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Abstract. Acute myeloid leukemia  (AML) is a highly 
heterogeneous disease that remains untreatable. MicroRNAs 
(miRNAs or miRs) play important roles in the pathogenesis 
of leukemia. miR‑21 is highly expressed in multiple types of 
human cancer and displays oncogenic activities; however, the 
clinical significance of miR‑21 in AML remains unclear. In the 
present study, it was demonstrated that miR‑21 levels were high 
in patients with AML and in AML cell lines. Further experi‑
ments demonstrated that overexpression of miR‑21 in Thp‑1 
human monocytes derived from acute mononuclear leukemia 
peripheral blood promoted cell proliferation, while downregu‑
lation of miR‑21‑5p, a mature sequence derived from the 5' end 
of the miR‑21 stem‑loop precursor (another mature sequence, 
miR‑21‑3p, is derived form 3' end of miR‑21), inhibited cell 
proliferation. Specifically, it was observed that overexpression 
of miR‑21 could promote the transition of Thp‑1 cells into 
the S and G2/M phases of the cell cycle, as shown by flow 
cytometry. Furthermore, inhibition of miR‑21‑5p arrested cells 
in the S and G2/M phases. Finally, BCL11B was determined 
to be a functional target of miR‑21‑5p by luciferase assays. 
Our study revealed functional and mechanistic associations 
between miR‑21 and BCL11B in Thp‑1 cells, which could 
serve to guide clinical treatment of AML.

Introduction

Acute myeloid leukemia (AML) is a heterogeneous disease that 
includes several discrete syndromes with characteristic clin‑
ical, morphological, phenotypic and cytogenetic features (1). 
According to the French‑American‑British (FAB) Co‑operative 

Group, the subgroups of AML defined in the FAB classification 
are M0, M1, M2, M3, M4, M5, M6 and M7 (2). For patients 
with AML under 60  years of age who undergo induction 
chemotherapy, complete remission (CR) rates of 60‑70% are 
generally obtained, with a 5‑year disease‑free survival rate 
of ≤40% (3,4). By contrast, patients over 60 years of age have 
CR rates of 40‑50%, with a 3‑year disease‑free survival rate of 
<20% (5). Therefore, further characterization of the pathogen‑
esis of AML is important for the development of new therapies.

As a type of antisense RNA, microRNAs (miRNAs or 
miRs) are a group of small noncoding RNAs of ~22 nucleo‑
tides in length (6), which bind to complementary sites in the 
3'‑untranslated regions (3'‑UTRs) of mRNA, and repress trans‑
lation or induce mRNA degradation (7). Approximately 30% of 
all human protein‑coding genes are regulated by miRNAs (8), 
and abnormally expressed miRNAs can function as tumor 
suppressors or oncogenes (9,10). Increasingly, miRNAs have 
been evaluated in various types of cancer, and have been 
found to participate in the regulation of cancer cell behaviors, 
including proliferation, apoptosis, differentiation, metabolism 
and tumor metastasis  (11‑13). Notably, several aberrantly 
expressed tissue miRNAs have been regarded as diagnostic 
indicators in multiple cancer types (14‑16).

Accumulating evidence has demonstrated that various 
miRNAs are closely associated with AML, including 
miR‑9  (17), miR‑21  (18), miR‑34a  (19), miR‑126  (20), 
miR‑143 (21) and miR‑155 (22). Among them, miR‑21, which 
is one of the best studied miRNAs, is highly expressed in 
numerous types of human cancer, including lung, cervical, 
colorectal, pancreatic and oral cancer (23‑26), and displays 
oncogenic activities in various steps of tumorigenesis 
such as cell invasion, cell proliferation, metastasis and cell 
survival  (27‑29). Moreover, a meta‑analysis summarizing 
the global predicting role of miR‑21 for survival in patients 
with a variety of carcinomas in 2011 showed that elevated 
miR‑21 expression is significantly associated with poor 
survival (30). Numerous miR‑21 target genes have been iden‑
tified, including phosphatase and tensin homolog deleted on 
chromosome ten (PTEN), programmed cell death 4 (PDCD4) 
and B cell translocation gene 2, which play important roles 
in the oncogenic process (23,28,31,32). In particular, several 
studies have investigated whether miR‑21 is highly expressed 
in multiple types of leukemia such as chronic lymphocytic 
leukemia, chronic myelogenous leukemia, chronic myeloid 
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leukemia, childhood B cell acute lymphoblastic leukemia 
and AML (32‑36). In addition, a previous study demonstrated 
that miR‑21 is overexpressed in nucleophosmin 1‑mutant 
AML (36). These studies suggested that miR‑21 may play an 
important role in AML progression. Recently, Li et al (18) 
reported that miR‑21 promoted proliferation through directly 
regulating Kruppel‑like factor 5 expression in AML cells. 
However, the detailed regulatory mechanisms of miR‑21 in 
AML progression remain unknown.

