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ABSTRACT
Background: Acute myeloid leukemia (AML) compromises a heterogeneous group of primary hematopoietic tumors 
that arise from bone marrow (BM) progenitor cells. Genetic mutations lead to clonal expansion and neoplastic changes. 
MicroRNAs (miRNAs) are small noncoding RNAs that control numerous gene expression. These genes are implicated in 
hematopoietic stem/progenitor cell commitment and differentiation.
Subjects and Methods: The present study was carried out on 40 newly diagnosed patients with AML in addition to 40 
matched controls. Quantitative reverse transcription real-time PCR (qRT-PCR) assay was performed to quantify miR-
424. In addition, RT-PCR assays were performed to evaluate NPM1 mutations in a new Egyptian AML patient cohort 
and determine their correlation with miRNAs as well as their expression with demographic, clinical, and laboratory data.
Results: No statistically significant differences were detected between the mean CT values of patients and controls for 
Mir-424 and RNU6B. NPM1 results revealed marked differences between controls and patients. Old age and NPM gene 
mutation  were considered as potent predictors of poor outcomes.
Conclusion: Mir-424 is not implicated in AML pathogenesis. Additionally, no correlation was found between miR-424 
and NPM1,but NPM mutation was  associated with poor prognosis.
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INTRODUCTION                                                                     

AML is a BM disease caused by genetic alterations in 
blood cell precursors, leading to the excessive production 
of aberrant BM stem cells. Extramedullary manifestations 
like cutaneous leukemia and myelosarcoma can arise, but 
the fundamental cause of the disease is aberrant blood 
cell production. In some instances, causative factors like 
exposure to specific chemicals and prior chemotherapy 
have been determined. Most cases result from alterations 
in genes caused by isolated genetic mutations and 
chromosomal abnormalities without an apparent triggering 
agent[1].

The 2017 guidelines of the European LeukemiaNet 
(ELN) risk stratification, which incorporate genetic 
mutations and cytogenetic abnormalities, are commonly 
utilized for predicting AML prognosis[2]. 

Immature cells initially accumulate in the BM and then 
rapidly migrate to the blood and other parts of the body, 
including the central nervous system, liver, spleen, testes, 
and lymph nodes[3,4].

AML diagnosis depends on the analysis of BM and 
peripheral blood (PB) (including blast count and complete 
blood cell count). The precise diagnosis can be determined 
through n integrating morphologic (cytology and 
histology), immunophenotypic, molecular and cytogenetic 
data. This is in line with previous editions, with expanded 
numbers of disease types and subtypes that are molecularly 
defined. It is hoped that the genetic underpinnings of the 
classification will prompt the provision of health resources 
to ensure that the necessary genetic testing platforms are 
available to peruse the full potential of the classification[5].
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Extensive research has been conducted to identify 
prognostic biomarkers for AML, but it remains a disease 
with elevated mortality rates and a highly unstable 
prognosis. The 5-year overall survival rate is roughly fifty 
percent and only impacts elderly patients, with a 20% 
survival rate two years post-diagnosis[6,7].

The results of molecular abnormalities and cytogenetics 
at diagnosis are crucial prognostic factors, with elevated 
predictive value for overall survival, recurrence risks, 
disease-free survival, and complete remission rate[8,9,10].

AML etiology in the majority of cases remains 
undetermined. However, risk factors include chemical 
exposure (formaldehyde and benzene), older age, smoking, 
male sex, chronic myeloproliferative neoplasms (e.g., 
myelodysplastic syndromes (MDS and erythrocytic vera), 
chemotherapeutic agents (topoisomerase II inhibitors and 
alkylating agents), exposure to high radiation, Bloom 
syndrome, genetic syndromes (Fanconi anemia), and AML 
family history[11,12]. 

It is known that miRNAs are large groups of small 
noncoding RNAs that negatively regulate the target gene 
expression by binding to mRNA 3’ untranslated region 
(UTR), inducing mRNA degradation or translational 
inhibition. MiRNAs significantly contribute to 
carcinogenesis, angiogenesis, hematopoiesis, apoptosis, 
proliferation, differentiation, and metastasis. In contrast, 
miRNAs’ aberrant expression has been frequently 
observed in hematopoietic malignancy chemoresistance 
and pathogenesis[13].

