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Introduction

Acute myeloid leukemia (AML) is the most lethal 
of all leukemias and the second most common type of 
leukemia in the world with the most abbreviated survival. 
It is usually treated with current standard chemotherapy, 
which can cure only about 40-45% of younger and about 
10-20% of older patients [1-3]. AML is caused by genetic 
aberrations; including gene mutations, chromosomal 
rearrangements, and abnormal miRNA expression profiles 
[4]. 

MiRNAs are a class of single-stranded, non-coding, 
small RNAs that play a crucial role in the posttranscriptional 
regulation of genes expression. A miRNA inhibits 
the expression of genes by linking to the three prime 
untranslated region or five prime untranslated region 
(3’-UTR or 5’-UTR) of one or more ARNm specific 
sequences [5, 6]. MiRNAs can play two different 
opposing roles that of an oncogene and that of a tumor 
suppressor, depending on cancer type [7]. In AML, their 
expression profiles vary according to AML subtypes 
and during the myeloid differentiation process [8, 9]. 
The deregulation of the miRNAs expression is a biomarker 
of cancer development and progression. They act as 
tumor suppressors that are downregulated in many 
types of human cancers, such as miR-503, miRNA-876, 
and miRNA-451 [10-12].

MiR-204 (microRNA-204) has been demonstrated to 
have crucial physiological roles in retinal development 
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and formation of adipocytes from stem cells. In cancer, it 
influences the tumor initiation, growth, and progression 
by regulating angiogenesis, apoptosis, and metastasis 
processes. MiR-204 has many direct target genes, coding 
for proteins involved in tumorigenesis of different 
cancer types, such as BCL-2 (an apoptosis regulator) in 
gastric cancer, JAK2 (a tyrosine kinase) in breast cancer, 
RUNX2 (a transcription factor) in prostate cancer, SOX4 
(a transcriptional regulator) in acute lymphoblastic 
leukemia, and EPHB2 (a receptor tyrosine kinase) in 
glioma [13, 14]. In this review, I reported the role of 
miR-204 in AML based on published experimental studies.

Materials and Methods

Inclusion and exclusion criteria
This study was conducted to show the role of miR-204 

in AML by reviewing the published results on this topic. 
The bibliographic search was conducted on the electronic 
databases PubMed, Scopus, and Google Scholar. By using 
the following keywords: “acute myeloid leukemia; AML; 
microRNA-204, hsa-mir-204; miR-204”. We also searched 
the references cited in selected studies. The selected studies 
were screened (by reading the title, the abstract, and the 
entire article); studies linked to our subject were included 
in the present review, while duplicate publications, case 
reports, reviews, and studies that not meet the purpose of 
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the research were excluded. The search strategy retrieved 
60 articles. Of these articles, 10 were eligible for the 
present review. The aforementioned steps concerning the 
selection of studies are illustrated in detail in Figure 1. 

Results and Discussion

miR-204 Biogenesis and gene role in AML
MiR-204 belongs to the miR-204/211 family. These 

two paralogs (miR-204, miR-211) are located in the 
intronic region of the two genes TRPM3 and TRPM1 
(transient receptor potential 1/3) and have the same seed 
sequence, but their mature sequences differ only by one 
or two nucleotides, and they can target the same genes. 

The MiR-204 gene is located at chromosome 9q21.12 
and produces, after several complex steps, two mature 
miRNAs, miRNA-204-3p and miRNA-204- 5p Figure 2 
[15, 16].  

Some genetic variations of the miR-204 gene have 
been reported to be associated with higher AML risk and 
patient outcomes. In a case-control study by Butrym et 
al, the GG homozygote genotype of the polymorphism 
rs718447 of the miR-204 flanking region was found to be 
a risk factor for AML and more frequent in patients with 
M0-M1 subtypes according to FAB classification, and 
patients with the wild-type A allele had longer survival 
compared with patients without allele A [17].  

MiR‐204 expression in AML  
In terms of its expression, several studies have 

demonstrated that miR-204 expression is significantly 
lower in AML patients compared with the control groups 
and also showed that its expression is downregulated 
in human AML tissues and in many AML cell lines, 
such as U937, AML5, AML193, HL-60 and Kasumi-1 
[18-20]. These results suggest that miR-204 might have 
an antitumor function and that its down- regulation 
contributes to dysfunctional hematopoiesis.

miR-204 expression and different variables    
A cohort study by Abdelhafiz et al, showed that 

there was no significant association between miR-204 
expression and patient’s age, gender, biological parameters, 
cytogenetics, or FAB classification [21]. Similar results 

have been reported by Nie et al [18].   
Regarding AML biomarkers CD, the low expression 

of miR-204 was significantly correlated with the presence 
of the biomarker for the inhibition of hematopoietic stem 
cell (HSCs) differentiation, CD34, which is associated 
with resistance to apoptosis and bad prognosis in AML 
patients. A similar trend was observed in the expression of 
the aberrant markers CD7, CD19, and CD56 [21-23]. 
According to all these results, miR-204 overexpression 
can be used as a basis for the diagnosis of AML, but it 
cannot help differentiate AML subclasses.