B cell lymphoma/leukemia 11B (BCL11B) is a Krüppel‑like 
C2H2 zinc finger transcription factor located on chromosome 
14q32.2 that is required for normal T‑cell development (37). 
Loss of BCL11B function in mice contributes to lymphomagen‑
esis (38). BCL11B may have suppressive and disruptive effects 
on the proliferation and differentiation of myeloid cells (39).

miR‑21 (miRBase Accession number: MI0000077), a 
stem‑loop precursor sequence, is processed into two mature 
miRNA sequences, miR‑21‑5p (miRBase Accession number: 
MIMAT0000076) and miR‑21‑3p (miRBase Accession number: 
MIMAT0004494), are derived from 5' and 3' ends of miR‑21, 
respectively (40). In the present study, it was demonstrated that 
miR‑21 was highly expressed in patients with AML and in 
AML cell lines. Overexpression of miR‑21 promoted the prolif‑
eration of Thp‑1 cells, which derive from acute mononuclear 
leukemia peripheral blood, while downregulation of miR‑21‑5p 
(sequence: 5'‑UAGCUUAUCAGACUGAUGUUGA‑3') 
inhibited cell proliferation. Specifically, it was observed that 
overexpression of miR‑21 could promote the entry of Thp‑1 
cells into the S and G2/M phases of the cell cycle, while inhibi‑
tion of miR‑21‑5p arrested the cells in the S and G2/M phases. 
In addition, BCL11B was identified as the functional target of 
miR‑21‑5p in Thp‑1 cells. This study provides a novel insightful 
understanding of miR‑21 in AML.

Materials and methods

The Cancer Genome Atlas (TCGA) dataset. miRNA and 
mRNA expression data, and clinical data for patients with 
AML, were obtained from TCGA data portal (http://cancerge‑
nome.nih.gov). Both the miRNA and mRNA expression data 
and clinical data, including the FAB subtype information 
of TCGA AML patients deposited at the Data Coordinating 
Center, are publicly available through open access. The present 
study meets the publication guidelines provided by TCGA (41). 
In total, data of 102  tumor samples were obtained, which 
were classified into six types (M0, M1, M2, M3, M4 and M5) 
according to their clinical data, excluding subtypes with low 
number of cases such as M6 (n=1) and M7 (n=2). The miRNA 
and mRNA expression data from 99 cases were available and 
included in the datasets from the platforms. All datasets were 
processed and calculated for kilo reads per million (KRPM).

Cell culture. Human bone marrow stromal HS‑5 cells and 
human leukemia cell lines, including HL‑60, NB4 and Thp‑1, 
were purchased from American Type Culture Collection. 
Mycoplasma testing was performed on all the cell lines used. 
The cells were maintained in RPMI‑1640 culture medium 
(Gibco; Thermo Fisher Scientific, Inc.) containing 10% fetal 
bovine serum (Gibco; Thermo Fisher Scientific, Inc.), and 
2 mM L‑glutamine and 1% penicillin‑streptomycin solution 

(10,000 U/ml penicillin and 10 mg/ml streptomycin, HyClone; 
GE Healthcare Life Sciences) at 37˚C in 5% CO2.

