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Abstract. In recent decades, microRNAs (miRNAs) have 
been considered novel gene regulators. Dysregulated miRNAs 
serve crucial roles in the formation and progression of 
acute myeloid leukaemia (AML). Therefore, the roles of 
differentially expressed miRNAs in AML require extensive 
investigation to obtain insight into the treatment of patients 
with AML. The present study demonstrated significant 
miR‑339‑5p downregulation in AML samples and cell lines. 
miR‑339‑5p overexpression attenuated AML cell proliferation 
by inducing cell cycle arrest and promoting cell apoptosis. 
Additionally, sex‑determining region Y‑related high‑mobility 
group box 4 (SOX4) was identified as a direct target gene of 
miR‑339‑5p in AML. Furthermore, SOX4 expression was 
significantly upregulated in AML samples; this upregula-
tion was inversely correlated with the expression levels of 
miR‑339‑5p. Additionally, a series of rescue experiments 
demonstrated that SOX4 resumption reversed the effects of 
miR‑339‑5p overexpression on cell proliferation, cycle status 
and apoptosis of AML. In conclusion, miR‑339‑5p may serve 
its antiproliferative role in AML by directly targeting SOX4, 
which suggests that miR‑339‑5p may be considered an effec-
tive novel therapeutic target for treating patients with such an 
aggressive haematological malignancy.

Introduction

Acute myeloid leukaemia (AML) is a type of haemato-
logical malignancy caused by the malignant transformation 
of bone‑marrow‑derived, self‑renewing stem cells or myeloid 

progenitors (1). AML is characterised by cells with unlimited 
proliferation ability, impaired apoptosis and the accumulation 
of differentiation‑arrested myeloid progenitor cells (2,3). AML 
is the most common type of leukaemia arising in infancy and 
childhood, and accounts for 15‑20% cases of acute leukaemia 
in children (4). At present, chemotherapy, targeted therapy and 
hematopoietic stem cell transplantation serve as the primary 
therapeutic methods for patients with AML  (5). Notable 
advancements have been achieved in the diagnosis and therapy 
of AML; however, the long‑term survival of patients with 
AML remains unsatisfactory (6). Chromosomal aberrations 
and gene mutations have been associated with the initiation 
and progression of AML; however, the detailed mechanisms 
underlying the pathogenesis of AML remain unclear  (7). 
Therefore, the mechanisms underlying AML leukemogenesis 
and development require further investigation to identify 
potential therapeutic targets for the treatment of patients with 
AML and improve the therapeutic outcomes of patients with 
this particular type of malignancy.

MicroRNAs (miRNAs) are a large family of endogenous, 
non‑coding and short RNA molecules composed of 18‑24 
nucleotides (8). miRNAs typically regulate gene expression 
by preferentially interacting with the 3'‑untranslated regions 
(3'‑UTRs) of their target genes, thereby inducing mRNA 
degradation or the inhibition of translation (9). miRNAs serve 
a principal role in regulating various physiological processes, 
including cellular growth, differentiation, metabolism, the 
cell cycle and apoptosis  (10‑12). Substantial evidence has 
demonstrated that miRNAs are differently expressed in 
aapproximately all types of human malignancies, including 
AML  (13‑15). In AML, aberrantly expressed miRNAs 
contribute to the genesis and development of AML by 
affecting a variety of pathological processes, including cell 
proliferation, cycle, apoptosis, chemotherapy resistance and 
autophagy  (16‑18). Therefore, AML‑associated miRNAs 
require investigation to develop novel diagnostic biomarkers 
and effective therapeutic targets for the treatment of patients 
with AML.

miR‑339‑5p‑5p (miR‑339‑5p) is dysregulated in numerous 
types of cancer, including non‑small cell lung cancer (19), 
hepatocellular carcinoma (20) and ovarian cancer (21). This 
dysregulation has been associated with tumorigenesis and 
tumour development  (19,20,22). In addition, miR‑339‑3p 
expression is decreased in AML (23); however, the expression, 
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roles and detailed mechanism of miR‑339‑5p in AML require 
further investigation. In the present study, miR‑339‑5p was 
demonstrated to inhibit cell proliferation, induce cell cycle 
arrest and promote cell apoptosis in AML by directly targeting 
sex‑determining region Y‑related high‑mobility group box 4 
(SOX4). The results of the present study may provide insight 
into the therapeutic potential of miR‑339‑5p as a novel effec-
tive target for the treatment of patients with AML.

