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Background: Acute myeloid leukemia (AML) is a hematological malignancy with poor patient prognosis. Cuprotosis is a newly discovered 
cell death that regulates the proliferation and progression of tumor cells. Long non-coding RNAs (lncRNAs) are key molecules and potential 
biomarkers for the diagnosis and treatment of various diseases. However, the effect of cuprotosis-associated lncRNAs on AML remains unclear.
Objective: The aim of this study was to investigate the relationship between the expression of cuprotosis-related gene and the 
prognosis of AML.
Methods: Consensus cluster analysis was performed on AML patients according to the cuprotosis-related gene expression matrix, and 
survival analysis and differential gene analysis were performed. Then lncRNA and miRNA related to AML tumor progression were 
screened according to univariate COX regression analysis. After that, Kaplan-Meier analysis, correlation analysis, and AUC curve 
were used to determine the ceRNA network that might regulate AML. The regulatory relationship of ceRNA was verified in AML cell 
lines by RT-qPCR and Western blotting.
Results: The AC024896.1/miR-363-3p axis drives MYO1B to promote the malignant progression of AML. First, a change in the 
expression of AC024896.1 and miR-363-3p can affect the proliferation of AML by regulating MYO1B. Mechanistically, AC024896.1 
regulates the expression of MYO1B as the ceRNA of miR-363-3p. Moreover, the regulation of AC024896.1 in the malignant 
progression of AML depends partly on miR-363-3p.
Conclusion: In summary, our study reveals AC024896.1/miR-363-3p/MYO1B Axis in AML, which can be regarded as a new 
potential target for the diagnosis and treatment of AML.
Keywords: acute myeloid leukemia, cuprotosis, ceRNA network, bioinformatics analysis

Introduction
Acute myeloid leukemia (AML) is a type of acute leukemia that develops in the blood and bone marrow, most commonly occurs 
in the elderly, and is more common in men compared to women.1 AML causes excessive production of abnormal myeloblasts, 
crowds out the bone marrow, and prevents the generation of normal blood cells, making severe cases life-threatening. The 
prognoses of these patients vary considerably depending on the subtype.2,3 In 2015, nearly one million people worldwide 
developed acute myelogenous leukemia, and approximately 15% died.4 The diagnosis of AML usually includes a physical 
examination (blood tests and bone marrow biopsy), laboratory examination (flow cytometry and cytogenetic testing), and imaging 
examination (CT, MRI, and X-ray scans).5 Although existing diagnostic methods for AML are generally effective, these have 
several limitations. For example, invasive bone marrow biopsies and blood tests that cause discomfort to patients do not 
necessarily detect AML, especially in the early stages, which implies that the diagnosis and treatment may be delayed.6 Unlike 
most cancers with solid tumors, surgical methods are unsuitable for AML, and the first treatment is chemotherapy.7 In specific 
cases where conditions permit, stem cell transplantation is also a better choice, and the targeted therapy methods that have 
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emerged in recent years bear potential.8 However, long-term chemotherapy can easily lead to drug resistance and toxic side 
effects.9 Even if the treatment is successful, there is a possibility of recurrence, requiring additional treatment intervention. Earlier 
reports have been strengthening the study of the diagnosis and treatment of AML, in an attempt to obtain a combination of novel 
and effective diagnosis and treatment methods.