Lentivirus infection. Lentiviral vectors expressing hsa‑miR‑21 
(LV‑miR‑21) and hsa‑miR‑21‑5p‑inhibitor (LV‑miR‑21‑5p 
inhibitor), as well as a control vector (LV‑control), were 
constructed by Shanghai GeneChem  Co., Ltd. For lenti‑
virus‑mediated miR‑21, miR‑21‑5p‑inhibitor or control vector 
transfection in vitro, 1.0x105 cells/ml Thp‑1 cells were infected 
with a lentivirus at a multiplicity of infection of 50 in the pres‑
ence of polybrene (5 µg/ml; Sigma‑Aldrich; Merck KGaA). 
After 8‑12  h of infection, the culture media containing 
lentiviruses was removed after centrifugation at 300 x g for 
5 min at room temperature, and the cells were incubated with 
RPMI‑1640 complete culture media for additional 48‑72 h. 
Next, the cells were screened with 2 µg/ml puromycin to 
obtain stable cell lines for subsequent experiments.

Cell proliferation assay. MTT assay was used to evaluate cell 
proliferation. Normal Thp‑1 cells, as well as cells transfected 
with LV‑miR‑21, LV‑miR‑21‑5p inhibitor and LV‑control, were 
plated in a 96‑well plate at a density of 1.5x104 cells/well. After 
24 or 48 h, 20 µl MTT solution (5 mg/ml, Sigma‑Aldrich; 
Merck KGaA) was added to each well, and the cells were 
cultured for 4 h. Subsequently, 200 µl DMSO was added to 
each well, and the absorbance was measured at 492  nm 
with a microplate reader (Multiskan Ascent; Thermo Fisher 
Scientific, Inc.).

Cell cycle assay. Flow cytometry was used to conduct cell 
cycle analysis. Normal Thp‑1 cells, as well as cells transfected 
with LV‑miR‑21, LV‑miR‑21‑5p inhibitor and LV‑control, 
that were in the exponential phase of cell proliferation were 
centrifuged at 1,000 x g for 5 min at room temperature, and 
the cell pellets were harvested. Next, the cells were washed 
once with PBS for 2 min and fixed in 70% ethanol overnight at 
4˚C. Subsequently, the cells were washed with PBS and treated 
with 0.1 mg/ml RNase A (Sigma‑Aldrich; Merck KGaA) at 
37˚C for 30 min. Finally, the cells were stained with propidium 
iodide (Sigma‑Aldrich; Merck KGaA) at 4˚C for 30 min in 
the dark. Fluorescence was then detected with a FACS 420 
system (BD Biosciences) at 488 nm. ModFit 3.0 software 
(BD Biosciences) was used to analyze the DNA content.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from Thp‑1 cells with TRIzol® reagent 
(Thermo Fisher Scientific, Inc.). RT‑qPCR for miRNA analysis 
was performed with cDNA, which was generated from 1 µg 
total RNA using the All‑in‑One™ miRNA First‑Strand cDNA 
Synthesis Kit (GeneCopoeia, Inc.) and a miRNA RT‑qPCR 
detection kit (GeneCopoeia,  Inc.). RT‑qPCR analysis was 
performed using the U6 gene as an internal control for normal‑
ization and the LightCycler® 96 Real‑Time PCR System (Roche 
Diagnostics) with the following conditions: A heating step at 
95˚C for 10 min, followed by 40 cycles of 95˚C for 10 sec, 60˚C 
for 20 sec and 72˚C for 20 sec. PCR specificity was checked by 
melting curve analysis. The primers against mature miRNA 
hsa‑miR‑21‑3p (cat. no.  HmiRQP0315), hsa‑miR‑21‑5p 
(cat. no.  HmiRQP0316), and U6 (cat. no.  HmiRQP9001) 
were purchased from GeneCopoeia, Inc. All reactions were 
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conducted in triplicate, and the 2‑ΔΔCq method (42) was used to 
quantify the level of miRNA expression.

