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Objective. Acute myeloid leukemia (AML) is a heterogeneous malignancy with a low long-term survival rate. The aim of this study
was to investigate the effects of decitabine (DAC) treatment cell proliferation and apoptosis in AML and role of the expression of
LINC00599 and, consequently, miR-135a-5p. Materials and Methods. Human promyelocytic leukemia cells (HL-60) and human
acute lymphatic leukemia (CCRF-CEM) cells were treated with various concentrations of DAC. Cell proliferation in each group
was detected using the cell counting kit 8. For each group, apoptosis and reactive oxygen species (ROS) levels were detected using
flow cytometry. Reverse transcription polymerase chain reaction (RT-PCR) was performed to examine the expression of lncRNA
LINC00599. The expression of apoptosis-related proteins was analyzed using western blotting. The regulatory relationship
between miR-135a-5p and LINC00599 was verified by constructing miR-135a-5p mimics, miR-135a-5p inhibit, wild type
LINC00599 3′-untranslated region (UTR), and mutant LINC00599 3′-UTR. Ki-67 expression in the tumor tissues of nude
mice was detected using immunofluorescent assays. Results. Both DAC and LINC00599 Inhibit groups were able to
significantly reduce the proliferation of HL60 and CCRF-CEM cells, increase apoptosis, upregulate the expression of Bad,
cleaved caspase-3, and miR-135a-5p, downregulate the expression of Bcl-2, and elevate ROS levels in cells, with these effects
being more pronounced after combined treatment with DAC and LINC00599 Inhibit. In comparison to mimic NC, the miR-
135a-5p mimic group significantly decreased the relative fluorescence activity ratio of LINC00599 3′-UTR wild-type CCRF-
CEM cells. The LINC00599 Inhibit and miR-135a-5p mimic groups exhibited substantially reduced proliferation of HL60 and
CCRF-CEM cells, increased apoptosis, upregulated Bad, cleaved caspase-3, and miR-135a-5p expression, along with
downregulated Bcl-2 and LINC00599 expression and increased ROS levels in cells; these effects were more pronounced after
LINC00599 Inhibit was combined with miR-135a-5p mimics. In vivo experiments revealed that both DAC and LINC00599
Inhibit were able to considerably reduce the long diameter, short meridian, volume, and mass of tumors, increase miR-135a-5p
expression, and decrease LINC00599 and ki-67 expression in tumor tissues of nude mice. This effect was more pronounced
when the DAC and LINC00599 Inhibit were used in combination. Conclusion. DAC regulates the expression of miR-135a-5p
by regulating the expression of LINC00599, which in turn affects cell proliferation, apoptosis, and tumor proliferation. Our
findings provide a theoretical basis for improving the clinical outcome of AML.

1. Introduction

Acute myeloid leukemia (AML) is a bone marrow disease
that is caused by a dysfunction in hematopoietic stem cells
due to genetic alterations in the precursor cells, resulting in
the overproduction of tumorigenic clonal myeloid stem cells

[1]. Despite recent advances in the strategies to alleviate
AML, long-term survival rates remain low due to the devel-
opment of drug resistance and high relapse rates following
currently available chemotherapies [2, 3]. As a result, new
therapeutic targets to improve the clinical outcomes of
patients with AML are urgently required.
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Decitabine (DAC), also known as 5-aza-2'-deoxycytidine
nucleoside, is a natural adenosine analog of 2′-deoxycytidine
acid. DAC is the most potent specific inhibitor of DNA
methylation and inhibits DNA methyltransferase and
reduces DNA methylation, impeding tumor cell prolifera-
tion as well as preventing the development of drug resis-
tance. DAC is widely used as a drug for the treatment of
leukemia, but studies pertaining to the mechanism of action
of DAC in the treatment of leukemia cells are scarce [4, 5].
Non-coding RNAs (ncRNAs) are functional small RNA
molecules that do not translate into proteins, opening new
perspectives for the diagnosis, prognosis, and treatment of
AML [2, 6]. MicroRNAs (miRNAs), circular RNAs (cir-
cRNAs), and long non-coding RNAs (lncRNAs) are
involved in the transcription and translation of genes that
function as regulatory ncRNAs. LncRNAs are ncRNAs lon-
ger than 200 nucleotides [7]. The lncRNAs are classified as
intergenic, intronic, sense, and antisense [8]. With the devel-
opment of RNA-sequencing technology, an increasing num-
ber of ncRNAs have been found to be associated with the
development of AML; these ncRNAs play a key role in the
proliferation, differentiation, and apoptosis of leukemic cells
and have the potential to serve as prognostic biomarkers [2,
9]. DAC regulates lncRNA expression, while DAC treatment
in cell lines with hypermethylation caused dose- and time-
dependent lncRNA expression and demethylation [10].
MiRNAs are involved in AML chemoresistance and
transporter-mediated drug resistance through apoptosis, cell
cycle, and adenosine triphosphate (ATP) binding in various
ways [11, 12]. Recent studies have revealed that aberrant
expression of lncRNAs in AML can alter the function of spe-
cific miRNAs, thereby promoting the initiation, mainte-
nance, and progression of leukemogenesis [13, 14].

