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Abstract. In a preliminary experiment, it was found that 
c‑myc expression was decreased following the differentia‑
tion of THP‑1 cells into monocytes/macrophages induced by 
phorbol 12‑myristate 13 acetate (PMA) + lipopolysaccharide 
(LPS) + interferon (IFN)‑γ. The expression of miR‑let‑7c‑5p 
was then found to be elevated by cross‑sectional analysis 
using TargetScan and PubMed and differential microarray 
analysis. The present study aimed to investigate the role of the 
miR‑let‑7c‑5p/c‑myc signaling axis in the committed differen‑
tiation of THP‑1 leukemic cells into monocytes/macrophages 
induced by PMA + LPS + IFN‑γ. Human THP‑1 leukemic 
cells were induced to differentiate into monocytes/macro‑
phages by PMA + LPS + IFN‑γ. Following induction for 
48 h, the growth density of the THP‑1 cells was observed 
directly under an inverted microscope, cell proliferation 
was measured using Cell Counting Kit‑8 assay and the cell 
cycle and the expression of differentiation‑related antigens 
(CD11b and CD14) were measured using flow cytometry. The 
mRNA expression of miR‑let‑7c‑5p and c‑myc was detected 

using reverse transcription‑quantitative PCR and the protein 
expression of c‑myc was detected using western blot analysis. 
Dual luciferase reporter gene analysis was used to detect the 
targeted binding of miR‑let‑7c‑5p on the 3'UTR of c‑myc. 
The relative expression of miR‑let‑7c‑5p and c‑myc genes 
in THP‑1 cells induced by PMA + LPS + IFN‑γ was found 
to be up‑ and downregulated respectively, and expression of 
miR‑let‑7c‑5p was negatively correlated with the expression 
of c‑myc gene. Dual luciferase reporter gene assays confirmed 
that miR‑let‑7c‑5p targeted the 3'UTR of c‑myc and inhibited 
luciferase activity. Following transfection with miR‑let‑7c‑5p 
mimics, the expression of c‑myc was markedly downregulated 
and the proliferative ability of the THP‑1 cells was decreased, 
while the expression rate of CD11b and CD14 was significantly 
increased. The rescue experiment revealed that the effects of 
miR‑let‑7c‑5p mimics on the proliferation and differentiation 
of THP‑1 cells were attenuated by transfection with c‑myc 
overexpression vector. Together, the findings of the present 
study demonstrated that miR‑let‑7c‑5p can target the 3'UTR 
region of c‑myc and that the miR‑let‑7c‑5p/c‑myc signaling 
axis is one of the critical pathways involved in the directional 
differentiation of leukemic cells into monocytes/macrophages.

Introduction

Normal hematopoietic cells differentiate into mature granu‑
locyte, monocyte‑macrophage, erythroid, or megakaryocyte 
lineages, strictly according to the inherent procedure (1). 
The occurrence of leukemia is mainly due to the failure of 
the differentiation at a certain stage of hematopoietic cells, 
which enables them to retain only their hyperproliferative 
capacity and blocks their terminal differentiation (1,2). If this 
disordered differentiation of leukemia cells can be reversed 
using drugs, these drugs can then perhaps be used in clinical 
treatment (3). In terms of the committed differentiation of 
myeloid leukemia, in addition to the successful induction of 
the terminal differentiation of leukemic cells into granulocytes 
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in vitro using certain drugs, such as all trans retinoic acid (4), 
there have been some reports on the committed differentiation 
of leukemic cells into monocytes‑macrophages. However, the 
majority of these processes are limited to the induction of 
partial differentiation to varying degrees, which limits their 
clinical application (5). Therefore, an in‑depth investigation 
of the key mechanisms of the committed differentiation of 
leukemic cells may help to identify new targets which can be 
used to interfere with the directed differentiation of leukemic 
cells.

Macrophages are a highly heterogeneous group of cells, 
which can be polarized by two types of macrophages under 
various tissue environments and physiological and patho‑
logical conditions; for example, M1 and M2 are the two types 
of macrophages (6‑9). Different types of macrophages often 
exhibit different phenotypes and functions, or even function 
via opposite mechanisms. For example, M1 type macrophages 
mainly induce Th1 type immune responses, producing potent 
antitumor effects (10). M2 type macrophages are divided into 
three subtypes, M2a, M2b and M2c (11,12). M2a macrophages 
mainly induce Th2 type immune response and M2b and 
M2c macrophages mainly exert immunomodulatory effects. 
The cytokines, GM‑CSF and M‑CSF, are also involved in 
the polarization process of macrophages (13); monocytes 
exposed to granulocyte‑macrophage colony‑stimulating factor 
(GM‑CSF) exhibit characteristics of M1‑type macrophages, 
whereas those exposed to macrophage colony‑stimulating 
factor (M‑CSF) exhibit characteristics of M2‑type macro‑
phages (14,15). It may be possible to induce leukemic cells 
to differentiate into mature macrophages, thus achieving 
directed differentiation induction therapy; at the same time, 
the induction of mature M1 macrophages may also play a 
role in anti‑leukemia immunity. As regards the molecular 
mechanisms of the polar differentiation of macrophages, 
some associated transcription factors and signal transduction 
pathways have been found to be involved. Currently, it is well 
recognized that the PU.1 and C/EBP families are key tran‑
scription factors that regulate the committed differentiation 
of monocyte/macrophage lineages (16,17). Second, the Janus 
kinase (JAK)/STAT, PI3K/AKT/mTOR and Notch signaling 
pathways have also been reported to play a role in the polar‑
ization of macrophages (18‑20). Although the proto‑oncogene 
c‑myc has been shown to induce or suppress the expression of 
hundreds of genes, including regulating macrophage activation 
functions (21,22), the specific molecular mechanisms of c‑myc 
in the polarization and differentiation of leukemic cells into 
M1 type macrophages have not yet been fully reported.

