
INTERNATIONAL JOURNAL OF ONCOLOGY  65:  111,  2024

Abstract. Acute myeloid leukemia (AML) is a hematological 
malignancy with a high relapse rate and a poor survival rate. 
The circular RNA circPVT1 and myocyte enhancer factor 2A 
(MEF2A) have unique functions in the progression of AML; 
however, the underlying mechanisms and clinical significance 
remain to be clarified. Bioinformatics and database analyses 
were used to assess the transcription factors and target genes of 
circPVT1. Dual‑luciferase reporter gene and argonaute 2‑RNA 
immunoprecipitation assays were used to verify the targeted 
relationships. The expression levels of related genes and 
proteins were detected by reverse transcription‑quantitative 
PCR and western blotting. Cell viability and apoptosis were 
detected by Cell Counting Kit‑8 assay and flow cytometry, 
respectively. The results revealed that circPVT1 was highly 
expressed in AML samples and cell lines, and that MEF2A 
regulated the expression of circPVT1. MEF2A overexpression 
promoted cell viability and epithelial‑mesenchymal transition 
(EMT), and inhibited cell apoptosis. In addition, circPVT1 was 
revealed to target the regulation of microRNA (miR)‑455‑3p, 

and miR‑455‑3p targeted the regulation of MCL1 expression, 
thus indicating that circPVT1 promoted MCL1 expression 
through its interaction with miR‑455‑3p. Furthermore, cells 
were transfected with the small interfering RNA‑(si)‑circPVT1, 
miR‑455‑3p inhibitor or si‑MCL1, and si‑circPVT1 and 
si‑MCL1 inhibited the viability and EMT of NB4 and HL‑60 
cells. However, the miR‑455‑3p inhibitor had the opposite 
effect on cells. In conclusion, MEF2A may act as a transcrip‑
tion factor of circPVT1 to promote the malignant process of 
AML, and knockdown of circPVT1 could inhibit the viability 
and EMT of AML cells through the miR‑455‑3p/MCL1 axis.

Introduction

Acute myeloid leukemia (AML) is a hematological malignancy 
of myeloid cells and is the most common type of leukemia in 
adults (1). AML is characterized mainly by the clonal prolif‑
eration of myeloid precursors and genetic abnormalities of 
cell components, such as chromosomal alterations and genetic 
mutations (2,3), and predominantly exhibits single lineage 
dysplasia; however, blasts from patients are heterogeneous 
for the antigens expressed (4,5). Leukemia is associated with 
genomic instability and clonal heterogeneity; the heterogeneity 
includes differences in tumor cell morphology, cell surface 
markers and functional characteristics (6). The etiology of 
most AML cases is currently unclear, but a number of risk 
factors exist (7). Moreover, the morbidity of AML has been 
reported to be increasing annually, the mortality rate remains 
high and treatment efficacy is poor. Notably, the global 5‑year 
survival rate of AML is <50% (8,9). Therefore, it is necessary 
to clarify the molecular pathogenesis of AML and to identify 
potential therapeutic strategies.

Circular RNAs (circRNAs) are novel and extensive 
noncoding RNAs that regulate key functions in different types 
of cancer. The heterogeneity of circRNAs in tissues contrib‑
utes to cell transformation and the development of numerous 
diseases, promotes the occurrence of tumors, and is a molecular 
biomarker and intervention target for the clinical diagnosis, 
treatment and prognosis of various types of cancer, including 
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colorectal cancer, AML, hepatocellular carcinoma and gastric 
carcinoma (10‑12). circRNA_0016624 and circHIPK3 have 
been shown to mediate the related mechanisms of osteoblasts 
and osteoporotic cells, and serve as new therapeutic targets 
for osteoporosis (13). Researchers studying preeclampsia have 
successfully identified several circRNAs that may be used as 
promising biomarkers for the prediction and diagnosis of this 
disease (14). Furthermore, previous studies have shown that 
circRNA imbalance occurs in a variety of tumors. In gastric 
cancer, circPVT1 (15), circLARP4 (16), hsa‑circ‑0000096 (17) 
and circ‑100269  (18) have been shown to promote tumor 
growth. Among the different circRNAs involved in cancer, 
circPVT1 has been reported to exhibit important carcinogenic 
features in multiple types of cancer. Notably, circPVT1 can 
promote the development of osteosarcoma by regulating the 
microRNA (miRNA/miR)‑205‑5p/c‑FLIP axis (19). Abnormal 
expression of circPVT1 has also been shown to participate in 
the chemoresistance of lung adenocarcinoma by regulating 
the miR‑145‑5p/ABCC1 axis  (20). Another study reported 
that circPVT1 is highly expressed in breast cancer tissues and 
cells, and inhibition of circPVT1 expression can significantly 
inhibit the proliferation and epithelial‑mesenchymal transition 
(EMT) of breast cancer cells, and promote cell apoptosis (21). 
In addition, circPVT1 has been suggested to be carcinogenic 
in AML (22). However, there are few reports (23,24) on the 
specific molecular mechanisms underlying the effects of 
circPVT1 on AML progression. Therefore, the present study 
aimed to further explore the function of circPVT1, in order to 
provide potential molecular targets for the treatment of AML.

A number of studies have shown that the abnormal expres‑
sion or mutation of the muscle cell enhancer factor 2 (MEF2) 
family (MEF2A, MEF2B, MEF2C and MEF2D) is inextri‑
cably linked with cancer, including large B‑cell lymphoma (25) 
leukemia  (26), and the solid tumors liver cancer  (27) and 
colorectal cancer (28). MEF2A, as a transcription factor, can 
regulate the expression of various genes, thereby affecting the 
cancer process. A previous study reported that MEF2A binds 
to the lncHCP5 promoter region, promotes lncHCP5 expres‑
sion and affects the progression of gastric cancer (29). MEF2A 
can also promote colorectal cancer progression by upregulating 
the expression of ZEB2 and CTNNB1 (30). Another study 
reported that MEF2A and MEF2D could regulate pancreatic 
cancer progression by controlling transcription of FNIP1 and 
FNIP2 (31). These findings suggested that MEF2A may serve 
an important regulatory role in cancer progression. In addi‑
tion, our research group analyzed the promoter binding site 
of circPVT1 and found that the transcription factor MEF2A 
can bind the promoter region of circPVT1 with a high affinity. 
However, the mechanism by which MEF2A acts as a tran‑
scription factor for circPVT1 in AML progression is not yet 
clear; thus, the present study may provide an opportunity to 
develop new AML therapeutic strategies involving MEF2A as 
a transcription factor for circPVT1.