The MiR-424 is crucial for regulating various vital 
cellular processes, including differentiation, migration, 
and cell proliferation[14]. Recently, MiR-424 has been 
categorized as part of a significant cluster family, which 
includes miR-15/miR-16. These members are typically 
recognized as tumor suppressors that promote apoptosis 
and hinder cell growth[15].

NPM1 is a crucial gene that encodes a nucleolar protein 
responsible for various functions, such as stabilizing the 
tumor suppressor protein p14 ARF, regulating ribosome 
biogenesis, and controlling centrosome duplication[16].
Nearly all mutations, totaling 50 molecular variations 
discovered so far, occur in exon 12 of the NPM1 gene[17], 
resulting in substantial alterations in the C terminus of the 
NPM1 protein[18].

Changes in NPM1 transport characteristics result in 
NPM1 variant accumulation in AML cell cytoplasm, 
which is believed to be crucial for leukemogenesis[19]. In 
addition, NPM1 mutations are considered an early event in 
leukemogenesis[20].

The current study aimed to determine mir-424 
contribution to AML prognosis and pathogenesis to assess 
the correlation between both miRNAs and the NPM1 gene.

SUBJECTS AND METHODS                                                     

The study comprised two subject groups: a patient 
group of 40 de novo AML patients, including 21 females 
and 19 males. The participants’ ages ranged from 20 to 70 
years, with a mean age of 41.63 ± 13.26 years. In addition, 
the study compromised 40 age- and sex-matched controls 
(24 females and 16 males). The age range was between 
19 and 50 years, with a mean age of 32.45 ± 7.33 years. 
Furthermore, AML diagnosis depended on detecting 20% 
or more blasts within the BM, myeloperoxidase-positive 
staining, and an immunophenotypic pattern consistent with 
an AML diagnosis.

All patients were subjected to a comprehensive medical 
evaluation, including a detailed medical history, thorough 
clinical examination, and a full range of medical tests such 
as Leishman-stained PB, BM smears, liver function tests, 
complete blood count, renal function tests, coagulation 
tests, and LDH.

We also performed immunophenotyping (IPT) of BM/
PB samples utilizing whole blood lysis using EPICS XL 
flow cytometer (Coulter-USA) and a routine monoclonal 
antibody panel for AML. This panel includes myeloid 
markers (CD 13, CD33, CD 117, HLA-DR, MPO), B-cell 
lymphoid markers (CD 20, CD 19, and CD 10), as well 
as T-cell lymphoid markers (CD7, CD5, CD3, and CD2), 
monocyte marker (CD 14), and stem cell marker (CD 34).

A sample was deemed positive for a particular marker 
when at least 20% of the cells exhibited expression of this 
marker. Markers were deemed positive if ≥10% of cells 
expressed them, except for CD34 and MPO.

Real-time PCR using Light Cycle probe design software 
(Roche Diagnostics, GmbH, Germany) for detection and 
quantification of miR-424 expression levels and NPM1 
mutations.

Sampling

All samples were collected after research ethics 
committee approval. Moreover, all subjects provided 
formal written consent. Data confidentiality was 
maintained in accordance with the revised Helsinki 
Bioethics Declaration.

Three ml of venous blood was collected in a sterile 
vacutainer and placed on ethylenediaminetetraacetic 
acid (EDTA). They were used to perform CBC and IPT. 
Three ml of BM was aspirated. A few drops were used for 
immediate BM testing using Leishman and MPO-stained 
films. One ml was collected in a heparinized tube for FISH 
analysis. The remaining samples were collected on EDTA 
for IPT.

For miRNA expression by PCR, 300-500 microns of 
anticoagulated PB/BM samples were added to 1.3 miRNA 
stabilization solution (RNAlater®) in a sterile RNase-
free microcentrifuge tube. To fully penetrate the cells and 
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stabilize the RNA, they were stored at 4 °C overnight and 
then kept at −20 °C until RNA extraction. Serum samples 
were collected for other tests.

RT- PCR

The RiboPure™ Blood Kit from Applied Biosystems, 
Ambion (Cat. Nos. AM1560, AM1556) was utilized to 
isolate total RNA from anticoagulated blood mixed with 
post-processed RNA solution following the manufacturer’s 
instructions. Total RNA was isolated from whole blood.

Two-Step RT-PCR: The TaqMan® MiRNA Reverse 
Transcription Kit (P/N 4366596) and TaqMan® miRNA 
Primers and Hybridization probes for miR-424 and RNU6B 
(P/N 4427975) were obtained from Applied Biosystems. 
They were used to detect and quantify miR-424 over 
a dynamic range of over 6 logs. Moreover, TaqMan® 
miRNA Reverse Transcription Kit compromises RT buffer, 
dNTPs, RNase inhibitors, and Multiscrib™ RT enzyme.

