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Background: This study aimed to investigate the effects of microRNA19a (miR-19a) antisense 
oligonucleotide (ASODN) on the proliferation and apoptosis of acute myeloid leukemia cells (HL60).
Methods: In experiment 1, HL60 cells were divided into the blank control group, the blank transfection 
group, the scrambled oligonucleotide (SODN) group and the ASODN group. MiR-19a ASODN and 
SODN were independently transferred into HL60 cells. The miR-19a expression was detected by real-
time quantitative RT-PCR (qRT-PCR) after 48-h and 72-h transfection; CCK8 assay was used to detect the 
proliferation inhibition rate at 48 and 72 h; Hoechst 33258 staining was performed to examine apoptotic 
cells at 48 h; the apoptosis rate was detected by flow cytometry after AnnexinV/PI staining at 48 and 72 h; 
the protein expression of E2F1 and Bim was detected by Western blotting at 48 h. In experiment 2, cells 
were divided into the Ara-C group, the SODN + Ara-C group and the ASODN + Ara-C group. The cell 
proliferation inhibition rate at 48 and 72 h and apoptosis rate at 72 h were assessed as mentioned above.
Results: MiR-19a expression in the miR-19a ASODN group was lower than in the SODN group and the 
blank control group (P<0.05). MiR-19a ASODN significantly inhibited the growth of HL60 cells (P<0.05) 
and increased their apoptosis, and the apoptosis rate peaked at 48 h. The protein expression of E2F1 and 
Bim in the ASODN group was higher than in the blank control group, blank transfection group and SODN 
group. In addition, Ara-C further inhibited the growth and induced the apoptosis of miR-19a ASODN-
transfected cells (P<0.05) in a time dependent manner. The growth inhibition rate and apoptosis rate in the 
ASODN + Ara-C group were higher than the sum of those in both Ara-C group and ASODN group.
Conclusions: miRNA-19a ASODN can inhibit the proliferation and induce apoptosis of HL60 cells and 
may exert synergistic effects with Ara-C on HL60 cells.
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Introduction

In China, leukemia has high morbidity and mortality, 
the incidence of myeloid leukemia is higher than that of 
lymphocytic leukemia, and both significantly threaten 
human life. MicRNAs are a group of endogenous non-

coding small RNAs, and can regulate the expression of 
nearly 60% of genes responsible for the cell proliferation, 
differentiation, apoptosis and other physiological  
processes (1). In a wide variety of tumors, micRNAs have 
similar functions to oncogenes or tumor suppressor genes 
(2,3) and may affect the initiation and development of 
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tumors. It has been reported that micRNAs are expressed 
in a wide variety of tumors and play important roles in 
the classification, diagnosis and prognosis assessment of 
leukemia. There is evidence showing that miRNAs are 
closely associated with acute myelocytic leukemia (AML) 
and expected to become the potential therapeutic targets of 
AML (4,5).

MiR-17-92 cluster is a representative of proto-oncogene 
miRNAs and its expression increases in lymphoma, 
leukemia, multiple myeloma (MM) and other hematopoietic 
system tumors (6). MicroRNA-19 is a member of miR-17-
92 cluster and can promote the proliferation of tumor cells 
and inhibit their apoptosis (7). In recent years, studies have 
shown that inhibition of carcinoid tumor gene expression 
may become a new and effective anti-tumor therapy (3,8). 
In 2015, Feng et al. down-regulated the expression of 
micRNA-19a in MM RPMI-8266 cells, which effectively 
inhibited cell vitality, invasion and cloning, providing a 
potential target for the treatment of MM (9). Inhibition 
of micRNA-19 expression in B lymphocytes is able to 
inhibit the proliferation of B lymphocytes (10). MiRNA-19, 
as a member of miR-17-92 cluster that can promote 
tumor formation (11,12), is closely related to the growth, 
metastasis and prognosis of MM, leukemia, lymphoma 
and other hematological malignancies, but little is known 
about the relationship between microRNA19a (miR-19a) 
and AML. In addition, micRNA-19 is also involved in the 
regulation of sensitivity of tumor cells to chemotherapy (13). 
In this study, the effects of miR-19a alone or in combination 
with Ara-C on the proliferation and apoptosis of HL60 
cells were investigated. Our findings may provide evidence 
on the role of miR-19a in the pathogenesis of AML and 
present a potential targeted treatment for it.