The authors have previously confirmed that c‑myc is 
involved in the committed differentiation of THP‑1 leukemic 
cells into monocytes/macrophages (23). Following validation 
in a preliminary experiment that no significant apoptosis 
occurred during the differentiation induction process, the 
present study aimed to further explore the changes and roles 
in directed differentiation. In addition, non‑coding RNAs 
(ncRNAs) have been found to play a critical role in cell 
proliferation and differentiation in recent years (24). Among 
these, microRNAs (miRNAs/miRs) are often involved in the 
post‑transcriptional regulation of downstream target genes by 
functioning as oncogenes or tumor suppressor genes (25); they 
are also involved in some key pathological processes, such 

as the abnormal proliferation, differentiation or apoptosis of 
leukemic cells (26,27). Therefore, it was hypothesized that 
some miRNAs may regulate the committed differentiation of 
leukemic cells into monocytes/macrophages by targeting the 
c‑myc gene. It was predicted that miR‑let‑7 family members 
are negatively associated with c‑myc; by performing differ‑
ential miRNA Chip screening, Gene Expression Omnibus 
(GEO) database analysis and a PubMed literature research, it 
was found that the possible upstream miRNA of c‑myc was 
miR‑let‑7c‑5p. The present study aimed to further investigate 
the role of the miR‑let‑7c‑5p/c‑myc signaling axis in the 
differentiation of leukemic cells into monocytes/macrophages.

Materials and methods

Materials. The human acute myeloid leukemia THP‑1 cell 
line was purchased from The Cell Bank of Type Culture 
Collection of the Chinese Academy of Sciences. Phorbol 
12‑myristate 13‑acetate (PMA; cat. no. P1585‑1MG), lipo‑
polysaccharide (LPS; cat. no. L2880‑10MG) and interferon 
(IFN)‑γ (cat. no. C600039‑0100) were purchased from 
MilliporeSigma. Fetal bovine serum (FBS), the BCA protein 
assay kit and the SDS‑PAGE gel rapid preparation kit were 
purchased from Shanghai Biyuntian Biotechnology Co., Ltd. 
RPMI‑1640 medium was purchased from Hyclone (Cytiva). 
Double antibody, RIPA protein lysis solution and protein 
loading buffer were purchased from Beijing Solarbio Science & 
Technology Co., Ltd. The inverted microscope was purchased 
from Olympus Corporation. Cell Counting Kit‑8 (CCK‑8) 
solution was purchased from Dojindo Laboratories, Inc. The 
microplate reader was purchased from Tecan Group, Ltd. 
Standard protein marker and the Lipofectamine 2000® trans‑
fection kit were purchased from Invitrogen (Thermo Fisher 
Scientific, Inc.). The ECL luminescence kit was purchased 
from Shandong Sparkjade Scientific Instruments Co., Ltd. 
Anti‑c‑myc (cat. no. sc‑47694) antibody was purchased 
from Santa Cruz Biotechnology Inc; anti‑β‑actin antibody 
(cat. no. 20536‑1‑AP) was obtained from Cell Signaling 
Technology, Inc. HRP‑labeled rabbit secondary antibody 
(cat. no. ZB‑2301) was purchased from OriGene Technologies, 
Inc. Primer design was provided by Sangon Biotech Co., Ltd. 
The reverse transcription PrimeScript RT reagent kit with 
gDNA Eraser (Perfect Real‑Time), the chimeric fluorescence 
detection kit and TB Green Premix Ex Taq (Tli RNaseH 
Plus) kit were purchased from Takara Biomedical Technology 
(Beijing) Co., Ltd. The cycle kit was purchased from Jiangsu 
KGI Biotechnology Co., Ltd. PE‑CD11b (cat. no. 301306) 
and FITC‑CD14 (cat. no. 301804) fluorescent‑conjugated 
antibodies were purchased from BioLegend, Inc. TRIzol® 
reagent was purchased from Thermo Fisher Scientific, Inc. 
Trichloromethane was purchased from Sinopharm Chemical 
Reagent Co., Ltd.

The committed dif ferentiation from THP‑1 cells into 
monocytes/macrophages induced by PMA + LPS + IFN‑γ. 
THP‑1 cells were grown in RPMI‑1640 complete medium 
containing 10% FBS at 37˚C and 5% CO2 in a six‑well plate. 
When the cells grew to the logarithmic phase, the appropriate 
amount of THP‑1 cell suspension and PMA + LPS + IFN‑γ 
solution were added to 96‑well plates. The final concentration 
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of each well cell was 1x105/ml and the final concentration 
of PMA + LPS + IFN‑γ induction mixture was 10, 100 and 
20 µg/l. The cells were cultured at 37˚C and 5% CO2 for 48 h. 
In addition to observing the cell growth density directly under 
an inverted microscope, 10 µl Cell Counting Kit‑8 (CCK‑8) 
solution was added to each well followed by incubation at 
37˚C for 2 h. The optical density (OD) values at 450 nm were 
measured using a microplate reader.