Therefore, in this study, LINC00599-disrupted cells were
treated with DAC to evaluate apoptosis in leukemic cells and
to determine whether leukemia can be treated using DAC by
affecting LINC00599 expression, which in turn impacts
miR-135a-5p expression, influencing cell proliferation and
apoptosis. In addition, we verified if DAC affects tumor pro-
liferation through LINC00599, using a tumorigenesis assay
in nude mice.

2. Materials and Methods

2.1. Cell Lines, Reagents, and Other Materials. Human pro-
myelocytic leukemia cells (HL-60) and acute lymphatic leu-
kemia cells (CCRF-CEM) were obtained from the Shanghai
Cell Bank of the Chinese Academy of Sciences. DAC
(A119533) was purchased from Aladdin (China). Lipofecta-
mine® 2000 (11668-027) was purchased from Invitrogen
(China). Opti-MEM (M5650) was purchased from Sigma
(USA). The dual luciferase reporter gene assay kit (RG027)
was purchased from Beyotime (China). The cell counting
kit 8 (CCK8) (C1706) was purchased from Bioswamp
(China). The SYBR FAST qPCR Master Mix (KM4101)
was purchased from KAPA Biosystems (USA). The oligo
DT18/miR-135a-5p RT Primer (3806), recombinant RNase
inhibitor (2313A), and PrimeScript II RTase (2690A) were
purchased from TAKARA (Japan). BCA protein concentra-

tion assay kit (PC0020) was purchased from Solarbio
(China), DAB (DA1010) was purchased from Solarbio
(China), and all antibodies (anti-Bad PAB32756; anti-Bcl-2
PAB30599; anti-cleaved-caspase-3 MAB37300; anti-
GAPDH PAB36269; goat anti-rabbit IgG SAB43714) were
purchased from Bioswamp (China).

2.2. Cell Culture and Drug Therapy. The frozen HL-60 and
CCRF-CEM cells were placed from the liquid nitrogen tank
into a water bath set at 37°C, and after they were completely
thawed, the cell suspension was pipetted into a centrifuge
tube. In the tube, 4mL of complete medium (basic medium
along with serum, antibiotics, and other substances) was
added, and the whole solution was centrifuged at 400 × g
for 3 minutes, then resuspended in 1mL of medium, trans-
ferred to a culture flask. Complete medium (serum, antibi-
otics, and other substances to the basic medium, 4mL) was
added to the flask, and the culture was incubated at 37°C
in a 5% CO2 incubator. The cells in culture were treated with
different concentrations of DAC (0μM, 0.01μM, 0.1μM,
1μM, and 2μM) for 24 hours, 48 hours, and 72 hours.
The optimal duration of activity and DAC concentration
were determined using CCK8, quantitative reverse transcrip-
tion polymerase chain reaction (qRT-PCR), and flow
cytometry.