In order to normalize the results, TaqMan® 
miRNA Assay (2 sets) was utilized, which comprised 
the following: forward PCR primer, reverse PCR primer 
(#4366596), TaqMan® MGB probe, Taqman® Universal 
Master Mix (#4440043), and TaqMan® miRNA control 
(#4427975). For NPM1: we used a pre-built TaqMan® SNP 
real-time PCR assay consisting of the Pure Link DNA kit 
(#K182001), universal Taqman Master Mix (#4440043), 
and SNP Assay (#4351379).

For each 15 μL RT reaction, 1–10 ng of total RNA 
was combined with RT master mix at a ratio of 5 μL 
total RNA: 7 μL RT master mix. Then, 12.0 μL of this 
mixture was added to the reaction tube. Afterward, 3 
μL of RT primers from each assay set were added to the 
corresponding RT reaction tubes, increasing the total 
volume per well to 15 μL. Following a brief centrifugation, 
the reaction vessels were sealed, placed on ice, and loaded 
into a thermocycler.

Data analysis: comparative CT method (ΔΔCT)

The miRNA expression level was measured utilizing the 
CT method. Each miRNA’s expression is calculated as the 
CT value difference between the miRNA and the average 
CT value of a reference gene in a specific sample within a 
sample set[21]. RNU6B was utilized as the reference gene. 
Additionally, The relative fold change of each candidate 
miRNA (within each group) was determined utilizing the 
2-(ΔΔCT)[22].

The ΔCT of each miRNA in each sample was calculated 
as follows: ΔCTsample = CT target miRNA – CT RNU6B.

Then, ΔΔCT was determined as follows: ΔΔCT 
= (CTmiRNA – CRNU6B) patient − (CT miRNA – 
CRNU6B) control.

Statistical methods

Statistical analysis was done utilizing the 21st version 

of the SPSS software (SPSS Inc., Chicago, IL, USA). 
Quantitative data was described in the form of mean ± 
standard deviation (mean ± SD), or range (median, if 
appropriate). Qualitative data were described as percentages 
and numbers. For analysis statistics, the following tests 
were used: Fisher’s exact test, Student’s t-test, Pearson’s 
chi-square test, and Mann-Whitney test to compare two 
median values.

Patients with expression values higher than the 
median of all samples were categorized as demonstrating 
upregulated mir-424 expression. Correlations between 
various variables were calculated utilizing the Pearson 
correlation coefficient for linear relationships. P-values 
below 0.05 are deemed statistically significant, while those 
below 0.01 are considered highly statistically significant.

RESULTS                                                                                 

Forty patients diagnosed with de novo AML were 
included in the study and selected as the patient group. 
Patients were recruited from the Department of Medical 
Oncology at Kasr al-Aini Faculty of Medicine, Cairo 
University, and the National Cancer Institute. A control 
group consisting of 40 healthy volunteers of the matched 
age and sex was also included.

Regarding the demographic data of patients and 
controls, there were no substantial differences between the 
two groups investigated in terms of age (p-value = 0. 06) 
and sex (p-value)=0.326).

Regarding clinical data, weight loss was reported in 
32.5% of cases, fever/infection in 40% of cases, bleeding 
tendency in 27.5%, hepatomegaly in 30%, splenomegaly 
in 55% of cases, and splenomegaly in 15% of cases.

Regarding the laboratory data of patients, the total 
white blood cell count ranged from 12. 40 to 153.00 x 
109/L (median = 34.75). Hemoglobin levels ranged from 
3.40 to 13.40 Hb gm/dl (median = 7.65). Platelet counts 
ranged from 10.00 to 160.00 x 109/L (median = 36.50). 
The percentage of peripheral blood blasts was between 
20.00 and 96.00% (median = 61%). The blast percentage in 
the BM was between 22.00 and 92. 00% (median = 65.5%).

Immunophenotyping results showed that CD13, 33, 
and 34 were positive in 100% of cases, HLA-DR in 90% 
of cases, CD14 in 22.5% of cases, and lymphocyte markers 
in 100% of cases.

Cytogenetic and molecular analysis results are available 
for 21 patients, with t(8;21) detected in 14 (35%), 46xx 
del6 detected in 1, and t(15,17) detected in four cases. One 
patient had t(16,16), and one had normal 46xy.