A number of studies have shown that circRNAs participate 
in the competitive endogenous RNA (ceRNA) mechanism, 
in which RNAs with miRNA response elements regulate 
each other, and exert their biological functions via means of 
sponging miRNAs  (32,33). Our previous study confirmed 
the low expression of miR‑455‑3p in AML (34). Therefore, 
it was hypothesized that circPVT1 may be involved in the 

ceRNA mechanism as a miR‑455‑3p sponge and serve a role 
in the progression of AML. miR‑455‑3p is an important tumor 
suppressor that serves an important role in numerous tumors, 
and reducing its expression can increase pancreatic cancer 
cell migration (35) and promote the malignant progression of 
colorectal cancer (36). By contrast, antagonism of miR‑455‑3p 
has been shown to inhibit chemoresistance and invasiveness in 
esophageal squamous cell carcinoma (37), and a similar effect 
has been observed in non‑small cell lung cancer cells (38), 
triple‑negative breast cancer cells (39) and A375 melanoma 
cells (40). Therefore, miR‑455‑3p may be closely related to 
human diseases; however, few studies (34) have investigated 
the potential regulatory mechanisms of miR‑455‑3p in AML. 
One aim of the current study was to identify the molecular 
mechanism of miR‑455‑3p in AML.

The present study explored the influence of MEF2A, a 
transcription factor of circPVT1, on the development of AML, 
and assessed the molecular mechanism underlying the involve‑
ment of miR‑455‑3p in the pathogenesis of AML.

Materials and methods

Collection of clinical data and patient samples. Blood 
plasma samples from 42 patients with AML and 42 healthy 
controls (25 men and 17 women; mean age, 44.54 years; range, 
19‑76 years) were collected from The First Affiliated Hospital 
of Kunming Medical University (Kunming, China) between 
April 2021 and March 2022. The AML group consisted of 22 
men and 20 women, with a mean age of 46.62 years (range, 
16‑80 years). The criteria for the selection of patients in this 
study included: i) Male or female patients with a body weight 
≥45 kg; ii) no bleeding tendency; iii) no obvious abnormali‑
ties of heart, liver and kidney function; iv) expected survival, 
≥3 months; v) women of childbearing age must have had a 
pregnancy test (serum or urine) within 7 days of enrollment, 
with a negative result, and be willing to use an appropriate 
method of contraception during the trial. Patients with other 
serious diseases or who started treatment within 3 months 
before admission were excluded, and those in the healthy 
control group had normal physiological function according 
to whole‑body physiological examinations conducted at the 
aforementioned hospital. The diagnosis of AML was made 
according to the 2016 World Health Organization criteria (41). 
The basic information for all patients is shown in Table I. 
The present study was approved by the Ethics Committee of 
The First Affiliated Hospital of Kunming Medical University 
(approval no.  L‑10), and all individuals provided written 
informed consent for participation.

Cell culture. The following cell lines were used in the present 
study: A normal bone marrow stromal cell line (HS‑5) and 
human AML cell lines (U937, THP‑1, HL‑60 and NB4), which 
were purchased from Shenzhen Haodi Huatuo Biotechnology 
Co., Ltd. All cells were cultured in DMEM (MilliporeSigma) 
containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) 
and 1% penicillin/streptomycin (MilliporeSigma), and were 
incubated at 37˚C in a 5% CO2 incubator. The cells were 
subcultured when the cell density reached 90%. The cell lines 
used in the present study were authenticated by short tandem 
repeat profiling.
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CpG island region in the gene promoter of circPVT1. The 
circPVT1 promoter region was identified by searching the 
UCSC database (http://genome.ucsc.edu/). Specifically, 
GRCh38/hg38 was used as the human reference genome. 
CircPVT1 (hsa_circ_0085536) was located at chromosome 

chr8:128806778‑128903244, and the sequence 2,000  bp 
upstream of its transcription start site was selected as 
the promoter region. MethPrimer (http://www.urogene.
org/methprimer/) (42) was used to analyze the CpG island 
regions in the circPVT1 promoter sequence. Specifically, 

Table I. Clinical and biological characteristics of patients with AML.

Case	 Age, years	 Sex	 WHO classification	 Fusion gene	 Mutation	 Cytogenetics

  1	 40	 Male	 AML		  FLT‑ITD	 Normal
  2	 58	 Female	 B‑ALL			   Normal
  3	 43	 Female	 AML		  TP53	 Normal
  4	 46	 Female	 AML	 AML1‑ETO		  t(8;21)(q22;q22.1)
  5	 72	 Female	 AML			   Normal
  6	 51	 Female	 AML		  NPM1	 Normal
  7	 25	 Male	 AML			   Normal
  8	 66	 Male	 AML			   Normal
  9	 51	 Female	 AML		  RUNX1	 Normal
10	 51	 Male	 AML			   Normal
11	 77	 Male	 AML			   Normal
12	 23	 Male	 APL	 PML‑RARA		  t(15;17)(q22;q12)
13	 44	 Female	 AML	 AML1‑ETO		  t(8;21)(q22;q22.1)
14	 70	 Female	 AML			   Normal
15	 50	 Male	 AML		  TP53	 Normal
16	 52	 Female	 AML			   Normal
17	 41	 Male	 AML			   Normal
18	 78	 Male	 APL		  ASLX1	 Normal
19	 50	 Female	 APL	 PML‑RARA		  t(15;17)(q22;q12)
20	 47	 Male	 AML			   Normal
21	 23	 Male	 ALL	 MLL‑AF4		  Normal
22	 52	 Female	 ALL	 BCR‑ABL 210		  t(9;22)(q34.1;q11.2)
23	 45	 Male	 APL	 PML‑RARA	 NPM1	 t(15;17)(q22;q12)
24	 48	 Male	 AML		  ASLX1	 Normal
25	 57	 Male	 APL	 PML‑RARA		  t(15;17)(q22;q12)
26	 53	 Male	 AML			   Normal
27	 36	 Male	 APL	 PML‑RARA		  t(15;17)(q22;q12)
28	 50	 Female	 AML		  NPM1	 Normal
29	 19	 Male	 AML			   Normal
30	 39	 Male	 B‑ALL			   Normal
31	 35	 Female	 T‑ALL			   Normal
32	 22	 Female	 AML			   Normal
33	 23	 Male	 T‑ALL		  NPM1	 Normal
34	 45	 Female	 AML			   Normal
35	 51	 Female	 AML			   Normal
36	 80	 Female	 AML			   Normal
37	 16	 Male	 AML			   Normal
38	 25	 Male	 AML			   Normal
39	 57	 Female	 AML	 PML‑RARA		  t(15;17)(q22;q12)
40	 49	 Female	 AML		  TP53	 Normal
41	 34	 Male	 AML			   Normal
42	 64	 Female	 AML			   Normal

ALL, acute lymphoblastic leukemia; APL, acute promyelocytic leukemia; B‑ALL, acute B‑lymphoblastic leukemia; T‑ALL, acute 
T‑lymphoblastic leukemia; WHO, World Health Organization.
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the minimum CpG island length was set at 200 bp, the CpG 
percentage threshold was 50%, and the expected CpG island 
ratio threshold was 0.6.