Non-coding RNA (ncRNA) is an RNA molecule that does not code for protein but has various regulatory 
functions in cells.10 MicroRNAs (miRNAs) are small ncRNAs that can control gene expression by binding to the 
target messenger RNA (mRNA), thus inhibiting its translation.11 Altered expression of miRNAs can contribute to 
cancer development by affecting the genes related to cell cycle regulation, apoptosis, and other key cellular 
processes.12 The study of miRNAs in cancer has led to the recognition of novel diagnostic and prognostic 
biomarkers and potential targets for cancer therapy.13 miRNAs are dysregulated in AML.14 Thus, these can be 
targeted by anti-miRNA oligonucleotides or miRNA mimics to suppress leukemia cell growth and sensitize them to 
chemotherapy.15 MiR-363-3p is a miRNA that is dysregulated as both a tumor suppressor and an oncogene in 
various cancers, including lung, gastric, and colorectal cancers.16 Long non-coding RNAs (lncRNAs) are crucial in 
gene expression regulation, cell differentiation, and development.17 LncRNAs can act as “molecular sponges” to 
adsorb proteins and miRNAs in large quantities and bind to the latter as competing endogenous RNAs (ceRNAs), 
thus affecting the gene expression.18 Besides their function in cancer development and progression, lncRNAs may 
also have diagnostic and prognostic value.19 Studies have found that the expression patterns of lncRNAs can 
distinguish diverse cancer subtypes, and high expression of certain lncRNAs is related to poor prognosis.20,21 An in- 
depth study of the role of lncRNAs in cancer may yield therapeutic targets.22 Additional research is needed to 
adequately elucidate alternative lncRNAs in AML and develop effective therapeutics targeting these molecules. 
AC024896.1 is a lncRNA located on human chromosome 1.23 The function of AC024896.1 is unclear but recent 
studies suggest that it may play a non-negligible role in cancer,24 while some studies proposed that AC024896.1 
might be a potential biomarker and therapeutic target for certain types of cancers. AC024896.1 has not yet been 
implicated in the field of AML, and further research is needed to fully understand the function of this lncRNA and 
develop effective treatments. ceRNAs are RNA molecules that regulate gene expression by competing for shared 
miRNA binding sites.25 In cancer, abnormal expression of ceRNAs can promote tumorigenesis by altering the 
expression of cell proliferation, apoptosis, and metastasis-related genes, including those in AML.26 The study of 
ceRNAs has provided new insights into the complex mechanisms of gene expression regulation.

Cuproptosis, also known as ferroptosis-like cell death, is a form of programmed cell death triggered by copper accumulation in 
cells.27 In cancer, copper accumulation can promote tumor growth and resistance to chemotherapy, and targeting cuproptosis 
pathways may offer a novel approach to cancer therapy.28 Further research on the role of cuproptosis in AML is warranted. 
However, based on the basic research of cuproptosis on different tumors, understanding its mechanism in AML is expected to 
provide new ideas for its treatment.

The MYO1B gene encodes Myosin IB, which functions in various cellular processes.29 MYO1B is upregulated in many 
cancers, including breast, colorectal, and lung cancers.30 Although the exact mechanism by which MYO1B promotes cancer 
progression is not fully understood, earlier reports generally believe that MYO1B may promote tumor growth and metastasis by 
enhancing cell migration and invasion.31 A previous study found that MYO1B may regulate cellular responses to cuproptosis and 
protect cells from copper-induced cell death.32 Nevertheless, the function of MYO1B in AML and its regulatory mechanism of 
receiving ncRNA need to be elucidated.

In this study, we found that AC024896.1, as the ceRNA of miR-363-3p, was involved in regulating the expression of 
the cuproptosis-related gene, MYO1B, in AML. The direct relationship among AC024896.1, miR-363-3p, and MYO1B 
is key in controlling the malignant progression of AML. Finally, we predicted and fully validated that AC024896.1 binds 
to miR-363-3p and acts as its molecular sponge to regulate MYO1B levels. This study laid a solid foundation for the 
research and application of ncRNA and copper death in AML and pointed out the direction for further development for 
the diagnosis and treatment of these patients.
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Materials and Methods
Data Collection and Differential Gene Expression Analysis
Using The Cancer Genome Atlas (TCGA) database, 150 AML transcriptomes and clinically relevant information (survival 
time, age, sex, etc.) were downloaded. The differentially expressed miRNAs, mRNAs, and lncRNAs were analyzed and 
screened. The “ggplot2” and “pheatmap” packages were used to create volcano maps and heat maps to visualize the levels of 
differentially expressed genes.

Consistent Cluster Analysis
The “ConsensusClusterPlus” package was used to analyze the mRNA expression matrix of AML patients in TCGA cohort, and 
unsupervised cluster analysis (k-means clustering) was performed with 100 repeats to ensure the stability of the classification.

Batch Univariate Cox Analysis
To screen the prognostic differentially expressed genes, univariate Cox analysis was performed to compare and evaluate 
the ROC curves and survival analysis was conducted between the high-risk group and the low-risk group with P < 0.05 as 
the significance criterion. In this study, the “survivalROC” package was used for analysis, while the “survminer” and 
“pheatmap” packages were used for plotting.

