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Acute promyelocytic leukaemia (APL) is an M3 subtype of acute myeloid leukaemia (AML). This classification is based on the
morphology of promyelocytic cell.The clinical characteristics of APL can be recognized by haemorrhagic episodes, a differentiation
block at the promyelocytic stage, and sensitivity to the differentiation response to all-trans-retinoic acid (ATRA). Cytogenetically,
APL is characterized by a balanced reciprocal translocation between chromosomes 15 and 17, which results in the production of
PML/RAR𝛼 fusion protein. Recent studies reported that microRNAs (miRNAs) have also been proposed to contribute to the
pathogenesis of APL. miRNAs have been associated with the pathogenesis of cancer and their involvement as oncogenic and
tumour suppressor activities have been identified.They are involved in various biological processes including the cell proliferation,
differentiation, growth and development, metabolism, apoptosis, and haematopoiesis. The new discovery of miRNAs as possible
therapeutic markers will provide new insight for the diagnosis and therapeutic entries for the treatment of APL. This review
highlights the potential of miRNAs as biomarkers in APL.

1. Introduction

Acute promyelocytic leukaemia (APL) is identified as the M3
subtype of acute myeloid leukaemia (AML) by the French-
American-British (FAB) classification. This classification is
based on the percentage of maturing cells beyond the
myeloblast stage. Bone marrow shows hypercellular promye-
locytes and the most striking feature of these cells is the
cytoplasmic hypergranularity. Multiple Auer rods are also
observed in a few early cells in APL. According toWHO2008
classification, APL is characterized by a reciprocal transloca-
tion between chromosomes 15 and 17, which results in the
fusion between the promyelocytic leukaemia (PML) gene
and retinoic acid receptor 𝛼 (RAR𝛼) gene [1]. A schematic
representation of the chromosomes and genes involved in
t(15;17) is shown in Figure 1.

The breakpoints on chromosome 17 are consistently
located within the second intron of the RAR𝛼 gene, but,

on chromosome 15, there are different breakpoint cluster
regions, namely bcr1, bcr2, and bcr3 located in intron 6, exon
6, and intron 3, respectively, of the PML gene [2, 3]. The
location of bcr1, bcr2, and bcr3 produces fusion transcripts
of varying lengths referred to as the long, variant, and short
forms, respectively [3]. This translocation can be detected
by karyotyping or fluorescence in situ hybridization (FISH)
studies, and the transcript can be detected bymolecular tech-
niques like the polymerase chain reaction (PCR) technique.

Approximately 40% to 55% of t(15;17) positive cases
were identified within breakpoint region, referred to as bcr1
followed by bcr3 in approximately 37% to 45% cases.Themost
uncommon breakpoint region, bcr2, is involved in roughly
8% to 14% of t(15;17) positive cases [3, 4]. Therefore, three
distinct types of PML-RAR𝛼 transcripts can be generated in
different patients.

The different domains of PML protein retained in the
PML-RAR𝛼 isoforms can cause different clinical courses that
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Figure 1: Chromosomal reciprocal translocation of the 15th and 17th
chromosomes.

could affect function and therapeutic responsiveness [5]. Our
previous study inHospital Universiti SainsMalaysia (HUSM)
had found that the survival rate was 100% and 33.3% for L/V-
forms and S-forms, respectively (𝑃 < 0.005). Median survival
for S-form was 19.9 months while all patients with L/V-form
have survived to date [6].

Recent studies have reported that microRNAs (miRNAs)
also play critical roles in the pathogenesis of APL, since
miRNAswith oncogenic and tumour suppressor activity have
been identified [7–11]. Discovery of miRNAs has opened up
the possible application inmolecular diagnostics andmarkers
for follow up in patients with APL.

In this review, we will briefly discuss the potential roles of
miRNAs as biomarkers in APL.