Gene promoter and transcription factor‑binding sites of 
circPVT1. The circPVT1 promoter sequence was identified 
as aforementioned. JASPAR (https://jaspar.genereg.net/) 
was used to analyze the transcription factors to which the 
circPVT1 promoter sequence might bind. The relative profile 
score threshold was set to 80%.

Cell transfection. NB4 or HL‑60 cells were seeded at a 
density of 2x105 cells/well, and were transfected with 50 nM 
miR‑455‑3p mimic, miR‑455‑3p inhibitor, small interfering 
RNA (siRNA/si)‑PVT1, si‑MCL1 and 2 µg pcDNA3.1‑MEF2A 
vector (oe‑MEF2A) using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). Negative control (NC) mimic, 
NC inhibitor, NC‑small interfering siRNA (NC‑si) and 
pcDNA3.1 empty vector (NC‑oe) were used as NCs. The cells 
were cultured at 37˚C for 48 h. All oligonucleotides (Table SI) 
were designed and synthesized by Shanghai GenePharma 
Co., Ltd. The transfection efficiency was measured 48 h after 
transfection.

Binding site query. The biological information database 
StarBase (http://starbase.sysu.edu.cn/) was used to analyze the 
binding sites of circPVT1 and miR‑455‑3p or miR‑455‑3p and 
MCL1.

Dual‑luciferase reporter gene assay. The circPVT1 and 
MCL1 3'UTRs containing the miR‑455‑3p binding site were 
cloned and inserted into the pGL3‑Basic vector (Promega 
Corporation) to construct the PVT1‑wild‑type (WT) vector and 
the MCL1‑WT vector, respectively. The 3'UTRs of circPVT1 
and MCL1 containing mutant (MUT) binding sequences 
of miR‑455‑3p were also amplified and inserted into the 
pGL3‑Basic vector downstream of the firefly luciferase gene to 
generate the PVT1‑MUT vector and the MCL1‑MUT vector. 
Subsequently, 293 T cells (Thermo Fisher Scientific, Inc.) were 
seeded in 24‑well plates at a density of 1.0x105/ml per well. 
Subsequently, the WT or MUT vectors were cotransfected 
with the miR‑455‑3p mimic/inhibitor or NC mimic/inhibitor 
into 293T cells using Lipofectamine 2000. A total of 48 h 
after transfection, luciferase activity was measured using the 
dual‑luciferase reporter gene assay system (Beyotime Institute 
of Biotechnology). In addition, pGL3‑Basic‑circPVT1 and 
pGL3‑Basic‑MEF2A vectors were transfected into NB4 cells 
using Lipofectamine 2000, followed by assessment using the 
aforementioned luciferase assay kit at 48 h post‑transfection. 
Firefly luciferase activity was normalized to Renilla luciferase 
activity.

Reverse transcription‑quantitative PCR (RT‑qPCR). A 
TRIzol® RNA extraction kit (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to extract total RNA from AML cells 
or the blood plasma of patients with AML. First‑strand cDNA 
was subsequently assembled using total RNA as a template with 
the PrimeScript RT Reagent kit (Takara Bio, Inc.) according to 
the manufacturer's protocol, and the cDNA obtained was used 
as a template for qPCR amplification. qPCR was performed 

according to the instructions of the SYBR Green qPCR kit 
(Thermo Fisher Scientific, Inc.), and the qPCR thermocycling 
conditions were 94˚C for 2 min; followed by 45 cycles at 94˚C 
for 15 sec and 60˚C for 30 sec. GAPDH, β‑actin and U6 were 
used as internal controls for circRNAs, mRNAs and miRNAs, 
respectively. Moreover, sterilized deionized water was used as 
a negative control for PCR in place of a nucleic acid template. 
The expression levels of genes were calculated using the 2‑ΔΔCq 
method (43). The primer sequences are displayed in Table II.

Agarose gel electrophoresis. Agarose powder was dissolved in 
TBE buffer in a flask to prepare 2.5% agarose gel. After the 
agarose powder was completely dissolved, ethidium bromide 
was added and then poured into the gel‑making plate. The 
PCR product of circPVT1 was then mixed with the loading 
buffer and applied to the gel, followed by electrophoresis; 
finally, the results were observed using a gel imaging system 
(Tanon Science & Technology Co., Ltd.).

Argonaute 2‑RNA immunoprecipitation (Ago2‑RIP) assay. 
NB4 cells were transfected with a NC mimic or inhibitor, and 
miR‑455‑3p mimic or inhibitor for 24 h, and a RIP experiment 
was performed using the Magna RIP RNA‑Binding Protein 
Immunoprecipitation Kit (cat. no. 17‑700; MilliporeSigma) 
according to previously described methods (44). RT‑qPCR was 
performed as aforementioned to assess circPVT1 and MCL1 
levels in Ago2 or IgG (negative control) immunoprecipitates.

Stability verification. RNase R (10 U/µl; Guangzhou Geneseed 
Biotech. Co., Ltd.) was added to the experimental samples 
(2.5 µg total RNA extracted from NB4 cells) at 37˚C for 
30 min. RT‑qPCR was subsequently performed as aforemen‑
tioned to verify the stability of circPVT1.

Cell Counting Kit (CCK)‑8 analysis of cell viability. NB4 and 
HL‑60 cell viability was assessed using a CCK‑8 kit (Beyotime 
Institute of Biotechnology). The cells were added to 96‑well 
plates at a concentration of 3x103 cells/well and an equal amount 

Table II. PCR primer sequences.

