expression by inhibiting the apoptosis and colony formation ability of LSCs
(30, 31, 29). miRNA-17 was shown to be regulated the LSC potential in vivo by targeting the
CDK P21 thereby promotes leukemic cell development (21).
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MiRNAs as therapeutic targets

FDA has been approved several miRNAs for medical intervention. These candidate miRNAS
play an important role in various diseases (54). Cancer cells sometimes exert resistance to
conventional chemotherapy which is a major hurdle in cancer treatment. These therapies
typically target blast cell populations and show poor effect on leukemic stem cells
emphasizing the need for exploring new molecular targets to treat AML. miRNAs are
becoming attractive molecular targets and provide a promising approach for cancer treatment.
In this approach, miRNA expression would be manipulated to promote or suppress their
activity. The manipulation strategies can be obtained by miRNA mimic agents delivered by
synthetic vectors, dendrimer based vectors, lipid-based nanocarriers and inorganic nano-
based polymers (32,33). Previously, several studies have been illustrated the miRNA-based
therapeutic approaches in both in vitro and in vivo models. miRNA29b levels were showed to
be elevated in AML blast cells when it was delivered by nanoparticle-based vectors. (34). In
another study, it was shown that the replacement of miR 29 had resulted in decreased
neoplastic infiltration and leukemic cell proliferation (35). Inhibition of leukemic cell
proliferation has been observed with the restoration of miR-122, miR193a in childhood AML

and xenograft model (36).
CONCLUSION:

miRNAs are evolving biomarkers and therapeutic targets as they regulate oncogene functions
which make them an attractive drug targets. However, identifying the candidate miRNA and
designing of delivery vehicle for a particular disease may improve therapeutic efficacy and
reduce the toxicity. Further studies in large population will improve miRNA usage in CML

clinical settings.
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Table No. 1: miRNAs involved in AML pathogenesis

Up/down-regulated miRNAS Down-regulated miRNA Reference
MIRNA9:Up regulation: in MLL- Elevated proliferation and survival 37
AML
miRNA29b:Down: in various subtypes Increased cell gromh, decreased
apoptosis, 38
of AML : L
leukemic progression in vivo
miRNA99:Up: in pediatric-onset AML Increased prollfe.ratlon, colony
formation, 39
(M1-M5) .
cell survival
MIRNAL7-92: Up: in LSCs In MLL- Increased proliferation colony-forming 40
AML
: . . Increased proliferation and cell cycling,
miRNA192: Down: in various subtype . . 41
decreased differentiation
MIRNAL94-5p IIZ?rc]);Nn: in AML cell Decreased apoptosis, differentiation 42
miRNA182:Down: in AML - -
WithCEBPA mutation, Decreased myeloid differentiation 43
Table2: miRNAs involved in CML pathogenesis
mMiRNA Expression level Target Function Reference
miR-130a Up regulation CCN3 platelet differentiation 44
miR-17-92 ) Elevated in primary CML
Up regulation c-MYC 45
cluster CD34" cells
_ _ Cell migration, growth,
miR-21 Downregulation Bcl2 ] ) ) 46
apoptosis and, invasion
. ) Hematopoietic cell
miR-486-5p Upregulation PTEN ] o 47
differentiation
. _ AKT2, . N
miR-217 Upregulation Leukemic cell proliferation 48
STAT5A
miR-181c Downregulation RAD21 Suppresses cell growth 49
miR-146 Upregulation NFkB Cell proliferation 50
miR-31 Downregulation MAPK Apoptosis 51
miR-155 Downregulation MAPK Cell proliferation 52
) _ Regulates promoter
miR-203 Downregulation DNMTs ) ) 53
demethylation of miR-203
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Table 3: Ongoing clinical studies for the microRNAs to use in different diseases (54)

mMiRNA gene Drug name Disease
MiRNA34 MRX34 Lymphoma, Liver cancer
miR-16 MesomiR-1 Cardiac diseases
miR-155 Cobomarsen (MRG-106) T-cell lymphoma/mycosis
miR-122 Miravirsen Hepatitis C virus
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Figure No.1: miRNAs involved in Chronic Myeloid Leukemogenesis
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