Materials and methods

Ethics approval and clinical specimens. The present study 
was approved by the Ethics Committee of the Yidu Central 
Hospital of Weifang (Weifang, China). Written informed 
consent was obtained from all patients enrolled in the present 
study. Clinical specimens were used in accordance with the 
Declaration of Helsinki. Bone marrow samples were collected 
from 35 patients with AML (19 males, 16 females; age range, 
26‑54 years) and 19 healthy controls (12 males, 7 females; age 
range, 23‑47 years) in the Yidu Central Hospital of Weifang 
from February 2014 to October 2016. Healthy bone marrow 
tissues were collected form healthy transplantation donors. 
Patients had not received chemotherapy, targeted therapy or 
hematopoietic stem cell transplantation prior to bone marrow 
aspiration. Patiens diagnosed with AMLs that had not been 
treated with chemotherapy, targeted therapy or hematopoietic 
stem cell transplantation were enrolled in the present study.

Cell lines. Three AML cell lines (HL‑60, THP‑1 and Kasumi‑1) 
and a normal bone marrow cell line, HS‑5, were obtained from 
the American Type Culture Collection (Manassas, VA, USA), 
and were cultured in Dulbecco's modified Eagle's medium 
(DMEM) containing 10% heat‑inactivated fetal bovine serum 
(FBS), 100 U/ml penicillin and 100 mg/ml streptomycin (all 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
All cell lines were cultured at 37˚C in a humidified atmosphere 
with 5% CO2 and 95% air.

Cell transfection. Synthetic miR‑339‑5p mimics and nega-
tive control miRNA mimics (miR‑NC) were purchased from 
Shanghai GenePharma Co., Ltd. (Shanghai, China). The 
miR‑339‑5p mimics sequence was 5'‑UCC​CUG​UCC​UCC​
AGG​AGC​UCA​CG‑3' and the miR‑NC sequence was 5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3'. The SOX4 overexpression 
plasmid lacking 3'‑UTR, pCMV‑SOX4 and an empty plasmid, 
pCMV, were produced by GeneCopoeia, Inc. (Rockville, 
MD, USA). Cells were plated into six‑well plates at a density 
of 6x105 cells/well one night prior to transfection. Cells were 
transfected with miR‑339‑59 mimics (100 pmol), miR‑NC 
(100  pmol), pCMV (4  µg) or pCMV‑SOX4 (4  µg) using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocols.

Co‑transfection of miR‑339‑59 mimics (100 pmol) and 
pCMV (4  µg) or pCMV‑SOX4 (4  µg) was additionally 
conducted using Lipofectamine® 2000, according to the 
manufacturer's protocols. At 8  h post‑transfection, the 
cell culture medium containing Lipofectamine®  2000 
was discarded, and fresh DMEM containing 10% FBS 
was added into each well. Cells were grown at 37˚C in a 
humidified atmosphere containing 5% CO2 and 95% air. In 

the present study, HL‑60 and THP‑1 cells were selected for 
functional analysis as the two cell lines exhibited relatively 
lower miR‑339‑5p expression. Successful transfection was 
determined by detecting miR‑339‑5p and SOX4 expression 
following transfection using reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) and western blot 
analysis, respectively. RT‑qPCR and western blot analysis 
were performed 48 and 72 h after transfection, respectively. 
Following 24 h transfection, a Cell Counting kit‑8 (CCK‑8) 
assay was conducted. Cell cycle and apoptosis assays were 
conducted 48 h post‑transfection.