Detection of CD11b and CD14 differentiation antigens using 
flow cytometry. THP‑1 cells induced by PMA + LPS + IFN‑γ 
for 48 h were collected into flow tubes, suspended with PBS, 
washed twice by centrifugation at 200 x g for 3 min at 4˚C and 
the cell concentration was adjusted to 1x106 cells/ml. Each 
tube was supplemented with 100 µl PBS and 5 µl PE‑labeled 
mouse anti‑human CD11b (cat. no. 301306, 1:1,000, 
BioLegend, Inc.) and FITC‑labeled mouse anti‑human CD14 
fluorescent antibody (cat. no. 301804, 1:1,000, BioLegend, 
Inc.) were added, respectively, followed by incubation at 4˚C 
for 30 min in the dark. The cells were resuspended in 200 µl 
PBS and fixed in 1% paraformaldehyde at 4˚C for 20 min. 
The expression levels of CD11b and CD14 in the different 
treatment groups were analyzed on a FACSVerse (BD 
Biosciences) flow cytometer. Isotypic rat IgG (BioLegend, 
Inc.) was also used to examine non‑specific binding. The 
experiment was repeated three times. According to the 
different detection antigens, they were divided into the 
CD11b PBS control group, CD11b PMA + LPS + IFN‑γ 
experimental group, CD14 PBS control group and the CD14 
PMA + LPS + IFN‑γ experimental group.

Detection of protein expression of c‑myc using western blot 
analysis. The cells in the control and experimental groups 
were collected and washed twice with pre‑cooled PBS. Total 
protein was extracted and the protein concentration was 
determined by BCA assay; 5X protein loading buffer was 
added and the cells were denatured by boiling at 95˚C for 
10 min. SDS‑PAGE (volume fraction 10%) electrophoresis 
was performed with 20 µg protein. The separated proteins 
were transferred onto a PVDF membrane and blocked with 
5% skimmed milk for 90 min at room temperature. The 
corresponding primary antibodies, c‑myc (1:800) and β‑actin 
(1:2,000) were then added and incubated at 4˚C overnight; this 
was followed by the addition of goat anti‑rabbit IgG antibody 
(1:20,000) and incubation at room temperature for 90 min. 
The membranes were then washed with 1X TBST including 
0.2% Tween‑20 for 30 min and finally washed for 30 min for 
imaging observation using an ECL kit (Shandong Sparkjade 
Scientific Instruments Co., Ltd.). ImageJ v1.51j8 was used for 
densitometry (National Institutes of Health). The experiment 
was repeated three times.

Bioinformatics cross analysis of upstream miRNAs targeting 
c‑myc. On the basis of confirming the reduced expression of 
c‑myc in THP‑1 cells following the induction of differentia‑
tion, the potential miR‑let‑7 family spliceosomes with targeted 
binding to c‑myc were screened using TargetScan (Targetscan.
org), StarBase database (starbase.sysu.edu.cn/), a literature 
research (PubMed) and differential microarray detection 
(Agilent miRNA Chip). For differential microarray detection 

using the Agilent miRNA Chip assay, the leukemic cells were 
collected before and 48 h following induction, respectively 
and Affymetrix 3' IVT expression profiling microarray data 
were analyzed to obtain miRNAs with a higher likelihood of 
binding to c‑myc and a negative correlation with c‑myc. At the 
same time, to further demonstrate the association between the 
expression of candidate miRNAs and c‑myc, seven different 
time points during the induction of differentiation of THP‑1 
cells were randomly selected and the expression levels of 
mRNAs were detected using reverse transcription‑quantitative 
(RT‑q) PCR; correlations were analyzed using Pearson's 
correlation analysis.

Detection of changes in gene expression using RT‑qPCR. Total 
RNA was extracted using TRIzol® reagent (Thermo Fisher 
Scientific, Inc.). The concentration of total RNA was measured 
using an ultramicro nucleic acid protein analyzer (Thermo 
Fisher Scientific, Inc.). cDNA was synthesized according to 
the instructions provided with the PrimeScript RT reagent kit 
with gDNA Eraser (Perfect Real‑Time). For reverse transcrip‑
tion, samples were incubated in an Eppendorf PCR system at 
42˚C for 30 min, then at 90˚C for 5 min and at 5˚C for 5 min. 
cDNA was used as a template for PCR amplification. The 
primers used were as follows: miR‑let‑7c‑5p sense, 5'‑CGT 
CAT CCT GAG GTA GTA GGT TGT‑3' and antisense, 5'‑TAT 
GGT TTT GAC GAC TGT GTG AT‑3'; U6 sense, 5'‑AGA GAA 
GAT TAG CAT GGC CCC TG‑3' and antisense, 5'‑AGT GCA 
GGG TCC GAG GTA TT‑3'. These two primers were designed 
by stem‑loop method. The downstream and reverse transcrip‑
tion primers of stem‑loop method were artificially added 
(Sangon Biotech Co., Ltd.). c‑myc sense primer 5'‑CCC CTA 
CCC TCT CAA CGA CA‑3, antisense 5'‑CTT CTT GTT CCT 
CCT CAG AGT CG‑3' and GAPDH sense, 5'‑ACA ACT TTG 
GTA TCG TGG AAG G‑3' and antisense, 5'‑GCC ATC ACG 
CCA GTT TC‑3'. Real‑time fluorescence quantitative amplifi‑
cation reaction was performed according to the instructions 
provided with the TB Green Premix Ex Taq (Tli RNaseH Plus) 
kit. PCR was conducted under the following conditions: 10 sec 
at 95˚C; 40 cycles of 5 sec at 60˚C and 10 sec at 72˚C; 34 sec 
at 60˚C. Relative quantitative analysis was performed using 
the 2‑ΔΔCq method (28). Secondly, the transfection efficiency of 
miR‑let‑7c‑5p mimics was also detected and confirmed using 
RT‑qPCR for miR‑let‑7c‑5p expression. 