Construction of the lncRNA-microRNA-mRNA Network
First, the miRcode database was used to predict interactions between lncRNAs and miRNAs. Subsequently, miRNA-mRNA 
interactions were searched using TargetScan, mirTarBase, and miRDB databases. Furthermore, we analyzed the expression of 
lncRNAs in ceRNA networks by examining their association with targeted miRNAs. Finally, the identified co-expression 
competing triplets were used to construct the mRNA-miRNA-lncRNA networks. Cytoscape v3.7.2 was used for visualizing 
the ceRNA network.

DAVID Enrichment Analysis
The enrichment analysis of differentially expressed genes was conducted using the DAVID database; GeneRatio and 
enrichment factors were calculated and visualized using“ggplot”. The larger the enrichment factor, the more significant 
the enrichment level of differentially expressed genes in that particular pathway.

Cell Culture and Cell Transfection
AML cell lines, THP1 and Kasumi were purchased from ATCC. THP1 and Kasumi cells were cultured in RPMI 1640 
media, and HEK293T cells were cultured in 10% DMEM. Both media were supplemented with 10% FBS and cells were 
grown in an incubator at 37 °C with 5% CO2. According to the instructions, psPAX2 and pMD2.G plasmids were 
transfected into 293T cells. After 48 hours, the supernatant was collected and filtered through a 0.45 µm filter membrane. 
Next, THP1 and Kasumi cells were infected with virus solution, and 48 hours later, fresh medium was replaced and 
5 mg/mL puromycin was added to screen stably transfected cell lines.

CCK8 Assay
The CCK8 kit (Beyotime, China) was used to detect cell proliferation. Briefly, the cells were seeded in 96-well plates and 
incubated at 37 °C for 48 hours, followed by 2 hours of incubation with 10 μL of CCK-8 reagent. Finally, optical density 
(OD) values were measured at 450 nm using a Thermo Scientific enzyme marker.

RNA Extraction and qRT-PCR
Total cellular RNA was extracted using the TRIzol reagent (TaKaRa, Japan), and mRNA was reverse-transcribed into 
cDNA following the manufacturer’s instructions. Next, the cDNA was amplified using SYBR Premix Ex Taq kit 
(TaKaRa). The experiments were repeated at least thrice and the primer sequences used in the study were as follows:
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Luciferase Assay
Wild-type vector and mutant vector carrying AC024896.1 were constructed on PGL4.15, and HEK293T cells were co- 
transfected with the specified luciferase reporter gene and sea kidney luciferase reporter gene for 24 hours. Luciferase 
activity in cell lysates was measured using a dual luciferase reporter assay kit (Beyotime, China).

Statistical Analysis
Two-tailed Student’s t-test was used for the comparison between the two groups. Spearman correlation analysis was used 
for the gene expression correlation study. All data were analyzed using GraphPad Prism 8 software, and P < 0.05 was 
considered statistically significant.

Results
Consensus Cluster Analysis of Genes Related to Cuproptosis
Cuproptosis plays a crucial role in AML. It is a programmed cell death triggered by copper accumulation in cells. In 
order to divide AML patients into groups with different levels of cuproptosis, we performed cluster analysis according to 
the expression matrix of 13 cuproptosis-related genes. We divided 150 AML patients from TCGA database into k groups 
(k = 2–9). At k = 2, the optimal data classification was obtained (Figure 1A and Figure S1A-B). The overall survival rates 
between the two groups were compared, and Kaplan-Meier results showed a significantly longer survival in group 1 than 
in group 2 (Figure 1B). A total of 248 up-regulated and 50 down-regulated differentially expressed genes were obtained 
between the two groups (Figure 1C–D and Figure S1C).

Screening of lncRNAs and miRNAs Associated with AML Tumor Progression
The level of expression of tumor markers changed significantly during the progression of malignant tumors, and a large 
proportion of them may be oncogenes and tumor suppressor genes that dynamically regulate tumors. However, the role of 
the ceRNA axis of these genes in AML tumors has not been elucidated. To explore the underlying mechanisms, 
univariate cox analysis was performed for lncRNAs and miRNAs of AML samples, and the top 10 among each were 
obtained (Figure 2A–B).