2.3. Construction of Vectors. By synthesizing lncRNA
LINC00599-shRNA1, lncRNA LINC00599-shRNA2, and
lncRNA LINC00599-shRNA3 target genes, the vector (pLKO.1-
EGFP) was double digested and ligated with the target genes at
16°C overnight. The wild type (wt)-LINC00599 3′-untranslated
region (UTR) and mutant-LINC00599 3′-UTR genes were con-
structed, the vector (pmirGLO) was digested, and the target
gene was ligated to the vector using ligase at 16°C over-
night. The DNA fragments to be transformed were added
to tubes containing TOP10 receptor cells and placed on
ice for 30 minutes. The cells were then placed in circulating
water at 42°C, heat-stimulated for 90 seconds, transferred
to an ice bath, allowed to cool for 1–2 minutes, and
200μL of super-optimal broth with catabolite repression
(SOC) liquid medium was added. The medium was
warmed to 37°C in a water bath, and the tubes were trans-
ferred to a shaker which was set at 37°C and incubated at
220 rpm for 45 minutes to allow the cells to recover and
express the plasmid-encoded resistance marker genes. The
transformed receptor cells were transferred to a Luria–Ber-
tani agar medium containing the corresponding antibiotics,
and the plates were inverted and incubated at 37°C. After
12–16 hours of incubation, a number of monoclonal shake
bacteria were randomly selected and sequenced to verify
the positive clones.

2.4. Transfection of Vectors. The constructed miR-135a-5p
mimic/inhibitor vector was transfected into CCRF-CEM
cells. The constructed wt-LINC00599 3′-UTR and MT-
LINC00599 3′-UTR vectors were transfected into CCRF-
CEM cells. LINC00599-shRNA1, LINC00599-shRNA2, and
LINC00599-shRNA3 were transfected with CCRF-CEM
and HL-60 cells. The following were the transfection steps:
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5 × 105 cells were resuspended in 1.5mL of complete
medium prior to transfection, 100 pmol miRNA was diluted
in 250μL of Opti-MEM followed by dilution of 5μL of Lipo-
fectamine® RNAiMAX in 250μL of Opti-MEM, and the
final solution was allowed to stand at room temperature
for 5 minutes. The cells were then mixed and incubated at
room temperature for 20 minutes. The complex (500μL)
was added to the wells of the plate containing the cells along
with 1.5mL of fresh medium. The plate was gently shaken
back and forth, and the plate was placed in a 5% CO2 incu-
bator at 37°C. Following 4 hours of transfection, the medium
was replaced with fresh medium, and the cells were incu-
bated for 24 hours. The expression of the transferred genes,
miR-135a-5p and LINC00599, was detected using qRT-PCR.
Dual luciferase activity was detected using the dual luciferase
reporter gene assay kit. Some methods of this experiment
refer to previous research [15].

2.5. CCK8 Assay to Assess Cell Proliferation. The cells were
divided into control, DAC, LINC00599 Inhibit, and
LINC00599 Inhibit +DAC groups. The proliferation rate of
cells in each group was determined using the CCK8 assay.
HL-60 and CCRF-CEM cells were treated for 48 hours
according to the experimental groups: control group,
LINC00599 Inhibit, miR-135a-5p mimic group, miR-135a-
5p Inhibit group, LINC00599 Inhibit +miR-135a-5p mimic
group, and LINC00599 Inhibit +miR-135a-5p Inhibit group,
and the proliferation rate of cells in each group was detected.
CCK8 test procedure: cells from each group were collected,
the concentration of the cell suspension was adjusted, and
the cells were divided into 96-well plates (3 × 103 cells/well,
100μL per well) and incubated overnight at 37°C in a 5%
CO2 incubator. Following various group treatments, the cells
were cultured for 48 hours. Each well of the cell culture plate
was then treated with 10μL of CCK8 solution, and the cul-
ture was further continued for 4 hours. Finally, the absor-
bance value of each well was measured at 450nm.