Dual‑luciferase reporter gene analysis. The bioinformatics 
prediction website was used to predict the 3'UTR binding 
sequence of miR‑let‑7c‑5p to c‑myc. Dual luciferase 
reporter genes were used to detect the targeted binding of 
miR‑let‑7c‑5p on the 3'UTR of c‑myc. Briefly, the wild‑type 
(WT) plasmid, pmirGLO‑c‑myc‑wt and the mutant plasmid, 
pmirGLO‑c‑myc‑MUT were constructed by Biosune 
Biotechnology (shanghai) Co.,Ltd. The WT plasmid, the 
mutant (MUT) plasmid and the miR‑let‑7c‑5p mimics (UGA 
GGU AGU AGG UUG UAU GGU U) or NC mimics (UUC UCC 
GAA CGU GUC ACG UTT) were co‑transfected into the cells 
by transfection reagent kit (jetPRIME; Polyplus). The activity 
of luciferase was determined using the Dual‑Luciferase 
Reporter Assay System (Envision; PerkinElmer, Inc.) 
following 48 h of culture and Renilla luciferase was used as 
an internal control.
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Cell transfection. After using FAM fluorescence labeled 
si‑NC as negative parallel control to determine transfection 
efficiency, THP‑1 cells were transfected in accordance with 
the instructions and the appropriate amount of si‑c‑myc 
and its corresponding negative control were mixed with 
the transfection reagent Lipofectamine 2000® transfection 
kit (Invitrogen; Thermo Fisher Scientific, Inc.) to form the 
transfection complex, which was added to the six‑well plate 
to inoculate the cells for 48 h. si‑c‑myc: sense 5'‑CCA CAC 
AUC AGC ACA ACU ATT‑3', antisense 5'‑UAG UUG UGC UGA 
UGU GUG GTT‑3' was co‑selected for synthesis. At the same 
time, si‑NC: sense 5'‑UUC UCC GAA CGU GUC ACG UTT‑3', 
antisense 5'‑ACG UGA CAC GUU CGG AGA ATT‑3' was taken 
as the negative control. The two were synthesized by BioSune 
Biotechnology Co., Ltd.

Statistical analysis. GraphPad Prism 8 software (GraphPad 
Software, Inc.) was used for data processing and the 
Shapiro‑Wilk test was used to assess normal distribution of 
the data. Each experiment was repeated three times and the 
measurement data are expressed as the mean ± standard devia‑
tion. Comparisons between two groups were performed using 
an independent samples t‑test and one‑way ANOVA was used 
for multiple‑group comparisons. The Bonferroni test was used 

as the post‑hoc test following one‑way ANOVA. Pearson's 
correlation analysis was used to determine the correlation 
between miR‑let‑7c‑5p and c‑myc. All data were analyzed 
using two‑tailed tests. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Proliferation of THP‑1 cells is inhibited by PMA + LPS + 
IFN‑γ. The changes in the growth density of THP‑1 cells 
induced by PMA + LPS + IFN‑γ for 48 h were observed 
under an inverted microscope. The results revealed that the 
cell density in the PMA + LPS + IFN‑γ experimental group 
was significantly lower than that in the PBS control group and 
the cell growth gradually changed from growth in suspension 
to adherent growth (Fig. 1A). The results of CCK‑8 assay 
revealed that the proliferative ability of the cells in the PMA + 
LPS + IFN‑γ experimental group was lower compared with 
those in the PBS control group (Fig. 1B). Flow cytometry for 
cell cycle distribution demonstrated that the number of cells in 
the G0/G1 phase in the control group was lower than that in the 
PMA + LPS + IFN‑γ group. In addition, the number of cells 
in the S phase in the PBS control group was higher than that 
in the PMA + LPS + IFN‑γ group and the number of cells in 

Figure 1. Changes in the proliferation of THP‑1 cells following exposure to PMA + LPS + IFN‑γ for 48 h. (A) Growth density of the THP‑1 cells in the PBS 
control group and PMA + LPS + IFN‑γ experimental group (magnification, x200); cell proliferation was significantly higher in the PBS control group than 
in the PMA + LPS + IFN‑γ experimental group. (B) Results of Cell Counting Kit‑8 assay in the PBS control group and PMA + LPS + IFN‑γ experimental 
group (biological repeats). (C) Flow cytometry of the cell cycle in the PBS control group and PMA + LPS + IFN‑γ experimental group. (D) THP‑1 cell cycle 
histogram of the PBS control group and PMA + LPS + IFN‑γ experimental group. ***P<0.001 and ****P<0.0001. PMA, phorbol 12‑myristate 13‑acetate; LPS, 
lipopolysaccharide; IFN, interferon.
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the G2/M phase in the PBS control group was also lower than 
that in the PMA + LPS + IFN‑γ group (Fig. 1C and D). These 
experimental data demonstrated that the proliferation of the 
THP‑1 cells was inhibited by PMA + LPS + IFN‑γ.

