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Abstract. — OBJECTIVE: To investigate the
role of miR-10b in the proliferation and apopto-
sis of acute myeloid leukemia (AML), and to ex-
plore the underlying mechanism.

PATIENTS AND METHODS: The expression
level of miR-10b in clinical AML cases and cell
lines was detected by quantitative reverse tran-
scription polymerase chain reaction (QRT-PCR).
The interaction between miR-10b and homeobox
D10 (HOXD10) was confirmed by qRT-PCR, West-
ern blotting and Luciferase assay. The effect of
miR-10b on biological functions of AML cell line
(HL60) was analyzed in vitro. MTT (3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide) assay and colony formation assay were
used to detect the proliferation and colony for-
mation ability of AML cells, respectively. Mean-
while, flow cytometry and TUNEL staining were
applied to measure cell cycle and apoptosis of
AML cells, respectively.

RESULTS: miR-10b was significantly up-regu-
lated in AML cases and cell lines. The potential
target genes of miR-10b were analyzed by three
public databases. Results showed that HOXD10
was a direct target of miR-10b. QRT-PCR, West-
ern blotting and luciferase assay confirmed the
regulatory effect of miR-10b on HOXD10. Over-
expression of miR-10b accelerated the prolifer-
ation and colony formation ability of AML cells.
Meanwhile, miR-10b overexpression decreased
the percentage of AML cells in the G0/G1 phase
when compared with S phase, and suppressed
the apoptosis of AML cells. However, the ad-
dition of HOXD10 could reverse the effects of
miR-10b.

CONCLUSIONS: MiR-10b could regulate the
proliferation, colony formation, cell cycle and
apoptosis of AML cells through targeting HOXD10,
indicating that miR-10b might be a potential ther-
apeutic target for the treatment of AML.
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Introduction

Leukemia is a type of neoplastic disease orig-
inated from malignant clonal transformation of
hematopoietic progenitor cells. It’s characterized
by an unlimited proliferation of leukemic cells in
the bone marrow and other hematopoietic tissues.
Meanwhile, leukemia ranks first among all child-
hood malignant tumors. Pediatric acute leukemia
(AL), accounting for over 90% of childhood
leukemia, includes acute lymphoblastic leuke-
mia (ALL) and acute myeloid leukemia (AML).
Pediatric AML, whose incidence rate ranks next
to ALL, is a kind of highly malignant and hetero-
geneous leukemia. The occurrence and develop-
ment of pediatric AML is an uncontrolled process
involving multiple genes and steps, which is relat-
ed to myeloid cells'. The treatment response and
prognosis of this disease are influenced by sev-
eral factors. In the past few decades, the remis-
sion rate of induction chemotherapy for pediatric
AML is close to 90%, and the 5-year survival rate
of these patients has gradually increased to 55%-
65%?. However, events of treatment failure and
relapse still occur from time to time**. Molecular
or genetic abnormalities have been hotspots of
research in recent years. However, there are cer-
tain defects in traditional cytogenetic evaluation.
Therefore, it is of great importance to explore the
significance of novel molecular characteristics in
the treatment and prognosis of AML.

In 1993, Lee et al® discovered the first mi-
cro-ribonucleic acid (miRNA) lin-4 in nema-
todes. They also proved that the small molecule
acted on corresponding messenger RNA (mR-
NA) and inhibited its synthesis in the manner of
complementary base pairing®. Since 2000, how-
ever, scientists have come to realize that similar
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conditions exist not only in nematodes but also
in mammals’. Nowadays, it has been shown that
such endogenous, small, noncoding RNAs with
a length of about 18-25 nt are highly conserved
and may regulate the expression of more than
60% of total human genes. Meanwhile, their
post-transcriptional levels can affect mRNAs
by suppressing translation or interfering with
the stability of mRNAs®. Around 50% of genes
encoded by miRNAs are located in fragile sites
or related genomic regions of cancers, which
exert the activities of “oncogenes” or “suppres-
sor genes”. Aberrant expression of miRNAs
is closely correlated to the occurrence of dis-
eases™'’. By regulating specific upstream and
downstream target genes, miRNAs not only par-
ticipate in the formation of leukemia, but also
affect its treatment response and prognosis!!-4,
A majority of studies on leukemia-associated
miRNAs are still focused on adults. However,
the role of miRNAs in pediatric AML has not
been fully elucidated.