AC024896.1/miR-363-3p/MYO1B May Be an Important ceRNA Axis Regulating AML
In accordance with the above results, the ceRNA network regulating the malignant progression of AML was constructed 
using lncRNAs and miRNAs obtained by cox analysis and mRNAs obtained by differential analysis of cuproptosis- 
related genes. The network contained 29 lncRNAs, 2 miRNAs, 7 mRNAs, and 137 sets of interaction axes (Figure 3A 
and Figure S2A). Among mRNAs, MYO1B is a member of the actin motor protein myosin superfamily, which promotes 
cancer cell proliferation by regulating various signaling pathways. Hence, we focused our research on the ceRNA axis 
regulating MYO1B. Figure 3B illustrates the signaling axes that may be regulated by MYO1B.

AC024896.1 May Regulate the Nucleic Acid and Protein Levels of MYO1B
To identify the major lncRNAs regulating MYO1B, survival analysis was performed for AC006064.2, AC024896.1, 
AC066613.2, AC073842.2, AC091117.2, AC093423.2, AC103876.1, AL139193.2, AL683813.1, LINC02280 and 
Z97989.1. The results of survival analysis and correlational analysis showed that among the 11 lncRNAs, the expression 
of AC024896.1 was highly correlated with worse survival and the expression of MYO1B (Figure 4A–B), and the AUC 
curve showed the sensitivity of the survival (Figure S3A). To further screen the results, ASO knockout of these lncRNAs 

AC024896.1 Forward 5’-TCAGATGATCCTTGCCTCCC-3’

AC024896.1 Reverse 5’-GGATTCATCACGCCCTACCT-3’

miR-363-3p Universal R-primer 5’- CGGGTGGATCACGATGCAATTT-3’
MYO1B Forward 5’-CTCCTACAGCAGGCTCACAGTT-3’

MYO1B Reverse 5’-GCCTCGTTGAAGATGTGTGCTG −3’
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was used to detect the mRNA levels of MYO1B were evaluated. The results showed that AC024896.1 significantly 
regulated the expression of MYO1B, while no statistically significant difference was observed when other lncRNAs were 
knocked down (Figure 4C). In summary, AC024896.1 may be the main lncRNA regulating MYO1B.

Figure 1 Consensus cluster analysis of genes related to cuproptosis. (A) Consensus clustering heatmap of genes associated with cuproptosis with k = 2. (B) Kaplan-Meier 
survival curve between cluster 1 and cluster 2. (C) The volcanic map showed the differential genes of the two clusters. (D) Heatmap of differential genes.
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AC024896.1, miR-363-3p and MYO1B Regulate the Malignant Progression of AML
According to the above prediction results, AC024896.1/miR-363-3p/MYO1B may be the ceRNA axis regulating the 
development of AML but its role in the malignant progression of AML has not been elucidated. Therefore, AML samples 
were divided into the AC024896.1-high expression group and AC024896.1-low expression group for differential and 
enrichment analyses (the same analyses were also performed for miR-363-3p and MYO1B). Moreover, the regulatory 
genes of the three were primarily enriched in cell proliferation pathways (Figure 5A and Figure S4A-C). To further verify 
the regulatory effects of the three genes on AML proliferation, CCK8 experiments were performed following the 
inhibition of each of the three genes, and the results were consistent with the findings from enrichment analysis 
(Figure 5B–C). These results indicated that the three genes could regulate the malignant progression of AML.

LncRNA AC024896.1 and miR-363-3p Can Regulate MYO1B in AML
To further explore the relationship between AC024896.1, miR-363-3p and MYO1B protein, the three genes were 
subjected to pearson correlation analysis. The results showed a high R-value and a certain correlation between the 
three (Figure 6A). After knocking down AC024896.1 with ASO, the changes in miR-363-3p and MYO1B RNA were 
detected. MYO1B was downregulated, while miR-363-3p was upregulated. Next, the changes in the levels of 
AC024896.1 and MYO1B RNA were detected after overexpression and inhibition of miR-363-3p with corresponding 
mimic and inhibitor, respectively. The results showed that AC024896.1 and MYO1B were negatively regulated by miR- 
363-3p (Figure 6B). These results indicated that lncRNA AC024896.1 and miR-363-3p could regulate MYO1B in AML, 
following the trend of the ceRNA axis.