Mechanism of miR 204 downregulation and targets 
To understand the mechanisms responsible for 

miR‐204 downregulation in AML, a few studies have 
been conducted and showed that there are several 
possible explanations for miR‐204 downregulation in 
AML. Recently, Liang et al discovered that urothelial 
carcinoma‐associated 1 (UCA1) could directly link to 
miR‐204, playing the role of an endogenous sponge 
in AML cells; UCA1 is known as an oncogene long 
non-coding RNA, its expression is higher in AML cells, 
and it’s negatively associated with the expression of 
miR‐204. This mechanism may be an explanation for the 
miR‐204 downregulation seen in AML [24].  

In the same study, by using bioinformatics analyses, 
they found that SIRT1 is the putative target of miR‐204. 
SIRT1 (NAD-dependent deacetylase sirtuin-1) is an 
oncogene that plays a crucial role in carcinogenesis [25]. 
Additionally, they found that overexpression of UCA1 
positively regulates cell proliferation and inhibits apoptosis 
by activating the SIRT1 pathway and downregulating 
miR‐204. However, the higher expression of miR‐204 was 
found to inhibit the expression of the tumor promoting 
SIRT1 and two related proteins, iNOS (inducible nitric 
oxide synthase) and COX‐2 (cyclooxygenase), that are 
activated by UCA1 [24]. 

In addition, one study has introduced another 
explanation for the reduced miR‐204 expression in 
AML; Xue et al by using bioinformatics tools and 
luciferase assay, confirmed that the long noncoding RNA 
LOC285758 targets the miR-204 gene and reduces the 
transcription of miR-204-5p, which plays a crucial role in 
the regulation of the expression of E-cadherin, N-cadherin 
and Twist1 [26]. The LOC285758 has been reported to 
stimulate AML cell proliferation, to increase the viability 

Figure 1. Flow Chart Explaining the Selection of the 
Included Studies.

Figure 2. Sequence of miR-204: A Stem-loop structure 
of miR-204; B mature sequences of miRNA 204-5p and 
3p. (http://mirbase.org/).
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degrading p53 protein by ubiquitination [34, 35]. 
These results indicate that miR-204 activates the 

p53-dependent pathway of apoptosis by increasing the 
expression of p53. In AML, BIRC6 overexpression is 
correlated with poor therapeutic response and lower 
survival. Similar findings were reported in children with 
ALL [36-38]. In another study, Schläfli et al found that 
BIRC6 mRNA levels are lower in CD34 positive myeloid 
precursors but higher in differentiated granulocytes and 
concluded there is an association between low BIRC6 
expression and the immature myeloid phenotype, 
which reflects a cancer-associated deregulation [39]. 
These studies indicate that miR-204 acts as a tumor 
suppressor in AML by inhibiting cell proliferation and 
inducing apoptosis.

miR-204 expression, chemotherapy response, and AML 
patient’s survival

 ATO is a chemotherapy drug that is extensively used 
in the treatment of acute promyelocytic leukemia (APL); 
it activates differentiation and apoptosis in APL cells 
[40].  A study by Wang et al found that miR-204 reduces 
chemoresistance to arsenic trioxide (ATO) and stimulates 
its apoptotic effect in AML cells [41]. They demonstrated 
that the ATO plays its antileukemic role by increasing the 
level of miR-204, which, in turn, potentiates ATO-induced 
apoptosis of AML cells by suppressing BIRC6 expression, 
which leads to the activation of the p53-dependent 
apoptotic signaling pathway [40]. These results suggested 
that miR-204 can serve as a diagnostic and prognostic 
biomarker for AML and, by its proapoptotic effect, can 
be a very promising therapeutic target for AML treatment.  

In another study, Abdelhafiz et al found that AML 
patients with higher expression of miR-204 had a good 
chance of achieving complete remission post-induction 
therapy. However, lower miR-204 expression was found 
to be a poor prognostic factor when comparing survival 
rates and miR-204 expression level; AML patients with 
low expression of miR-204 have significantly shorter 
overall survival (OS) and disease free survival (DFS) [21]. 
Other studies reported similar findings and showed that 
low expression of miR-204 was associated with shorter 
survival [19, 20].