2.6. qRT-PCR Analysis. In a homogenization tube, 1 × 106
cells of CCRF-CEM and HL-60 cells and 1mL of TRIzol
were mixed. The mixture was homogenized with a homoge-
nizer for 20 seconds and then immediately placed on ice for
total RNA extraction and reverse transcription. The SYBR
Green PCR kit (KM4101; KAPA Biosystems) was used for
qRT-PCR amplification. The reaction procedure is as fol-
lows: initial denaturation at 95°C for 3 minutes, denaturation
at 95°C for 5 seconds, denaturation at 95°C for 5 seconds,
annealing at 56°C for 10 seconds, extension at 72°C for 25
seconds (40 cycles), extension at 65°C for 5 seconds, and
extension at 95°C for 50 seconds. Data were analyzed using
the 2-ΔΔCt method. The primer sequences used were as fol-
lows: miR-135a-5p–F: GGGGTATGGCTTTTTATTCCT,
miR-135a-5p–R: AACTGGTGTCGTGGAGTCGGC; LIN-
COO599-F: AGGAAGTCGTTGGGCTATGT, LINCOO599-
R: CTACAGGGAGGGCGTGAG; U6-F: CTCGCTTCGGC
AGCACA, U6-R: AACGCTTCACGAATTTGCGT; GAPDH-
F: CCTTCCGTGTTCCTAC, GAPDH-R: GACAACCTGGT
CCTCA.

2.7. Western Blotting. Total protein was extracted from the
cells, and the protein concentration in each group was deter-
mined using a BCA kit. Protein (20μg) was added to the gels
(formulated with 12% isolate and 5% concentrate), with 80V
for 40 minutes for concentrate and 120V for 50 minutes for
isolate, and 90V for 50 minutes at constant pressure for
membrane rotation, with 5% skim milk powder sealed at
room temperature overnight at 4°C. Primary antibodies
(anti-Bad 1 : 1000, anti-Bcl-2 1 : 1000, anti-cleaved-caspase-
3 1 : 1000, anti-GAPDH 1 : 1000) were added and the mix-
ture was incubated at room temperature for 1 hour. Follow-
ing membrane washing, the secondary antibody goat anti-
rabbit IgG 1 : 10000 was added and the mixture was incu-
bated for 1 hour at room temperature. The electrochemilu-
minescence (ECL) luminescent solution was added to a
fully automated chemiluminescence analyzer, and the gray-
scale values of the relevant bands were read using TANON
GIS software. Three replicates were performed for each
group.

2.8. Flow Cytometry

2.8.1. Apoptosis Detection. Cells (1 × 106) were taken, centri-
fuged at 4°C for 5 minutes, and the supernatant was dis-
carded. Phosphate-buffered saline (PBS) was added to the
pellet, centrifuged at 4°C for 5 minutes followed by resus-
pension in 200μL PBS; 10μL Annexin V-FITC and 10μL
PI were added and incubated at 4°C for 30 minutes followed
by the addition of 300μL PBS and flow detection and anal-
ysis using NovoExpress analysis software.

Reactive oxygen species (ROS) detection: 2′,7′-dichlor-
ofluorescein diacetate (DCFH-DA) was diluted with serum
free culture solution up to a final concentration 10μmol/L.
The cell concentration was adjusted to 1 × 106/mL. The mix-
ture was incubated in 5% CO2 at 37

°C in a cell culture incu-
bator for 20 minutes. The cells of each group were then
collected, resuspended in 500μL PBS (1 × 106/mL), and
ROS were detected using flow cytometry. The analysis was
performed using the NovoCyte analysis software.

2.9. In Vivo Studies. A total of 24 BALB/c nude mice (6-
week-old) were used. All animals were purchased from
Changzhou Cavins Laboratory Animals Co. Following seven
days of acclimatization, 5 × 106 CCRF-CEM cells were inoc-
ulated subcutaneously into the right axilla to initiate tumor
formation. After the nude mice became tumor-bearing, the
animals were divided into four groups: control: the same
dose of saline was gavaged once a day for 14 days; DAC
group: 1mg/kg DAC was gavaged once daily for 14 days;
LINC00599 Inhibit group: LINC00599 interfering vector
(20μg/animal) was injected in situ at the site of tumor for-
mation twice a week for 2 weeks; and LINC00599 Inhibit
group+DAC: 1mg/kg DAC was gavaged once daily along
with injecting LINC00599 interference vector (20μg/animal)
at the site of tumor formation twice a week for 2 weeks.