Gene	 Sequence, 5'‑3'

circPVT1	 F: 5'‑CCGACTCTTCCTGGTGAAGC‑3'
	 R: 5'‑TGCTCGCAGCTCGTCG‑3'
β‑actin	 F: 5'‑CATGTACGTTGCTATCCAGGC‑3'
	 R: 5'‑CTCCTTAATGTCACGCACGAT‑3'
miR‑455‑3p	 F: 5'‑CGGCAGTCCATGGGCAT‑3'
	 R: 5'‑AGTGCAGGGTCCGAGGTATT‑3'
U6	 F: 5'‑CTCGCTTCGGCAGCACA‑3'
	 R: 5'‑AACGCTTCACGAATTTGCGT‑3'
MCL1	 F: 5'‑CGCCAAGGACACAAAGCCAATG‑3'
	 R: 5'‑AGCCAGCAGCACATTCCTGATG‑3'
GAPDH	 F: 5'‑GGAGCGAGATCCCTCCAAAAT‑3'
	 R: 5'‑GGCTGTTGTCATACTTCTCATGG‑3'

F, forward; miR, microRNA; R, reverse.
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of medium was added to each well. Subsequently, 10 µl CCK‑8 
solution was added to each well and the plates were incubated 
at 37˚C and 5% CO2 for 2 h. The absorbance was measured at 
a wavelength of 450 nm using a microplate reader. As a blank 
control, CCK‑8 solution was added to cell‑free medium and 
the absorbance was measured at 450 nm.

Detection of apoptosis by flow cytometry. The cells from each 
group were collected and washed twice with precooled PBS. 
According to the manufacturer's protocol, the percentage of 
apoptotic cells was detected using an Annexin‑V‑FITC/PI 
apoptosis kit (Absin Bioscience, Inc.). Cells that were not stained 
with FITC or PI were used as negative controls. Cells 
were analyzed using a flow cytometer (FACSCalibur; BD 
Biosciences) and FlowJo‑V10 software (FlowJo, LLC) was 
used to process the experimental results.

Western blotting. Total proteins were extracted from NB4 
and HL‑60 cells using RIPA lysis buffer (Beijing Solarbio 
Science & Technology Co., Ltd.), and the protein concen‑
tration was determined using a BCA kit (Beijing Solarbio 
Science & Technology Co., Ltd.). The proteins (40 µg/lane) 
were subsequently separated by SDS‑PAGE on 10% gels and 
were transferred to PVDF membranes. The membranes were 
blocked with 5% skim milk for 2 h at room temperature, and 
were then incubated with primary antibodies (Abcam) against 
MEF2A (1:1,000; cat. no. ab76063), caspase‑3 (1:2,000; cat. 
no. ab184787), Bax (1:1,000; cat. no. ab32503), Bcl‑2 (1:2,000; 
cat. no. ab182858), E‑cadherin (1:1,000; cat. no. ab231303), 
N‑cadherin (1:1,000; cat. no. ab245117), vimentin (1:1,000; 
cat. no. ab92547), fibronectin (1:1,000; cat. no. ab268020), and 
MCL1 (1:500; cat. no. ab243136) overnight at 4˚C. GAPDH 
(1:1,000; cat. no. ab181602) was used as the internal refer‑
ence protein. The membrane was subsequently incubated 
with an HRP‑conjugated secondary antibody (1:2,000; cat. 
no. ab288151; Abcam) for 1 h at room temperature. The protein 
bands were visualized with an enhanced chemiluminescence 
detection kit (BD Biosciences), and ImageJ 1.8.0.345 software 
(National Institutes of Health) was used for protein band gray 
value analysis. In addition, nuclear and cytoplasmic proteins 
were isolated from NB4 and HL‑60 cells using a Nuclear 
and Cytoplasmic Protein Extraction Kit (Beyotime Institute 

of Biotechnology) according to the manufacturer's instruc‑
tions. H3 (1:1,000; cat. no. ab1791; Abcam) was used as the 
internal reference for nuclear proteins and western blotting 
was performed as aforementioned.

Statistical analysis. The cell experiments were repeated three 
times. All experimental data are presented as the mean ± stan‑
dard deviation. GraphPad Prism 7 (Dotmatics) was used to 
analyze and plot the data. For normally distributed and homo‑
geneous variance variables, unpaired Student's t‑test was used 
for comparisons between two groups, and one‑way ANOVA 
was used for comparisons between multiple groups, followed 
by Tukey's multiple comparisons test. The Mann‑Whitney 
U test was used for nonparametric data. The correlations 
between circPVT1 and miR‑455‑3p, miR‑455‑3p and MCL1, 
or circPVT1 and MCL1 were assessed by Pearson correlation 
analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

MEF2A is a transcription factor for circPVT1. To explore 
the role of MEF2A as a transcription factor of circPVT1 in 
the malignant development of AML, the promoter region of 
circPVT1 was first analyzed. As shown in Fig. 1A, the promoter 
region of circPVT1 was enriched in CpG islands, forming an 
obvious CG enrichment phenomenon, and three CpG islands 
were identified via Meth Primer analysis. The sizes of CpG 
islands 1, 2 and 3 were 217, 183 and 368 bp, respectively. CpG 
islands often appear in the promoter region and can affect the 
affinity of the promoter for transcription factors. The binding 
sites of the circPVT1 promoter were then analyzed, and it 
was revealed that 34 sequences could bind to the circPVT1 
promoter (Table III). It was revealed that the transcription 
factor MEF2A can bind to the circPVT1 promoter region 
with high affinity. Subsequently, the pGL3‑Basic‑circPVT1 
and pGL3‑Basic‑MEF2A eukaryotic expression vectors 
were cotransfected into NB4 cells. The empty vector 
pGL3‑Basic was used as a control, and the luciferase activity 
was detected after transfection for 24 h. Compared with the 
pGL3‑Basic‑circPVT1 group, the cells cotransfected with 
pGL3‑Basic‑circPVT1 and pGL3‑Basic‑MEF2A group 

Figure 1. MEF2A acts as a transcription factor for circPVT1. (A) Prediction of the CpG islands in the promoter region of circPVT1. (B) MEF2A, a circPVT1 
transcription factor, was analyzed by dual‑luciferase assay. ***P<0.001 vs. pGL3‑Basic; ##P<0.01 vs. pGL3‑Basic‑circPVT1. MEF2A, myocyte enhancer factor 2A.
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showed a significant increase in luciferase activity (Fig. 1B). 
These results indicated that the MEF2A gene can significantly 
increase circPVT1 promoter activity.