PMA + LPS + IFN‑γ induces the committed differentiation of 
THP‑1 cells into monocytes/macrophages. According to the 
data from the literature research and the results of the prelimi‑
nary experiments, PMA + LPS + IFN‑γ was used to induce 
the committed differentiation of THP‑1 cells into mono‑
cytes/macrophages. The results of flow cytometry revealed 
that the average positive rates of CD11b in the PMA + LPS + 
IFN‑γ group were markedly increased compared with those in 
the PBS control group (Fig. 2A and B). The expression rates of 
CD14 in the PMA + LPS + IFN‑γ group were also increased 
compared with those in the PBS control group (Fig. 2C and D). 
These results indicated that PMA + LPS + IFN‑γ induced the 
differentiation of THP‑1 cells into monocytes/macrophages.

c‑myc expression is downregulated during the mono‑
cyte/macrophage differentiation of THP‑1 cells. As c‑myc 
protein was involved in the differentiation of leukemic cells 

into granulocytes, the present study aimed to further investi‑
gate whether c‑myc gene was also involved in the macrophage 
differentiation of leukemic cells and whether this type of 
change affects the proliferation and differentiation process 
of leukemic cells. The committed differentiation into mono‑
cytes/macrophages was obtained by stimulating the THP‑1 
cells with PMA + LPS + IFN‑γ for 48 h. The results revealed 
that the relative expression levels of c‑myc were downregu‑
lated following exposure to PMA + LPS + IFN‑γ, as compared 
with the PBS control group (Fig. 3A and B). Furthermore, to 
elucidate the role of c‑myc in the aforementioned committed 
differentiation of leukemic cells, the expression of c‑myc was 
knocked down using siRNA (si‑c‑myc); FAM fluorescence 
labeled si‑NC as a negative parallel control to observe the 
transfection efficiency through fluorescence observation 
and confirm the successful transfection (Fig 3C and D). The 
results indicated that si‑c‑myc significantly inhibited the 
protein expression of c‑myc in THP‑1 cells as compared with 
the si‑control group (Fig. 3E and F). The results of CCK‑8 
assay also indicated that the proliferation of THP‑1 cells was 
significantly inhibited following transfection with si‑c‑myc 
(Fig. 3G).

Figure 2. Effects of PMA + LPS + IFN‑γ on the expression of CD11b and CD14 surface molecules in THP‑1 cells. (A and B) The expression of CD11b on THP‑1 
cells differed significantly between the control and PMA + LPS + IFN‑γ group (biological repeats). (C and D) The changes in the CD14 expression of THP‑1 
cells in the control and experimental group (biological repeats). ****P<0.0001. PMA, phorbol 12‑myristate 13‑acetate; LPS, lipopolysaccharide; IFN, interferon.
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c‑myc upstream miRNA bioinformatics cross analysis. As 
it was confirmed that the expression of c‑myc was reduced 
in THP‑1 cells following the induction of differentiation, 
the potential miR‑let‑7 family spliceosomes with targeted 
binding to c‑myc were screened using TargetScan, a PubMed 
literature review and differential microarray detection. 
Following the cross‑sectional analysis of the aforementioned 
three data sources (Fig. 4A), it was found that miR‑let‑7a‑5p 
and miR‑let‑7b‑5p expression was decreased, whereas 
miR‑let‑7c‑5p expression was elevated (Fig. 4B). miR‑let‑7c‑5p 
was identified as a possible candidate miRNA for the targeted 
regulation of c‑myc, based on the fact that miRNAs target 
downstream genes to suppress their expression. A total of seven 

different time points at which PMA + LPS + IFN‑γ induced 
the differentiation of THP‑1 cells were randomly selected and 
the expression levels of miR‑let‑7c‑5p and c‑myc were detected 
using RT‑qPCR. Pearson's correlation analysis was performed 
to confirm the negative correlation between miR‑let‑7c‑5p and 
c‑myc (Fig. 4C); the correlation was statistically significant. 
Following target prediction using TargetScan, the c‑myc 
gene 3'UTR region was found to have a sequence basis for 
miR‑let‑7c‑5p targeted binding (Fig. 4D).

c‑myc is a direct target gene of miR‑let‑7c‑5p. A binding 
region between miR‑let‑7c‑5p and c‑myc was identified using 
the StarBase database; the paired sites were then predicted 

Figure 3. Expression of c‑myc in THP‑1 cells during macrophage differentiation. (A and B) c‑myc relative expression levels in the PBS control vs. PMA + 
LPS + IFN‑γ group (biological repeats). (C and D) The transfection efficiency through fluorescence observation of si‑NC. (E and F) c‑myc protein expression 
levels in the si‑control and si‑c‑myc groups. (G) Cell Counting Kit‑8 assay of cell proliferation (OD values) in the si‑control and si‑c‑myc group (biological 
repeats). **P<0.01 and ****P<0.0001. PMA, phorbol 12‑myristate 13‑acetate; LPS, lipopolysaccharide; IFN, interferon; si, short interfering; NC, negative control.
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using the TargetScan database (Fig. 5A). To examine the 
direct binding of miR‑let‑7c‑5p with c‑myc, plasmids with 
WT or MUT 3'UTR of c‑myc were constructed, which 
were co‑transfected with miR‑let‑7c‑5p mimics or NC for 
dual‑luciferase reporter assay. The results of dual luciferase 
reporter gene assay revealed that the luciferase activity of the 
miR‑let‑7c‑5p mimics + c‑myc‑WT group was significantly 
lower than that of the mimics NC + c‑myc‑WT group. There 
was no significant difference in the luciferase activity of the 
miR‑let‑7c‑5p mimics + c‑myc‑MUT group and the mimics 
NC + c‑myc‑MUT group. It was found that miR‑let‑7c‑5p 
mimics significantly decreased the luciferase reporter activity 
of the WT 3'UTR plasmid of c‑myc, although it did not affect 
that of the MUT 3'UTR plasmid. These data indicated that 
c‑myc was a direct target gene of miR‑let‑7c‑5p (Fig. 5B). At 
48 h following the induction of the differentiation of THP‑1 
cells in vitro, the relative expression levels of miR‑let‑7c‑5p 
were examined using RT‑qPCR. It was found that the expres‑
sion of miR‑let‑7c‑5p in the PMA + LPS + IFN‑γ group was 
upregulated compared with that in the control group (Fig. 5C). 
However, the relative expression levels of the c‑myc gene in 
the PMA + LPS + IFN‑γ group were lower than those in the 
control group (Fig. 5D). Following the random selection of 
seven time points for miR‑let‑7c‑5p vs. c‑myc gene expression, 
Pearson's correlation analysis indicated that the two presented 
a negative correlation (Fig. 5E). 

