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Downregulated miR‑130a enhances the sensitivity
of acute myeloid leukemia cells to Adriamycin
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Abstract. MicroRNA (miR)‑130a has been reported to
promote cancer growth; however, its role during acute myeloid
leukemia (AML) is not completely understood. In the present
study, the effects of miR‑130a on the sensitivity of AML cells to
Adriamycin (Adr) were investigated. 5‑Aza‑2'‑deoxycytidine
(5‑Aza‑dC) was used to stimulate Adr resistance in AML cells,
and cell viability and miR‑130a expression were determined
using the Cell Counting Kit‑8 (CCK‑8) assay and reverse
transcription‑quantitative PCR, respectively. miR‑130a overexpression and knockdown in Adr‑resistant AML cells was
performed to investigate the proliferative and invasive abilities
of the cells using CCK‑8 and Transwell assays, respectively.
Furthermore, the effects of miR‑130a on the expression of
epithelial‑mesenchymal transition (EMT)‑related proteins
in Adr‑resistant AML cells were detected using western blot
analysis. Pre‑treatment with 5‑Aza‑dC enhanced the cell
viability and miR‑130a expression of Adr‑treated AML cells.
Adr and miR‑130a expression showed a dose‑dependent relationship, with miR‑130a expression decreasing with increasing
Adr concentrations. Moreover, miR‑130a overexpression
alleviated the inhibitory effects of Adr on cell viability and
invasion, while miR‑130a knockdown enhanced the sensitivity
of AML cells to Adr. Furthermore, Adr exerted an inhibitory
effect on EMT in AML cells, which was rescued by miR‑130a
overexpression and enhanced by miR‑130a knockdown.
miR‑130a knockdown also increased the sensitivity of AML
cells to Adr by decreasing cell viability, invasion and EMT.
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Therefore, miR‑130a knockdown is a potential therapeutic
strategy for Adr‑resistant AML.
Introduction
Acute myeloid leukemia (AML) is a frequently diagnosed
malignant clonal disease of hematopoietic stem cells that
shows high heterogeneity (1). The disease primarily manifests via differentiation and maturation disorders of myeloid
progenitor cells, abnormal proliferation, inhibited malignant
clonal leukemia cell apoptosis and abnormal hematopoiesis (2). AML is the most common type of acute leukemia
in adults, accounting for approximately 80% of cases, and
the incidence of AML is increasing annually, thus seriously
affecting human health (3,4). According to statistics obtained
between 2006 and 2010, the 5‑year overall survival rate of
patients with AML was approximately 21.4% and the 5‑year
overall survival rate for elderly patients was <10%, due to poor
tolerability to chemotherapy (5,6). Therefore, it is important
to identify novel treatment strategies to improve complete
remission rates and prolong disease‑free survival time for
patients with AML. In the past few years, AML treatment
strategies have progressed slowly, which may be associated
with the increased resistance of AML cells to chemotherapeutic drugs (7). However, reducing the resistance of AML
cells to chemotherapy is difficult and has become a key focus
of the treatment of the disease.
MicroRNAs (miRNAs) are a class of highly conserved
non‑coding endogenous small molecules, which can bind to
the 3'‑untranslated regions (UTRs) of mRNAs to interfere
with translation. As a result, miRNAs participate in a series
of biological processes including cell proliferation, differentiation and apoptosis (8,9). Previous studies have reported
that miRNAs are differentially expressed in tumor cells,
and miRNA expression is associated with the regulation
of cancer cell biological processes and the modulation of
oncogene/anti‑oncogene expression during tumor formation
and development (10,11). Similarly, miRNAs also play crucial
roles during the pathogenesis, diagnosis and treatment of
leukemia (12). A previous study reported that multiple factors
are involved in the regulation of multidrug resistance in
leukemia (13). Szymczyk et al (14) revealed that low miR‑34a
expression was closely related to the sensitivity of patients with
chronic lymphocytic leukemia to purine nucleoside analogs,
including cladribine and fludarabine. Another previous study
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reported that miR‑130a expression was upregulated in patients
with t(8;21) AML and AML cell lines, but the expression of
miR‑130a decreased significantly once patients with t(8;21)
AML achieved complete remission (15). Therefore, the aforementioned studies suggested that low miR‑34a expression
contributes to the decrease of clonal leukemic cells.
miR‑130a has been repor ted to promote cancer
growth (16). Yin et al (17) reported that the upregulation of
miR‑130a was highly correlated with advanced clinical stage
and lymph node metastasis in cervical cancer. Therefore,
inhibition of miR‑130a expression may represent a treatment
strategy with potentially antileukemic effects. At present, few
studies have investigated the role of miR‑130a in AML cell
drug resistance. In the present study, the effects of miR‑130a
on the sensitivity of AML cells to Adriamycin (Adr) were
investigated. AML cell viability and invasion were assessed
following miR‑130a overexpression and knockdown. The aim
of the present study was to identify a potential therapeutic
target for drug‑resistant AML, to promote the sensitivity of
AML cells to Adr and improve the prognosis of patients with
AML.
Materials and methods
Cell culture. The AML cell line HL‑60 was purchased from