Abnormal expression of circPVT1 in AML. Evaluation by 
RT‑qPCR revealed that the expression levels of circPVT1 
were markedly elevated in the AML group compared with 
those in the healthy control group (Fig. 2A). These findings 
suggested that circPVT1 may be highly expressed in the 
blood plasma of patients with AML. Moreover, the expres‑
sion levels of circPVT1 were evaluated in different AML cell 
lines and it was demonstrated that circPVT1 expression was 
greater in AML cell lines (U937, THP‑1, HL‑60 and NB4) 
compared with that in HS‑5 cells; this effect was particularly 
pronounced in NB4 and HL‑60 cells (Fig. 2B). Therefore, 
NB4 and HL‑60 cells were selected for subsequent experi‑
ments. In addition, data analysis on circPVT1 we performed 
using the UCSC Genome Browser and it was revealed that 
circPVT1 was circularized from the PVT1 gene and located 
on chr8:128806778‑128903244 (Fig. 2C). The length of the 
spliced mature sequence of circPVT1 was 777 bp according 
to agarose gel electrophoresis (Fig. 2D). Finally, RNase R, a 
3' exonuclease that has no effect on circRNAs (45), was added 
to the experimental samples to verify the stability of circPVT1. 
The RT‑qPCR results revealed that RNase R had no significant 
effect on the expression levels of circPVT1. However, linear 
PVT1 was digested by RNase R (Fig.  2E). These results 
demonstrated that circPVT1 has greater stability.

MEF2A affects the viability and apoptosis of AML cells 
via circPVT1. To investigate the effect of MEF2A on AML 
cells, NB4 and HL‑60 cells were transfected with the 
MEF2A overexpression vector (oe‑MEF2A), with NC‑oe as 
the control. The results of western blotting revealed that the 
expression levels of MEF2A showed a clear upward trend in 
cells post‑transfection with oe‑MEF2A, indicating successful 
overexpression of MEF2A (Fig. 3A). After successful trans‑
fection, the results of RT‑qPCR revealed that, compared with 
in the NC group, the overexpression of MEF2A promoted the 
expression of circPVT1 in the cells (Fig. 3B). Furthermore, 
the results of the CCK‑8 assay revealed that overexpression 
of MEF2A significantly increased the viability of NB4 and 
HL‑60 cells (Fig. 3C). Next, the apoptosis of NB4 and HL‑60 
cells after oe‑MEF2A transfection was detected by flow 
cytometry. Compared with that in the NC group, apoptosis was 
significantly inhibited after MEF2A overexpression (Fig. 3D). 
Moreover, western blotting was used to detect the expression of 
apoptosis‑related proteins, and MEF2A overexpression inhib‑
ited the expression of the proapoptotic proteins caspase‑3 and 
Bax, and promoted the expression levels of the antiapoptotic 
protein Bcl‑2 in AML cells (Fig. 3E), which was consistent 
with the results of flow cytometry. In summary, MEF2A over‑
expression markedly inhibited the apoptosis of AML cells. 
In addition, EMT serves a key role in tumor progression by 
allowing cells to metastasize and invade (46). Western blot‑
ting was used to detect the expression levels of EMT marker 
proteins. It was revealed that the expression levels of the 
epithelial marker E‑cadherin were downregulated, whereas 
the expression levels of the mesenchymal markers N‑cadherin, 
vimentin and fibronectin were upregulated after MEF2A was 

overexpressed in NB4 and HL‑60 cell lines, indicating that 
MEF2A overexpression promoted the EMT process in NB4 
and HL‑60 cells (Fig. 3F). Taken together, these findings 
suggested that MEF2A may promote the malignant progres‑
sion of AML cells through circPVT1.

CircPVT1 targets and regulates miR‑455‑3p expression. To 
explore the role of circPVT1 in AML, the biological infor‑
mation database StarBase was used to analyze circPVT1 
target genes, and it was revealed that circPVT1 could bind 
to miR‑455‑3p (Fig. 4A). RT‑qPCR was used to detect the 
transfection efficiency of the miR‑455‑3p mimic. The results 
showed that transfection with the miR‑455‑3p mimic signifi‑
cantly increased the expression levels of miR‑455‑3p in cells 
compared with those in the NC mimic group, indicating 
successful transfection (Fig. 4B). Moreover, a dual‑luciferase 
reporter gene assay was used to verify the relationship 
between circPVT1 and miR‑455‑3p. The results revealed that 
the miR‑455‑3p mimic or the miR‑455‑3p inhibitor signifi‑
cantly affected the luciferase activity of the PVT1‑WT vector, 
whereas there was no significant effect on the luciferase 
activity of the PVT1‑MUT vector (Fig. 4C). Ago2‑RIP assay 
was further used to verify the binding relationship between 
circPVT1 and miR‑455‑3p, and the IgG group was used as 
a negative control. The results revealed that circPVT1 was 
enriched by the miR‑455‑3p mimic, whereas the miR‑455‑3p 
inhibitor did not enrich circPVT1 (Fig. 4D). These results indi‑
cated that circPVT1 may have a targeted binding relationship 
with miR‑455‑3p. In addition, after evaluation by RT‑qPCR, 
it was revealed that the expression levels of miR‑455‑3p 
showed a clear downward trend in the AML group compared 
with those in the healthy control group (Fig. 4E). Pearson 
correlation analysis revealed that miR‑455‑3p and circPVT1 
were negatively correlated; however, the R‑value was <‑0.3, 
indicating that the relationship was weak (Fig. 4F). Thus, 
these results identified an interaction between miR‑455‑3p 
and circPVT1, and indicated that circPVT1 may negatively 
regulate miR‑455‑3p.

CircPVT1 promotes the viability and EMT of AML cells 
through miR‑455‑3p. The present study next explored how 
circPVT1 affects the viability and EMT of AML cells through 
miR‑455‑3p. Cells were transfected with the miR‑455‑3p 
inhibitor and/or si‑circPVT1, and the transfection efficiency 
was detected by RT‑qPCR. The results revealed that transfec‑
tion with the miR‑455‑3p inhibitor significantly decreased 
the expression levels of miR‑455‑3p in cells, and knockdown 
of circPVT1 significantly reduced circPVT1 expression 
levels compared with those in the NC inhibitor or NC‑si 
groups, thus indicating successful transfection (Fig.  5A). 
The NC group in Fig. 5B‑E refers to NB4 and HL‑60 cells 
without any treatment. Next, cell viability was detected by a 
CCK‑8 assay. The results revealed that circPVT1 knockdown 
significantly inhibited the viability of NB4 and HL‑60 cells, 
whereas miR‑455‑3p inhibitor transfection weakened the 
effect of circPVT1 knockdown and promoted cell viability 
(Fig. 5B). Moreover, flow cytometry revealed that si‑circPVT1 
promoted apoptosis, whereas the miR‑455‑3p inhibitor 
weakened the effect of si‑circPVT1 and inhibited apoptosis 
(Fig. 5C). Western blot analysis of apoptosis‑related proteins 

https://www.spandidos-publications.com/10.3892/ijo.2024.5699
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in NB4 and HL‑60 cells revealed that cotransfection with 
si‑circPVT1 and the miR‑455‑3p inhibitor reversed the 
promoting effect of si‑PVT1 on caspase‑3 and Bax, and its 
inhibitory effect on Bcl‑2 (Fig. 5D). In addition, the expression 

of EMT‑related proteins was detected by western blotting, and 
it was demonstrated that the expression levels of E‑cadherin 
were increased, whereas those of N‑cadherin, vimentin and 
fibronectin were decreased after circPVT1 was knocked down. 