RNA isolation and RT‑qPCR. Ficoll‑Paque Plus (GE 
Healthcare, Chicago, IL, USA) was utilised to isolate mono-
nuclear cells from the bone marrow samples. Total RNA 
was extracted from the cultured cell lines and mononuclear 
cells using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. 
Subsequently, the quality and concentration of total RNA 
was evaluated using a NanoDrop ND‑1000 spectrophotom-
eter (NanoDrop Technologies; Thermo Fisher Scientific, 
Inc.). For the determination of miR‑339‑5p expression levels, 
first‑strand complementary DNA (cDNA) was prepared from 
total RNA using a TaqMan MicroRNA RT kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.), according to 
the manufacturer's protocols. Subsequently, 400 ng cDNA 
was subjected to qPCR using a TaqMan MicroRNA Assay 
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). To 
quantify the levels of SOX4 mRNA expression, a PrimeScript 
RT Reagent kit (Takara Biotechnology Co., Ltd., Dalian, 
China) was used to produce cDNA, according to the manu-
facturer's protocol. Subsequently, qPCR was conducted using 
a SYBR Premix Ex Taq kit (Takara Biotechnology Co., Ltd., 
Dalian, China). The thermocycling conditions of qPCR were 
as follows: 5 min at 95˚C, followed by 40 cycles of 95˚C for 
30 sec and 65˚C for 45 sec. The relative expression levels of 
miR‑339‑5p and SOX4 mRNA were analysed using the 2‑ΔΔCq 

method (24) and normalised to U6 and GAPDH, respectively. 
RT‑qPCR analysis was performed on an Applied Biosystems 
7500 Sequence Detection system (Thermo Fisher Scientific, 
Inc.). The primers were designed as follows: miR‑339‑5p 
forward, 5'‑ACA​CTC​CAG​CTG​GGT​CCC​TGT​CCT​CCA​
GGA​G‑3' and reverse, 5'‑TGG​TGT​CGT​GGA​GTC​G‑3'; U6 
forward,  5'‑GCT​TCG​GCA​GCA​CAT​ATA​CTA​AAA​T‑3' 
and reverse,  5'‑CGC​TTC​ACG​AAT​TTG​CGT​GTC​AT‑3'; 
SOX4 forward,  5'‑CTT​GAC​ATG​ATT​AGC​TGG​CAT​GAT​
T‑3' and reverse, 5'‑CCT​GTG​CAA​TAT​GCC​GTG​TAG​A‑3'; 
and GAPDH forward, 5'‑CGG​AGT​CAA​CGG​ATT​TGG​TCG​
TAT‑3' and reverse,  5'‑AGC​CTT​CTC​CAT​GGT​GGT​GAA​
GAC‑3'. Each sample was analyzed in triplicate.

CCK‑8 assay. Cell proliferation was determined using a 
CCK‑8 assay. Transfected cells were harvested after 24 h 
incubation at 37˚C, and seeded into 96‑well plates at a density 
of 3,000 cells/well. In the present study, four time points were 
selected: 0, 24, 48 and 72 h following incubation. At each time 
point, 10 µl CCK‑8 reagent (Dojindo Molecular Technologies, 
Inc., Kumamoto, Japan) was added to each well, respec-
tively; cells were incubated at 37˚C for another 2 h. Finally, 
the optical density was measured at a wavelength of 450 nm 
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using a Synergy™ Multi‑Mode Microplate Reader (Biotek 
Instruments, Winooski, VT, USA).

Cell cycle assay. Transfected cells were collected at 48 h 
post‑transfection, washed with cold PBS and fixed in 
70% ethanol at 4˚C for 1 h. Following centrifugation at 157 x g 
at 4˚C for 5 min, the supernatant was discarded, and the cells 
were washed three times with cold PBS. Prior to detection, 
50 µl RNase 1 (100 µg/ml) was added to ensure that only 
the DNA was stained, and this procedure was performed for 
10 min at room temperature. Subsequently, cells were stained 
at 37˚C for 30 min with 25 µl propidium iodide solution diluted 
in 425 µl cell staining buffer (both from BioLegend, San 
Diego, CA, USA), according to the manufacturer's protocol. 
The cell cycle was detected using a flow cytometer (FACScan; 
BD Biosciences, Franklin Lakes, NJ, USA), and analysed with 
CellQuest version 5.1 (BD Biosciences).

Cell apoptosis assay. After 48  h post‑transfection, cells 
were collected using EDTA‑free trypsin (Gibco; Thermo 
Fisher Scientific, Inc.) and washed three times with cold 
PBS. Subsequently, an Annexin V‑fluorescein isothiocyanate 
(FITC) Apoptosis Detection kit (BioLegend) was utilized 
to detect cell apoptosis, according to the manufacturer's 
protocols. Transfected cells (1.5x106) were re‑suspended 
in 100 µl binding buffer, followed by incubation with 5 µl 
Annexin V‑FITC and 5 µl propidium iodide in the dark for 
15 min at room temperature. Finally, cell apoptosis rate was 
detected using a flow cytometer (FACScan), and analyzed with 
CellQuest version 5.1 (both BD Biosciences, Franklin Lakes, 
NJ, USA).

