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ABSTRACT

Acute myeloid leukaemia (AML) is a severe bone marrow malignancy with a high mortality rate. Recent advancements in high-
throughput technology and bioinformatics have facilitated the identification of microRNAs (miRNAs) involved in the pathogenesis
of AML. This study aimed to investigate the potential role of MicroRNA-let-7i-5p (miR-let-7i-5p) in the progression of AML. MiR-
let-7 family has been widely utilised as a tumour inhibitor, suppressing its expression in several types of human cancer. Hence,
dysregulation of miR-let-7i-5p is critical to cancer progression. However, the role of miR-let-7i-5p in AML remains unclear. Using
the Gene Expression Omnibus (GEO) database, the expression of miR-let-7i-5p in AML patients was investigated. The role of
miR-let-7i-5p and its potential target genes in AML was examined using bioinformatic tools. Subsequently, the effect of miR-let-7i-
5p was assessed through transfection, followed by the analysis of target gene expression using RT-qPCR. Further investigations
employed the MTT and cell cycle assays on the effects of miR-let-7i-5p on AML cell proliferation and cell cycle. According to
the GEO database, miR-let-7i-5p was significantly downregulated in AML patients compared to controls. AML development
has been associated with miR-let-7i-5p by KEGG pathway analysis. Bioinformatics suggested that miR-let-7i-5p targets MYC
in AML cells. Transfection of miR-let-7i-5p into AML cell lines decreased MYC expression, suggesting MYC regulates AML
progression. However, MTT and cell cycle assays showed no significant effect of miR-let-7i-5p on AML cell proliferation and cell
cycle, indicating the potential involvement of miR-let-7i-5p in alternative pathways in AML pathogenesis. The study highlights the
potential significance of miR-let-7i-5p in regulating AML progression.
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INTRODUCTION

Acute myeloid leukaemia (AML) has presented a formidable challenge to the medical community. Despite substantial treatment
advancements over the past several decades, the prognosis for many patients remains grim (Thol & Heuser, 2021). Fortunately,
the recent progress in understanding the underlying pathophysiology of AML and the development of high-throughput technologies
and bioinformatics have led to exciting new possibilities for improved diagnostic and therapeutic approaches (Dunlap et al.,
2012). Furthermore, targeted therapies have been increasingly recognised as viable treatment options due to their established
efficacy. This is evidenced by global regulatory bodies’ recent approval of numerous FLT3 inhibitors (Arai et al., 2022).

A key challenge in developing effective treatments for AML is the high degree of genetic heterogeneity among patients,
which necessitates the classification of AML into distinct subtypes to ease the diagnosis and treatment. The type of AML has
evolved. Introducing the French-American and British (FAB) classification system in 1976 was a crucial milestone in this field
(Bennett et al., 1976). Since then, the World Health Organization (WHO) has revised the classification system (Hwang, 2020).
Recently, the fifth edition of the WHO classification of AML 2022 has been introduced, emphasizing the importance of genetic
and histological covariates in subtyping AML (Khoury et al., 2022). With the rapid pace of advancements in high-throughput
technologies and data science, researchers can now perform comprehensive genetic analyses of AML patient samples, which
promises to enhance the understanding of the disease and inform the development of more targeted treatments. This can be
viewed by a recent study demonstrating a comprehensive miRNA analysis on AML patient samples using microarray technology
and bioinformatics (Esa et al., 2021).

