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SUMMARY
Background: This study was designed to evaluate the effects of micro-RNA-16 (miR-16)-regulated expression of
myeloblastosis oncogene (MYB) on the differentiation of acute leukemia cells, the expressions of miR-16 and MYB
mRNA, and protein in differently differentiated leukemia cells were detected by real-time PCR and western blot.
Methods: 1,25-Dihydroxyvitamin D3 (1,25 D3) induced monocytic differentiation of HL60 cells, and the resulting
changes in miR-16 and MYB expressions were detected. Morphology of the cells induced by 1,25 D3, after being
transfection with miR-16 mimics, was observed by Wright-Giemsa staining. The expression of mononuclear cell
surface marker CD14 was detected by flow cytometry.
Results: Minimum miR-16 was expressed in early-differentiation KG-1a cells, while late-differentiation U937 and
THP-1 cells had higher expressions (p < 0.01). The expressions of MYB changed oppositely. During the monocytic
differentiation of HL60 cells, miR-16 expression showed a time-dependent increase, but MYB expression gradually decreased. Overexpression of miR-16 in HL60 cells promoted 1,25 D3-induced morphological changes and
CD14 expression (p < 0.05).
Conclusions: MR-16 facilitated the monocytic differentiation of leukemia HL60 cells by negatively regulating
MYB expression.
(Clin. Lab. 2019;65:xx-xx. DOI: 10.7754/Clin.Lab.2018.181008)
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INTRODUCTION
Acute myelocytic leukemia is a malignant clonal disease originating from hematopoietic stem cells, mainly
typified as disorders in the differentiation and maturation of bone marrow hematopoietic cells. Blockage of
the differentiation of normal hematopoietic cells and
leukemia cells is regulated by various factors. Particularly, microRNAs (miRNAs) play important roles as
one of the main epigenetic mechanisms [1,2]. As small
non-coding, single-stranded RNAs of about 19 - 25 bp,
miRNAs mainly regulate target gene expressions on the
post-transcriptional level as well as participate in the
regulation of various biological processes such as cell
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cells for 6 hours. Afterwards, 1 mL of RPMI 1640 complete medium was added, and cells were cultured an additional 48 hours. HL60 cells were then transfected with
miR-16 mimics/NC. Twelve hours after the culture medium was refreshed, 100 nmol/L 1,25 D3 was added to
induce monocytic differentiation.

differentiation, proliferation, and apoptosis. Abnormally
expressed in leukemia, miR-16 is involved in the progression of this disease by regulating apoptosis- and cell
cycle-related genes such as Bcl2, cyclin D1, and MCL1
[3,4]. In addition, miR-16 plays a crucial role in the differentiation of hematopoietic stem cells [5]. Therefore,
it may exert key regulatory effects on the onset and progression of leukemia. The myeloblastosis oncogene
(MYB), as one of the target genes of miR-16, is the central regulatory factor in the proliferation and differentiation of blood cells, also participating in the onset and
progression of B-cell lymphoma [5,6]. However, the
roles of miR-16 and its downstream target gene MYB in
the regulation of leukemia differentiation remain unclear. The aims of this study were to evaluate the effects
of miR-16/MYB on the monocytic differentiation of
HL60 cells and to unravel the possible mechanism by
which miR-16 blocks leukemia differentiation.

Real-time PCR
The above cells were collected, RNA was extracted using Trizol, and then reverse-transcribed into cDNA.
Specific reverse transcription primers: RT primer for
internal reference U6:
5’-AACGCTTCACGAATTTGCGT-3’;
RT primer for miR-16:
5’-TAGCAGCACGTAAATATTGGGCGAATATTTA
CGTGCTGCTATT-3’.
By using RT-PCR product as the template, real-time
PCR was performed under the following conditions:
pre-denaturation at 95°C for 30 seconds, denaturation at
94°C for 10 seconds, annealing at 55.8°C for 20 seconds, and extension at 72°C for 30 seconds, 40 cycles in
total. The experiment was conducted in triplicate. U6
snRNA was used as the internal reference for relative
quantitation. Primers for real-time PCR: has-miR-16
(forward primer:
5’-ACACTCCAGCTGGGTAGCAGCACGTAAATA3’;
reverse primer:
5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAG
TTGAGCGCCAATA-3’),
U6 snRNA (forward primer:
5’-CTCGCTTCGGCAGCACA-3’;
reverse primer:
5’-AACGCTTCACGAATTTGCGT-3’).
Relative expression was calculated by 2-ᇞᇞCt.