2. MicroRNAs and Haematological
Malignancies

There is a large volume of published studies describing the
potential role of miRNAs in haematological malignancies.
miRNAs are small, noncoding RNA (∼22 nucleotides in
size) that can regulate many cellular functions, including cell
development, proliferation, differentiation, apoptosis, and
haematopoiesis [12, 13]. miRNAs control gene expression at
the posttranscriptional level by degrading or repressing target
messenger RNAs (mRNAs) [14].The involvement ofmiRNAs
in cancer has been proven through scientific studies that are
growing rapidly. miRNAs have been proposed to contribute
to oncogenesis because they can function either as tumour
suppressors or oncogenes (Figure 2) [14]. The major general
causes of altered miRNAs expression in cancer are genetic
alterations [15], epigenetic mechanisms [16], deregulation of
miRNAs,mutation inmiRNAbiogenesis pathway, andmech-
anism for escape from repression by miRNAs. Abnormal
expression of miRNAs has been found in both solid [17–
23] and haematopoietic tumours [7, 9, 24–27] by various
genome-wide techniques.

ThefirstmiRNAs reported to have important roles in can-
cer were miR-15 and miR-16 [28]. Both miRNAs are located
at chromosome 13q14, a region deleted in most cases of B cell
(B-CLL). MiR-15 and miR-16 were found downregulated in
the majority of chronic lymphocytic leukaemia (CLL) cases.
This finding was supported by other findings that found that
miR-15 and miR-16 were also involved in the pathogenesis of

solid cancer such as pituitary adenomas, non-small-cell lung
cancer, and prostate cancer [29–31]. The targeted genes that
were regulated by miR-15 and miR-16 are Bcl2, CCND1, and
WNT3A. A recent study also found that both miRNAs have a
direct feedback on TP53 in CLL [32].

Later, the first miRNA that has a role in myelopoiesis,
miR-223, was discovered by Fazi et al. [33]. MiR-223 is
regulated by CEBPa transcription factor and is shown to
target MEF2c transcription factor, a known promoter of
myeloid progenitor differentiation.

Other miRNAs are now identified to be involved in the
pathogenesis of haematological malignancies. For example,
increased expression of the precursor ofmiR-155was detected
in pediatric Burkitt lymphoma [34], Hodgkin lymphoma
[35], and diffuse large B-cell lymphomas [36]. Recently, miR-
155 was reported to play a unique role in myeloid leukemoge-
nesis [37]. It has been suggested that miR-155 is responsible
for the oncogenic function of BIC gene [36]. The elevated
levels of miR-155 have also been identified in leukocytes in
association with an inflammatory response [38].

A study was carried out by Feng et al. [39] to identify a
group of miRNAs that were differentially expressed between
exosomes and K562 cells. Exosomes are small membrane
vesicles ranging from 40 to 100 nm in size that carry proteins,
RNAs, andmicroRNAs [40].The functional role of exosomes
in disease initiation and progression had been described
in many studies. Tumor cells have been shown to secrete
exosomes, and these exosomes can carry the genomic and
proteomic signatures characteristic of the tumor cells. It is
suggested that exosomes may be involved in cancer cell-
to-cell communication. Their findings demonstrated that 49
miRNAs were upregulated in K562 cell derived exosomes as
compared to K562 cells (Table 1). These finding suggested
that miRNAs in exosomes may promote the development of
chronic myeloid leukaemia (CML).

MiR-17-92 were found to be downregulated in B-cell
lymphoma [41]. This miRNAs cluster was demonstrated to
play a key role in lymphomagenesis. Some of their targeted
genes (E2F1, E2F3, Pten, AML1, Bim, AIB1, TGFBRII, Tsp1,
CTGF, and p130) have been documented to have important
roles in hematopoiesis, apoptosis, cell-cycle progression, and
angiogenesis, and some have been associated with tumorige-
nesis [41–45].

Expression studies of miRNAs in AML have shown that
miRNA has an important role in haematopoietic develop-
ment and that expression of miR-181a in particular correlates
with morphological subclass [46]. In this study, three other
miRNAs, miR-10a, miR-10b, and miR-196a-1, showed a clear
correlationwithHOXgene expression. Previously, HOX gene
expressionwas reported to be upregulated in leukaemias with
a normal karyotype [47].

Subsequent study conducted on miRNAs in AML found
that the distinctive pattern of miRNAs can classify the sub-
types of AML [27]. For example,miR-127,miR-154,miR-154∗,
miR-299, miR-323, miR-368, and miR-370 were upregulated
in APL (AML with translocation t(15;17)) as compared to
other subtypes.

All findings suggested that miRNAs may play important
roles in haematological malignancies.
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Figure 2: MicroRNAs as tumour suppressor and oncogene.