Nonetheless, the alarming statistics from the National Cancer Institute Surveillance, Epidemiology, and End Results Program
(SEER) in the United States indicate that much work is still needed. In 2022, 20,050 new AML cases and an estimated 11,540
deaths were reported. In addition, the 5-year relative survival rate for AML from 2012-2018 was only 30.5% (‘Surveillance,
Epidemiology & End Results Program’, 2023). Therefore, enhancing the classification of AML through a more comprehensive
genetic analysis is crucial to developing better diagnostic and treatment approaches.
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The regulatory function of miRNA in cancer progression, including AML, has been intensively studied for its role in regulating
post-transcriptional biological processes by degrading or repressing the translation of its target gene (MacFarlane & Murphy,
2010). For instance, it has been shown that inhibiting miR-9 expression with an antagomir significantly inhibits the proliferation
of MLL-rearranged AML cells (Chen et al., 2013). With the development of bioinformatics tools, computational miRNA-mRNA
prediction followed by in vitro validation has become a standard protocol in the study of miRNA, providing hope in understanding
the role of miRNA in AML (Zhang et al., 2019). Among the various types of miRNAs, the miR-let-7 family has been widely
utilised as a tumour inhibitor, suppressing its expression in several types of human cancer (Barh et al., 2010). Song et al.
demonstrated the inhibitory role of miR-let-7i-5p in the progression of colon cancer by targeting KLK6 (Song et al., 2018).
However, its biological function and mechanisms in AML remain unknown. Therefore, additional research is required to reveal
miRNAs’ possible role in AML classification. In this study, we aim to investigate the expression of miR-let-7i-5p in AML cell lines
and to examine the association of miR-let-7i-5p expression with AML cellular response. Specifically, we hypothesize that miR-
let-7i-5p is downregulated in AML and functions as a tumour suppressor by directly targeting the oncogene MYC. We further
hypothesize that the re-expression of miR-let-7i-5p will inhibit the proliferation of AML cells and induce cell cycle arrest, thereby
suppressing the malignant phenotype.

MATERIALS AND METHODS
Methods

Cell lines and culture media

B-myelomonocytic leukaemia cell line, MV4-11, and acute monocytic leukaemia cell line, THP-1 (ATCC, USA) were
employed. MV4-11 was cultured in Iscove’s Modified Dulbecco’s Medium (IMDM; Simply Biologics) enriched with 10% of fetal
bovine serum (FBS; GIBCO) and 1% of penicillin-streptomycin (GIBCO). THP-1 was cultured in Roswell Park Memorial Institute
(RPMI; Simply Biologics) 1640 Medium enriched with 10% of fetal bovine serum (FBS; GIBCO), 1% of penicillin-streptomycin
(GIBCO), and 2-mercaptoethanol (2ME). All cell lines were maintained at 37 °C humidified atmosphere in an incubator with 5%
CO2 saturation. Transfections of miRNA were deprived of penicillin-streptomycin.

Transfection of miRNAs

The Ambion miR-let-7i-5p precursor and mirVana miRNA mimics Negative Control #1 were purchased from Ambion. To
prepare a stock solution of 20 pM, these miRNAs were resuspended in 1x miRNA buffer. MV4-11 and THP-1 cell lines were
reversely transfected at a final concentration of 25 nM using Lipofectamine 3000 (Life Technologies) transfection reagent
according to the manufacturer’s protocols. Briefly, the cells and medium were added to a 96-well plate accordingly. The complexes
of miRNA-Lipofectamine were prepared in a 1.5 mL microcentrifuge tube and incubated at room temperature for 20 min. Then,
the complexes were aliquoted into the wells. RT-qPCR was used to verify the efficacy of transfection.

RNA extraction and RT-qPCR

Total RNAfrom AML cells was extracted using the NucleoSpin® miRNAKit (Macherey-Nagel, Germany) by the manufacturer’s
recommended protocol. The concentration and purity of the isolated RNA were determined by a Nanodrop spectrophotometer
(NanoDrop Technologies Inc., USA). cDNA synthesis of extracted RNA was carried out using QuantiNova Reverse Transcription
Kit (Qiagen, United States) according to the manufacturer’s instructions. The mRNA expression levels were assessed using RT-
gPCR using QuantiNova SYBR Green PCR Kit. As specified in Table 1, oligonucleotide primers were synthesised by Integrated
DNA Technologies (IDT). The PCR was performed using the ViiA7 Real-Time PCR Systems (Applied Biosystems, USA). Beta-
actin was employed as an internal reference gene for data normalisation.