Western blot analysis. Western blot analysis was carried out 
to detect the protein expression of proliferating cell nuclear 
antigen (PCNA), BCL11B and murine doubleminute 2 (MDM2) 
in normal Thp‑1 cells, as well as cells transfected with 
LV‑miR‑21, LV‑miR‑21‑5p inhibitor and LV‑control. Cells were 
lysed in RIPA lysis buffer (Beyotime Institute of Biotechnology) 
on ice. The cellular debris was discarded by centrifugation at 4˚C 
and 12,000 x g for 15 min. BCA Protein Assay Kit (Beyotime 
Institute of Biotechnology) was used to measure the protein 
concentration of the supernatants. Protein samples (30 µg per 
lane) were separated on 12% SDS‑PAGE and then transferred 
to polyvinylidene difluoride membranes. The membranes were 
blocked with 5% skim milk for 1.5 h at room temperature 
and then incubated overnight at 4˚C with primary antibodies 
against PCNA (monoclonal rabbit anti‑human, cat. no. ab92552; 
1:1,000; Abcam), BCL11B (monoclonal rabbit anti‑human, cat. 
no. ab240636; 1:1,000; Abcam), MDM2 (monoclonal rabbit 
anti‑human, cat. no. ab259265; 1:1,000; Abcam) and GAPDH 
(monoclonal rabbit anti‑human, cat. no.  ab181602; 1:1,000; 
Abcam), which served as a loading control. Membranes were 
washed three times for ten minutes each with Tris‑buffered saline 
containing 0.1% (v/v) Tween‑20 (TBS‑T), then were incubated 
withHRP‑labeled goat anti‑rabbit IgG (cat. no. 111‑035‑003; 
1:10,000; Jackson ImmunoResearch Laboratories, Inc.) for 1.5 h 
at room temperature. After washing three times for ten minutes 
each with TBS‑T, the bound antibodies were detected using 
enhanced chemiluminescence reagents (Beyotime Institute 
of Biotechnology) and visualized by a ChemiDoc‑It Imaging 
System (Analytik Jena AG). The image density of the immu‑
noblots was determined by Image Pro‑Plus 6.0 software (Media 
Cybernetics, Inc.).

Bioinformatic analysis of miR‑21‑5p target genes. Putative 
miR‑21‑5p targets were predicted using different algorithms, 
including miRanda (http://www.miranda.org) and TargetScan 
Release  7.2 (http://www.targetscan.org/vert_72). The 
miRNA‑target interactions and sequence conservation were 
analyzed with TargetScan.

Dual‑luciferase reporter assay. 293 cells were obtained from 
The Cell Bank of Type Culture Collection of The Chinese 
Academy of Sciences, and were cultured in Dulbecco's modi‑
fied Eagle's medium (Gibco; Thermo Fisher Scientific, Inc.) 
at 37˚C with 5% CO2. Cells were plated in a 96‑well plate 
at a density of 1.5x104 cells/well. A psiCHECK‑2 reporter 
vector (Promega Corporation) containing the wild‑type (WT) 
3'‑UTR or the random mutations (MUT) of BCL11B were 
co‑transfected with miR‑21‑5p mimic, miR‑21‑5p inhibitor 
or a negative control  (NC) (Shanghai GenePharma  Co., 
Ltd.) at a concentration of 50  nM into 293  cells using 
Lipofectamine® 2000 reagent (Thermo Fisher Scientific, Inc.). 
After 48 h, the firefly and Renilla luciferase activities were 
detected by a Lumat LB9507 luminometer (Titertek‑Berthold) 
using a Dual‑Luciferase Reporter Assay System (Promega 
Corporation) according to the manufacturer's protocol. The 
relative luciferase activity was calculated as the ratio of Renilla 
signal/firefly signal.

Statistical analysis. All experiments were performed at 
least in triplicate. The experimental data are expressed as 
the mean ± standard deviation. SPSS software version 18.0 
(SPSS,  Inc.) was used to perform statistical analyses. 
Differences among groups were evaluated by one‑way ANOVA 
followed by Tukey's post‑hoc test. Statistical analyses between 
two groups were evaluated with Student's t‑test. Two‑sided 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

miR‑21 is expressed at high levels in patients with AML 
and in AML cell lines. miR‑21 expression was analyzed 
in TCGA samples from 103  patients with AML. First, 
based on the patient information, the data were classified as 
M0‑M5 according to the FAB criteria, and the expression 
levels of miR‑21 in these samples were compared. As shown 
in Fig. 1A, miR‑21 expression was significantly higher in M3, 
M4 and M5 than in M0, M1 and M2. No differences were 
observed among the subgroups M3, M4 or M5. Additionally, 
the levels of miR‑21‑3p and miR‑21‑5p in various cell lines 
were examined. Human bone marrow stromal HS‑5 cells were 
selected as normal control cells. The RT‑qPCR results showed 
that the levels of miR‑21‑5p and miR‑21‑3p were significantly 
upregulated in the Thp‑1, HL‑60 and NB4 cell lines compared 