Methods

Materials

HL60 ce l l s  were  purchased f rom Shanghai  Cel l 
Bank Research Institute. IMDM was purchased from 
HyClone (USA). Lipofectamine 2000 Reagent was 
purchased from Invitrogen (USA). The CCK-8 Kit 
was purchased from Tongren Pharmaceutical Co. Ltd 
(Japan). The fluorescence quantitative PCR kit was 
purchased from RiboBio Co. Ltd (China). Antibodies 
and Hoechst33258 were purchased from Abcam (USA). 
The antisense oligonucleotide (ASODN) and scrambled 
oligonucleotide (SODN) were synthesized in Shanghai 

GeneChem Co. Ltd. (China). MiRNA-19a ASODN: 
5'-UCAGUUUUGCAUAGAUUUGCACA-3'; scrambled 
sequence: 5'-CAGUACUUUUGUGUAGUACAA-3'.

Cell culture and grouping

HL60 cells were maintained in IMDM containing 15% fetal 
bovine serum (FBS), 100 U/mL penicillin, and 100 U/mL  
streptomycin in a humidified environment with 5% CO2 at 
37 ℃. The medium was refreshed once every 2–3 days, and 
cells in logarithmic growth phase were used in following 
experiments. In experiment 1, cells were divided into four 
groups: blank control group, blank transfection group, 
SODN group, and ASODN group. In experiment 2, cells 
were divided into Ara-C group, SODN + Ara-C group and 
ASODN + Ara-C group.

Cell transfection

Transfection was performed in accordance with the 
manufacturer’s instructions of Lipofectamine 2000 
reagent. In the blank control group, cells were not treated; 
in the blank transfection group, cells were treated by 
Lipofectamine 2000 reagent alone; in the SODN group, 
cells were transfected with SODN; in the ASODN group, 
cells were transfected with ASODN.

Fluorescence real-time quantitative PCR

In experiment 1, cells were collected after transfection for 
48 and 72 h, and RNA was extracted using the TRIzol 
reagent. The first strand cDNA was synthesized by 
reverse transcription using random primers and a reverse 
transcription kit. MiR-19a expression was detected using the 
SYBR Green I dye with U6 as the internal control. The total 
volume of reaction mixture was 20 μL. The reaction was 
performed at 95 ℃ for 10 min for pre-denaturation followed 
by 40 cycles of 95 ℃ for 2 s, 60 ℃ for 30 s and 70 ℃ for 8 s.  
The plate was read once at 70 ℃. Then, the fluorescence 
intensity was recorded once every 5 s from 70 to 95 ℃ at 
a rate of 0.5 ℃/s to obtain the melting curve. The relative 
expression was calculated using the relative quantitative 
formula: 2–∆Ct×100%, ∆Ct = Ct(miR-20a) - Ct(U6).

CCK8 assay

Cells in the logarithmic growth phase were seeded onto 96-
well plates and then transfected. In experiment 1, cells were 
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harvested after transfection for 48 h and 72 h; in experiment 
2, cells were collected at 48 and 72 h. For CCK8 assay, 10 μL  
of CCK8 solution was added to each well, followed by 
incubation for 4 h. The absorbance at 450 nm was measured 
in a microplate reader. The A450 indirectly reflects cell 
survival. In the miR-19a ASODN + Ara-C group, cells were 
transfected with miR-19a ASODN and then incubated with 
0.9 μmol/L for 48 and 72 h. The A450 was measured as 
above. The proliferation inhibition rate calculated as follow: 
cell proliferation inhibition rate (%) = (1-A450treatment/
A450control) ×100%.

Hoechst staining

In experiment 1, cells were collected after 48-h transfection; 
in experiment 2, cells were harvested at 72 h. After 
washing in PBS twice, cells were fixed in 0.5 mL of 4% 
formaldehyde for 8 min, transferred onto slides, and allowed 
to dry in air. The Hoechst 33258 solution was dropped 
onto each slide, followed by staining for 5 min in dark. The 
slides were washed with PBS for 1 min and then allowed to 
dry. The stained cells were observed under a fluorescence 
microscope. In the miR-19a ASODN + Ara-C group, cells 
were transfected with miR-19a ASODN and then treated 
with 0.9 μmol/L Ara-C for 72 h. The cells were observed 
after Hoechst 33258 staining.