AC024896.1 as a ceRNA of miR-363-3p Regulates MYO1B to Affect the Malignant 
Progression of AML
The predicted binding sites of AC024896.1 and miR-363-3p were complementarily mutated to determine whether 
AC024896.1 acts as a ceRNA of miR-363-3p (Figure 7A). Luciferase assays were performed to detect the effect of 
changes in miR-363-3p before and after mutation on luciferase activity. We found that miR-363-3p regulated the 
luciferase activity of wild-type AC024896.1, while mutant AC024896.1 was unaffected (Figure 7B). Next, we predicted 

Figure 2 Screening of LncRNAs and miRNAs associated with AML tumor progression. (A–B) Forest maps showed the prognostic value of lncRNAs and miRNAs based on 
univariate cox proportional hazard regression analysis (P < 0.05).
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the enrichment of genes co-regulated by AC024896.1 and miR-363-3p in the malignant progression of AML tumors, and 
the results showed that the enrichment was particularly significant in the proliferation pathway (Figure 7C–D). The 
knockdown of AC024896.1 inhibited tumor cell proliferation in control cells but not in mimic cells (Figure 7E–F). 
Briefly, it appears that AC024896.1 affected AML tumor malignant progression by acting as a ceRNA of miR-363-3p, 
thus regulating MYO1B.

Discussion
Among the four major blood cancers, AML has high malignancy and shows rapid disease development.33 The diagnostic 
approach for AML typically involves several steps, including a physical exam, molecular testing, and biopsy. Since the 
treatment of AML needs to fully consider the subtype, age, and overall health of the patient, as well as specific gene 
mutations, completely effective treatments, are needed.34 Therefore, effective treatment for diagnosing and treating AML 
is still an important topic in the medical field. Many scientists continue finding new diagnoses and treatment methods. 
With the development of ncRNA research over the past few years, a vital role of ncRNAs in AML has also been 

Figure 3 AC024896.1/miR−363−3p/MYO1B may be an important ceRNA axis in the regulation of AML. (A) Sankey diagram for the ceRNA network in ALL. Each rectangle 
represents a gene, and the connection degree of each gene is visualized based on the size of the rectangle. (B) The ceRNA regulatory network.
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Figure 4 AC024896.1 may regulate the nucleic acid and protein levels of MYO1B. (A) Survival analysis in the high and low expression lncRNAs groups. (B) Correlation 
analysis between these lncRNAs and MYO1B. (C) The expression level of MYO1B after knockdown of these lncRNAs using ASO was examined by qPCR. (**P < 0.01, and 
***P < 0.001, ****P < 0.0001).
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discovered.35 One class of ncRNAs extensively studied in AML is miRNAs. For example, miR-155 is upregulated in 
AML which results in promoting cell proliferation in leukemia. It also regulates the differentiation and immune responses 
of myeloid cells.36 miR-181 a/b is downregulated in AML and participates in the differentiation of hematopoietic stem 
cells.37 It also promotes apoptosis and sensitizes leukemia cells to chemotherapy. In addition to miRNAs, another class of 
ncRNAs is lncRNAs. For instance, among lncRNAs, Linc-MAF-4 is upregulated in AML, and knocking it down inhibits 
cell growth in AML.38 miRNAs and lncRNAs can regulate the pathogenesis of various cancers, including AML, through 
ceRNA. In AML, lncRNA H19 acts as a ceRNA for miR-29b, thus upregulating the oncogene HMGA2 and promoting 
proliferation and survival.39 Additionally, lncRNA NEAT1 acts as a ceRNA for miR-34a in AML, leading to the 
upregulation of Bcl-2, an anti-apoptotic protein, and inducing resistance to chemotherapy-induced apoptosis.40 Herein, 
we constructed the ceRNA regulatory network for AML and fully verified that AC024896.1, as the ceRNA of miR-363- 
3p, controls its progression. These research results can greatly expand the ceRNA regulatory network of AML and 
provide a new research direction for its diagnosis and treatment.

Cuproptosis is a type of programmed cell death triggered by copper accumulation in cells. This process is thought to 
involve the accumulation of copper in lysosomes, which are organelles within cells that break down and recycle cellular 
waste. Due to the accumulation of copper in lysosomes, reactive oxygen species (ROS) are produced, resulting in 