Figure 1. miR‑21 is highly expressed in patients with AML and in AML cell 
lines. (A) The expression of miR‑21 in patients with AML from The Cancer 
Genome Atlas data portal was analyzed. A total of 102 tumor samples were 
classified into six types (M0, M1, M2, M3, M4 and M5) according to their 
clinical data. All datasets were processed and calculated for KRPM. *P<0.05. 
(B) The relative expression of miR‑21‑5p in the human bone marrow stromal 
cell line HS‑5 and in three human AML cell lines (HL‑60, NB4 and Thp‑1) 
was determined by RT‑qPCR (n=5). **P<0.01. (C) The relative expression of 
miR‑21‑3p in HS‑5, HL‑60, NB4 and Thp‑1 cells was determined by RT‑qPCR 
(n=5). **P<0.01. AML, acute myeloid leukemia; miR, microRNA; RT‑qPCR, 
reverse transcription‑quantitative PCR; KRPM, kilo reads per million.
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with their expression levels in HS‑5 cells  (Fig. 1B and C), 
suggesting that miR‑21 was expressed at high levels in AML 
cell lines. Of note, Thp‑1 cells appeared to exhibit the highest 
miR‑21 expression; therefore, the AML cell line Thp‑1 was 
selected for subsequent in vitro experiments.

miR‑21‑5p significantly promotes Thp‑1 cell proliferation. To 
investigate the biological function of miR‑21, human Thp‑1 cell 
lines that stably overexpressed miR‑21 (LV‑miR‑21), miR‑21‑5p 
inhibitor (LV‑miR‑21‑5p inhibitor) or NC (LV‑control) were 
constructed. As shown in Fig. S1, the expression of miR‑21‑3p 
and miR‑21‑5p was markedly upregulated in cells infected with 
LV‑miR‑21, while miR‑21‑5p, not miR‑21‑3p, was significantly 
downregulated in cells infected with LV‑miR‑21‑5p inhibitor, 
suggesting that miR‑21 overexpression and miR‑21‑5p inhibi‑
tion were successful in Thp‑1 cells.

To evaluate the proliferation of normal cells and cells 
transfected with LV‑miR‑21, LV‑miR‑21‑5p inhibitor or 

LV‑control, an MTT assay was performed. As presented 
in  Fig.  2A, the proliferation of cells transfected with 
LV‑miR‑21‑5p inhibitor was obviously reduced compared 
with that of cells transfected with LV‑control at 24  h 
(0.684±0.014 and 0.535±0.014) and 48 h (0.856±0.025 and 
0.601±0.012), respectively. Unlike that of cells transfected 
with LV‑miR‑21‑5p inhibitor, the proliferation of cells trans‑
fected with LV‑miR‑21 was significantly higher compared 
with that of LV‑control cells at 24 and 48 h, indicating that 
miR‑21‑5p promoted Thp‑1 cell proliferation.

PCNA, a nuclear antigen in proliferating cells, protein 
levels peak during the S phase of the cell cycle (43). PCNA is 
almost undetectable in other phases of the cycle. Due to its 
unique expression, PCNA has been extensively used in studies 
associating the prognosis of tumor progression and neoplastic 
proliferation (44‑46). Therefore, the expression of PCNA was 
investigated by western blotting in the present study. As observed 
in Fig. 2B and C, and consistent with the cell proliferation assay, 
the PCNA protein levels were substantially increased in Thp‑1 
cells after transfection with LV‑miR‑21, whereas transfection with 
LV‑miR‑21‑5p inhibitor reversed such increase. Collectively, these 
data suggested that miR‑21‑5p promoted Thp‑1 cell proliferation.