3. MicroRNAs as Biomarkers in APL

Acute promyelocytic leukaemia (APL) is a highly curable
malignancy. However, some patients will die early at presen-
tation or shortly after initiation of treatment [48, 49]. Recent
studies reported that miRNAs may also play crucial roles in
the pathogenesis of APL. Many studies have been conducted
to identify possible markers that can be used as therapeutic
targets in the management of APL patients.

It is well documented that miRNAs play important roles
in cell differentiation by acting as translational inhibitors
of specific target genes. The first miRNA reported to be
related to APL was miR-223 [50]. This miRNA is specifically
expressed in myeloid cells. Two transcriptional factors were
identified to be responsible for the differential expression
of this miRNA during granulopoiesis: CCAAT/enhancer-
binding protein-𝛼 (C/EBP𝛼) and nuclear factor I-A (NFI-A).
The two transcription factors compete for binding to the
promoter of miR-223. Although NFI-Amaintains miR-223 at
low levels, its replacement by C/EBP𝛼 following retinoic acid
differentiation upregulatesmiR-223 [33].These findings indi-
cate that miR-223 plays a crucial role during granulopoiesis
and clinical response to retinoic acid.

Another study was conducted to further investigate the
involvement of miRNAs in the pathogenesis of APL. They
reported a group of miRNAs; miR-15a, miR-15b, miR-16-
1, let-7a-3, let-7c, let-7d, miR-223, miR-342, and miR-107
were upregulated and miR-181b was downregulated in APL
patients as well as APL cell lines when treated with ATRA
[9]. The findings observed in this study mirror those of the
previous study that miR-223 was induced significantly upon
treatment with ATRA [50]. Interestingly, they found that
miR-107, which is predicted to target NFI-A, was upregulated
as well after ATRA treatment. Besides, the activation of let-
7a and miR-15a/miR-16-1 was shown to correlate with the
downregulation of RAS and Bcl2 genes, respectively. Their
findings highlighted the potential of miRNA profiling in the
diagnosis of APL.

The contribution of miRNAs in the pathogenesis of APL
becomes more interesting to study where a group of miRNAs
targeted by PML-RARA has been reported [10]. MiR-15b,
miR-223, and miR-342 were found to be upregulated in APL
cell lines treated with ATRA whereas the miR-181a and miR-
181b were downregulated in untreated cell lines. In addition,
the let-7a, let-7c, and let-7d miRNAs were also found to be
upregulated by ATRA in APL cells and might be repressed
by PML-RARA. The miRNAs repressed by PML-RARA are
also implicated in the control of crucial pathways linked to

Table 1: Differentially expressed miRNAs between exosomes and
K562 cells.

miRNA Reference
hsa-miR-1908 Hcmv-miR-UL148D
Hsa -miR-30c-1-3p hsa-miR-943
Hsa-miR-711 hsa-miR-525-5p
Hsa-miR-744-5p hsa-miR-629-5p
Has-miR-4285 hsa-miR-625-3p
Hsa-miR-665 hsa-miR-107
Hsa-miRPlus-C1087 hsa-miR-1827
Hsa-miR-423-5p hsa-miR-483-3p
Hsa-miR-3686 Hsv2-miR-H7-3p
Hsa-miR-149-3p hsa-miR-299-5p
Kshv-miR-K12-3 hsa-let-7e-p
Hsv2-miR-H10 hsa-miR-877-3p
Hsa-miR-516b-5p hsa-miR-1249
Sv40-miR-S1-5p hsa-miR-3915
Hsa-miR-3201 hsa-miR-3676-3p
Hsa-miR-638 hsa-miR-1973 Feng et al. [39]
hsa-miR-877-5p hsa-miR-3646
hsa-miR-3611 hsa-miR-298
hsa-miR-519e-5p
Hsv2-miR-H25
Ebv-miR-BHRF1-2
hsa-miR-652-5p
hsa-miR-585
hsa-miR-4279
hsa-miR-518b
Hcmv-miR-US25-1∗

hsa-miR-4268
Hsv2-miRH7-5p
hsa-miR-612
hsa-miR-4290
hsa-miR-498

leukemogenesis. For instance, the expression ofHOXB8 gene
seemed to be controlled by miRNAs potentially repressed by
PML-RARA [10].