Bioinformatics analysis. TargetScan7.1 (http://www.
targetscan.org/) was used to predict the putative targets of 
miR‑339‑5p.

Dual‑luciferase reporter assay. SOX4 was predicted as a 
potential target of miR‑339‑5p using the bioinformatics tools. 
The fragments of the SOX4 3'‑UTR containing wild‑type (Wt) 
or mutant (Mut) binding sites of miR‑339‑5p were chemically 
produced by Shanghai GenePharma Co., Ltd., and inserted 

into pGL3 luciferase reporter vectors (Promega Corporation, 
Madison, WI, USA) and named as pGL3‑SOX4‑3'‑UTR Wt and 
pGL3‑SOX4‑3'‑UTR Mut, respectively. Cells were inoculated 
into 24‑well plates with a density of 1.0x105 cells/well one day 
prior to transfection. miR‑339‑5p mimics (50 pmol) or miR‑NC 
(50  pmol) were co‑transfected with pGL3‑SOX4‑3'‑UTR 
Wt (0.2 µg) or pGL3‑SOX4‑3'‑UTR Mut (0.2 µg) into cells 
using Lipofectamine® 2000, according to the manufacturer's 
protocol. After 48‑h transfection, Renilla and firefly luciferase 
activities were evaluated using a Dual‑Luciferase Reporter 
Assay kit (Promega Corporation). Renilla luciferase activity 
was employed for normalisation of luciferase activity.

Western blot analysis. Total protein was extracted from cultured 
cells or bone marrow samples using radioimmunoprecipita-
tion assay lysis buffer (Beyotime Institute of Biotechnology, 
Shanghai, China). A Bicinchoninic Acid assay kit (Beyotime 
Institute of Biotechnology) was used to evaluate protein 
concentration. Equal amounts of proteins (30 µg) were sepa-
rated via 10% SDS‑PAGE and transferred to polyvinylidene 
fluoride membranes (EMD Millipore, Billerica, MA, USA). 
Following blocking with 5% non‑fat dry milk at room temper-
ature for 1 h, the membranes were incubated with primary 
antibodies overnight at 4˚C and subsequently washed three 
times with Tris‑buffered saline containing 0.1% Tween‑20 
(TBST). Subsequently, the membranes were incubated with 
a horseradish‑peroxidase‑conjugated secondary antibody 
(1:5,000; cat. no. ab6789; Abcam, Cambridge, UK) for 2 h at 
room temperature and washed three times with TBST. Target 
protein signals were visualised using Amersham Enhanced 
Chemilumiscence Western Blotting Detection Reagent (GE 
Healthcare) according to the manufacturer's protocols. The 
primary antibodies used in the present study included mouse 
anti‑human monoclonal SOX4 (1:500; cat. no. ab70598) and 
mouse anti‑human monoclonal GAPDH antibody (1:500; cat. 
no. ab8245; both Abcam); GADPH was used as the internal 
reference. Protein expression was quantified using Quantity 
One software version 4.62 (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA).

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation and analyzed with SPSS 16.0 software (SPSS 
Inc., Chicago, IL, USA). Each experiment was repeated at 
least three times. Differences between groups were deter-
mined using Student's t‑test or one‑way analysis of variance 
for multiple comparisons followed by Tukey's post‑hoc test. 
Spearman's correlation analysis was performed to assess the 
correlation between miR‑339‑5p and SOX4 mRNA expression 
levels in AML. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

miR‑339‑5p is downregulated in AML. To assess the cellular 
functions of miR‑339‑5p in AML, the expression levels of 
miR‑339‑5p in the bone marrow of 35 patients with AML and 
19 healthy controls were analysed. RT‑qPCR analysis demon-
strated that miR‑339‑5p was significantly downregulated in 
patients with AML compared with in healthy controls (Fig. 1A; 
P<0.05). The expression levels of miR‑339‑5p were detected in 