Figure 2. Aberrant expression of circPVT1 in AML. (A) RT‑qPCR analysis of the expression levels of circPVT1 in plasma samples from patients with AML. 
***P<0.001. (B) RT‑qPCR analysis of the expression levels of circPVT1 in AML cell lines and HS‑5 cells. **P<0.01, ***P<0.001 vs. HS‑5 cells. (C) Mature 
sequence length of circPVT1 was analyzed via the UCSC database. (D) Mature sequence of circPVT1 splicing was detected by agarose gel electrophoresis. 
(E) Effect of RNase R on the expression of circPVT1 was detected via RT‑qPCR. ***P<0.001 vs. RNase R‑. AML, acute myeloid leukemia; RT‑qPCR, reverse 
transcription‑quantitative PCR.
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However, after transfection with the miR‑455‑3p inhibitor, the 
opposite results were observed and the effects of si‑circPVT1 
were markedly reversed (Fig. 5E). These data suggested that 

circPVT1 knockdown may promote apoptosis and inhibit 
the progression of EMT, whereas miR‑455‑3p knockdown 
could alleviate the effects of circPVT1 knockdown, thereby 

Figure 3. Effect of MEF2A, a transcription factor for circPVT1, on the viability and apoptosis of acute myeloid leukemia cells. (A) Western blot analysis of 
the transfection efficiency of oe‑MEF2A in NB4 and HL‑60 cells. **P<0.01, ***P<0.001 vs. NC‑oe. (B) Reverse transcription‑quantitative PCR analysis of 
the levels of circPVT1. (C) Cell Counting Kit‑8 analysis of viability. (D) Flow cytometric analysis of apoptosis. (E) Western blot analysis of the expression 
levels of apoptosis‑related proteins. (F) Western blot analysis of the expression levels of epithelial‑mesenchymal transition‑related proteins. *P<0.05, **P<0.01, 
***P<0.001 vs. NC. MEF2A, myocyte enhancer factor 2A; NC, negative control; oe, overexpression.

https://www.spandidos-publications.com/10.3892/ijo.2024.5699
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Figure 4. CircPVT1 targets and regulates miR‑455‑3p expression. (A) miR‑455‑3p binding sequence to circPVT1. (B) Transfection efficiency of the 
miR‑455‑3p mimic was detected by RT‑qPCR. (C) Dual‑luciferase gene reporter assay verified the targeting relationship between miR‑455‑3p and circPVT1. 
(D) Ago2‑RNA immunoprecipitation assay was used to detect the relationship between miR‑455‑3p and circPVT1. (E) RT‑qPCR analysis the expression levels 
of miR‑455‑3p in plasma samples from patients with AML. (F) Correlation analysis of miR‑455‑3p and circPVT1. ***P<0.001 vs. NC mimic or as indicated. 
Ago2, argonaute 2; AML, acute myeloid leukemia; miR, microRNA; MUT, mutant; NC, negative control; RT‑qPCR, reverse transcription‑quantitative PCR; 
WT, wild‑type.
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inhibiting apoptosis and promoting the progression of EMT. In 
summary, miR‑455‑3p is associated with the regulatory effects 
of circPVT1 on AML cell viability and EMT.

miR‑455‑3p targets and regulates MCL1 expression. MCL1 
has been shown to be upregulated in patients with AML, 
and it has been suggested that MCL1 is associated with 
poor prognosis in patients with AML and could be used for 
disease surveillance (47). In addition, Lu et al (48) revealed 
that miR‑181b could improve the drug resistance of AML 
cells by decreasing the levels of MCL1. Therefore, it was 
hypothesized that MCL1 may be a target of miR‑455‑3p, and 
that miR‑455‑3p may regulate the progression of AML by 
targeting MCL1. First, the expression of MCL1 in the nucleus 
and cytoplasm of NB4 and HL‑60 cells was detected by 
western blotting. The results indicated that MCL1 was mainly 

expressed in the nucleus (Fig. 6A). StarBase predicted that 
MCL1 would be targeted by miR‑455‑3p (Fig. 6B). Moreover, 
dual‑luciferase reporter gene and Ago2‑RIP assays were used 
to verify the targeting relationship between miR‑455‑3p and 
MCL1. The results of the dual‑luciferase reporter gene assay 
revealed that the miR‑455‑3p mimic reduced the luciferase 
activity of the MCL1‑WT vector but had no significant effect 
on the luciferase activity of the MCL1‑MUT vector (Fig. 6C). 
The Ago2‑RIP assay results revealed that the miR‑455‑3p 
mimic significantly enriched MCL1; the IgG group was used 
as a negative control (Fig. 6D). These results indicated that 
miR‑455‑3p may interact with MCL1. In addition, after evalu‑
ation by RT‑qPCR, the results revealed that the expression 
levels of MCL1 exhibited a clear upward trend in the plasma 
of patients with AML compared with in those from healthy 
controls (Fig.  6E). The relationship between miR‑455‑3p 

Figure 5. CircPVT1 promotes the viability and EMT of NB4 and HL‑60 cells through miR‑455‑3p. (A) Transfection efficiency of the miR‑455‑3p inhibitor 
or si‑PVT1 was detected by reverse transcription‑quantitative PCR. *P<0.05, ***P<0.001 vs. NC inhibitor; &&&P<0.001 vs. NC‑si. (B) Cell Counting Kit‑8 was 
used to detect viability. (C) Apoptosis was detected by flow cytometry. (D) Western blotting was used to detect the expression levels of apoptosis‑related 
proteins. (E) Western blotting was used to detect the expression levels of EMT‑related proteins, **P<0.01, ***P<0.001 vs. NC; ΔP<0.05, ΔΔP<0.01, ΔΔΔP<0.001 vs. 
si‑circPVT1 group. EMT, epithelial‑mesenchymal transition; miR, microRNA; NC, negative control; si, small interfering.
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and MCL1 was then analyzed by correlation analysis, which 
revealed that miR‑455‑3p was negatively correlated with 
MCL1 (Fig. 6F). In addition, MCL1 was positively correlated 
with circPVT1 (Fig. 6G). These results suggested that MCL1 
may be a target gene of miR‑455‑3p and could serve an impor‑
tant role in circPVT1/miR‑455‑3p‑mediated AML.