Regarding FAB classification, 3/40 cases (7.5%) of the 
examined cases were diagnosed as M0, 8/40 cases (20%) as 
M1, and 14/40 cases (35%) as M2.4/40 cases (10%) were 
diagnosed as M3, 4/40 cases (10%) were diagnosed as M4, 
5/40 cases (12.5%) were diagnosed as M5, and 1/40 cases 
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(2.5% ) were diagnosed as M6, and 1/40 cases (2.5%) were 
diagnosed as M7.

The expression of  miR-424s in both patients and 
controls is summarized in (Table 1).

Table 1: MiR- 424 in AML patients and controls

Variable
Patients
(N=40)

Controls
(N=40) P value

Count % Count %
0.0001*

(HS)miR-424
detectable 27 67.5% 40 100%

undetectable 13 32.5% 0 0%

Table 2: The real-time results of the studied genes expressed as 
CT

Patients (no=40) Controls (no=40) P value 

Median(range) Median(range)

Mir -424 35.479
(0-42.53)

36.455
(35.42-38.35) 0.87(NS)

Median(range) Median(range)

RNU6B 31.05
(24.67-41.17)

32.45
(28.11-34.49) 0.79(NS)

Regarding Mir-424 and RNU6B, there were no marked 
differences between the mean CT values of patients and 
controls (p-value = 0.87 and 0.79, respectively).

The level of each gene is 2-(ΔΔCT), i.e., as the number 
exceeded the mean concentration of controls. As mentioned 
earlier in the statistical section, patients were divided into 
two groups based on these values: an upregulated group 
and a downregulated group. The values of Mir-424 were 
20.1750 (1.566 to 36.164) in the upregulated group and 
0.2227 (0.0106 to 1.1987) in the downregulated group.

Table 3: Results of  Mir -424 in patients group

Mir -424

Upregulated Downregulated

Median 20.1750 0.2227

Range 1.566- 36.164 0.0106- 1.1987

There were no statistically significant correlations 
between demographic or laboratory data and miR-424 in 
patients or controls (Tables 4,5).

Table 4: Correlation between demographic, laboratory data & 
miR- 424 among patients

parameter
miR-424

r p

Age -0.367 0.059

Initial Hb(g/dl) -0.166 0.409

Intial TLC(x109/L) -0.140 0.488

Initial platelets(x109/L) -0.109 0.588

Intial blast%(PB) -0.141 0.482

Intial blast%(BM) -0.134 0.506

LDH(u/l) -0.145 0.531

Table 5: Correlation between demographic, laboratory data & 
both miR-424 relations among controls

parameter
miR-424

r p

Age 0.110 0.500

Initial Hb(g/dl) 0.019 0.907

Initial TLC(x109/L) 0.053 0.746

Initial platelets(x109/L) -0.120 0.460

NPM1 polymorphism in AML Patients and controls

In the patients’ group:

AA (wild type) was detected in 0/40 cases (0%), AG 
genotype (heterozygote) in 31/40 cases (77.5%), and GG 
genotype (homomutant) in 9/40 cases (77.5%).

In the control group: 

AA (wild type) was detected in 5/40 (12.5%) control 
subjects, AG genotype (heterozygous) was detected in 31/40 
(77. 5%) controls, whereas GG genotype (homomorphic 
variant) was detected in  4/40 controls (10%).

We compared the frequency of NPM1 genotypes among 
patients based on sex and found no statistically significant 
differences (P = 1.000). When examining the relationship 
between the age of onset of AML and the frequency of 
NPM1 genotype in patients, no substantial differences 
were found (P=0.358). 

Regarding patient symptoms and signs, no 
statistically significant differences were found between 
NPM1 genotypes (p = 0.749 and 0.215, respectively). 
Hematological examination of the patients revealed 
no correlations between NPM1 genotypes that were 
statistically significant. In addition, no substantial 
differences were detected between NPM1 genotype and 
miR-424 (p = 0.426) (Table 6).

Table 6: Relation between NPM1 mutant genotypes among AML 
patients and miRNAs

Variable
Heterozygous

(GG) 
Homozygous 
mutant (AG) P value

Median Range Median Range
0.426(NS)

miR-424 3.07 0.02-10.65 1.00 0.03-9.49

Logistic regression analysis was performed to test 
whether there were significant predictors of AML. Age, 
sex, and NPM1 were included in the regression model.