Figure 1. miR‑339‑5p expression is significantly decreased in AML. 
(A) Expression levels of miR‑339‑5p were detected in 35 patients with 
AML and 19 healthy controls using RT‑qPCR. *P<0.05 vs. healthy controls. 
(B) RT‑qPCR analysis was conducted to determine the expression levels of 
miR‑339‑5p in three AML cell lines (HL‑60, THP‑1 and Kasumi‑1) and a 
normal bone marrow cell line, HS‑5. *P<0.05 vs. HS‑5. AML, acute myeloid 
leukaemia; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative 
polymerase chain reaction.
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three AML cell lines (HL‑60, THP‑1 and Kasumi‑1) and in 
a normal bone marrow cell line HS‑5. The expression levels 
of miR‑339‑5p in the three AML cell lines were significantly 
lower compared with HS‑5 cells (Fig. 1B; P<0.05). These 
results suggested that miR‑339‑5p may serve crucial roles in 
the development of AML.

miR‑339‑5p overexpression inhibits the proliferation of AML 
cells. As it was determined that miR‑339‑5p is expressed at 
low levels in AML in the present study, whether miR‑339‑5p 
serves a tumour‑suppressing role in AML progression was 
investigated. To confirm this hypothesis, miR‑339‑5p mimics 
or miR‑NC were transfected into HL‑60 and THP‑1 cells, and 
the results of RT‑qPCR demonstrated that the miR‑339‑5p 
expression levels were significantly upregulated in HL‑60 
and THP‑1 cells transfected with miR‑339‑5p mimics 
compared with the control (Fig. 2A; P<0.05). The effects of 
miR‑339‑5p overexpression on AML cell proliferation was 
determined via a CCK‑8 assay. As presented in Fig.  2B, 
ectopic miR‑339‑5p expression significantly inhibited the 
proliferation of HL‑60 and THP‑1 cells relative to those 
of the miR‑NC groups at 48 and 72 h (P<0.05). Alterations 

in proliferation were primarily associated with cell cycle 
progression, suggesting that cell cycle arrest may inhibit the 
cell cycle. Cell cycle analysis demonstrated that HL‑60 and 
THP‑1 cells transfected with miR‑339‑5p mimics exhibited 
a significantly higher percentage of cells in the G0/G1 phase 
and lower percentage of cells in the S phase compared with 
cells transfected with miR‑NC (Fig.  2C; P<0.05). A cell 
apoptosis assay was conducted to examine the biological 
functions of miR‑339‑5p in AML cell apoptosis. The results 
demonstrated that restoration of miR‑339‑5p expression 
increased the percentage of apoptotic rate in HL‑60 and 
THP‑1 cells compared with cells transfected with miR‑NC 
(Fig. 2D; P<0.05). These results suggested that miR‑339‑5p 
may inhibit AML cell proliferation by inducing cell apop-
tosis and cell cycle arrest.

SOX4 serves as a direct target gene of miR‑339‑5p in AML. 
It was identified that miRNAs serve their roles by directly 
interacting with the 3'‑UTR of target genes and induce mRNA 
degradation or the inhibition of translation  (9). Therefore, 
bioinformatics analysis was performed to predict the poten-
tial targets of miR‑339‑5p in the present study. SOX4, a key 