miR‑21‑5p promotes the transition of Thp‑1 cells into the 
proliferative phases of the cell cycle. To explore the possible 
mechanism by which miR‑21 promotes the proliferation of 
Thp‑1 cells, the distribution of cells within the different stages 
of the cell cycle was determined by flow cytometry. As shown 
in Table I and Fig. 3, compared with that of LV‑control cells, the 
proportion of cells transfected with LV‑miR‑21 in the G0/G1 
phase was remarkably reduced by 17.0%, while it was increased 
by ~22.5% in cells transfected with LV‑miR‑21‑5p inhibitor. 
The proportion of cells transfected with miR‑21 in the S phase 
was significantly increased by  15.9% compared with that 

Figure 3. miR‑21 effects on the cell cycle distribution of Thp‑1 cells. Cells 
were cultured in RPMI‑1640 medium. Once the cells had been fixed and 
stained with propidium iodide, their DNA content was measured by flow 
cytometry. Cell cycle distribution was analyzed with ModFit software. miR, 
microRNA; LV, lentivirus; Dip, diploid.

Figure 2. miR‑21 promotes cell proliferation. (A) Cell proliferation was 
detected with MTT assays. Thp‑1 cells were infected with LV‑miR‑21, 
LV‑miR‑21‑5p inhibitor and LV‑control, respectively (n=5). *P<0.05, 
**P<0.01. (B) PCNA protein expression, as analyzed by western blotting. 
(C) The western blots were quantified and presented as the PCNA/GAPDH 
ratio (n=3). *P<0.05. miR, microRNA; LV, lentivirus; PCNA, proliferating 
cell nuclear antigen.
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of the LV‑control group, while it was reduced by ~26.8% in 
cells transfected with LV‑miR‑21‑5p inhibitor. The proportion 
of LV‑miR‑21 cells in the G2/M phase increased by ~56.5% 
compared with that of the LV‑control group, whereas it 
decreased by ~33.2% in LV‑miR‑21‑5p inhibitor‑transfected 
cells. Together, these results indicated that overexpression 
of miR‑21‑5p promoted the transition of Thp‑1 cells into 
the proliferative phases of the cell cycle (as indicated by the 
proportion of cells in the S and G2/M phases), while inhibition 
of miR‑21‑5p arrested cells in the S and G2/M phases.

BCL11B is the direct target gene of miR‑21‑5p. To determine 
the underlying mechanisms by which miR‑21‑5p contributes to 

Figure 4. BCL11B is a direct target of miR‑21‑5p. (A) Schematic representation of the miR‑21‑5p putative binding site in the human BCL11B 3’‑UTR, 
and alignment of the WT and MUT BCL11B 3’‑UTR binding site of miR‑21‑5p. The BCL11B mutated nucleotides are underlined. (B) The conserved 
miR‑21‑5p binding site in the BCL11B 3’‑UTR is shown in grey. (C) 293 cells were co‑transfected with a luciferase reporter carrying BCL11B‑3’‑UTR‑WT or 
BCL11B‑3’‑UTR‑MUT, together with miR‑21‑5p mimic, miR‑21‑5p inhibitor or a negative control. Luciferase activities were measured at 48 h after transfec‑
tion (n=5). *P<0.05. (D) BCL11B protein expression was analyzed in Thp‑1 normal cells, and in LV‑miR‑21, LV‑miR‑21‑5p inhibitor and LV‑control cells by 
western blotting. (E) The blots were quantified with Image Pro‑Plus 6.0 software, and the results are represented as the BCL11B/GAPDH ratio (n=3). *P<0.05. 
(F) The expression of BCL11B in patients with acute myeloid leukemia from The Cancer Genome Atlas data portal was analyzed. All datasets were processed 
and calculated for KRPM. *P<0.05. miR, microRNA; LV, lentivirus; WT, wild‑type; MUT, mutant; UTR, untranslated region; NC, negative control; KRPM, 
kilo reads per million; BCL11B, B‑cell lymphoma/leukemia 11B.

Table I. Percentage of cells in cell cycle phases by flow cytom‑
etry (mean ± standard deviation).