2.10. Immunohistochemistry. The tumor tissues were
dewaxed and sectioned (3 μm), and the dewaxed sections
were soaked in 100% alcohol I, 100% alcohol II, 95% alcohol,
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85% alcohol, and 75% alcohol for 5 minutes. The tissues
were then rinsed with tap water for 10 minutes, repaired
using 1 mM Tris-EDTA buffer solution at high pressure
(125°C, 103 kPa) for 18 minutes, naturally cooled, and
washed with PBS. Primary antibody (anti-ki-67 1:200) was
added, incubated overnight at 4°C followed by the addition
of secondary antibody (MaxVision TM HRP-Polymer anti-
mouse/rabbit IHC Kit). Antibody-added sections were incu-
bated at 37°C for 60 minutes, stained with DAB, re-stained
with hematoxylin for 3 minutes, dehydrated, and photo-
graphed with a microscope. The Leica Application Suite
graphics system was used for acquiring the relevant parts
of the sample. Hematoxylin stained the nuclei blue, and
DAB showed a brownish-yellow color.

2.11. Statistical Analysis. SPSS 22.0 software was used for
statistical analysis. Data were represented as the mean ±
standard deviation (SD) of three (in vitro) or six (in vivo)
independent replicates. A one-way analysis of variance
(ANOVA) was used to compare multiple groups, and the
least significant difference (LSD) test was used for a two-
way comparison of means. Differences with P < 0:05 were
considered statistically significant.

3. Results

3.1. Selection of Optimal Concentration and Time of Action
of DAC. HL60 and CCRF-CEM cells were treated with dif-
ferent concentrations of DAC for 24 hours, 48 hours, and
72 hours. The proliferation of cells in each group was
detected using the CCK8, and the results showed
(Figure 1(a)) that the proliferation of cells did not change
significantly at 24 hours of DAC treatment, while when
treated with DAC for 48 hours and 72 hours, the value-
added of cells decreased sequentially with the increase in
DAC concentration, and the value-added of the cells treated
with DAC for 48 hours was always lower than that at 72
hours. The expression of the lncRNA LINC00599 was
detected using qPCR (Figure 1(b)), and the relative expres-
sion of LINC00599 in cells showed a sequential decrease
with increasing concentrations of DAC at different time
points. Apoptosis was detected using flow cytometry
(Figure 1(c)), and no significant change was observed in
the apoptosis of cells at 24 hours of DAC treatment, whereas
the apoptosis of cells increased sequentially with the increase
in DAC at 48 hours and 72 hours of treatment. As a result,
based on these findings, we selected the concentration of
2μM DAC for follow-up experiments.

3.2. DAC Mediates the Expression of LINC00599 to Promote
Apoptosis. We constructed three different interference plas-
mids: LINC00599-shRNA1, LINC00599-shRNA2, and
LINC00599-shRNA3. The interference efficiency was exam-
ined using qPCR (Figure 2(a)), and LINC00599-shRNA1,
LINC00599-shRNA2, and LINC00599-shRNA3 were all able
to significantly reduce the relative expression of LINC00599
in both HL60 and CCRF-CEM cells compared with the control
group (P < 0:05), with LINC00599-shRNA1 demonstrating the
best inhibitory effect. As a result, we selected LINC00599-