CircPVT1 promotes the viability and EMT of AML cells 
through the miR‑455‑3p/MCL1 axis. The present study further 
explored how circPVT1 influences the malignant progression 
of AML through the miR‑455‑3p/MCL1 axis. Following the 
observation that knockdown of circPVT1 and miR‑455‑3p 
affected the viability and EMT of NB4 and HL‑60 cells, 
the effects of MCL1 knockdown on these cells were further 
explored. First, si‑MCL1 was transfected into the cells, and 
the transfection efficiency was detected by western blotting. 

The expression levels of MCL1 in the si‑MCL1 group were 
significantly lower than those in the NC‑si group, indicating 
successful transfection (Fig. 7A and B). The NC group in 
Fig. 7C‑F refers to NB4 and HL‑60 cells without any treat‑
ment. The CCK‑8 assay was used to assess the effects on 
cell viability, and it was revealed that knockdown of MCL1 
weakened the effect of the miR‑455‑3p inhibitor, and inhibited 
the viability of NB4 and HL‑60 cells (Fig. 7C). Moreover, flow 
cytometry was used to detect apoptosis, and the results showed 
that the knockdown of MCL1 promoted apoptosis compared 
with that in the si‑circPVT1 + miR‑455‑3p inhibitor group 
(Fig. 7D). Furthermore, western blotting was used to detect 
the expression levels of apoptosis‑related proteins. Notably, 
si‑MCL1 partially reversed the effect of the miR‑455‑3p 
inhibitor, and promoted the expression of Caspase‑3 and Bax, 
and inhibited the expression of Bcl‑2 (Fig. 7E). In addition, 

Figure 6. miR‑455‑3p regulates MCL1 expression. (A) Expression of MCL1 in the nucleus and cytoplasm of NB4 and HL‑60 cells was detected by western 
blotting. (B) MCL1 binding sequence to miR‑455‑3p. (C) Dual‑luciferase reporter gene assay verified the targeting relationship between miR‑455‑3p and 
MCL1. (D) Ago2‑RNA immunoprecipitation assay. (E) Reverse transcription‑quantitative PCR was used to measure the expression levels of MCL1 in the 
plasma of patients with AML. (F) Correlation analysis of miR‑455‑3p and MCL1. (G) Correlation analysis of MCL1 and circPVT1. *P<0.05, ***P<0.001 vs. NC 
mimic or as indicated. Ago2, argonaute 2; AML, acute myeloid leukemia; miR, microRNA; MUT, mutant; NC, negative control; WT, wild‑type.
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the expression levels of EMT‑related markers were detected by 
western blotting. The results showed that si‑MCL1 promoted 
the expression levels of E‑cadherin, and inhibited the expres‑
sion levels of N‑cadherin, vimentin and fibronectin compared 
with those in the si‑circPVT1 + miR‑455‑3p inhibitor group 
(Fig. 7F). These data indicated that further knockdown of 
MCL1 may weaken the effects of the miR‑455‑3p inhibitor, 
promote the apoptosis of AML cells, and inhibit cell viability 
and the EMT process. These findings suggested that circPVT1 
could influence the malignant progression of AML through 
the miR‑455‑3p/MCL1 axis.

Discussion

Despite the current advances in the treatment of AML, 
including immunotherapy, its treatment remains challenging 
due to drug resistance and relapse  (49). Therefore, fully 
understanding the molecular mechanism of AML occurrence 

and development, and exploring new molecular therapeutic 
strategies are important. In recent years, increasing evidence 
has shown that circRNAs have potential in the diagnosis 
and treatment of tumors. Notably, circRNAs are conserved 
across species, are stably expressed in exosomes, plasma 
and saliva, and can promote cancer and chemotherapy resis‑
tance (45,50). Specific patterns of circRNA expression have 
been reported to be associated with tumor development and 
patient prognosis, indicating that they can serve as potential 
diagnostic and prognostic biomarkers (51). Previous studies 
have reported that a number of circRNAs, such as circ‑
MYBL2  (52), hsa_circ_0004277  (53) and circPVT1  (54), 
are abnormally expressed in AML. Alterations in circPVT1 
can lead to amplification of the downstream oncogene MYC, 
and overexpression of MYC is associated with prognosis in 
AML (54). The present study revealed that circPVT1 expres‑
sion was significantly upregulated in patients with AML and in 
AML cells, which was consistent with previous findings (23). 

Figure 7. circPVT1 knockdown mediates the malignant growth of acute myeloid leukemia cells by regulating miR‑455‑3p/MCL1. Western blot analysis 
post‑transfection with si‑MCL1 in (A) NB4 and (B) HL‑60 cells. *P<0.05, **P<0.01 vs. NC‑si. (C) Cell Counting Kit‑8 assay of proliferation. (D) Flow cyto‑
metric analysis of apoptosis; (E) Western blot analysis of the expression levels of apoptosis‑related proteins. (F) Western blot analysis of the expression levels 
of epithelial‑mesenchymal transition‑related proteins. ***P<0.001 vs. NC; ΔP<0.05, ΔΔP<0.01, ΔΔΔP<0.001 vs. si‑circPVT1; #P<0.05, ##P<0.01, ###P<0.001 vs. 
si‑circPVT1 + miR‑455‑3p inhibitor. miR, microRNA; NC, negative control; si, small interfering.
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These findings suggested that circPVT1 may be a regulator of 
AML progression. However, few studies have investigated the 
mechanism of circPVT1 in AML (23,24).