Table 7: Prognostic predictors for AML among the studied 
group(follow up period after 18 months)

Odds ratio
(OR)

95.0% C.I.for 
(OR) P-Value

Age 1.116 1.046 - 1.191 0.001 (HS)

Sex(f/m) 0.824 0.239 - 2.843 0.759 (NS)

G allele (AG+GG) 5.249 1.008 - 27.322 0.049 (S)
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Gender differences have no prognostic significance; 
poor prognosis does not show a preference for a specific 
sex.

People over 60 years old and those with a mutation in 
the NPM gene (G allele) were identified as potent predictors 
of poor outcomes. Each factor independently contributes to 
a higher risk of developing AML.

DISCUSSION                                                                                

The prevalence of hematopoietic and lymphoid cancers 
in Egypt rose by about 11-fold from 1972 to 2001[23]. In 
2010, leukemia ranked as the fourth most prevalent cancer 
in Egypt, accounting for 7.2% of cases. In 2014, WHO 
statistics reported that Egypt had an age-standardized 
mortality rate of 5.55 per 100,000 inhabitants for leukemia, 
ranking 19th globally[24].

The precise cause of leukemia remains unidentified 
despite thorough research into its mechanisms.AML 
is a diverse disease where around 55% of patients show 
recurring cytogenetic changes, while the remaining 45% 
do not display any visible karyotypic lesions. The subgroup 
known as cytogenetically normal AML (CN-AML) is 
distinguished by subtle mutations that impact multiple 
genes. NPM1 alterations account for approximately 60% 
of CN-AML cases[25]. It is located on 5q35.1 and contains 
12 exons. It is mainly found in the nucleolus and is believed 
to act as a molecular chaperone for proteins, promoting 
centrosome duplication in addition to facilitating the 
movement of ribosomal proteins through the nuclear 
membrane[26].

When NPM1 is in the cytoplasm, it cannot carry out 
its normal roles as a binding partner and transporter, 
indicating that mutations in NPM1 might be an early 
event in leukemogenesis[20]. NPM1 plays a significant 
role in leukemia and lymphoma as it is involved in the 
formation of fusion proteins resulting from chromosomal 
translocations.

Nearly 8% of cells in non-Hodgkin’s lymphoma in 
children and young adults exhibit the t(2;5)(p23;q35) 
chromosomal translocation, leading to a chimeric fusion 
of NPM1 and ALK (anaplastic lymphoma kinase).The 
chromosomal translocation t(3;5)(q25.1;q34) is rarely 
detected.Myelodysplastic syndromes and AML result in 
symptoms like A fusion transcript involving NPM1 and 
MLF1[27].

MiRNAs are a new type of endogenous noncoding 
RNAs, typically 19 to 25 nucleotides in size, that regulate 
gene expression mainly after transcription and play a role 
in various cellular activities like apoptosis, differentiation, 
and cell proliferation.

Recent evidence indicates that abnormal expression of 
specific miRNAs acting as tumor suppressors or oncogenes 
is linked to the development of leukemia. Furthermore, 

distinct miRNA expression patterns can accurately 
categorize different types of human leukemias[28]. 
Circulating miRNAs have the potential to serve as 
cancer biomarkers due to their high stability capacity to 
denote tumor status and anticipate treatment response. 
They are characterized by tissue-specific expression, 
and their signatures are helpful for cancer classification. 
Their existence in the body enables analysis through less 
intrusive techniques, thus rendering biomarker analysis 
more feasible in clinical settings[29].

Furthermore, tumors release exosome miRNAs to 
enhance cell communication, protecting them from 
ribonuclease degradation within these vesicles. The 
upregulated miRNAs are mainly linked to increased cell 
cycle progression and reduced apoptosis, which are typical 
features of cancer cells[30].

MiR-424 is crucial in regulating various essential 
cellular processes, including differentiation, migration, 
and cell proliferation. MiR-424 was recently categorized 
into a large cluster family along with miR-15/miR-16.
Its members are generally considered tumor suppressors 
since they accelerate apoptosis and hinder proliferation[4]. 
It specifically targets the primary transcript of mir-9, which 
is a microRNA that inhibits cell differentiation[31].

A quantitative reverse transcription-PCR (qRT-PCR) 
assay was used to measure the levels of miR-424 in this 
study. We aimed to determine the role of miRs in AML and 
establish a correlation between the expression levels of two 
miRs and NPM1 utilizing RT-PCR.