the German Collection of Microorganisms and Cell Cultures
GmbH (DSMZ no. ACC‑3). HL‑60 cells (1x106 cells/ml) were
maintained in RPMI‑1640 medium (Gibco; Thermo Fisher
Scientific, Inc.) containing 10% heat‑inactivated fetal bovine
serum (FBS; Invitrogen; Thermo Fisher Scientific, Inc.),
100 µg/ml streptomycin (Invitrogen; Thermo Fisher Scientific,
Inc.) and 100 µg/ml penicillin (Invitrogen; Thermo Fisher
Scientific, Inc.) in a humidified incubator at 37˚C with 5%
CO2. Cells in the logarithmic phase of growth were used for
subsequent experiments.
Cell treatment. HL‑60 cells were stimulated using
5‑aza‑2'‑deoxycytidine (5‑Aza‑dC; 2.5 µmol/l; Sigma‑Aldrich;
Merck KGaA). Control cells were incubated with DMSO
(Sigma‑Aldrich; Merck KGaA). After incubation for 3 days at
37˚C, cells were treated with Adriamycin (Adr; Sigma‑Aldrich;
Merck KGaA) at different concentrations (0.00, 0.01, 0.10,
1.00, 5.00 or 10.00 µmol/l) for 24 h at 37˚C.
Cell transfection. miR‑130a mimic (50 nM; 5'‑CAGUGC
AAUGUUAAAAGGG CAU‑3'; cat. no. 4464066; Thermo
Fisher Scientific, Inc.) and miR‑130a inhibitor (50 nM;
5'‑AUGCCCUUUUAACAUUGCACUG‑3'; cat. no. 4464084;
Thermo Fisher Scientific, Inc.) were transfected into HL‑60
cells (2x10 4 cells/well) alone or in combination with Adr
(0.1 µmol/l) using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, inc.), according to the manufacturer's
protocol. Negative control cells were transfected with 50 nM
negative inhibitor (5'‑UUUGUACUACACAAAAGUACU
G‑3'; cat. no. AM17010; Thermo Fisher Scientific, Inc.)
and 50 nM negative mimic (5'‑CAGUACUUUUGUGUA
GUACAAA‑3'; cat. no. 4464058; Thermo Fisher Scientific,
Inc.), while untransfected cells served as controls. At 24 h
post‑transfection, the cells were collected for subsequent
experiments.
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Cell Counting Kit‑8 (CCK‑8) assay. HL‑60 cell viability
following treatment and transfection was determined using the
CCK‑8 assay (Beyotime Institute of Biotechnology), according
to the manufacturer's protocol. Briefly, cells in the logarithmic
phase of growth were seeded (1x104 cells/well) into 96‑well
plates. After transfection or treatment for 24 h, 10 µl CCK‑8
reagent was added to each well and incubated for 2 h at 37˚C
with 5% CO2. The optical density of each well was assessed at
a wavelength of 450 nm using an ELX800 microplate reader
(BioTek Instruments, Inc.).
Reverse transcription‑quantitative PCR (RT‑qPCR). RT‑qPCR
was performed to determine the expression level of miR‑130a
in HL‑60 cells after treatment and transfection. Total RNA was
extracted from HL‑60 cells using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Total RNA quality and integrity were evaluated
using a NanoDrop‑2000c spectrophotometer (Thermo Fisher
Scientific, Inc.) and 1% modified agarose gel electrophoresis.
Subsequently, total RNA (1 µg) was reverse transcribed into
cDNA using the SuperScript III First‑Strand Synthesis system
(Invitrogen; Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocol. qPCR was performed using the
SYBR Premix Ex Taq™ II (Takara Biotechnology) in the ABI
Prism 7500 Fast Real‑time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The following primer pair was synthesized by
Shanghai GenePharma Co., Ltd. and used for qPCR: miR‑130a
forward, 5'‑GATGCTCTCAGTGCAATGTTA‑3' and reverse,
5'‑CTCTGTCTCTCGTCTTGTTGGTAT‑3'; and U6 forward,
5'‑CTCGCTTCGG CAGCACA‑3' and reverse, 5'‑AACGCT
TCACGAATTT GCGT‑3'. The following thermocycling
conditions were used for qPCR: Initial denaturation at 95˚C
for 5 min, 40 cycles at 95˚C for 10 sec and 60˚C for 45 sec, and
a final extension step at 72˚C for 10 min. miRNA levels were
quantified using the 2‑ΔΔCq method (18) and normalized to the
internal reference gene U6.
Transwell invasion assay. HL‑60 cell invasion after transfection was analyzed using Transwell invasion chambers (Costar;
Corning, Inc.). Transfected cells (1x10 4 cells/well) were
suspended in serum‑free RPMI‑1640 media, and plated into
the upper chambers. Transwell membranes were pre‑coated
with Matrigel® (BD Biosciences) at 37˚C for 4 h. RPMI‑1640
media containing 10% FBS was plated in the lower chambers.
After incubation for 24 h at 37˚C, non‑invading cells were
removed from the Transwell membrane using cotton swabs,
and invading cells were fixed in 4% paraformaldehyde for
15 min at room temperature. Subsequently, invading cells were
stained using 0.1% crystal violet solution for 20 min at room
temperature and observed using an Eclipse TS‑100 inverted
microscope (magnification, x200; Nikon Corporation).
Western blotting (WB). WB was performed to determine the
expression levels of EMT‑related proteins in HL‑60 cells after
transfection. Total protein was extracted from transfected cells
using RIPA lysis buffer (Beijing Solarbio Biotech Co., Ltd.)
according to the manufacturer's protocol. Total protein was
quantified using the bicinchoninic protein assay kit (Pierce;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
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Figure 1. 5‑Aza‑dC increases miR‑130a expression levels in Adr‑treated acute myeloid leukemia cells. (A) The Cell Counting Kit‑8 assay was performed
to detect the viability of HL‑60 cells. (B) Reverse transcription‑quantitative PCR was performed to measure the expression levels of miR‑130a in HL‑60
cells. **P<0.001 vs. DMSO group treated with same Adr concentration. ##P<0.001 and #P<0.05 vs. 5‑Aza‑dC group treated with 0 µmol/l Adr. 5‑Aza‑dC,
5‑aza‑2'‑deoxycytidine; miR, microRNA; Adr, Adriamycin; OD, optical density.