MiRNA-10b (miR-10b), a member of the miR-
NA family, is located in the homeobox (HOX)
gene cluster of 2p31.1°. As a special type of
transcriptional regulator, miR-10b participates
in the proliferation and differentiation of normal
tissues. Researches have also demonstrated that
miR-10b plays an extremely important role in the
occurrence, development, metastasis and invasion
of diseases including non-small cell lung cancer
(NSCLC)*, Huntington’s disease'’, chronic stress
depression', and nasopharyngeal carcinoma®.
However, few studies have investigated the role
of miR-10b in the development of pediatric AML.

In this study, we found that the expression level
of miR-10b was significantly decreased in AML
tissues. Moreover, the biological function of miR-
10b in AML cells was further studied.

Patients and Methods

Clinical Cases and Cells

Bone marrow specimens were collected from
65 newly diagnosed AML children treated in the
Department of Hematology at People’s Hospital
of Changle County. A total of 30 children with
idiopathic thrombocytopenic purpura (ITP) were
included in this study as controls. The study was
approved by the Ethics Committee of Wendeng
Orthopedics Hospital of Shandong Province. In-
formed consents of their parents were obtained
before the study.
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Human AML cell line HL60 and human em-
bryonic kidney cell line HEK-293T were pur-
chased from the American Type Culture Col-
lection (ATCC) (Manassas, VA, USA). All cells
were cultured in Roswell Park Memorial Insti-
tute-1640 (RPMI-1640) medium (HyClone, South
Logan, UT, USA) complemented with 10% fetal
bovine serum (FBS), 100 pg/mL streptomycin
and 100 IU/mL penicillin (Gibco, Rockville, MD,
USA) in a 37°C, 5% CO, incubator.

Luciferase Reporter Gene Assay

In TargetScan, miRDB and microRNA web-
sites, we found that HOXD10 was a target gene of
miR-10b. The binding sequence of miR-10b at the
3’-UTR of HOXDI10 was mutated by using a point
mutation kit (Agilent Technologies, Santa Clara,
CA, USA). Subsequently, mutated HOXDI10
(Mut-type) and non-mutant HOXDI10 (WT-type)
were connected with the pGL3-Basic luciferase
reporter vector (Promega, Madison, WI, USA).
PGL3-Basic vector with mutant HOXDI10 was
transfected into HL60 cells after lentivirus in-
tervention on 24-well plates. According to the
procedure of the Luciferase Reporter Gene Assay
Kit, the same treatment was performed for the
pGL3-Basic vector connected with the non-mu-
tant HOXDI10. Luciferase activity was then de-
tected by a multi-function microplate reader.

Cell Transfection

MiR-10b mimics and si-HOXD10 were synthe-
sized and transfected into AML cell line (HL60)
to analyze the biological function of miR-10b.
Next, three groups were established to elucidate
the potential correlation between miR-10b and
HL60 cells, including: the NC group (negative
control), the miR-10b mimics (HL60 cells trans-
fected with miR-10b mimics) group and the mim-
ics + HOXDI10 (HL60 cells transfected with miR-
10b mimics and si-HOXD10) group. All the stuff
was purchased from RiboBio (Guangzhou, Chi-
na). Cell transfection was performed according
to the instructions of lipofectamine RNAIMAX
(Life Technologies, Gaithersburg, MD, USA).

Quantitative Reverse Transcription
Polymerase Chain Reaction (qRT-PCR)
The expression levels of miR-10b and HOXD10
in bone marrow specimens of AML cases and
HL60 cells were detected via quantitative re-
verse transcription polymerase chain reaction
(QRT-PCR). Total RNA was extracted in ac-
cordance with the manufacturer’s protocol of
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TRIzol Reagent (Invitrogen, Carlsbad, CA, USA).
SYBR green qPCR assay was used to mea-
sure the expression level of HOXDI10. Glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH)
was used as an internal control. TagMan miR-
NA assay (Applied Biosystems, Foster City, CA,
USA) was used to measure the expression level
of miR-10b normalized to miRNA U6. Primers
used in this study were as follows: HOXDIO,
F: 5-TCGGCCGAGGTCCCTTCGTA-3’, R:
5 TGGAGCTGCCTTCGGGGCTA-3’; miR-
10b, F: 5 TACCCTGTAGAACCGAATTTGT-3’,
R:  5-GTGCAGGGTCCGAGGT-3; Ue: F
5-GCTTCGGCAGCACATATACTAAAAT-3, R:
5-CGCTTCAGAATTTGCGTGTCAT-3’;  GAP-
DH: F: 5-CGCTCTCTGCTCCTCCTGTTC-3, R:
5-ATCCGTTGACTCCGACCTTCAC-3".