MATERIALS AND METHODS
Ethical approval
The study was approved by the Institutional Ethics
Committee of our hospitals, and written informed consent was obtained from all participants.
Materials
miR-16 mimics and negative control (NC) were purchased from ABI (NY, USA). LipofectamineTM 2000
transfection reagent, Opti-MEM, and primers were
bought from Life Technologies (NY, USA). Fetal bovine serum (FBS) and RPMI 1,640 culture medium
were obtained from Gibco. RNA extraction reagent
TRIzol and RT-PCR kit were provided by TaKaRa (Tokyo, Japan). Wright-Giemsa staining solution and 1,25dihydroxyvitamin D3 (1,25 D3) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Phycoerythrin
(PE)-labeled mouse anti-human CD14 antibody and isotype control, mouse anti-human MYB monoclonal antibody and goat anti-mouse secondary antibody were
bought from Abcam (MA, USA). Pro-light HRP chemiluminescence detection kit was obtained from Millipore
(CA, USA).

Western blot
Cells in the logarithmic growth phase were collected,
and total protein was extracted to determine the concentration by the Bradford method. The protein extraction
solution (100 µg) was separated by 12% separating gel
and transferred onto a PVDF membrane. The gel was
blocked with mouse anti-human MYB monoclonal antibody (diluted by 1:600, mixed in 5% skimmed milk) at
4°C overnight, then incubated with HRP-labeled goat
anti-mouse IgG secondary antibody (diluted by 1:900)
at room temperature for 1.5 hours, washed with TBST,
and finally color-developed by chemiluminescence reagent. With β-actin as the internal reference, western
blot bands were analyzed quantitatively by Quantity
One® 1-D analysis.

Cell culture and transfection
All cells were provided by the China Center for Type
Culture Collection. HL60 cells were cultured in RPMI
1640 complete medium containing 20% FBS in a 5%
CO2 atmosphere at 37°C, and then those in the logarithmic growth phase were used for further experiments.
Before transfection, HL60 cells were resuspended in
Opti-MEM, inoculated onto 6-well plates at the density
of 4 x 106/well, and centrifuged at 1,000 r/minute for
20 minutes. Then 100 pmol miR-16 mimics/NC and
5 µL of LipofectamineTM 2000 were added into 250 µL
of Opti-MEM, left still at room temperature for 5 minutes, mixed, left again at room temperature for 20 minutes and then added to the 6-well plates to transfect the

Wright-Giemsa staining
The cells that had been induced by 100 nmol/L 1,25 D3
for 72 hours were collected, washed twice with
0.01 mol/L PBS, coated onto sections, air-dried, stained
by Wright-Giemsa reagent for 5 minutes, rinsed with
double-distilled water, color-separated and air-dried to
observe the morphology under an optical microscope.
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Figure 1. Expressions of miR-16 (A) and MYB (B) in differently differentiated leukemia cells.
** - p < 0.01, compared with KG-1a cells.

Figure 2. Expressions of miR-16 (A) and MYB (B) in the monocytic differentiation of HL60 cells induced by 1,25 D3.
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Figure 3. Overexpression of miR-16 inhibited MYB expression in HL60 cells.
(A) miR-16 expression significantly increased after transfection with miR-16 mimics; (B) MYB expression was inhibited after miR-16 was
overexpressed. ** - p < 0.01, compared with HL60 and HL60/miR-NC groups.

Figure 4. MiR-16 blocked the monocytic differentiation of HL60 cells induced by 1,25 D3.
(A) Morphological changes during cell differentiation (Wright-Giemsa staining, 1,000 x); (B) rates of induced differentiation after 1,25 D3
induction; (C) CD14 expressions detected by flow cytometry. * - p < 0.05, compared with HL60/miR-16 group.
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as irregularly depressed, distorted or folded nuclei. The
cells in which miR-16 was overexpressed (HL60/miR16 group) underwent significant differentiation characteristic changes compared with the untransfected and
HL60/miR-NC groups did (Figure 4A). In the meantime, the HL60/miR-16 group had a significantly lower
rate of induced differentiation than those of the other
two groups (p < 0.05, Figure 4B). Flow cytometry
showed that the percentage of CD14+ cells in the HL60/
miR-16 group (42.30%) was significantly higher than
that of the control group (p < 0.05, Figure 4C).

For each section, 400 cells were counted, and those having irregularly distorted or folded nuclei were regarded
as differentiated cells to calculate the rate of induced
differentiation. Rate of induced differentiation (%)
= (number of differentiated cells/400) x 100%. Changes
in the rate of 1,25 D3-induced differentiation after miR16 was overexpressed in HL60 cells were observed.
Detection of CD14 expression by flow cytometry
The cells that had been induced by 100 nmol/L 1,25 D3
for 72 hours were collected, prepared into single cell
suspensions (1 x 106 ~ 2 x 106), washed twice by precooled 0.01 mol/L PBS (containing 0.2% bovine serum
albumin), centrifuged at 1,000 rpm for 5 minutes, incubated with PE-labeled mouse anti-human CD14 antibody at 4°C in dark for 40 minutes, washed twice with
0.01 mol/L PBS, and finally detected by flow cytometry.