Annexin V/PI double staining and flow cytometry

In experiment 1, cells were collected after 48 and 72 h 
transfection; in experiment 2, cells were harvested at 72 h. 
After centrifugation for 5 min, cells washed in PBS twice. 
These cells were re-suspended in 400 μL of 1× binding buffer 
and incubated with 5 μL of Annexin V-FITC for 10 min  
in dark. Cells were treated with 5 μL of PI staining 
solution. Then, the apoptotic cells were detected by flow 
cytometry. In the miR-19a ASODN + Ara-C group, cells 
were transfected with miR-19a ASODN and then treated 
with 0.9 μmol/L Ara-C for 72 h. The apoptotic cells were 
detected by flow cytometry.

Western blotting

In experiment 1, cells in each group were collected after 
48-h transfection. Total protein was extracted using a 
protein extraction kit (Sigma, USA) and quantified with 
BCA method. The protein lysate (100 μL) was mixed with 
5× loading buffer (25 μL), followed by denaturation at 100 ℃  

for 5 min. Proteins were separated by 10% SDS-PAGE 
and electrotransferred onto a nitrocellulose membrane. 
The membrane was incubated with primary antibodies 
(E2F1 at 1:200 and Bim at 1:500) at 4 ℃ overnight, 
and GADPH served as the internal control. Then, the 
membrane was incubated with secondary antibodies (mouse 
anti-rabbit GAPDH antibody at 1:6,000; E2F1 and Bim 
secondary antibodies at 1:2,000) at room temperature for 
approximately 1.5 h with a constant shaking (75 rpm). The 
membrane was then washed in TBST and visualization 
was done with electrochemiluminescence method (Multi 
Sciences, China). The membrane was placed in an UV gel 
image analyzer and photographed.

Statistical analysis

SPSS version 13.0 (SPSS Direct, Chicago) was used for 
statistical analysis. Data are expressed as mean ± standard 
deviation (SD). Two-sample t test was employed for the 
comparisons between two groups. The one way analysis of 
variance (ANOVA) was used for the comparisons among 
multiple groups, followed by the S-N-K test between 
groups. A value of P<0.05 was considered statistically 
significant.

Results

MiR-19a expression

The miR-19a expression in HL60 cells after 48 and 72 h 
transfection was calculated (Figure 1). Compared to the 
blank control group, the blank transfection group and the 
SODN group, the miR-19a expression in the ASODN 
group was significantly down-regulated (P<0.05). There was 
no significant difference in miR-19a expression among the 
blank control group, the blank transfection group and the 
SODN group (P>0.05).

HL60 cell proliferation after transfection with miR-19a 
ASODN

The cell proliferation was detected by CCK8 assay (Figure 2).  
After transfection for 48 and 72 h, cell proliferation in 
the ASODN group was significantly inhibited compared 
to that in the blank control group, the blank transfection 
group, and the SODN group (P<0.05). Moreover, the cell 
proliferation inhibition was the most evident at 48 h. There 
was no significant difference in the proliferation inhibition 
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rate among the blank control group, the blank transfection 
group and the SODN group (P>0.05).

In addition, Ara-C significantly inhibited the proliferation 
of HL60 cells at 72 h and Ara-C could synergistic effects 
on the proliferation inhibition of HL60 cells, and the 
proliferation inhibition rate in the Ara-C + ASODN group 
was higher than the sum of that in the Ara-C group and the 
ASODN group (P<0.05).

HL60 cell apoptosis after transfection

After transfection for 48 h, Hoechst staining showed that 
HL60 cells exhibited apoptotic morphology: decreased cell 
volume, nuclear condensation and nuclear fragmentation in 
the ASODN group. HL60 cells in the blank control group, 
the blank transfection group and the SODN group did not 
display apoptotic morphology (Figure 3). In experiment 
2, Hoechst staining showed more HL60 cells exhibited 
apoptotic morphology in the ASODN + Ara-C group 

as compared to the ASODN group, the SODN + Ara-C 
group and the Ara-C group at 72 h (Figure 4). In addition, 
Ara-C treatment significantly increased the apoptotic cells, 
and Ara-C could further increase the apoptotic cells after 
ASODN transfection.