miR‑let‑7c‑5p is involved in the induction of the differentiation 
of THP‑1 cells and in regulating the expression of c‑myc. To 
demonstrate whether miR‑let‑7c‑5p is involved in the committed 
differentiation of THP‑1 cells into monocytes/macrophages 
and in regulating the expression of c‑myc, miR‑let‑7c‑5p 
mimics were transfected into the THP‑1 cells and the transfec‑
tion efficiency of miR‑let‑7c‑5p mimics was confirmed using 
RT‑qPCR assay as indicated in Fig. 6A. The expression level of 
c‑myc was found to be decreased in the miR‑let‑7c‑5p mimics 
group compared with the miR‑let‑7c‑5p mimics NC group 
(Fig. 6B and C). The proliferation of the THP‑1 cells transfected 
with miR‑let‑7c‑5p mimics was decreased compared with the 
cells transfected with miR‑let‑7c‑5p mimics NC (Fig. 6D). The 

positive rates of CD11b expression in the miR‑let‑7c‑5p mimics 
groups were higher than those in the miR‑let‑7c‑5p mimics NC 
group (Fig. 6E). The positive rates of CD14 expression in the 
miR‑let‑7c‑5p mimics group were also higher than those in the 
miR‑let‑7c‑5p mimics NC group (Fig. 6F).

The rescue experiment of miR‑let‑7c‑5p on differentiation of 
THP‑1 cells and reversed by transfection of c‑myc vector. As 
it was demonstrated that miR‑let‑7c‑5p mimics play a role in 
promoting the differentiation of THP‑1 cells by reducing c‑myc 
expression, the present study aimed to further demonstrate 
whether miR‑let‑7c‑5p promotes the committed differentiation 
leukemic cells into monocytes/macrophages through the c‑myc 
pathway. Thus, a rescue experiment was performed. Firstly, 
parallel transfection was performed using c‑myc vector and 
its empty vector and western blotting was used to detect the 
expression level of c‑myc protein after transfection, verifying 
the success and efficiency of transfection (Fig. 7A and B). 
miR‑let‑7c‑5p mimics and c‑myc overexpression plasmid 
were co‑transfected into THP‑1 cells. It was found that the 
expression of c‑myc in the mimics NC group was significantly 
higher than that in the miR‑let‑7c‑5p mimics group and its 
expression in the miR‑let‑7c‑5p mimics + c‑myc vector group 
was significantly higher than that in the miR‑let‑7c‑5p mimics 
group. No significant difference in c‑myc expression was 
found between the miR‑let‑7c‑5p mimics NC group and the 
miR‑let‑7c‑5p mimics + c‑myc vector group (Fig. 7C and D). 
As regards the proliferation of THP‑1 cells, cell proliferation 
in the miR‑let‑7c‑5p mimics NC group was higher compared 
with miR‑let‑7c‑5p mimics group and that in the miR‑let‑7c‑5p 
mimics group was lower compared with the miR‑let‑7c‑5p 
mimics + c‑myc vector group. There was no significant differ‑
ence in cell proliferation between the miR‑let‑7c‑5p mimics 
NC group and the miR‑let‑7c‑5p mimics + c‑myc vector 
group (Fig. 7E). The positive rates of CD11b expression in the 
miR‑let‑7c‑5p mimics NC group were lower than those in the 
miR‑let‑7c‑5p mimics group and those in the miR‑let‑7c‑5p 
mimics group were higher than those in the miR‑let‑7c‑5p 
mimics + c‑myc vector group; in addition, the positive rates 
of CD11b expression in the miR‑let‑7c‑5p mimics NC group 

Figure 4. Results of bioinformatics cross analysis for c‑myc upstream miRNA. (A) TargetScan, PubMed and Agilent miRNA Chip detection for cross‑analysis 
of miRNAs targeting c‑myc binding. (B) Cross‑analysis of mir‑let‑7 spliceosomes for changes in expression levels following the induction of differentiation. 
(C) Spliceosome miR‑let‑7c‑5p in contrast to a decreased c‑myc expression. (D) miR‑let‑7c‑5p targets the 3'UTR ‑binding region of c‑myc. miRNA/miR, 
microRNA; luc, luciferase assay; WT, wild‑type; MUT, mutant.
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were slightly lower than those in the miR‑let‑7c‑5p mimics 
+ c‑myc vector group (Fig. 7F). The positive rates of CD14 
expression in the miR‑let‑7c‑5p mimics NC group were lower 
than those in the miR‑let‑7c‑5p mimics group and those in 
the miR‑let‑7c‑5p mimics group were higher than those in 
the miR‑let‑7c‑5p mimics + c‑myc vector group; in addition, 
the positive rates of CD14 expression in the miR‑let‑7c‑5p 
mimics NC group were slightly lower than those in the 
miR‑let‑7c‑5p mimics + c‑myc vector group (Fig. 7G). These 
results demonstrated that the effects of miR‑let‑7c‑5p mimics 
on the proliferation and differentiation of THP‑1 cells were 
markedly reversed by the overexpression of c‑myc. These data 
indicated that miR‑let‑7c‑5p promoted the differentiation of 
monocytes/macrophages by suppressing c‑myc.