Table 1. Sequence of primers for RT-gPCR

Gene Primers Sequence (5'-3’) GenBank Accession No. Amplicon size (bp)

JAG1 Forward TACTGGCACCTGCAGTCACC NM_000214.3 225
Reverse GAAGCAGAACACGGGCGTTG

DUSP10  Forward CCCAGCCACTTCACATAGTC NM_007207.6 78
Reverse TACTAAGTCCACCTTTCAACACC

MYC Forward CGTCTCCACACATCAGCACAA NM_002467.6 68
Reverse TCTTGGCAGCAGGATAGTCCTT

ABL1 Forward AAGCCGCTCGTTGGAACTC NM_007313.3 141
Reverse AGACCCGGAGCTTTTCACCT

KMT2D  Forward ACCATGTGAAGAACAGGAAGAG NM_003482.4 105
Reverse TCACCCTGGCTCAGATTAGA

B-actin Forward TTCCAGCCTTCCTTCTTG NM_007393.5 182
Reverse GGAGCCAGAGCAGTAATC

*The relative expression levels of the genes were calculated using the 2-AACT.

Cell proliferation assay

In vitro cell proliferation was assayed using the MTT assay. This assay is based on the reduction of the tetrazolium dye MTT
to its insoluble formazan by NADPH-dependent cellular oxidoreductase enzymes. The assay measures cell metabolic activity
and is performed to determine the number of cells in a culture (Kuete, Karaosmanoglu, and Sivas, 2017). Briefly, MV4-11 and
THP-1 cells were seeded in culture plates at a density of 1 x 104 viable cells /100 pL/well in triplicate. Then, the cells were
transfected with miR-let-7i-5p mimic and a negative control. The negative control consisted of a non-targeting miRNA mimic

Malaysian Applied Biology (2025), 54(4): 146-153 147



Research Article https://doi.org/10.55230/mabjournal.v54i4.3590

with a scrambled sequence that is not expected to bind to any known human mRNA. Subsequently, 10 yL of 5 mg/mL MTT was
put into each 96 wells at 37°C. After 4 hr, 100 uL of SDS was added to dissolve the formed purple crystals. The absorbance was
measured using a spectrophotometer at a wavelength of 570 nm. The process was repeated for 24 hr, 48 hr, and 72 hr post-
transfection.

Flow cytometry assay

For cell cycle analysis, cells were stained with propidium iodide (Pl) using the CycleTEST™ Plus DNA Reagent Kit (BD
Biosciences, USA). AML cell lines were seeded onto 6-well plates at a 1x10° cells/well density at 37°C. 72 hr later, the cells were
harvested, and the cell cycle was determined according to the manufacturer’s protocol. Briefly, the cells were incubated with 150
ML liquid A at room temperature for 10 min and 150 pL liquid B for 10 min. Cells were subsequently incubated with 120 pL liquid
C in the dark for 10 min. Then, the proportion of cells in the G0/G1, S, and G2/M phases was determined by using a FACSCanto
Il flow cytometer (BD Biosciences). The result was analysed using FlowJo software 10.9 (TreeStar Inc., USA)

Bioinformatics analysis

The present study employed miRNA expression data from GSE142699, which was publicly accessible. The dataset
comprised 48 samples, comprising 24 AML samples and healthy samples. The differential analysis was conducted utilising the
GEOZR tool, with the control group consisting of healthy samples.

To predict potential target genes of the miRNAs that were differentially expressed, three bioinformatics tools, namely
TargetScan (https://www.targetscan.org/vert_80/), TargetMiner (https://www.isical.ac.in/~bioinfo_miu/targetminer20.htm), and
miRDB (http://www.mirdb.org/), were employed. Additionally, KEGG pathway analysis was performed using DAVID (DAVID:
Functional Annotation Tools, n.d.) (https://david.ncifcrf.gov/tools.jsp) to validate the participation of the predicted target genes
in the pathogenesis pathway of AML.

Statistical analysis

Results were expressed as the mean + SEM. Differences between two groups were statistically analysed using Student’s
t-test, while differences between multiple groups were statistically analysed using one-way ANOVA (GraphPad Prism 6, GraphPad
Software, San Diego, CA, USA). A p-value<0.05 is considered statistically significant.