Group	 G0/G1	 S	 G2/M

Normal	 59.69±1.12	 35.57±1.36	 4.75±0.94
LV-control	 55.08±0.18	 39.38±0.28	 5.54±0.10
LV-miR-21 	 45.71±0.13a	 45.63±0.45a	 8.67±0.30b

LV-miR-21-5p	 67.48±0.18a	 28.82±0.27a	 3.70±0.08a

inhibitor

aP<0.01 vs. LV-control (n=5); bP<0.05 vs. LV-control (n=3); LV, lentivirus.
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AML, the bioinformatic algorithms miRanda and TargetScan 
were used to predict the potential target genes of miR‑21‑5p. 
According to the prediction analysis, BCL11B, an important 
transcriptional regulator and a tumor suppressor gene (47), has 
a putative miR‑21‑5p‑binding site (Fig. 4A). The target sequence 
is highly conserved across species, including human, chimp, 
rhesus, squirrel, mouse, rat, rabbit and pig (Fig. 4B). To vali‑
date the miRNA‑target interactions, the 3'‑UTR sequence of 
BCL11B containing the putative binding site of miR‑21‑5p was 
cloned into the psiCHECK‑2 reporter vector. The constructed 
vector was then co‑transfected with miR‑21‑5p mimic, 
miR‑21‑5p inhibitor or NC into 293 cells. As shown in Fig. S2, 
the expression of miR‑21‑5p was markedly upregulated in cells 
transfected with miR‑21‑5p mimic, and significantly downreg‑
ulated in cells transfected with miR‑21‑5p inhibitor, suggesting 
that miR‑21‑5p overexpression and inhibition were successful. 
As presented in Fig. 4C, the transfection of miR‑21‑5p mimic 
suppressed the luciferase activity, while miR‑21‑5p inhibitor 
increased the activity of the WT‑BCL11B reporter compared 
with that of the NC. No significant change was observed in the 
luciferase activity of the MUT‑BCL11B reporter between the 
miR‑21‑5p mimic and miR‑21‑5p inhibitor groups, suggesting 
that BCL11B is a direct target gene of miR‑21‑5p.

Furthermore, western blotting was performed to determine 
whether miR‑21‑5p influenced the expression level of BCL11B 
in Thp‑1 cells. As revealed in Fig. 4D and E, the expression of 
BCL11B protein was remarkably decreased after overexpres‑
sion of miR‑21‑5p; however, it was significantly increased in 
LV‑miR‑21‑5p inhibitor‑transfected cells. The expression of 
BCL11B was further analyzed in patients with AML from 
TCGA dataset. The results showed that the expression of 
BCL11B in patients with FAB M5 was significantly decreased 
compared with that of patients with M0 and M4. No differences 
were observed among other subgroups (Fig. 4F). Together, 

these results suggested that miR‑21‑5p suppressed BCL11B 
expression by directly targeting its 3'‑UTR in Thp‑1 cells.

Discussion

The current study aimed to investigate the role of miR‑21 in 
AML cell proliferation and to explore its possible mecha‑
nisms. It was found that miR‑21 was expressed at high levels 
in patients with AML and in AML cell lines. Further experi‑
ments indicated that overexpression of miR‑21 in Thp‑1 cells 
promoted proliferation, while downregulation of miR‑21‑5p 
inhibited proliferation. Specifically, it was observed that 
overexpression of miR‑21 could promote Thp‑1 cell transition 
into the S and G2/M phases of the cell cycle, as shown by 
flow cytometry, while inhibition of miR‑21‑5p arrested cells in 
the S and G2/M phases. Finally, BCL11B was identified as a 
functional target of miR‑21‑5p by luciferase assays.

miR‑21 has been reported to be an oncogene, and to be 
upregulated in various human cancer types such as glioblas‑
toma, and prostate, breast, pancreas, esophagus and liver 
cancer (29,48‑50). Additionally, miR‑21 is also highly expressed 
in various types of blood cancer (51‑54). Furthermore, several 
targets of miR‑21 have been identified, including PDCD4 (27), 
myristoylated alanine‑rich C‑kinase substrate  (49) and 
leucine‑rich repeat (in FLII) interacting protein 1 (48). Previous 
studies have indicated that miR‑21 promotes the proliferation 
and growth of hepatocellular carcinoma cells by targeting 
PTEN, which activates the AKT signaling pathway  (55). 
However, there are limited reports on the function and targets 
of miR‑21 in AML. The present study showed that BCL11B is 
the direct target gene of miR‑21‑5p in Thp‑1 cells.