Discussion

As regards the development of normal hematopoietic cells, 
they can undergo committed differentiation and eventually 
differentiate into mature granulocytic, monocytic, erythroid, 

or megakaryocytic cells in strict accordance with the inherent 
procedure (1). It has been proved that a number of transcrip‑
tion factors are involved in this process of differentiation and 
determine the genetic program of each mature phenotype (29). 
Among them, increasing evidence suggests that c‑myc is one 
of the main transcription factors involved. c‑myc is a neces‑
sary factor for maintaining a balance between self‑renewal 
and differentiation of hematopoietic stem cells. It is widely 
hypothesized that overexpression of c‑myc is mainly beneficial 
for promoting cell proliferation and has an inhibitory effect 
on the directed differentiation of hematopoietic cells (30). In 
various malignant tumor cells, the expression level of myc 
gene often shows an overexpression state, which is one of the 
important causes of the occurrence and development of malig‑
nant tumors (31). In acute lymphocytic leukemia and myeloid 
leukemia and other hematological tumors, c‑myc also exhibits 
overexpression and is closely related to disease progression. 
The results of a number of in vitro studies also confirm that 
c‑myc mainly manifests as an oncogene, participating in 
the proliferation, differentiation and apoptosis processes of 

Figure 5. Targeted binding of miR‑let‑7c‑5p to the c‑myc 3'UTR in THP‑1 cells. (A) 3'UTR ‑binding regions of miR‑let‑7c‑5p and c‑myc. (B) Results of 
luciferase activity assay (biological repeats). (C) Relative expression level of miR‑let‑7c‑5p gene in the control group and PMA + LPS + IFN‑γ experimental 
group (biological repeats). (D) Relative expression level of c‑myc gene in the control group and PMA + LPS + IFN‑γ experimental group (biological repeats). 
(E) Pearson's correlation analysis of the correlation between miR‑let‑7c‑5p and c‑myc gene expression. *P<0.05 and ***P<0.001. miRNA/miR, microRNA; WT, 
wild‑type; MUT, mutant; ns, not significant; PMA, phorbol 12‑myristate 13‑acetate; LPS, lipopolysaccharide; IFN, interferon.
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leukemia cells (32,33). Therefore, controlling the expression of 
c‑myc gene can interfere with the proliferation and differentia‑
tion process of leukemia cells. Among them, macrophage is an 
important immune effector cell, a group of highly heteroge‑
neous cells with two types of macrophages, such as M1 and 
M2 macrophages (6‑10). For patients with tumor and leukemia, 
it is more important to induce macrophages to differentiate 
into M1 macrophages, which are associated with anti‑tumor 
activity (34,35). As aforementioned, c‑myc plays an impor‑
tant role in modulating the differentiation of leukemia cells, 
therefore it was hypothesized that c‑myc may also be involved 
in the maturation and differentiation of leukemia cells into 
monocytes and macrophages. However, the specific molecular 
mechanism of c‑myc this committed differentiation remains to 
be elucidated. In the present study, to demonstrate the role of 
c‑myc in macrophage polarization, THP‑1 cells were induced 
to differentiate into more matured macrophages and found the 
expression of c‑myc in THP‑1 leukemia cells was downregu‑
lated after being induced to differentiate into macrophages. 

These results suggested that the downregulation of c‑myc 
contributed to the inhibition of proliferation and induction of 
differentiation of THP‑1 cells.

In recent years, ncRNAs have been found to be closely 
associated with development of leukemia. Among them, 
miRNAs are often involved in regulation of target genes by 
acting as oncogenes or tumor suppressor genes (25), including 
pathological processes such as abnormal proliferation, differ‑
entiation, or apoptosis of leukemic cells (26,27). For example, 
about 50% of miRNAs are located near or within cancer 
translocation genes and can inhibit or promote tumorigenesis 
by downregulating the expression of oncogenes or tumor 
suppressor gene (27). miRNAs also play an important role in 
the pathogenesis of leukemia and it has been demonstrated 
that miRNA expression profiling can be used as a biomarker 
for the diagnosis, prognosis and efficacy of leukemia 
patients (27,36‑38). In recent years, the regulatory relationship 
between ncRNA and c‑myc has attracted more attention: 25 
miRNAs of 20 different families so far have been found to 

Figure 6. Effects of miR‑let‑7c‑5p mimics on c‑myc expression and on the proliferation and differentiation of THP‑1 cells. (A) Relative expression level of 
miR‑let‑7c‑5p gene in the miR‑let‑7c‑5p mimics NC group and miR‑let‑7c‑5p mimics group (biological repeats). (B) Western blot analysis of c‑myc expres‑
sion following transfection with miR‑let‑7c‑5p mimics. (C) Effects of miR‑let‑7c‑5p mimics on the relative protein expression of c‑myc (biological repeats). 
(D) Effects of miR‑let‑7c‑5p mimics on THP‑1 cell proliferation (biological repeats). (E) Effects of miR‑let‑7c‑5p mimics on the expression of the CD11b 
differentiation antigens in THP‑1 cells (biological repeats). (F) Effects of miR‑let‑7c‑5p mimics on the expression of the CD14 differentiation antigen in THP‑1 
cells (biological repeats). **P<0.01, ***P<0.001 and ****P<0.001. miRNA/miR, microRNA; NC, negative control.
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regulate c‑myc, as well as 33 miRNAs regulated by c‑myc 
and most of the above miRNAs tend to bind the 3'UTR of the 
c‑myc gene in a traditional manner and exert their regulatory 
effects (39,40). Of which, miR‑let‑7 family members are also 
involved in the proliferation and differentiation of leukemic 
cells (41,42). Some studies have shown that ncRNAs play an 
important role in the transcription and translation regula‑
tion of this gene, with some ncRNAs directly interacting 

with c‑myc (43), for example, as to the miRNA‑let‑7 family, 
Wong et al (44) demonstrated that miRNA let‑7 suppresses 
nasopharyngeal carcinoma cells proliferation through down‑
regulating c‑myc expression. Sampson et al (45) found that 
miRNA let‑7a downregulates myc and reverts myc‑induced 
growth in Burkitt lymphoma cells. Buechner et al (46) 
showed that tumor‑suppressor miRNA let‑7 could target 
the proto‑oncogene myc and inhibit cell proliferation in 