It is certain that miR-204 plays an important role in 
AML. However, more research will be required before 
introducing this miR into the clinical field. 

Limitations and future research
The studies that are part of the present review have 

some limitations that highlight the need for additional 
research. First, the small number of published studies on 
the relationship between miR-204 and the risk of AML 
might influence the evaluation of this association. 

Second, some studies included in this review have a 
small sample size, which can diminish the reliability of 
research results and influence their interpretation. Third, 
the majority of these studies have been performed in vitro, 
neglecting the influence of the tumor microenvironment on 
the expression and the role of miRNA204 and its targets. 
Using Cell lines such as U937, AML5, and Kasumi-1 that 

and invasion of AML cells, and to be associated with a 
worse prognosis [27] Figure 3.

MiR-204 has also been reported to have a tumor 
suppressor function in acute lymphoid leukemia (ALL). In 
2015, Yin et al revealed that miR-204 is lowly expressed in 
T-ALL. However, miR-204 overexpression significantly 
suppressed the migration and invasion ability of T-ALL 
cells via targeting SOX4 and inhibiting its expression. 
The sex-determining region Y-box (SOX4) transcription 
factor regulates cellular differentiation and oncogenesis 
via the activation of the oncogenic PI3K/AKT and MAPK 
signaling pathways in ALL [28, 29].

Another study, by using a microarray platform, Garzon 
et al found that the miR-204 in AML patients with NPM1+ 
(mutated nucleophosmin) targets HOXA10 protein that 
is involved in the alteration of the myeloid differentiation 
process of HSCs and represents a poor prognostic factor 
for AML [30, 31].  

A recent study by Zhang et al found that there were 
targeted relationships between miR-204 and the long 
intergenic non protein coding RNA641 (LINC00641), 
which has been reported to be highly present in AML 
tissues and cell lines. In this study, they showed that 
miR-204-5p overexpression or LINC00641 inhibition 
could inhibit cell proliferation, migration, and invasion 
[32, 33].  

Regarding the role of miR-204 in AML cell apoptosis, 
Wang et al by using flow cytometry and population 
in different phases of the cell cycle, revealed that the 
upregulation of miR-204 decreased human AML cell 
viability through activating cell death by arresting the 
cell cycle at the subG1 phase [34]. A consistent result was 
reported with the study by Nie et al [18]. These findings 
reinforce the pro-apoptotic role of miR-204 in AML. In the 
same study by Wang et al, miR-204 stimulated apoptosis 
of AML cells by targeting BIRC6.  BIRC6 (Baculoviral 
IAP Repeat Containing 6), also named Apollon/ Bruce, is 
one member of the inhibitor of apoptosis proteins family 
(IAPs), which blocks cell death by destabilizing and 

Figure 3. MiR204 Functions in AML. Unregulated 
miR-204 inhibits the expression of BIRC6, 
inducing apoptosis by activating the p53-dependent 
pathway, while it inhibits HOXA10, which induces 
myeloid differentiation, and it inhibits Sir1, which leads 
to the repressing of cell proliferation, and by inhibiting 
LINC00641 and HGF, it represses proliferation, 
migration, and invasion of AML cells.
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are studied in artificial environments where they often 
behave differently than actual tumors in vivo. 

Fourth, AML is a multifactorial disorder related to 
both genetic and environmental factors; however, these 
studies did not include the analysis of other factors, such 
as comorbidities, genetic mutations, and the state of the 
immune system, quality of life, healthcare, and nutritional 
conditions.

To overcome these limitations, I recommend that 
future research use the three-dimensional (D) co-model 
that is closer to in vivo physiological conditions, allowing 
a better understanding of the miR- 204 role in AML 
and I also recommend performing environment-wide 
association studies (EWAS) to explore the environmental 
risk factors interaction effects with miRNA204 on the 
risk of AML.

MiRNA-based therapy is a new therapy approach that 
is still in the early phases of development, but it can be 
a promising therapeutic strategy to improve therapeutic 
outcomes of AML, especially with the use of advanced 
delivery technologies such as natural nanoparticles 
(exosomes) and nanoparticles [42].

In conclusion, the downregulation of miR204 in 
human AML cells is associated with the development 
and progression of AML and shorter survival. However, 
its upregulation decreased human AML cell proliferation, 
accelerated apoptosis, and reduced chemoresistance. 
Indeed, by restoring its expression, miR204 could be 
a promising biomarker and serve as a potential drug 
target for antileukemic therapy especially with the use 
of advanced delivery technologies such as nanoparticles.
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