RESULTS

Up-regulation of miR-let-7i-5p Expression in AML Cells

Overexpression of miR-let-7i-5p markedly elevated its expression in both AML cell lines compared with the negative control
group. In MV4-11 cells, miR-let-7i-5p expression increased by approximately 2.2-fold (p<0.05), whereas in THP-1 cells, the
increase was about 9.2-fold (p<0.01), indicating a stronger induction (Figure 1).
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Fig. 1. miR-let-7i-5p overexpression in AML cell lines. Transfection with miR-let-7i-5p mimics markedly increased expression in MV4-11 (~2.2-
fold, p<0.05) and THP-1 (~9.2-fold, p<0.01) cells compared with negative control.
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MiR-let-7i-5p expression is downregulated in AML

MiR-let-7i-5p expression is downregulated in AML. To examine the relevance of miR-let-7i-5p in AML, differential analysis
was performed on the miRNA expression matrix data of AML patients obtained from the GEO database (GSE142699) using
GEO2R. In a cohort comprising 24 AML patients and 24 healthy controls, miR-let-7i-5p expression was significantly lower in AML
patients (p=0.0027), showing an approximately 3-fold reduction compared with healthy controls. Figure 2 shows the marked
downregulation of miR-let-7i-5p expression in AML compared with healthy controls.
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Fig. 2. MiR-let-7i-5p expression is downregulated in AML. (Violin plot of the differentially expressed miRNAs in AML from the GEO dataset
(GSE142699). MiR-let-7i-5p expression in AML patients was significantly downregulated compared to healthy controls.

MYC is a putative target gene of miR-let-7i-5p in AML.

Identification and validation of MYC as a putative miR-let-7i-5p target in AML

Putative targets of miR-let-7i-5p were predicted using TargetScan, miRDB, and TargetMiner. Genes predicted by all three
tools were retained, resulting in 264 overlapping candidates. These were cross-referenced with the GSE142700 dataset to
identify transcripts significantly dysregulated in AML (adjusted p<0.05). Given the ~3-fold downregulation of miR-let-7i-5p in
AML, candidates upregulated in AML were prioritised (Figure 3A).

KEGG pathway enrichment analysis of the 264 candidates using DAVID revealed significant enrichment in the PI3K—Akt
signalling pathway (38 genes, p=1.58x10+), p53 signalling pathway (21 genes, p=3.16x10*), and JAK-STAT signalling pathway
(17 genes, p=1.58x10"3) (Figure 3A). Among these, MYC emerged as a top candidate based on: (i) prediction by all three tools,
(ii) significant upregulation in AML, and (iii) central involvement in multiple enriched pathways.

To experimentally evaluate MYC regulation, MV4-11 and THP-1 cells were transfected with either miR-let-7i-5p mimics or a
negative control. Transfection with miR-let-7i-5p mimics significantly reduced MYC expression in MV4-11 (p=0.0047) and THP-1
(p=0.0015) (Figure 3C).

In parallel, four additional predicted targets (JAG1, KMT2D, DUSP10, and ABL1), previously suggested by Esa et al. (2021),
were examined. Transfection of miR-let-7i-5p mimics did not significantly alter the expression of these genes in either cell line
(p>0.05), indicating that MYC, but not these candidates, is likely a primary functional target of miR-let-7i-5p in AML (Figure 3B).
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Fig. 3. MYC is a putative target gene of miR-let-7i-5p in AML. (A) Putative targets for miR-let-7i-5p were predicted using TargetScan, release
8.0, miRDB, TargetMiner, and the GSE142700 dataset. (B) RT-gPCR detected the JAG1, KMT2D, DVSP, and ABL1 gene expression in miR-
let-7i-5p-treated AML cell lines (MV-4-11 and THP-1). The changes in the expression level of JAG1 and KMT2D were detected in both cell lines,
but the differences were not significant (p>0.05). The changes in the expression level of DVSP and ABL1 were only detected in THP-1, and the
changes were not significant (p>0.05). (C) The MYC gene expression was detected by RT-gPCR in miR-let-7i-5p-treated AML cell lines (MV-4-
11 and THP-1). MYC expression in miR-let-7i-5p-treated cells was downregulated compared to the negative control in MV-4-11 (p=0.0047) and

THP-1 (p=0.0015).
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Effect of miR-let-7i-5p on cell proliferation and cell cycle.