Figure 7. Effects of the overexpression of c‑myc on the regulatory effects of miR‑let‑7c‑5p mimics on THP‑1 cell proliferation and differentiation. (A) Western 
blot analysis of c‑myc protein expression in the empty vector and c‑myc vector groups. (B) Relative protein expression levels of c‑myc in the empty vector 
and c‑myc vector groups. (biological repeats). (C) Western blot analysis of c‑myc protein expression in the miR‑let‑7c‑5p mimics NC , miR‑let‑7c‑5p mimics 
and miR‑let‑7c‑5p mimics + c‑myc vector groups. (D) Relative protein expression levels of c‑myc in the miR‑let‑7c‑5p mimics NC, miR‑let‑7c‑5p mimics and 
miR‑let‑7c‑5p mimics + c‑myc vector groups. (E) OD value of cell proliferation in the miR‑let‑7c‑5p mimics NC, miR‑let‑7c‑5p mimics and miR‑let‑7c‑5p 
mimics + c‑myc vector groups (biological repeats). (F) Positive rate of CD11b expression in the miR‑let‑7c‑5p mimics NC, miR‑let‑7c‑5p mimics and 
miR‑let‑7c‑5p mimics + c‑myc vector groups (biological repeats). (G) Positive rate of CD14 in the miR‑let‑7c‑5p mimics NC, miR‑let‑7c‑5p mimics and 
miR‑let‑7c‑5p mimics + c‑myc vector groups (biological repeats). *P<0.05, **P<0.01, ***P<0.001 and ****P<0.001. miRNA/miR, microRNA; NC, negative control.
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MYCN‑amplified neuroblastoma. Lan et al (47) indicated that 
Hsa‑let‑7g inhibits proliferation of hepatocellular carcinoma 
cells by downregulation of c‑myc and upregulation of p16. 
He et al (48) demonstrated that let‑7a miRNA protects against 
the growth of lung carcinoma by suppression of k‑Ras and 
c‑myc in nude mice. Zhang et al (49) found miRNA let‑7g 
inhibited hypoxia‑induced proliferation of PASMCs via G0/G1 
cell cycle arrest by targeting c‑myc. However, there are few 
reports on the role of c‑myc in the directed differentiation of 
leukemia cells into macrophages.

On the basis of the aforementioned results on the down‑
regulation of c‑myc in committed differentiation of THP‑1 
cells towards macrophages and the role of different members 
of let‑7 family in targeting modulation of c‑myc according 
to the results reported in the literature, it was hypothesized 
that the let‑7 family mediates the directed differentiation of 
leukemia cells into macrophages through targeted regula‑
tion of c‑myc. The present study detected and predicted the 
upstream miR‑let‑7 family spliceosomes with the potential 
for targeting to c‑myc by crosstalk analysis by TargetScan, 
PubMed literature research and differential microarray detec‑
tion. After intersection analysis of the above three data sources, 
it was found that miR‑let‑7a‑5p and miR‑let‑7b‑5p expression 
was decreased, while miR‑let‑7c‑5p expression was increased 
following induction of differentiation. The miR‑let‑7c‑5p 
spliceosome was identified as a possible candidate miRNA for 
targeted regulation of c‑myc, based on the fact that miRNAs 
often target to suppress the expression of downstream genes. At 
the same time, the relative expression levels of miR‑let‑7c‑5p 
and c‑myc gene in THP‑1 cells induced to differentiate into 
macrophages and the dual luciferase reporter gene experiment 

confirmed that miR‑let‑7c‑5p could bind 3'UTR of c‑myc 
and regulate its promoter activity, which was involved in the 
committed macrophage differentiation of THP‑1 cells.

In summary, the present study revealed for the first time 
that expression of miR‑let‑7c‑5p was upregulated in THP‑1 
cells induced to differentiate into macrophages, which could 
downregulate the expression of c‑myc by targeting c‑myc 
3'UTR (Fig. 8). The miR‑let‑7c‑5p/c‑myc axis may be a 
potential target in macrophage polarization and highlights an 
improved understanding for potential mechanism of pathogen‑
esis and progression of leukemia. As the in vitro experimental 
results have preliminarily confirmed the important role of 
miR‑let‑7c‑5p in targeted monocyte/macrophage differentia‑
tion of leukemia cells, the focus of the next clinical research on 
miR‑let‑7c‑5p will to detect the potential role of miR‑let‑7c‑5p 
in promising biomarkers for prognosis of leukemia patients, 
or to verify whether it can serve as a biological indicator for 
independent risk assessment. More importantly, will be to 
further explore its potential as a therapeutic target for leukemia 
through in vitro and in vivo experiments. Meanwhile, it should 
be noted that since the regulation of committed differentiation 
of leukemia cells is complicated and the role of miR‑let‑7c‑5p/
c‑myc axis in modulation of differentiation of leukemia cells 
still requires further in‑depth research. In addition, in‑depth 
research on downstream target genes of miR‑let‑7c‑5p/c‑myc 
axis not only enriches the action pattern of this signal axis, 
but also has a guiding role in increasing effective targets for 
targeted intervention therapy.
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