protocol. Protein (50 µg per lane) was separated via 12%
SDS‑PAGE and transferred onto PVDF membranes (EMD
Millipore). After blocking with 5% non‑fat milk for 1 h at
room temperature, the membranes were incubated overnight
at 4˚C with primary antibodies targeted against: E‑Cadherin
(1:20,000; cat. no. ab40772; Abcam), N‑Cadherin (1:1,000;
cat. no. ab18203; Abcam), Vimentin (1:2,000; cat. no. ab92547;
Abcam) and GAPDH (1:1,000; cat. no. ab8245; Abcam).
Subsequently, the membranes were incubated at 37˚C for 2 h
with horseradish peroxidase‑conjugated rabbit anti‑mouse
IgG H&L (1:7,000; cat. no. ab3728; Abcam) and horseradish
peroxidase‑conjugated goat anti‑rabbit IgG H&L (1:7,000;
cat. no. ab6721; Abcam) secondary antibodies. Protein bands
were visualized using an ECL detection reagent (EMD
Millipore). GAPDH was used as the loading control. The
data were analyzed via densitometry using ImageJ software
(version 1.46; National Institutes of Health) and normalized to
the expression level of the internal control.
Statistical analysis. SPSS software (version 20; IBM Corp.)
was used to perform statistical analyses. Data are presented
as the mean ± standard deviation. Comparisons among groups
were analyzed using one‑way or two‑way ANOVA followed
by Tukey's post‑hoc test. All experiments were performed in
triplicate. P<0.05 was considered to indicate a statistically
significant difference.
Results
5‑Aza‑dC increases miR‑130a expression levels in Adr‑treated
AML cells. In order to explore the effects of 5‑Aza‑dC on
the viability of Adr‑treated AML cells, HL‑60 cells were
pre‑stimulated with 5‑Aza‑dC or DMSO, and subsequently
treated with different concentrations of Adr (0.00, 0.01,
0.10, 1.00, 5.00 or 10.00 µmol/l). Compared with the control
cells, pre‑treatment with 5‑Aza‑dC increased the viability
of Adr‑treated HL‑60 cells, and cell viability decreased in a
dose‑dependent manner with increasing Adr concentrations
(P<0.001; Fig. 1A). miR‑130a expression in HL‑60 cells was
measured by RT‑qPCR. The results suggested that miR‑130a
expression in Adr‑treated cells was increased by 5‑Aza‑dC,