Western Blot

Radio-immunoprecipitation assay (RIPA) ly-
sate (Santa Cruz, Santa Cruz, CA, USA) was
employed to extract total protein of HL60 cells.
The concentration of extracted protein was mea-
sured by the bicinchoninic acid (BCA) reagent kit
(Merck, Billerica, MA, USA). A total of 20 ug ex-
tracted protein were separated on polyacrylamide
gels and transferred to nitrocellulose membranes.
After blocking with the blocking buffer (TBS
with 0.05% Tween 20, pH 7.6 with 5% skimmed
milk), the membranes were washed with PBS
and incubated with anti-HOXDI10 and anti-p-
GADPH (1:1000 dilution. Cell Signaling Technol-
ogy, Danvers, MA, USA) at 4°C overnight. Then
the membranes were sealed with 5% skim milk
at room temperature for 2 h. After washing for 3
times, the membranes were then incubated with
electrochemiluminescence (ECL) (Millipore, Bil-
lerica, MA, USA) for luminescence generation.
The proteins were visualized and detected, and
the grey level of each protein was normalized to
GADPH. The results were analyzed via the Im-
age-J software.

Cell Proliferation

When cells grew to the logarithmic growth
phase, they were collected and diluted into 1x10°
cell suspension. Then the cells were seeded into
96-well plates with 5x10°/100 puL per well. The
wells only added with medium were used as
blank controls. Cell viability was determined via
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) colorimetric assay (Sig-
ma-Aldrich, St. Louis, MO, USA). A total of 15
uL MTT reagents (500 ug/mL) was first added in-

to each well for incubation for 2 h. Subsequently,
the absorbance was measured by an enzyme-la-
beled spectrophotometer, followed by zero setting
with blank controls.

Colony Formation Assay

HL60 cells were digested with trypsin, and the
single cell suspension was then prepared. Next,
6x10° cells were cultured in a 60-mm culture dish
for 14 d. Subsequently, bacterial colonies were
fixed, stained with 0.5% crystal violet for 15 min,
and washed for 3 times. 10 randomly selected
fields were observed under a light microscope,
and the number of colonies was counted (cell
groups consisting of more than 50 cells were
taken as one cell colony). Finally, the differences
in the number of cell colonies in each group were
compared. The experiment was repeated three
times.

Cell Cycle

A single cell suspension was prepared 48 h af-
ter cell transfection for each group, respectively.
The number of AML cells in different cell phases
was measured using the cell cycle staining kit
(Multi Sciences Biotech Co., Ltd., Hangzhou,
China) by flow cytometry. The rate of cells in the
GO0/G1 or S phases was presented in the results.

Cell Apoptosis

The apoptosis of HL60 cells was detected by
TUNEL assay according to the manufacturer’s
instructions (Roche, Basel, Switzerland). Horse-
radish peroxidase-mediated diaminobenzidine
reaction was used to visualize TUNEL-positive
cells, followed by counterstaining. Randomly se-
lected fields were photographed at a magnifica-
tion of 200%. The apoptosis index was used to
measure the degree of cell apoptosis.

Statistical Analysis

Prism 6.02 Software (La Jolla, CA, USA)
was used for statistical analysis. Student’s #-test
or F-test was used for comparison between two
groups. All p-values were two-sided, and p < 0.05
were considered statistically significant.

Results
The Expression of miR-10b was
Reduced in AML Cases and Cells

To explore the role of miR-10b in AML, we
detected the expression level of miR-10b in bone
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marrow specimens of AML and ITP cases, re-
spectively. QRT-PCR results indicated that the
expression of miR-10b was significantly higher
in AML cases than that of ITP cases (Figure 1A).
The same results were obtained at the cellular
level (Figure 1B). Taken together, we believed
that miR-10b might play a regulatory role in the
progression of AML.