In APL cell line, miR-181b was proven to regulate APL
cell proliferation and apoptosis through targetingMLK2 [25].
MLK2 is a component of the mitogen activated protein
kinase (MAPK) pathway which regulates diverse processes,
ranging from proliferation and differentiation to apoptosis.
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The MAPK pathway phosphorylates numerous proteins,
including transcription factors, cytoskeletal proteins, kinases,
and other enzymes, and greatly influences gene expression,
metabolism, cell division, cell morphology, and cell survival
[51, 52].

MiR-181b was found to be upregulated in APL patients as
compared to AML patient samples with normal karyotype. In
addition, themiR-181b expression was downregulated in APL
patient samples after ATRA treatment. Functional study had
shown a decreased level of RSSF1A protein in NB4 cell line
that was transfected with miR-181b. However, these data were
unpublished data [8]. Consistent with this study, this miRNA
was also found to be upregulated in gastric cancer cells and
primary gastric cancer tissue [53].MiR-181bmaybe suggested
as a potential diagnostic biomarker for both cancers.

Upregulation of miR-125b was shown to contribute to
leukemogenesis and increased drug resistance in paediatric
acute promyelocytic leukaemia patients by targeting Bak1
gene [26]. In addition, they found that miR-125b was excep-
tionally highly expressed in the pediatric APL subtype com-
pared with other AML subtypes. Thus, miR-125b expression
should be further examined on a large scale with adult
APL patients. Overexpression of miR-125b was able to block
myeloid differentiation by targeting CBFB, prevent apoptosis
through downregulation of multiple genes involved in p53
pathway, and support cytokine independent proliferation of
both mouse and human myeloid cell lines (NB4 and HL60)
by targeting ABTB1 [54].

A study conducted on a large cohort of AML showed
that unique miRNAs expression profiles were present in
APL cohort [27]. They found upregulation of a subset of
miRNAs located in the human 14q32 imprinted domain.
The set included miR-127, miR-154, miR-154∗, miR-299,
miR-323, miR-368, and miR-370. This study suggested that
miRNAs expression profiles can be used to subclassify cancer.
In addition, miRNAs may play an important role in the
molecular pathogenesis of AML.

Other documentedmiRNAs involved in the pathogenesis
of APL were miR-143 and miR-145. Downregulation of
miR-143 and miR-145 was observed in two APL patients
who received oral ATRA [7]. This result was obtained by
comparing the expression level of miR-143 and miR-145 in
total RNA samples taken at diagnosis and day 6 following
ATRA therapy. This finding was further validated by qRT-
PCR.

Recently, inhibition of miR-92a using locked nucleic acid
(LNA) analysis was reported to induce apoptosis and inhibit
cell proliferation in human APL [11]. Western blot analysis
of p63 protein also revealed that miR-92a inhibition resulted
in p63 expression; hence activation of cellular pathways
which are normally controlled by p63 protein was retrieved.
MiR-92a was found downregulated in some other diseases
including acute leukaemia [55] and multiple myeloma [56].

These findings further support that one miRNA may
regulate hundreds or thousands of target genes and one target
gene may, respectively, be regulated by several miRNAs. In
addition, diverse techniques performed to establish expres-
sion profiles of miRNA show unique miRNA signatures that
are relevant to the pathogenesis, diagnosis, and prognosis of

APL. Importantly, miRNAsmay open a new path for targeted
treatments of APL.

4. Future Perspective

The potential value of using miRNAs as biomarkers in APL
has been shown by numerous promising data. It is based
on the fact that changes in miRNA expression profiles have
been reported during ATRA treatment and the inhibition
of some miRNAs in APL cell lines also showed the alter-
ation in gene expression pattern. Despite strong evidence
supporting the potential value of miRNAs as biomarkers,
several issues need to be addressed to ensure that the
results obtained are consistent. For example, some results
showed low correlation obtained from different platforms or
even from the same platform using different extraction kits.
Detection and quantification of miRNA expression should
be robust, rapid, accurate, reproducible, and inexpensive.
This is significantly important to make sure that accurate
results can be obtained.The discovery ofmiRNAs as potential
diagnostic and prognostic biomarkers will open a new era in
the management of APL.

5. Conclusion

We believe that this paper will provide new information and
better understanding to gain insight into the relationship
between various miRNAs signature involved in APL. We
conclude that miRNAs have potential contributions in APL
and may therefore provide novel biomarkers and therapeutic
targets in the management of APL, resulting in a better
prognostic outlook for patients diagnosed with this disease
in the future.
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