and similarly, miR‑130a expression levels decreased in a
dose‑dependent manner with increasing Adr concentrations
(P<0.05; Fig. 1B).
miR‑130a overexpression reduces the sensitivity of AML
cells to Adr. The expression of miR‑130a in the mimic group
was higher compared with the negative mimic group, and
miR‑130a expression was decreased in the miR‑130a inhibitor
group compared with the negative inhibitor group (P<0.001;
Fig. 2A). To investigate the effect of miR‑130a overexpression
on the sensitivity of AML cells to Adr, miR‑130a mimic and
negative mimic were transfected into HL‑60 cells alone or
in combination with Adr (0.1 µmol/l). The results suggested
that miR‑130a overexpression increased HL‑60 cell viability,
compared with the control group, and alleviated the inhibitory
effect of Adr on cell viability (P<0.001; Fig. 2B). Moreover,
the Transwell assay results indicated that Adr significantly
decreased the number of invasive HL‑60 cells in the negative
mimic group, which was partially reversed by miR‑130a overexpression (P<0.001; Fig. 2C and D). The RT‑qPCR results
suggested that the expression of miR‑130a in HL‑60 cells
transfected with negative mimic was significantly inhibited
by Adr (P<0.001; Fig. 2E). Moreover, miR‑130a overexpression significantly decreased the expression of E‑Cadherin,
and increased the expression of N‑Cadherin and Vimentin
in HL‑60 cells compared with the negative mimic control
group. However, Adr treatment displayed the opposite effect to
miR‑130a overexpression on EMT‑related protein expression.
Adr treatment following miR‑130a overexpression reversed
the effects of Adr on EMT‑associated protein expression levels
(P<0.001; Fig. 3).
miR‑130a knockdown increases the sensitivity of AML cells
to Adr. To investigate the effect of miR‑130a knockdown
on the sensitivity of AML cells to Adr, miR‑130a inhibitor
and negative inhibitor were transfected into HL‑60 cells
alone or in combination with Adr (0.1 µmol/l). miR‑130a
knockdown not only directly reduced the viability of HL‑60
cells compared with the negative inhibitor group, but also
enhanced the inhibitory effect of Adr on cell viability
(P<0.05; Fig. 4A). Additionally, miR‑130a knockdown