HOXD10 was a Direct Target of miR-10b
To investigate the putative and potential target of
miR-10b, we searched three publicly available algo-
rithms, including TargetScan, miRDB and microR-
NA websites. Results showed that the HOXDI10
was predicted as a target gene of miR-10b (Figure
2A). Therefore, HOXDIO0 caught our attention and
was implemented to our further study. Firstly, we
detected the expression level of HOXDI10 in AML
bone marrow specimens and cell lines by qRT-
PCR. Results indicated that HOXD10 was obvious-

ly down-regulated in AML tissues and cells when
compared with controls (Figure 1C, 1D). Then, we
established luciferase reporter vectors containing
wild- or mutant-type miR-10b seed sequences of
the HOXDI10 3’-UTR. We found that transfection of
miR-10b mimics significantly decreased the lucifer-
ase activity of wide-type HOXD10 3’-UTR reporter
gene. However, miR-10b overexpression had no
effect on mutant-type (Figure 2B), suggesting that
the expression of HOXDI10 could be regulated by
miR-10b. Together, these results indicated that miR-
10b might be correlated with HOXD10 during the
progression of AML.

MiR-10b Decreased the Expression Level
of HOXDI10

Three groups were established in HL60 cells
for similar experiments, including the miR-NC
group, the miR-10b mimics group and the mimics
+ HOXDIO0 group.
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Figure 1. The expression levels of miR-10b and HOXD10 in AML bone marrow specimens and cells. 4, and C, Difference
in the expression of miR-10b and HOXD10 between AML and ITP bone marrow specimens. B, and D, Difference in the
expression of miR-10b and HOXD10 between human AML cell line HL60 and human embryonic kidney cell line HEK-293T.

(**p < 0.01, **%p < 0.001).
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Figure 2. HOXDI0 was a direct and functional target of miR-10b. HL60 cells were transfected with miR-10b mimics and
inhibitor, respectively. A4, Diagram of putative miR-10b binding sites of HOXD10. B, Relative activities of luciferase reporters
(***p < 0.001). C, Protein expression of HOXD10. C, The protein expression level of HOXD10 was detected by Western
blot. D, The mRNA expression level of HOXD10 was measured by qRT-PCR. All data were presented as means + standard
deviations. (**p < 0.01, ***p < 0.001 vs. NC group; *p < 0.01 vs. Mimics group).

QRT-PCR results showed that the expression
level of HOXDI10 was significantly decreased
by miR-10b up-regulation in HL60 cells (Fig-
ure 3A). These data further illustrated the reg-
ulatory effect of miR-10b on the expression of
HOXDI10.

MiR-10b Promoted the Proliferation of
HL60 Cells

MTT assay was performed to detect the pro-
liferation rates of HL60 cells. Results suggested
that the proliferation rate of HL60 cells was
obviously accelerated by miR-10b mimics trans-
fection. In contrast, the growth of AML cells was
found remarkably encouraged in the mimics+
HOXDI0 group (Figure 3B). Moreover, colonies
formed by HL60 cells transfected with miR-10b
mimics were obviously higher in number and size
than those of control cells (Figure 3C, 3D).

The Influence of miR-10b on the
Cell Cycle of HL60 Cells

We then explored whether miR-10b had an
effect on cell cycle. Surprisingly, we found that
overexpression of miR-10b significantly de-
creased the percentage of cells in the GO/Gl
phase when compared with the S phase. However,
an opposite effect was found after HOXDI10 in-

tervention. These results suggested that miR-10b
could encourage HL60 cells from crossing the
node between G0/G1 phase and S phase, as well
as entering the S phase for division and prolifera-
tion (Figure 3E, 3F).

MiR-10b Suppressed the Apoptosis of
HL60 Cells

The apoptosis rates of HL60 cells were de-
tected by TUNEL assay. As shown in Figure 3G
and 3H, after transfection with miR-10b mimics,
the percentage of apoptotic cells was obviously
decreased. However, the apoptotic total rate was
obviously higher in the miR-NC group and the
mimicstHOXDI0 group. The results indicated
the anti-apoptosis effect of miR-10b.