To understand the effects of miR-let-7i-5p on the proliferation capability of AML cells, MV4-11 and THP-1 were transfected
with either miR-let-7i-5p or a negative control. MTT assay showed that transfection of miR-let-7i-5p mimic has no significant
effect on the proliferation rate of MV-4-11 and THP-1 cells, as shown in Figure 4 (A).

Furthermore, flow cytometry with Pl single staining was conducted to study the effects of miR-let-7i-5p on AML cell cycle
distribution. Relative to the negative control group, the cell cycle phases of MV4-11 and THP-1 upon transfection with the
miR-let-7i-5p mimic group were not significantly changed. Transfection with miR-let-7i-5p mimic did not modify the population
percentages in the cell cycle phases MV4-11 and THP-1 compared to their control, as shown in Figure 4 (B).
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Fig. 4. Effect of miR-let-7i-5p on cell proliferation and cell cycle. (A) Proliferation assay revealed that the transfection of miR-let-7i-5p mimics
slightly promoted cell proliferation in MV-4-11 and THP-1 cells compared to the negative control. However, the changes are not significant. (B)
Cell cycle progression was assessed in MV4-11 and THP-1 transfected with miR-let-7i mimic compared with negative controls (NC). There were
no significant changes in the cell cycle between transfected cells and the controls for both MV4-11 and THP-1.

DISCUSSION

AML is a heterogeneous group of aggressive hematologic cancers characterised by the clonal expansion of myeloid blasts in
the bone marrow and peripheral circulation. The pathogenesis of AML involves multiple genetic and epigenetic alterations that
lead to abnormal cell proliferation and differentiation, impaired apoptosis, and disrupted signalling pathways. AML is a complex
disease with various contributing factors (Kantarjian et al., 2021). Several studies have reported aberrant miRNA expression
profiles in AML, which may contribute to disease progression and poor prognosis. For example, elevated levels of miRNAs such
as miRNA-149%, miRNA-126, miR-376, and miR-21 in AML patients are associated with an increased risk of relapse and poor
prognosis (Trino et al., 2018). Overexpression of these miRNAs has been shown to promote cell proliferation, inhibit apoptosis,
and contribute to the aggressive nature of AML cells. These findings highlight the potential significance of miRNAs in AML
pathogenesis and suggest that targeting these miRNAs may represent a promising therapeutic strategy for this disease.

Although several miRNAs have been implicated in the pathogenesis of AML, their precise function in the disease remains
poorly understood. Recent research by Esa and colleagues has suggested that miR-let-7i-5p may play a role in AML development
(Esa et al., 2021). Previous studies have demonstrated that miR-let-7i-5p functions as a tumour suppressor in other cancers
by modulating specific genes, such as glioblastoma and bladder cancer (Qin et al., 2019; Sun et al., 2019). However, its role
in AML is yet to be fully explored. To investigate the potential role of miR-let-7i-5p in AML, we analysed its expression levels in
AML patients using the GEO database (GSE142699). Our findings indicated that miR-let-7i-5p is significantly down-regulated in
AML patients compared to healthy control patients. This downregulation suggests that miR-let-7i-5p may function as a tumour
suppressor in AML and that its dysregulation may contribute to the development and progression of AML by promoting the
overexpression of target genes implicated in cell proliferation, differentiation, and survival pathways. Further research is needed
to fully understand the mechanisms by which miR-let-7i-5p functions in AML and to explore its potential as a therapeutic target
for the disease.