LIU et al: ROLE OF miR-130a IN ADRIAMYCIN RESISTANCE

2813

Figure 2. miR‑130a overexpression decreases the sensitivity of acute myeloid leukemia cells to Adr. (A) miR‑130a expression in HL‑60 cells after transfection
was detected by RT‑qPCR. (B) The Cell Counting Kit‑8 assay was used to detect the viability of transfected HL‑60 cells. The invasive ability of HL‑60 cells
after transfection was (C) determined using Transwell assays (magnification, x200) and (D) quantified. (E) RT‑qPCR was performed to measure the expression
of miR‑130a in HL‑60 cells after transfection and treatment. **P<0.001 vs. the negative mimic group. &&P<0.001 vs. the negative inhibitor group. ##P<0.001
vs. the mimic group. ^^P<0.001 vs. the negative mimics + Adr group. miR, microRNA; Adr, Adriamycin; RT‑qPCR, reverse transcription‑quantitative PCR;
Con, control; OD, optical density.

Figure 3. MicroRNA‑130a overexpression reverses the effects of Adr on the expression of epithelial‑mesenchymal transition‑related proteins. Protein expression levels in HL‑60 cells (A) determined by western blot analysis and (B) quantified. **P<0.001 vs. negative mimic group. ##P<0.001 vs. mimic group.
^^
P<0.001 vs. negative mimic + Adr group. Adr, Adriamycin; Con, control.

further promoted Adr‑induced inhibition of cell invasion,
intensifying the anti‑cell invasion function of Adr (P<0.001;

Fig. 4B and C). Furthermore, miR‑130a inhibitor promoted
the inhibitory effect of Adr on miR‑130a expression (P<0.001;

2814

Molecular Medicine REPORTS 22: 2810-2816, 2020

Figure 4. miR‑130a knockdown increases the sensitivity of acute myeloid leukemia cells to Adr. (A) The Cell Counting Kit‑8 assay was performed to detect the
viability of transfected HL‑60 cells. The invasive ability of HL‑60 cells was (B) determined using Transwell assays (magnification, x200) and (C) quantified.
(D) Reverse transcription‑quantitative PCR was performed to measure the expression of miR‑130a in HL‑60 cells. **P<0.001 vs. the negative inhibitor group.
##
P<0.001 and #P<0.05 vs. inhibitor group. ^^P<0.001 vs. negative inhibitor + Adr group. miR, microRNA; Adr, Adriamycin; Con, control; OD, optical density.

Figure 5. MicroRNA‑130a knockdown promotes the Adr‑induced effects on the expression of epithelial‑mesenchymal transition‑related proteins. Protein
expression levels were (A) determined by western blotting and (B) quantified. **P<0.001 vs. negative inhibitor group. ##P<0.001 vs. inhibitor group. ^^P<0.001
vs. negative inhibitor + Adr group. Adr, Adriamycin; Con, control.

Fig. 4D). The WB results showed similar Adr‑induced effects
on EMT‑related protein expression. miR‑130a knockdown
increased E‑Cadherin expression levels and decreased the
expression levels of N‑Cadherin and Vimentin in HL‑60 cells