Discussion

Acting as oncogenes Or Suppressor genes,
miRNAs exert a crucial supervisory role in the
human body. Meanwhile, altered expression lev-
els of miRNAs can trigger multiple diseases
including tumor. Therefore, they are a fairly ideal
marker of diseases. Small RNAs are also exten-
sively involved in the regulation of the human
hematopoietic system, which may regulate the
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Figure 3. MiR-10b inhibited the biological function of AML cells. 4, The changes of miR-10b expression after cell transfection
was analyzed by qRT-PCR. B, Cell proliferation of AML cells was detected by MTT assay. C, and D, Assessment of colony
formation assay. E, and F, Flow cytometry was applied to detect the cell cycle phases of AML cells. G, and H, TUNEL
staining was used to measure the apoptosis of ALL cells. All data were presented as means + standard deviations. (*p < 0.05,
**p <0.01, ***p < 0.001 vs. NC group; “p < 0.05, “p < 0.01, “*p < 0.001 vs. Mimics group).

proliferation, apoptosis, differentiation, migra- target mRNASs®. Although current researches on
tion and other vital life processes at the post-tran- the function of miRNAs in leukemia treatment
scriptional level through binding to the 3°-UTR of are still in the initial stage, a growing amount of
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evidence has illustrated that the prospect of miR-
NAs in the diagnosis and treatment of leukemia
cannot be ignored. However, a great challenge
for bioinformatics is how to accurately predict
miRNA markers for leukemia. Previous studies
have found that miR-10b is abnormally expressed
in relevant diseases. Therefore, we detected the
expression level of miR-10b in the bone marrow
tissues of 65 initially diagnosed AML patients
by qRT-PCR in this study. It was discovered that
the expression of miR-10b in pediatric patients
initially diagnosed with AML was significantly
higher than that of controls.

Since miR-10b has been verified to be highly
expressed in AML, the key is how to screen its
downstream target genes. In this study, a poten-
tial target gene HOXDIO was obtained by inte-
grating several commonly used target gene pre-
diction software. HOXDI10 belongs to the HOX
gene family. It not only controls the development
and differentiation of normal cells, but also exerts
an inhibitory effect on a variety of diseases such
as breast cancer®, prostate cancer?, gliomas?®,
and gastric cancer”. Luciferase assay revealed
that miR-10b bound to the 3’-UTR of wild-type
HOXDI10, which inhibited the transcription of
HOXDI10. As a result, the fluorescence intensi-
ty was obviously weakened. However, mutant
HOXDI10 could not bind to miR-10b effectively,
and the inhibitory effect disappeared. It has been
proved that HOXDI10 is a direct target gene of
miR-10b. Subsequently, the expression level of
HOXDI0 in AML cells and tissues was detect-
ed, and the results were consistent with our
expectations. In cells, HOXDI0 exhibited the
opposite expression model as miR-10b. How-
ever, in bone marrow tissues, the expression of
HOXDI10 in childhood AML patients was sig-
nificantly lower than in TP patients. However,
AML children were confirmed to have a high
expression of miR-10b. We, then, transfected
miR-10b mimics into membranous cells (HL60
cells) to increase the expression of miR-10b.
Results showed that there was a significantly
negative regulatory relationship between miR-
10b and HOXDI10 at both mRNA and protein
levels. Therefore, based on the above observa-
tions, we believed that HOXDI10 was a direct
or indirect target gene of miR-10b, which could
also be regulated by miR-10b.

Subsequently, we further preliminarily ex-
plored the biological function of miR-10b and
its target gene HOXDI10 in vitro. As mentioned
previously, with unlimited proliferation of leu-

kemic cells as the characteristic manifestation,
the leukemic cell line HL60 was transfect-
ed with liposomes. Results demonstrated that
overexpression of miR-10b could prominently
accelerate the proliferation and differentiation
of leukemic cells and inhibit cell apoptosis.
Nevertheless, miR-10b could arrest HL60 cells
in the GO/G1 phase by up-regulating HOXD10
expression. Moreover, the functions of enhanc-
ing cloning, proliferation and anti-apoptosis of
miR-10b were restrained markedly. All these
results further proved that miR-10b could reg-
ulate the biological function of AML cells by
targeting HOXD]10.

As a research hotspot in recent years, the
function of miRNAs has been explored in mul-
tiple biological fields, such as the occurrence,
development, differentiation and drug resistance
of pediatric AML and other diseases. MiRNAs
are involved in the biological regulation of dis-
eases by interference with corresponding target
genes, thereby affecting the process of diseases.
In the near future, these abnormally expressed
miRNAs as well as their target genes, may not
only act as powerful biomarkers for early diagno-
sis and prognosis evaluation, but also can become
new target and direction for the treatment of pe-
diatric AML according to the ideas proposed by
Garzon*'.

Conclusions

We found that miR-10b could regulate the pro-
liferation, colony formation, cell cycle and apop-
tosis of AML cells through targeting HOXDI10,
indicating miR-10b might be a potential therapeu-
tic target for the treatment of AML.
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