shRNA1 for the inhibition of LINC00599 expression. The pro-
liferation of cells in each group after DAC-mediated lncRNA
expression was detected using the CCK8 assay (Figure 2(b)).
Compared to the control group, the proliferation of HL60
and CCRF-CEM cells in the DAC group and the LINC00599
Inhibit group decreased significantly (P < 0:05), whereas the
proliferation of cells in the LINC00599 mimic group increased
significantly. The proliferation of HL60 and CCRF-CAM cells
was significantly lower in the DAC+LINC00599 Inhibit group
than that in the DAC and LINC00599 Inhibit groups (P < 0:05).
According to the apoptosis rate detected using flow cytometry in
each group (Figure 2(c)), the apoptosis rates of HL60 and
CCRF-CEM cells in the DAC group and the LINC00599 Inhibit
group increased significantly (P < 0:05), whereas that of the
LINC00599 mimic group decreased significantly compared to
the control group. The apoptosis rates of HL60 and CCRF-
CEM cells were significantly higher in the DAC+LINC00599
Inhibit group than in the DAC and LINC00599 Inhibit
groups (P < 0:05). We detected changes in apoptosis-related
proteins using western blotting (Figure 2(d)). Compared to
the control group, the expression of Bad and cleaved
caspase-3 in HL60 and CCRF-CEM cells in the DAC group
and LINC00599 Inhibit group was significantly upregulated
(P < 0:05), while the expression of Bcl-2 was significantly
downregulated (P < 0:05). Bad and cleaved caspase-3 expres-
sion was significantly downregulated, while Bcl-2 expression
was significantly upregulated in the LINC00599 mimic group.
Additionally, Bad and cleaved caspase-3 expression was sig-
nificantly upregulated (P < 0:05), while Bcl-2 expression was
significantly downregulated in HL60 and CCRF-CEM cells
in the DAC and LINC00599 Inhibit groups compared with
the control group (P < 0:05). Furthermore, Bad and cleaved
caspase-3 expression was significantly upregulated (P < 0:05),
while Bcl-2 expression was significantly downregulated
(P < 0:05) in HL60 and CCRF-CEM cells in the DAC
+LINC00599 Inhibit group compared with the DAC and
LINC00599 Inhibit groups. These findings indicate that both
DAC treatment and the inhibition of LINC00599 expression
can promote apoptosis in HL60 and CCRF-CEM cells, and that
the inhibition of LINC00599 combined with DAC was the
most effective in promoting apoptosis.

3.3. Effect of DAC Mediates LINC00599 on miR-135a-5p and
ROS. The expression of miR-135a-5p was detected in the
cells using qPCR (Figure 3(a)). Compared to the control
group, the expression of miR-135a-5p in HL-60 and
CCRF-CEM cells in the LINC00599 Inhibit group was sig-
nificantly upregulated (P < 0:05), whereas the expression of
miR-135a-5p in the LINC00599 mimic group was signifi-
cantly downregulated. The expression of miR-135a-5p was
significantly upregulated in HL60 and CCRF-CEM cells in
the LINC00599 Inhibit +DAC group than in the DAC group
(P < 0:05). The ROS levels in the cells of each group were
detected using flow cytometry (Figure 3(b)). Compared to
the control group, ROS levels in HL60 and CCRF-CEM cells
in the DAC group and LINC00599 Inhibit groups were sig-
nificantly higher (P < 0:05), whereas ROS levels in the
LINC00599 mimic group were considerably lower. ROS
levels in HL-60 and CCRF-CEM cells were significantly
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Figure 1: Continued.
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higher in the DAC+LINC00599 Inhibit group than in the
DAC and LINC00599 Inhibit groups (P < 0:05). These
results suggested that DAC-mediated lncRNA expression
promotes apoptosis in HL-60 and CCRF-CEM cells by regu-
lating miR-135a-5p expression and ROS levels.

3.4. Effect of LINC00599 Binding to miR-135a-5p on Apoptosis.
Overexpression and interference vectors of miR-135a-5p were
constructed and transfected into CCRF-CEM cells, and vector
efficiency was determined using qPCR (Figure 4(a)). The rela-
tive expression of miR-135a-5p was significantly upregulated in
the cells of the miR-135a-5p mimic group compared to the
miR-135a-5p NC group (P < 0:05), and the relative expression
of miR-135a-5p in the cells of the miR-135a-5p Inhibit group
was significantly downregulated compared to that in the
miR-135a-5p Inhibit NC group (P < 0:05). The dual luciferase
plasmid empty vector, wt LINC00599 3′-UTR wild type and
mutant LINC00599 3′-UTR mutant were constructed and
transfected into CCRF-CEM cells, and the efficiency of trans-
fection was verified by detecting the luciferase activity
(Figure 4(b)). The miR-135a-5p mimic group was able to sig-
nificantly reduce the relative fluorescence activity ratio of
LINC00599 3′-UTR wild-type CCRF-CEM cells compared
with mimics NC (P < 0:05). The proliferative capacity of the
cells in each group was detected using CCK8 (Figure 4(c)),
and compared with the control, the LINC00599 Inhibit group
and miR-135a-5p mimic group were able to significantly