Consequently, RT-PCR was performed at the National 
Cancer Institute on 40 newly diagnosed AML adults, with a 
mean age of 41.63 ± 13.26 years and a male-to-female ratio 
of 0.9: 1. In addition, 40 healthy volunteers of matching 
age and sex served as controls. Their mean age was 32.45 
± 7.33 years, and the male: female ratio was 0.7: 1. Age is a 
significant independent prognostic factor in AML patients.

In our logistic regression analysis, we hypothesized 
that each additional year of age would correlate with an 
elevated risk of developing AML (Table 6). This finding 
aligns with the 2017 leukemia estimates from the American 
Cancer Society, indicating that AML is typically found in 
older individuals and becomes more common after age 
45[32].

According to our study,there was highly statistically 
significant difference in miR- 424 between both patients 
and controls where P value =(0.0001). It was detectable 
in 27/40 (67.5%) of patients while in control group it was 
detectable in 40/40 cases(100%) which indicate that miR-
424 may play a protective  role in  leukomogenesis.

This was in accordance to a study done by Faraoni et 
al,2012 who stated that  miR-424 act as a tumor suppressor 
gene targeting the BCL2 oncogene, and  can inhibit cell 
proliferation and promote apoptosis of leukemic cells[33].
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MiR-424 was up-regulated in 15 cases and 4 controls 
with statistically significant difference p value= (0.04)  and 
down regulated in 12 cases and 36 controls with statistically 
significant difference p value= (0.0035)

.Our results was in contrast to a study done by Yan                     
et al.,2016[13] who discovered that over-expression of miR-
424 may play a role in leukemogenesis by  increasing 
senstivity of AML cells to TRAIL (TNF-related apoptosis 
inducing ligand),a member of the TNF family expressed 
mainly by immune system,which is able to trigger extrinsic 
and intrinsic apoptosis that specifically kill tumor cells.

Kouchkovsky and Abdul-Hay, 2016 also noted that 
the frequency of AML rises with age. Despite current 
treatments, up to 70% of patients aged over 65 die within 
a year of diagnosis, with a bleak prognosis for older 
individuals who compromise the majority of new cases[34].

The study observed no marked differences in miR-
424 expression level between AML patients and controls                        
(P = 0. 87), suggesting that miR-424 does not play a role in 
leukocyte formation. In contrast to Faraoni et al. 2012, this 
study found that miR-424 acts as a tumor suppressor gene 
by inhibiting cell proliferation and promoting apoptosis of 
leukemic cells associated with the BCL2 oncogene[16].

MiR-424 was elevated in 20 cases, decreased in 7 cases, 
and undetected in 13 cases. Yan et al., 2016 illustrated that 
miR-424 overexpression is implicated in leukemogenesis 
by elevating AML cell sensitivity to TRAIL (TNF-related 
apoptosis-inducing ligand), a member of the TNF family 
that is primarily expressed. This can induce both extrinsic 
and intrinsic apoptosis, leading to the targeted destruction of 
tumor cells. MiR-424 enhances TRAIL sensitivity in AML 
by post-transcriptionally regulating PLAG1, a recognized 
oncogenic gene. The mRNA levels of PLAG1 show an 
inverse relationship with miR-424 expression, causing an 
increase in miR-424 levels. Epigenetic silencing of PLAG1 
occurs when miR-424 is downregulated, leading to an 
overexpression of PLAG1 and subsequently increasing 
TRAIL resistance[28].

The study revealed no statistically significant 
correlation between AML cases with  miR-424 expression 
and NPM1 mutations. In contrast to Faroni et al. 2012, 
who found a significant decrease in miR-424 in CN-AML 
with NPM1 mutations, indicating that reduced miR-424 
expression in NPM1 mutations plays a crucial role in AML 
development[25].

CONCLUSION                                                                             

Finally, the above discussion suggests that miR-424 does 
not play a role in leukemogenesis in adult AML patients.
Expression of a single miRNA can complement and extend 
current knowledge about AML.AML is relatively easy to 
measure to determine the molecular risk assessment of 
an individual patient at the time of diagnosis.We are just 
beginning to uncover the functional relationship between 
miRNAs and AML.

Therefore, this study reveals the diagnostic and 
prognostic value of miR-424, identifies its role in stratifying 
therapeutic strategies, and more importantly, identifies its 
potential as a future therapeutic agent in AML.
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