The BCL11 family has two members, BCL11A and 
BCL11B. BCL11A is a zinc finger protein that is critically 
involved in the normal differentiation of lymphocytes  (56), 
while BCL11B is a Krüppel‑like C2H2 zinc finger transcrip‑
tion factor that is required for normal T‑cell development (37). 
Abbas et al (39) reported that BCL11B may have suppressive 
and disruptive effects on the proliferation and differentiation 
of myeloid cells. Loss of BCL11B was demonstrated to cause 
a natural killer cell‑like phenotype with differentiation arrest, 
and was linked to a high proliferative potential. Mechanistically, 
BCL11B binds to the GC‑rich consensus sequence of target 
genes, and/or interacts with the nucleosome remodeling and 
histone deacetylase complex, thus repressing the transcription 
of target genes (57). Previous studies have found that BCL11B 
binds to the P2 promotor of human double minute 2 promoter 
and inhibits HDM2 expression in a p53‑dependent manner (47). 
HDM2, also known as MDM2, is an oncogene that encodes a 
nucleus‑localized E3 ubiquitin ligase that can promote tumor 
formation by targeting tumor suppressor proteins such as 
p53. Activated p53 regulates multiple p53 target genes, which 
results in various cellular responses, including apoptosis, cell 
cycle arrest and DNA repair  (58). In addition, MDM2 also 
has p53‑independent oncogenic functions, including control 
of proliferation, apoptosis and tumor invasion. For example, 
MDM2 can interact with the tumor suppressor retinoblastoma 
protein, which is a negative regulator of the cell cycle, thus 
inhibiting its function in the regulation of the cell cycle and 
proliferation (59). In our study, the MDM2 protein levels in 
LV‑miR‑21, LV‑miR‑21‑5p inhibitor and LV‑control cells were 

Figure 5. Schematic representation of the pathway modulated by miR‑21 in 
Thp‑1 cells progressing through the cell cycle. miR‑21‑5p targets BCL11B, 
which might modulate the cell cycle effectors Chk1 and MDM2. BCL11B 
binds to the human MDM2‑P2 promoter and inhibits MDM2 expression. 
MDM2 inhibits the tumor suppressor proteins p53 and Rb, which promotes 
cell arrest in the G1 phase. Besides, BCL11B promotes the activation of the 
cell cycle checkpoint kinase Chk1, which leads to arrest of the cell cycle at 
the S phase by Cdc25A phosphorylation. miR, microRNA; BCL11B, B‑cell 
lymphoma/leukaemia 11B; Rb, retinoblastoma protein; Chk1, checkpoint 
kinase 1; MDM2, murine doubleminute 2.
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analyzed. As shown in Fig. S3, the expression of MDM2 was 
remarkably increased after overexpression of miR‑21; however, 
it was significantly decreased in LV‑miR‑21‑5p inhibitor‑trans‑
fected cells, suggesting that miR‑21 targets BCL11B and then 
regulates the expression of MDM2. Another study showed 
that the expression of the CDK inhibitor p27 was decreased in 
BCL11B‑knockdown Jurkat cells, which are a type of T‑cell line 
used for studying the regulatory role of BCL11B in the cell cycle. 
A decrease in p27 may promote cell cycle progression during 
the S phase (60). In addition, in BCL11B‑knockdown cells, the 
activation of the cell cycle checkpoint kinase Chk1 was deregu‑
lated, and activated Chk1 led to the arrest of the cell cycle at 
the S phase by Cdc25A phosphorylation (61). The present study 
confirmed that miR‑21‑5p regulated the expression of BCL11B. 
In AML cells, downregulated expression of BCL11B may influ‑
ence the process of cell proliferation by changing the expression 
of MDM2 or a CDK inhibitor, or by regulating the activation of 
Chk1. The exact mechanism is not entirely clear yet.

In conclusion, our study demonstrated that miR‑21 was 
expressed at high levels in patients with AML and in AML 
cell lines. Functional and mechanistic studies suggested that 
miR‑21‑5p promoted Thp‑1 cell proliferation (as indicated 
by the proportion of cells in the S and G2/M phases of the 
cell cycle) by targeting BCL11B. The present study provides 
a new insight into the mechanisms of AML, and suggests that 
miR‑21 might be a potential AML therapeutic target.
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