DISCUSSION
MiRNA-mediated post-transcriptional regulation, which
is an important part of the regulatory network for gene
expressions in eukaryotes, affects cell growth, development, and differentiation by interacting with transcription factors [7,8]. MiRNAs have been closely associated
with tumors stemming from chromosomal abnormalities, epigenetic changes as well as abnormal expressions
of key proteins. In most cases, they can inhibit the apoptosis of tumor cells and promote angiogenesis [9-11].
In recent years, many types of miRNAs have been verified to participate in the regulated differentiation of normal hematopoietic cells and leukemia cells, being closely related with the onset and progression of leukemia
[12,13]. As a member of the miR-15a/16 family, miR16 is abnormally expressed in many malignant tumors
such as B-cell chronic lymphocytic leukemia, melanoma, and colorectal cancer. By regulating apoptosis- and
cell cycle-related genes, miR-16 is involved in cancer
onset and progression [3,14]. In addition, its expression
gradually increases during the differentiation of hematopoietic stem cells into megakaryocytes, especially in
that of mature platelets [5,15]. However, its role in the
differentiation of megakaryocytes remains elusive.
In this study, miR-16 expression was low in early-differentiation KG-1a cells, while late-differentiation U937
and THP-1 cells had higher expressions. Thus, miR-16
may regulate the differentiation of leukemia cells. Gao
et al. reported that miR-16 was up-regulated in AML
patients who had complete remission [16]. After in vitro
monocytic differentiation of HL60 cells was simulated
by 1,25 D3 induction [17], miR-16 expression decreased in a time-dependent manner, suggesting that it may
participate in the differentiation of leukemia cells. Ultimately, miR-16 was overexpressed by transfection with
miR-16 mimics to explore its regulatory effects on leukemia cell differentiation, which suppressed the morphological changes induced by 1,25 D3 and the expression of monocyte surface marker CD14. Our results are
consistent with those of Gao et al. who found that overexpression of miR16-1 could enhance ATRA-induced
differentiation in vitro [16]. Hence, miR-16 indeed
played essential roles in blocking the differentiation of
leukemia cells.
MYB is a highly conserved transcription factor in many

Statistical analysis
All data were analyzed by SPSS 13.0. The categorical
data were expressed as mean ± standard deviation
(x̄ ± s), and the numerical data were compared with
one-way analysis of variance. p < 0.05 was considered
statistically significant.
RESULTS
Expressions of miR-16 and MYB in differently differentiated leukemia cells
miR-16 expressions followed an ascending order of
early-differentiation KG-1a cells < K562 cells < HL60
cells, while late-differentiation U937 and THP-1 cells
had higher expressions (p < 0.01, Figure 1A). In contrast, MYB expression was negatively correlated with
the differentiation degree of leukemia cells (Figure 1B).
Expressions of miR-16 and MYB in differently differentiated leukemia cells after 1,25 D3 induction
After induction with 100 nmol/L 1,25 D3 for 12 - 72
hours, miR-16 expression in HL60 cells time-dependently increased (Figure 2A), but MYB expression
gradually decreased (Figure 2B).
Overexpression of miR-16 inhibited MYB expression
in leukemia cells
After transfection with 100 pmol miR-16 mimics for 48
hours, miR-16 expression level in HL60 cells significantly increased, i.e., miR-16 was successfully overexpressed (p < 0.01, Figure 3A). Meanwhile, western blot
showed that MYB protein expression level evidently reduced after miR-16 was overexpressed (Figure 3B).
Overexpression of miR-16 blocked monocytic differentiation of leukemia cells
After induction with 100 nmol/L 1,25 D3 for 72 hours,
all cells underwent monocytic differentiation, mainly
manifested as reduced nucleus/cytoplasm ratio as well
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species, which predominantly regulates the proliferation
and differentiation of blood cells [18,19]. Generally, an
increase in MYB expression can promote cell proliferation and inhibit the differentiative potential. Contrarily,
a decrease in MYB expression blocks cell cycle progression and facilitates the differentiation of hematopoietic stem cells and progenitor cells into mature ones. It
is well-documented that miR-16 participates in posttranscriptional regulation by binding non-coding region
at the 3’-end of MYB. Similarly, we herein proved that
miR-16 managed to regulate MYB protein expression
that was positively correlated with the differentiation
degree of leukemia cells. Meanwhile, such expression
increased with extended time of 1,25 D3 induction.
Overexpression of miR-16 suppressed MYB expression
and blocked 1,25 D3-induced monocytic differentiation
of leukemia cells. Hence, miR-16 may promote in vitro
differentiation of leukemia cells by targeted inhibition
of MYB.
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