Figure 5 AC024896.1, miR-363-3p and MYO1B regulate the malignant progression of AML. (A) GSEA enrichment map. (B–C) CCK-8 assay showed that AC024896.1, miR- 
363-3p or MYO1B knockdown inhibited THP1 and Kasumi cells activity. (***P < 0.001, ****P < 0.0001).
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oxidative stress and cell death. Cuproptosis has been linked to several different diseases and conditions, including 
Wilson’s disease, a genetic disorder that causes copper accumulation in the liver and other organs, and cancer. It may 
contribute to the effectiveness of certain chemotherapeutic treatments. In recent years, cuproptosis has emerged as 
a potential therapeutic target for cancer treatment since cancer cells are more sensitive to copper-induced cell death than 
normal cells. However, studies on the role of cuproptosis in AML are limited. Studies have shown that AML cells have 
higher levels of copper than normal hematopoietic cells.41 Copper chelation or inhibition of copper uptake can induce 
cell death of AML cells. Copper chelation can sensitize AML cells to chemotherapy and improve treatment outcomes 
in vivo.42 Herein, according to 13 cuproptosis genes, AML sampled were subjected to consensus clustering. The patients 
were separated into two groups based on the differential degrees of cuproptosis, and further analysis was conducted to 
obtain cuproptosis-related genes in AML.

Myosin IB encoded by MYO1B is a member of the myosin superfamily of actin-based motor proteins.43 MYO1B 
may promote cancer cell proliferation by regulating various signaling pathways that control cell growth and division. 
Furthermore, MYO1B also promotes cell cycle progression by regulating the expression and localization of the key 
regulator of G1-S transition and cyclin D1.44 Some evidence suggests that MYO1B may indirectly contribute to 
cuproptosis by regulating the cellular processes that are affected by copper metabolism. For example, MYO1B regulates 
the trafficking and recycling of membrane proteins, including CTR1 which is a copper transporter.45 CTR1 is responsible 
for the uptake of copper into cells and its expression and localization are tightly regulated by various mechanisms of 
trafficking and recycling.46 MYO1B interacts with CTR1 and regulates its localization and activity, suggesting that 
MYO1B has a role in copper metabolism. One study indicated that MYO1B is involved in the ceRNA network in 
hepatocellular carcinoma, where it competes with other RNAs for binding to miR-150-5p.47 A molecular sponge known 
as Myo1B negatively regulates miR-150-5p expression, leading to increased expression of the miR-150-5p target gene, 
c-Myb, thus promoting the proliferation of HCC cells.48 However, neither MYO1B nor its role as a link in the ceRNA 
network has been addressed in AML. Herein, we presented, for the first time, that MYO1B contributes to the malignant 
progression of AML. The more innovative establishment of ceRNA between MYO1B and ncRNAs in AML provides 
a solid theoretical basis for its diagnosis and treatment.

Figure 6 LncRNA AC024896.1 and miR-363-3p could regulate MYO1B protein in AML. (A) Correlation analysis of AC024896.1, miR-363-3p, and MYO1B. (B) RT-qPCR 
was used to detect the expression levels of AC024896.1, MYO1B and miR-363-3p after knocking down AC024896.1 with ASO or adding miR-363-3p mimic or inhibitor, 
respectively. (****P < 0.0001).
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In summary, we demonstrated for the first time that AC024896.1, a ceRNA of miR-363-3p, regulates the cuproptosis- 
related gene MYO1B in AML. Among them, we demonstrated that AC024896.1, miR-363-3p, and MYO1B have 
regulator effects y on the progression of AML. In addition, AC024896.1 regulates MYO1B expression via miR-363- 
3p and serves as the molecular sponge of MYO1B. This study revealed a novel ceRNA regulatory network in AML, thus 
providing new potential targets and a theoretical basis for its diagnosis and treatment.

Figure 7 AC024896.1 as a ceRNA of miR-363-3p regulates MYO1B protein to affect the malignant progression of AML. (A) Bioinformatics analysis demonstrated that miR- 
363-3p directly targeted the AC024896.1 sequence. (B) Luciferase reporter plasmid containing AC024896.1-WT or AC024896.1-MUT was co-transfected into 293T cells 
with miR-363-3p mimic. (C) Venn diagram showed the overlapping genes of AC024896.1 groups and miR-363-3p groups. (D) Pathway enrichment of genes co-regulated by 
AC024896.1 and miR-363-3p. (E–F) The CCK-8 results of THP1 and Kasumi cells with knockdown AC024896.1 treated with NC mimic or miR-363-3p mimic. Data were 
expressed as the mean ± standard deviation of three independent experiments (n=3).(*P < 0.05, ****P < 0.0001).
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