compared with the negative inhibitor group. In addition, Adr
in combination with miR‑130a inhibitor displayed increased
regulatory effects on EMT‑related protein expression
compared with either treatment alone (P<0.001; Fig. 5).
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Discussion
AML is a malignant clonal disease of hematopoietic stem cells,
and is often accompanied by a variety of genetic alterations,
such as patients with t(8;21) (q22;q22) [RUNX1/RUNX1T1],
inv(16)(p13q22) [CBFB/MYH11] and t(15;17)(q24;q21)
[PML/RARA] have a favorable prognosis with good response
to treatment and complete remissions (19); IDH1 and IDH2
mutations are recurring genetic changes in AML, they constitute a poor prognostic factor in CN‑AML with mutated NPM1
without FLT3‑ITD (20). Furthermore, the poor prognosis
of patients with AML is usually related to the presence of
multidrug‑resistant leukemia cells (21,22). Adr, a topoisomerase inhibitor, shows an anti‑tumor role during AML by
restraining the synthesis of double‑stranded DNA to induce
leukemic cell apoptosis (23,24). In the present study, Adr treatment downregulated the expression level of miR‑130a in AML
cells. miR‑130a overexpression increased the viability and
invasion of Adr‑treated AML cells, while miR‑130a knockdown enhanced the inhibitory effects of Adr on AML cells.
In addition, Adr displayed a dose‑dependent relationship with
miR‑130a expression, such that increasing concentrations of
Adr decreased the expression levels of miR‑130a. The results
suggested that miR‑130a upregulation may be an important
cause of Adr resistance in AML, whereas miR‑130a downregulation may serve an effective therapeutic strategy to increase
the sensitivity of AML cells to Adr.28
In previous studies, miR‑130a has been reported to promote
or inhibit tumor growth in different types of cancer. For
example, Kong et al (25) reported that miR‑130a‑3p expression levels were reduced in human breast cancer tissues, and
miR‑130a‑3p overexpression decreased the proliferation and
metastasis of breast cancer cells. Previous findings suggested
that miR‑130a is closely related to drug resistance and that it
serves as an intermediary in drug resistance‑related signaling
pathways (26). For example, Liu et al (27) reported that
miR‑130a‑3p activation decreased the migration and invasion
of gemcitabine‑resistant hepatoma cells. In the present study,
5‑Aza‑dC was used to induce Adr resistance in AML cells, and
miR‑130a expression was upregulated as a result, suggesting
that miR‑130a may be involved in tumor cell resistance to
Adr. The results also suggested that miR‑130a overexpression
increased the viability and invasion of AML cells, indicating
that miR‑130a overexpression reversed the anti‑AML effects of
Adr. Consistent with the present study, Ding et al (15) reported
that miR‑130a was abnormally upregulated in adult patients
with AML, and miR‑130a knockdown increased the sensitivity
of AML cells to etoposide. Moreover, another study reported
that miR‑130a overexpression stimulated the propagation of
ovarian cancer cells to accelerate disease progression (16).
The effects of miR‑130a knockdown on Adr‑resistant
AML cells were also investigated. Contrasting to the effect
of miR‑130a overexpression, miR‑130a knockdown significantly decreased the viability of AML cells, and promoted
the anti‑AML effects of Adr. Based on the results, it was
hypothesized that miR‑130a knockdown increased the sensitivity of AML cells to Adr. A previous study demonstrated
that the expression level of miR‑130a was significantly
reduced in patients with CML with poor prognosis, and that
a low expression was associated with a short overall survival
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time (28). Moreover, Feng et al (29) reported that miR‑130a
overexpression reduced cisplatin‑sensitivity of cervical cancer
cells, and a low expression of miR‑130a restored the chemoresistance of the cancer cells to cisplatin. The present study and
the aforementioned previous studies suggested that miR‑130a
upregulation was related to the pathogenesis and progression of AML, and also contributed to the occurrence of Adr
resistance.
To further verify the effects of miR‑130a on AML
chemoresistance, the present study detected the expression
of EMT‑related proteins, including E‑Cadherin, N‑Cadherin
and Vimentin. EMT is a phenotypic transition, during
which cells transform from an epithelial state to a mesenchymal state, in terms of cell functional characteristics and
morphology (30,31). The transition of epithelial cells into
mesenchymal cells results in increased invasive and migratory abilities, which can lead to metastasis during cancer
progression (32,33). Cancer cells have shown increased
levels of N‑cadherin and Vimentin, and decreased levels
of E‑cadherin during the transition from epithelial cell to
mesenchymal cell (34,35). In the present study, Adr promoted
E‑cadherin expression, and downregulated N‑cadherin and
Vimentin expression in AML cells. However, miR‑130a
overexpression inhibited Adr‑induced E‑cadherin expression,
and upregulated N‑cadherin and Vimentin expression. By
contrast, miR‑130a knockdown indicated the opposite effect
and promoted Adr‑induced effects. The results suggested that
miR‑130a overexpression increased AML cell Adr resistance
by promoting EMT, whereas miR‑130a downregulation
increased the sensitivity of AML cells to Adr by regulating
the expression of EMT‑related proteins. However, the present
study had a number of limitations. A key limitation of the
present study was that investigations were only conducted
using one cell line; therefore, the results of the present study
need to be verified in multiple cell lines and in in vitro models.
In conclusion, the expression level of miR‑130a was
increased in Adr‑resistant AML cells, and miR‑130a knockdown promoted the inhibitory effects of Adr on AML cell
viability, invasion and EMT. Therefore, miR‑130a knockdown
increased the sensitivity of AML cells to Adr and may serve as
a therapeutic target for Adr‑resistant AML.
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