This study used bioinformatics databases to predict the target genes of miR-let-7i-5p, including KMT2D, ABL1, DVSP, and
JAG1 (Esa et al., 2021), and identified MYC as the most probable target gene. MYC is a proto-oncogene involved in cell cycle
progression, apoptosis, cellular transformation, DNA damage response, and haematopoiesis. Its dysregulation has been linked to
the progression of various cancers, including AML (Ahmadi et al., 2021). KEGG pathway analysis revealed that MYC is involved
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in the PI3K-Akt, p53, JAK-STAT, and MAPK signalling pathways, cancer, and cell cycle. The PI3K-Akt pathway, upregulated in
AML (Nepstad et al., 2020), had the highest enrichment score. To experimentally validate these predictions, RT-qPCR analysis
demonstrated that miR-let-7i-5p mimics significantly downregulated MYC expression in AML cell lines. Taken together, the
combined bioinformatic (target prediction & KEGG enrichment) and experimental (RT-gPCR) results suggest that the miR-let-
7i-5p/MYC/PI3K-Akt axis may play a role in the pathogenesis of AML.To investigate the effect of miR-let-7i-5p on MYC gene
expression, RT-gPCR was used, and the results showed that miR-let-7i-5p significantly downregulated MYC expression. This
finding suggests that miR-let-7i-5p may act as a tumour suppressor gene by downregulating the proto-oncogene MYC in AML.
However, the involvement of the miR-let-7i-5p/MY C/PI3K—Akt axis remains hypothetical, and further studies are needed to clarify
its mechanisms and potential therapeutic relevance. Numerous miRNAs have been investigated concerning their role in cell
proliferation in human leukaemia cells, with some found to promote and others to inhibit cell proliferation. Lu et al. demonstrated
that miR-301b-3p inhibits AML cell proliferation by targeting FOXF2, while miR-338-3p inhibits glioma cell proliferation by
targeting MYT1L in glioma malignancy(Yu et al., 2022; Lu et al., 2022). These studies indicate that miRNAs play an essential
function in the proliferation of cancer cells. Previous research has implicated let-7i-5p in the proliferation of cancer cells, including
clear cell renal cell carcinoma and colon cancer (Liu et al., 2021; Song et al., 2018). Nonetheless, the role of miR-let-7i-5p in
AML proliferation remains unsupported by evidence. To investigate the miR-let-7i-5p/MY C/PI3K-Akt axis, an MTT proliferation
assay was utilised to assess the impact of miR-let-7i-5p on reducing cell proliferation. However, the results were unexpected,
as transfection of miR-let-7i-5p into cells only slightly increased compared to the negative control. Thus, the changes were
considered insignificant, suggesting that the MYC gene may have different functions in AML other than cell proliferation.

The study had several limitations. First, it lacked actual patient samples and relied solely on bioinformatics analysis of
publicly available databases, which may introduce bias. Second, the findings were not validated using additional methods such
as luciferase reporter assays to confirm the predicted target genes, nor were they confirmed at the protein level. Third, while our
results indicated that miR-let-7i-5p is downregulated in AML patients compared to healthy controls and that MYC is a putative
target downregulated by miR-let-7i-5p, both the MTT proliferation assay and the cell cycle analysis showed no significant effects
of miR-let-7i-5p overexpression on AML cells. This suggests that MYC may exert its role in AML through mechanisms other than
regulating proliferation or cell cycle progression, such as apoptosis, differentiation, or other signalling pathways. Future studies
should explore these alternative functions using assays for apoptosis, migration, or differentiation, and further validate the miR-
let-7i-5p/MY C interaction in vivo through animal models.

CONCLUSION

In summary, this study provides preliminary but important insights into the potential regulatory relationship between miR-let-7i-
5p and MYC in AML. While several limitations remain, including the lack of protein-level validation and in vivo confirmation, the
findings suggest that this miRNA-mRNA interaction could play a role in AML pathogenesis. Future studies are needed to validate
the interaction and clarify the specific cellular responses influenced by MYC modulation, such as apoptosis, differentiation,
or other signalling processes. In particular, MYC-specific siRNA knockdown experiments should be performed to determine
whether MYC suppression alone can recapitulate the phenotype observed with miR-let-7i-5p overexpression. Such studies,
combined with in vivo models, would provide more definitive evidence of the biological and clinical relevance of the miR-let-7i-
5p/MYC axis in AML.
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