Figure 2. Upregulation of miR‑339‑5p inhibits cell proliferation of acute myeloid leukaemia. (A) HL‑60 and THP‑1 cells were transfected with miR‑339‑5p 
mimics or miR‑NC. At 48 h post‑transfection, the transfection efficiency was evaluated via reverse transcription‑quantitative polymerase chain reaction. 
*P<0.05 vs. miR‑NC. (B) Proliferative abilities of HL‑60 and THP‑1 cells transfected with miR‑339‑5p mimics or miR‑NC were determined via a Cell 
Counting kit‑8 assay. *P<0.05 vs. miR‑NC. (C) Cell cycle status of HL‑60 and THP‑1 cells transfected with miR‑339‑5p mimics or miR‑NC as analyzed by a 
cell cycle assay. *P<0.05 vs. miR‑NC. (D) Cell apoptosis assay was used to assess the effect of miR‑339‑5p overexpression on the rate of apoptosis of HL‑60 
and THP‑1 cells transfected with miR‑339‑5p mimics or miR‑NC. *P<0.05 vs. miR‑NC. miR, microRNA; NC, negative control; OD, optical density.
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component of AML oncogenesis and progression (25‑28), was 
predicted as a putative target of miR‑339‑5p (Fig. 3A) and was 
selected for subsequent analysis. A dual‑luciferase reporter 
assay was used to verify the direct interaction between 
miR‑339‑5p and the 3'‑UTR of SOX4. The data demonstrated 
that miR‑339‑5p significantly decreased the luciferase activi-
ties of miR‑399‑50 mimics‑transfected HL‑60 and THP‑1 
cells containing the Wt 3'‑UTR of SOX4 compared with in 
the corresponding control (P<0.05), whereas the luciferase 
activity of the plasmid containing the Mut 3'‑UTR of SOX4 
remained notably unaltered (Fig. 3B). To evaluate the regu-
latory effects of miR‑339‑5p on the endogenous expression 
levels of SOX4, RT‑qPCR and western blot analysis were 
performed to measure SOX4 expression in HL‑60 and THP‑1 
cells transfected with miR‑339‑5p mimics or miR‑NC. As 
presented in Fig. 3C and D, the mRNA (P<0.05) and protein 
(P<0.05) expression levels of SOX4 in HL‑60 and THP‑1 cells 
transfected with miR‑339‑5p mimics were significantly lower 
compared with in cells transfected with miR‑NC. Therefore, 
SOX4 may serve as a direct target of miR‑339‑5p in AML.

miR‑339‑5p is negatively correlated with SOX4 expression 
in AML. To clarify the association between miR‑339‑5p and 
SOX4 in AML, the present study investigated SOX4 expres-
sion in bone marrow samples of 35 patients with AML and 

19 healthy controls. RT‑qPCR analysis demonstrated that 
SOX4 mRNA was significantly overexpressed in patients with 
AML compared with in healthy controls (Fig. 4A; P<0.05). 
The protein expression levels of SOX4 in patients with AML 
were significantly higher compared with the healthy controls 
(Fig.  4B and C; P<0.05). Spearman's correlation analysis 
suggested that miR‑339‑5p was inversely correlated with 
SOX4 mRNA expression in AML samples (Fig. 4D; r=‑0.5267, 
P=0.0012). These results further suggested that SOX4 is a 
direct target of miR‑339‑5p in AML.

SOX4 overexpression partially rescues the inhibitory effects 
of miR‑339‑5p on AML cells. Following the determination 
of SOX4 as a target of miR‑339‑5p, the present study inves-
tigated whether SOX4 mediates the tumour‑suppressing 
roles of miR‑339‑5p in AML. HL‑60 and THP‑1 cells were 
transfected with pCMV or pCMV‑SOX4. The results demon-
strated that SOX4 expression was significantly upregulated in 
pCMV‑SOX4‑transfected HL‑60 and THP‑1 cells compared 
with cells transfected with pCMV (Fig.  5A; P<0.05). 
Subsequently, HL‑60 and THP‑1 cells were co‑transfected 
with miR‑339‑5p mimics and pCMV or pCMV‑SOX4 
lacking 3'‑UTR. After 72‑h transfection, western blot 
analysis suggested that the downregulation of SOX4 expres-
sion in HL‑60 and THP‑1 cells induced by miR‑339‑5p 
overexpression was recovered following co‑transfection with 
pCMV‑SOX4 (Fig.  5B; P<0.05). In functional assays, the 
restoration of SOX4 expression significantly reversed the 
effects of exogenous miR‑339‑5p on the proliferation at 48 
and 72 h (Fig. 5C; P<0.05), the cell cycle (Fig. 5D; P<0.05) 
and apoptosis (Fig. 5E; P<0.05) of HL‑60 and THP‑1 cells. 
Overall, these results suggested that the tumour‑suppressing 
effects of miR‑339‑5p on AML cells were associated with 
downregulated SOX4 expression.