After transfection for 48 and 72 h, the apoptosis rate 
was detected by flow cytometry after Annexin V/PI double 
staining. The cell apoptosis rate at 48 h in the ASODN 
group, the SODN group, the blank transfection group and 
the blank control group was 18.30%±0.45%, 2.76%±0.11%, 
2.20%±0.12% and 1.45%±0.56%, respectively. The cell 
apoptosis rate at 72 h was 7.80%±0.27% in the miR-
19a ASODN group, 3.58%±0.48% in the SODN group, 
1.76%±0.21% in the blank control group and 3.93%±0.07% 
in the blank transfection group. The cell apoptosis rate at 
72 h in the miR-19a ASODN group was lower than that 
at 48 h and also markedly higher than in other groups 
(P<0.05). However, there was no marked difference in 
the apoptosis rate among other three groups (P>0.05) 
(Figure 5). In experiment 2, the cell apoptosis rate in the 
ASODN + Ara-C group, the SODN + Ara-C group, the 
Ara-C group and the ASODN group was 37.42%±0.53%, 
14.77%±0.44%, 13.40%±0.41%, and 10.83%±0.27%, 
respectively, and the apoptosis rate in the ASODN + Ara-C 
group was the highest and higher than the sum of that in 
both Ara-C group and ASODN group (P<0.05) (Figure 6).

Protein expression of E2F1 and Bim

After transfection for 48 h, the protein expression of E2F1 
and Bim was detected by Western blotting (Figure 7). 
Results showed that the expression of E2F1 and Bim in the 
ASODN group was significantly higher than in the blank 
control group, the blank transfection group and the SODN 
group.

Discussion

MiR-19a plays important roles in the tumorigenesis and 
tumor progression, and miR-19a over-expression has been 
found to be closely related to the proliferation, metastasis 
and prognosis of hematological diseases such as MM, 
leukemia, and lymphoma (14-17). Feng et al. (9) found that 
the ASODNs against miR-19a and miR-92a could inhibit 
the growth, colony formation and invasiveness of MM cells. 
It has been reported that down-regulation of miR-21 and 
miR-19b with ASODNs reduced the colony forming ability 
of leukemia cells in vitro and inhibited their proliferation. 

Figure 1 miR-19a expression in the HL60 cells after transfection with 
miR-19a ASODN. *, P<0.05. ASODN, antisense oligonucleotide; 
SODN, scrambled oligonucleotide.
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Figure 3 Morphology of the HL60 cells after transfection with 
miR-19a ASODN for 48 h (Hoechst fluorescence staining; ×400). 
(A) Blank control group; (B) blank transfection group; (C) SODN 
group; (D) ASODN group. ASODN, antisense oligonucleotide; 
SODN, scrambled oligonucleotide.

A

C

B

D

Figure 4 Morphology of the HL60 cells after miR-19a ASODN transfection and Ara-C treatment for 72 h (Hoechst fluorescence staining; 
×400). (A) Blank control group; (B) blank transfection group; (C) SODN group; (D) ASODN group; (E) Ara-C group; (F) SODN + Ara-C 
group; (G) ASODN + Ara-C group. ASODN, antisense oligonucleotide; SODN, scrambled oligonucleotide.
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Our results showed miR-19 had a high expression in the 
acute myeloid leukemia cells, and miR-19a ASODN was 
used to reduce the expression of miR-19a in HL60 cells. 
Then, the proliferation and apoptosis of HL60 cells were 
detected.

After transfection of miR-19a ASODN into HL60 cells, 
the miR-19a expression significantly decreased, and the 
proliferation of the HL60 cells was markedly suppressed. 
This suggests that miR-19a ASODN can inhibit the 
proliferation of the HL60 cells and miR-19a is therefore 
helpful for the proliferation of the HL60 cells. Hoechst 
staining showed the HL60 cells after transfection with miR-
19a ASODN exhibited apoptotic morphology including 
decreased cell volume, nuclear condensation, and nuclear 
fragmentation, and further flow cytometry showed the 
cell apoptosis rate increased significantly after miR-19a 
ASODN transfection. This shows that miR-19a ASODN 
can promote the apoptosis of the HL60 cells.