MEF2 family members (MEF2A, 2B, 2C and 2D) serve 
key regulatory roles in AML progression (55,56). MEF2A is 
a well‑known transcription factor that regulates the expres‑
sion of numerous genes. It has previously been shown that 
MEF2A can be activated by TGF‑β through the upregulation 
of MMP10, which affects the ability of TGF‑β to induce breast 
cancer metastasis (57). In ovarian cancer, MEF2A is thought to 
be one of the transcription factors involved in tumorigenesis in 
response to norepinephrine (58). It has also been reported that 
MEF2A can bind to the promoter region of lncHCP5, upregu‑
late the expression of lncHCP5 and affect the progression of 
gastric cancer (29). In addition, the transcription of circRNAs 
can be influenced by transcription factors (59). At present, to 
the best of our knowledge, there are no reports on the role 
of MEF2A transcription in regulating circPVT1 expression in 
disease. In the present study, through bioinformatics analysis, it 
was revealed that the transcription factor MEF2A could specif‑
ically bind to the circPVT1 promoter region with high affinity, 
which may significantly increase circPVT1 promoter activity. 
In addition, the overexpression of MEF2A in the AML cell 
lines NB4 and HL‑60 significantly promoted the expression of 
circPVT1. Western blotting, CCK‑8 assay and flow cytometry 
revealed that MEF2A overexpression significantly inhibited 
the expression of the proapoptotic proteins caspase‑3 and Bax, 
enhanced the expression of the antiapoptotic protein Bcl‑2, 
promoted the viability of NB4 and HL‑60 cells, and inhibited 
their apoptosis. Moreover, EMT serves a key role in tumor 
progression, and the expression of E‑cadherin is decreased, 
whereas the expression levels of N‑cadherin, vimentin and 
fibronectin are upregulated during EMT (46). The current 
study revealed that MEF2A overexpression promoted EMT in 
AML cells. Therefore, it was hypothesized that MEF2A may 
affect the AML process by increasing circPVT1 expression.

There is growing evidence that circRNAs serve a functional 
role in a variety of biological processes, primarily by acting 
as miRNA sponges and ceRNAs  (60). Through bioinfor‑
matics analysis, dual‑luciferase reporter gene and Ago2‑RIP 
assays, it was revealed that circPVT1 may have a targeted 
binding relationship with miR‑455‑3p. miR‑455, a family of 
miRNAs closely related to several biological processes, has 
been shown to be clearly dysregulated in various human 
tumors, and is involved in the occurrence and progression of 
multiple malignancies (61‑63). miR‑455‑3p is a member of 
the miR‑455 family, and is involved in the occurrence and 
development of various malignant tumors. A previous study 
confirmed that miR‑455‑3p can promote the invasion and 
migration of triple‑negative breast cancer by targeting the 
tumor suppressor EI24 (39). By contrast, miR‑455‑3p can act 
as a tumor inhibitor by targeting hTERT in melanoma A375 
cells (40). In addition, transfection of a miR‑455‑3p mimic 
has been reported to inhibit the viability of AML cells (34). 
These findings suggested that miR‑455‑3p serves an important 
role in AML progression; however, studies on the regulatory 
mechanism of miR‑455‑3p in AML are limited. The present 
study demonstrated that the relative expression of miR‑455‑3p 
in the serum of patients with AML was decreased, and low 
expression of miR‑455‑3p was associated with the malignant 

progression of AML cells, suggesting that miR‑455‑3p may 
act as a tumor suppressor in AML. The results also revealed 
that circPVT1 and miR‑455‑3p had a negative targeting rela‑
tionship. Knocking down circPVT1 significantly inhibited the 
viability and EMT of NB4 and HL‑60 cells, and promoted 
their apoptosis, whereas knocking down miR‑455‑3p promoted 
cell viability and EMT, and inhibited apoptosis. In summary, 
miR‑455‑3p may have a unique amelioratory function in AML 
by inhibiting cell viability. Therefore, miR‑455‑3p may serve 
as a potential biomarker for the treatment of AML.

The biological function of circRNAs as ceRNAs mainly 
depends on the downstream target mRNAs of miRNAs (29). 
Through bioinformatics analysis, it was revealed that MCL1 
was a downstream target of miR‑455‑3p, and the interac‑
tion between miR‑455‑3p and MCL1 was confirmed by 
dual‑luciferase reporter gene and Ago2‑RIP assays. The 
current study revealed that MCL1 was positively correlated 
with circPVT1 and negatively correlated with miR‑455‑3p. 
MCL1 is a member of the Bcl‑2 protein family with signifi‑
cant functions in regulating cellular metabolism and cancer 
progression  (64). It has been shown that circHIPK3 can 
promote the proliferation and invasion of prostate cancer 
cells by sponging miR‑193a‑3p and regulating MCL1 expres‑
sion (65). Li et al (47) reported that MCL1 upregulation was a 
common event in Chinese patients with de novo AML, which 
indicated that MCL1 may be associated with poor prognosis 
in patients with AML and can be used for disease surveil‑
lance. In addition, Lu et al (48) reported that miR‑181b could 
improve the drug resistance of AML cells by decreasing 
the levels of MCL1. The present results revealed that the 
expression of MCL1 in the plasma of patients with AML was 
significantly upregulated. Furthermore, MCL1 knockdown 
weakened the effect of miR‑455‑3p knockdown, inhibited 
cell viability and EMT, and promoted cell apoptosis. To 
the best of our knowledge, the present study is the first to 
demonstrate that miR‑455‑3p interacts with MCL1 to influ‑
ence the progression of AML. These findings provide a new 
theoretical basis for the treatment of AML.

Notably, the present study has limitations. First, the study 
only investigated the role of the MEF2A/circPVT1/miR-
455‑3p/MCL1 molecular axis in AML progression through 
in  vitro experiments, and in  vivo animal experiments are 
needed to further verify the role of this molecular axis. Second, 
miR‑455‑3p is not the only downstream target of circPVT1, 
and additional studies are needed to further explore the role 
of more miRNAs in AML and to develop more potential 
molecular therapeutic targets for AML. In addition, methyla‑
tion of CpG islands has an important role in gene regulation. 
There are often differences in CpG island methylation between 
tumor cells and normal cells, and CpG island methylation is 
a common mechanism of gene inactivation in tumor cells, 
with AML samples often exhibiting very high methylation 
levels  (66,67). However, whether the expression levels of 
circPVT1 are affected by the methylation of CpG islands in its 
promoter region, and whether this affects the AML process, 
requires further study.

In conclusion, to the best of our knowledge, the present 
study was the first to demonstrate that MEF2A, a transcrip‑
tion factor for circPVT1, could significantly promote the 
malignant progression of AML cells. Notably, circPVT1 



INTERNATIONAL JOURNAL OF ONCOLOGY  65:  111,  2024 15

knockdown inhibited the malignant progression of AML 
cells through the miR‑455‑3p/MCL1 axis. The identification 
of the circPVT1/miR‑455‑3p/MCL1 molecular axis may 
expand understanding of the underlying mechanisms of AML 
progression. Therefore, circPVT1 could be considered a diag‑
nostic biomarker or a molecular therapeutic target for AML, 
and targeting the circPVT1/miR‑455‑3p/MCL1 molecular axis 
may provide novel therapeutic strategies for AML.
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