Figure 3. SOX4 is a direct target of miR‑339‑5p in acute myeloid leukaemia 
cells. (A)  Predicted Wt complementary sequence interaction between 
miR‑339‑5p and the 3'‑UTR of SOX4. Mut binding sequences are also 
presented. (B) HL‑60 and THP‑1 cells were transfected with the Wt or 
Mut SOX4 3'‑UTR‑containing luciferase reporter plasmid combined with 
miR‑339‑5p mimics or miR‑NC. After 48 h of transfection, the relative 
luciferase activity was detected using Dual‑Luciferase Reporter Assay kit. 
*P<0.05 vs. miR‑NC. (C) Relative mRNA and (D) protein expression levels 
of SOX4 in HL‑60 and THP‑1 cells transfected with miR‑339‑5p mimics or 
miR‑NC were analysed using reverse transcription‑quantitative polymerase 
chain reaction and western blot analysis, respectively. *P<0.05 vs. miR‑NC. 
miR, microRNA; Mut, mutant; NC, negative control; SOX4, sex‑determining 
region Y‑related high‑mobility group box 4; UTR, untranslated region; Wt, 
wild type.

Figure 4. miR‑339‑5p expression is negatively correlated with SOX4 expres-
sion in AML. SOX4 mRNA and protein expression levels of patients with AML 
and healthy controls were examined by (A) reverse transcription‑quantitative 
polymerase chain reaction and (B) western blotting, with (C) subsequent 
analysis, respectively. *P<0.05 vs. healthy controls. (D) Correlation between 
miR‑339‑5p and SOX4 mRNA expression in AML samples was deter-
mined using Spearman's correlation analysis. r=‑0.5267, P=0.0012. AML, 
acute myeloid leukaemia; miR, microRNA; SOX4, sex‑determining region 
Y‑related high‑mobility group box 4.
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Figure 5. SOX4 restoration partially rescues the effects of miR‑339‑5p upregulation on cell proliferation, cell cycle status and apoptosis of acute myeloid 
leukaemia. (A) pCMV or pCMV‑SOX4 was transfected into HL‑60 and THP‑1 cells. Western blot analysis was performed to detect SOX4 protein expression. 
*P<0.05 vs. pCMV. (B) HL‑60 and THP‑1 cells were co‑transfected with miR‑339‑5p mimics and pCMV or pCMV‑SOX4. The expression levels of SOX4 
protein were detected by western blot analysis at 48 h post‑transfection. *P<0.05 vs. miR‑NC. #P<0.05 vs. miR‑339‑5p mimics+pCMV‑SOX4. (C) Counting 
Cell kit‑8, (D) cell cycle and (E) cell apoptosis assays were conducted to determine proliferation, cycle status and apoptosis of the indicated cells, respectively. 
*P<0.05 vs. miR‑NC. #P<0.05 vs. miR‑339‑5p mimics+pCMV‑SOX4. miR, microRNA; NC, negative control; pCMV, empty vector; SOX4, sex‑determining 
region Y‑related high‑mobility group box 4.
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Discussion

In recent decades, miRNAs have been considered novel gene 
regulators, whereas deregulated miRNAs serve key roles in 
the initiation and progression of AML (29‑31). Therefore, 
the roles of differently expressed miRNAs in AML require 
extensive investigation to gain insight into potential treatments 
for patients with AML. miR‑339‑5p has been studied in acute 
lymphoblastic leukaemia (32); however, its expression profile 
in AML remains unknown. In the present study, miR‑339‑5p 
expression was significantly decreased in AML samples and 
cell lines. In vitro analyses demonstrated that resumption of 
miR‑339‑5p expression reduced cell proliferation, induced 
cell cycle arrest and promoted apoptosis in AML in the 
present study. SOX4 was determined to be a direct target of 
miR‑339‑5p in AML and was overexpressed in AML samples. 
This overexpression was inversely correlated with miR‑339‑5p 
expression. In addition, the present study conducted a series 
of rescue experiments, which revealed that the restoration 
of SOX4 expression inhibited the effects of miR‑339‑5p 
overexpression on cell proliferation, the cell cycle and apoptosis 
of AML. These results demonstrated that miR‑339‑5p may 
serve tumour‑suppressing roles in AML progression by 
directly targeting SOX4, suggesting that miR‑339‑5p may be 
considered as a therapeutic target for the treatment of patients 
with AML.