To investigate molecular mechanism underlying the 
inhibitory effect of miR-19a ASODN on the HL60 cell 
proliferation, Western blotting was performed to detect the 
expression of Bim (6) and E2F1 (18), two target genes of 
the miR-17-92. E2F1 is a transcription factor closely related 
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to cancer. E2F1 can accelerate cell proliferation through 
activating the expression of genes in S phase to increase 
DNA synthesis and also promote apoptosis through 
the ARF-P53 pathway. In 2009, it was reported that the 
adenovirus-mediated over-expression of E2F1 induced the 
apoptosis of human gastric cancer cells and colon cancer 
cells (19). In 2015, Jin et al. (20) employed lentivirus vector 
to over-express miRNA-34a in HT29 colon cancer cells 
and found miRNA-34a over-expression promoted cell 
apoptosis which was related to E2F1. Our results showed 

the E2F1 expression increased significantly in the HL60 
cells after transfection with miR-19a ASODN. It suggests 
that the inhibition of HL60 cell proliferation after miR-19a 
ASODN transfection is related to the inhibition of miR-19a 
expression and thereafter the increase in E2F1 expression.

Bim is an important regulatory protein. There is evidence 
showing that Bim mRNA expression significantly reduces 
in bone marrow cells in case of acute myeloid leukemia (21). 
Pichiorri et al. (15) found that miR-17-92 clusters in MM 
cells could inhibit the apoptosis of MM cells and prolong 

Figure 5 Apoptosis rate of the HL60 cells after transfection with miR-19a ASODN (flow cytometry; *, P<0.05). ASODN, antisense 
oligonucleotide; SODN, scrambled oligonucleotide.
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their survival time through directly inhibiting Bim protein 
expression. In addition, the increased Bim expression 
may promote cell apoptosis, exerting anti-tumor effect 
(22,23). In the study of Wang et al. (24), glucocorticoid-
induced high expression of Bim was able to induce ALL 
cell apoptosis in the absence of other apoptotic signals. In 
the family of miR-17-92, miR-19 is a main component that 
can facilitate tumor formation, inhibit Bim expression (25) 
and promote proliferation of tumor cells. In the present 
study, after down-regulation of miR-19a expression by 
transfection with ASODN, the Bim protein expression 

increased in the HL60 cells. This suggests that ASODN-
induced down-regulation of miR-19a may increase Bim 
expression, prompting the apoptosis of the HL60 cells.

MiR-19a expression was inhibited by transfection with 
miR-19a ASODN in the HeLa cells, which increased 
the sensitivity of these cells to cisplatin (26). In addition,  
miR-19a ASODN significantly enhanced the killing activity 
of doxorubicin on CD133 + HT29 cells in a PTEN/PI3K/
AKT/Bad pathway dependent manner (27). In the present 
study, the synergistic anti-tumor effect of miR-19a ASODN 
and Ara-C was further investigated in the HL60 cells. 
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CCK8 assay showed that miR-19a ASODN combined with 
Ara-C significantly inhibited HL60 cell growth in a time 
dependent manner, and the inhibition rate in the ASODN 
+ Ara-C group was the highest at 72 h and higher than 
the sum of that in both Ara-C group and ASODN group. 
Hoechchst staining also indicated more apoptotic cells 
in the ASODN + Ara-C group than in the Ara-C group 
and the ASODN group. Flow cytometry showed the cell 
apoptosis rate in the ASODN + Ara-C group significantly 
increased and was higher than the sum of that in both 
Ara-C group and ASODN group. These findings suggest 
that Ara-C may further elevate the anti-tumor effects of 
miR-19a ASODN in the HL60 cells.

However, there were some limitations in the present 
study. In experiment 2, the cell apoptosis was not assessed 
by Hoechst 33258 staining and flow cytometry at 48 h, and 
the mechanism by which miR-19a regulates the growth and 
apoptosis of the HL60 cells was not further investigated. 
Taken together, our results indicate miR-19a ASODN can 

inhibit HL60 cell proliferation and increase HL60 cell 
apoptosis, which are further facilitated with the addition of 
Ara-C. In addition, miR-19a ASODN-induced inhibition 
of HL60 cell proliferation may be associated with the up-
regulation of target genes of miR-19a (E2F1 and Bim). In 
the future, we will further study the related mechanisms and 
genes based on these results.
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Figure 7 Protein expression of E2F1 (b) and Bim (a) in the HL60 cells after transfection with miR-19a ASODN for 48 h. A = ASODN 
group; B = SODN group; C = blank transfection group; D = blank control group. *, P<0.05. ASODN, antisense oligonucleotide; SODN, 
scrambled oligonucleotide.
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