decrease the proliferation of HL60 and CCRF-CEM cells
(P < 0:05), and miR-135a-5p Inhibit group significantly
increased the proliferation of HL60 and CCRF-CEM cells
(P < 0:05); the LINC00599 Inhibit+miR-135a-5p mimic group
was able to significantly reduce the proliferation of HL60 and
CCRF-CEM cells compared with the LINC00599 Inhibit and
miR-135a-5p mimic groups (P < 0:05). The apoptosis of each
cell group was detected using flow cytometry (Figure 4(d));
when compared to the control, the LINC00599 Inhibit and
miR-135a-5p mimic groups significantly increased apoptosis
(P < 0:05), while the miR-135a-5p Inhibit group significantly
decreased apoptosis (P < 0:05); the LINC00599 Inhibit+miR-
135a-5p mimic group significantly increased apoptosis of
HL60 and CCRF-CEM cells compared with the LINC00599
Inhibit and miR-135a-5p mimic groups (P < 0:05). We
detected the expression of apoptosis-related proteins using
western blotting (Figure 4(e)), and compared with the control,
the LINC00599 Inhibit and miR-135a-5p mimic groups were
able to significantly decrease Bcl-2 expression (P < 0:05) and
increase Bad and cleaved caspase-3 expression (P < 0:05) in
HL60 and CCRF-CEM cells; miR-135a-5p Inhibit group signif-
icantly increased the expression of Bcl-2 in cells (P < 0:05) and
decreased the expression of Bad and cleaved caspase-3 in cells
(P < 0:05). Compared with the LINC00599 Inhibit and miR-
135a-5p mimic groups, the LINC00599 Inhibit+miR-135a-5p
mimic group showed significantly decreased Bcl-2 expression
in HL60 and CCRF-CEM cells (P < 0:05) and increased Bad
and cleaved caspase-3 expression (P < 0:05). This result indicated
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Figure 1: Selection of the optimal concentration and DAC activity duration. (a) Detection of cell proliferation in each group using CCK8.
(b) qPCR detection of expression of lncRNA LINC00599. (c) Flow cytometric detection of apoptosis.
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that the inhibition of LINC00599-binding miR-135a-5p overex-
pression promoted apoptosis in HL60 and CCRF-CEM cells.

3.5. Effect of LINC00599 Combined with miR-135a-5p on
Cellular ROS. Expression of LINC00599 and miR-135a-5p
in cells was detected using qPCR (Figures 5(a) and 5(b)),
and compared with the control group, the LINC00599
Inhibit and miR-135a-5p mimic groups significantly
increased the expression of miR-135a-5p in HL60 and
CCRF-CEM cells (P < 0:05) and decreased the expression
of LINC00599 in cells (P < 0:05), and the miR-135a-5p
Inhibit group significantly reduced the expression of miR-
135a-5p in cells (P < 0:05). Compared with the LINC00599
Inhibit group and miR-135a-5p mimic group, the
LINC00599 Inhibit +miR-135a-5p mimic group signifi-
cantly increased expression of miR-135a-5p (P < 0:05) and
decreased expression of LINC00599 (P < 0:05). The level of
ROS in the cells was detected using flow cytometry
(Figure 5(c)), the LINC00599 Inhibit group and miR-135a-
5p mimic group were able to significantly increase ROS
levels in HL60 and CCRF-CEM cells compared to the con-
trol group (P < 0:05). The LINC00599 Inhibit +miR-135a-
5p mimic group significantly increased the level of ROS in
cells compared to the LINC00599 Inhibit group and miR-
135a-5p mimic group (P < 0:05). These results suggest that
LINC00599 binding to miR-135a-5p promotes apoptosis in
HL60 and CCRF-CEM cells by increasing ROS levels.

3.6. DAC-Regulated LINC00599 Affects Tumor Proliferation
in Nude Mice. The CCRF-CEM cells were injected subcuta-
neously into nude mice. The long diameter (Figure 6(a)),
short meridian (Figure 6(b)), and volume (Figure 6(c)) of

the tumors in the nude mice revealed that as the treatment
time of DAC, LINC00599 Inhibit, and DAC+LINC00599
Inhibit increased, a trend was observed in that the long
diameter, short meridian, and volume of tumors in nude
mice decreased, and the combination of DAC+LINC00599
Inhibit had the best effect. After two weeks of treatment,
sampling was performed, and the tumors were removed
for weighing. The results are shown in Figure 6(d). Com-
pared with the control group, both the DAC and LINC00599
Inhibit groups significantly reduced the mass of tumors in
nude mice (P < 0:05). The DAC+LINC00599 Inhibit group
significantly reduced tumor mass compared to the DAC and
LINC00599 Inhibit groups (P < 0:05).