The dysregulation of miR‑339‑5p has been identified in a 
variety of human cancer (19‑21). FomiR‑339‑5p was observed 
to be downregulated in non‑small cell lung cancer tissues 
and cell lines (19). Reduced miR‑339‑5p expression has been 
associated with tumour‑node‑metastasis staging and lymph 
node metastasis (19). The expression levels of miR‑339‑5p in 
hepatocellular carcinoma were lower compared with tumour 
tissues and cell lines. Compared with in patients with hepa-
tocellular carcinoma and high miR‑339‑5p expression levels, 
those with lower miR‑339‑5p expression levels present poorer 
prognosis  (20). miR‑339‑5p expression levels have been 
proposed as an independent prognostic factor for patients 
with hepatocellular carcinoma (20). Low expression levels of 
miR‑339‑5p were also reported in ovarian (21), gastric (33) 
and breast cancer (34). In the present study, it was demon-
strated that miR‑339‑5p expression was decreased in AML 
samples and cell lines. These results suggested that miR‑339 
is frequently downregulated in human malignancies and may 
be associated with the pathogenesis of these specific types of 
tumour.

It was demonstrated that differentially expressed miRNAs 
are closely correlated with the carcinogenesis and progres-
sion of numerous human cancer types  (19,20,35,36). For 
instance, upregulation of miR‑339‑5p inhibited the cell 
proliferation, migration and invasion of lung cancer (19,35). 
Zhou et  al  (36) observed that miR‑339‑5p overexpression 
decreased the growth, colony formation and metastasis of 
colorectal cancer cell in vitro and suppressed tumour growth 
in vivo. Wang et al (20) observed that the ectopic expression 
of miR‑339‑5p restricted the invasive ability of hepatocel-
lular carcinoma cells. Shan et al (21) demonstrated that the 
resumption of miR‑339‑5p expression suppressed cell motility 
in ovarian cancer. Shen et al (33) identified that miR‑339‑5p 
restoration reduced the cell proliferation, migration and 

invasion of gastric cancer in vitro and tumorigenicity in vivo. 
Wu et al (34) demonstrated that miR‑339‑5p overexpression 
reduced the cell metastatic ability of breast cancer. In the 
present study, it was observed that miR‑339‑5p inhibited cell 
proliferation, induced cell cycle arrest and promoted apoptosis 
in AML. These results suggested that miR‑339‑5p may be a 
potential therapeutic target for the treatment of patients with 
these specific types of tumour.

Previous studies have validated a number of miR‑339‑5p 
targets, including S‑phase kinase‑associated protein 2 in lung 
cancer (35), phosphatase of regenerating liver‑1 in colorectal 
cancer (36), nucleus accumbens associated 1 (21) and B‑cell 
lymphoma 6 in ovarian cancer  (21) and NOVA alternative 
splicing regulator 1 in gastric cancer (33). SOX4, a member of 
the SOX family (37), was observed to be a direct and functional 
target of miR‑339‑5p in AML in the present study. Increasing 
evidence suggests that SOX4 is aberrantly and highly 
expressed in numerous types of human cancers, including 
gastric cancer (38), hepatocellular carcinoma (39), colorectal 
cancer  (40), osteosarcoma  (41) and cervical cancer  (42). 
SOX4 serves oncogenic roles in the onset and development 
of tumours by affecting cell proliferation, apoptosis, the cell 
cycle, migration and metastasis (43‑45). SOX4 expression is 
additionally upregulated in the bone marrow of patients with 
AML as determined in the preset study. Compared with in 
patients with low levels of SOX4 expression, those with high 
expression levels exhibited lower rates of remission and shorter 
overall survival (25). Functionally, SOX4 performs important 
roles in the formation and progression of AML, regulating 
cell self‑renewal, differentiation and proliferation (26‑28). In 
view of these important roles, in AML, the miR‑339‑5p/SOX4 
signalling pathway may represent a potential therapeutic target 
for treating patients with AML.

To summarize, miR‑339‑5p was downregulated in AML 
samples and cell lines. miR‑339‑5p overexpression inhibited 
cell proliferation, induced cell cycle arrest and increased 
apoptosis of AML by directly targeting SOX4. The associa-
tion between miR‑339‑5p and the prognosis of patients with 
AML was not investigated in the present study. In addition, 
the association between miR‑339‑5p and the clinicopatho-
logical features of patients with AML was not examined. 
These limitations of the present study may be resolved in 
future investigations; however, understanding the mechanism 
underlying the tumour‑suppressing roles of miR‑339‑5p in 
AML may provide novel insight into the progression of AML. 
miR‑339‑5p may be considered a potential therapeutic target 
for the management of patients with AML.
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