3.7. DAC-Mediated LINC00599 Affects the Expression of
LINC00599, miR-135a-5p, and ki-67 in Tumor Tissues. The
expression of LINC00599 and miR-135a-5p in each group of
tumor tissues was detected using qPCR (Figures 7(a) and
7(b)). Both the DAC and LINC00599 Inhibit groups significantly
increased the expression of miR-135a-5p (P < 0:05) and
decreased the expression of LINC00599 (P < 0:05) compared
with the control group. The DAC group+LINC00599 Inhibit
group increased the expression of miR-135a-5p (P < 0:05) and
decreased the expression of LINC00599 (P < 0:05) compared
with the DAC and LINC00599 Inhibit groups. The ki-67 expres-
sion in tumor tissues was detected using immunohistochemistry
(Figure 7(c)); the DAC group and LINC00599 Inhibit group
showed significantly reduced ki-67 expression compared with
the control group (P < 0:05); and the DAC group+LINC00599
Inhibit group significantly reduced ki-67 expression compared
with the DAC and LINC00599 Inhibit groups (P < 0:05).
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4. Discussion

AML involves malignant cloning of blood stem cells and is
frequently associated with multiple genetic alterations [16].
AML is characterized by abnormal proliferation and differ-
entiation of immature myeloid cells and impaired apoptosis,

leading to suppression of the hematopoietic system, the
complex pathogenesis of which has not been fully elucidated
[17]. The discovery of ncRNAs opens new perspectives for
the diagnosis, prognosis, and treatment of AML. LncRNAs
are involved in the regulation of AML cell proliferation, cell
cycle, and apoptosis, and their expression levels can predict

0

Con
tro

l
DAC

LIN
C005

99 
Inhibi

t

LIN
C005

99 
Inhibi

t +
 DAC

LIN
C005

99 
mim

ics

LIN
C005

99 
mim

ics
 + DAC

1

Re
lat

iv
e e

xp
re

ss
io

n
of

 m
iR

-1
35

a-
5p

⁎

⁎
⁎

⁎

2

HL-60

3

0

Con
tro

l
DAC

LIN
C005

99 
Inhibi

t

LIN
C005

99 
Inhibi

t +
 DAC

LIN
C005

99 
mim

ics

LIN
C005

99 
mim

ics
 + DAC

1

Re
lat

iv
e e

xp
re

ss
io

n
of

 m
iR

-1
35

a-
5p

⁎

⁎
⁎

⁎

2

CCRF-CEM

3

(a)

0

Con
tro

l
DAC

LIN
C005

99 
Inhibi

t

LIN
C005

99 
Inhibi

t +
 DAC

LIN
C005

99 
mim

ics

LIN
C005

99 
mim

ics
 + DAC

10RO
S 

le
ve

l (
%

)

⁎
⁎

⁎

⁎

20

HL-60

HL-60

Control DAC LINC00599 Inhibit
LINC00599 Inhibit

+ DAC LINC00599 mimics
LINC00599 mimics

+ DAC

50
40
30

0

Con
tro

l
DAC

LIN
C005

99 
Inhibi

t

LIN
C005

99 
Inhibi

t +
 DAC

LIN
C005

99 
mim

ics

LIN
C005

99 
mim

ics
 + DAC

10RO
S 

le
ve

l (
%

)

⁎
⁎

⁎

⁎

20

CCRF-CEM

CCRF-CEM

50

40

30

(b)

Figure 3: The influence of DAC on the effect of lncRNA on miR-135a-5p and reactive oxygen species (ROS) levels. (a) qPCR detecting miR-
135a-5p expression in cells and (b) results of flow cytometry analysis detecting ROS levels in each group of cells.

9Analytical Cellular Pathology



200

150
Re

la
tiv

e e
xp

re
ss

io
n

of
 m

iR
-1

35
a-

5p
100
2.0
1.5
1.0
0.5
0.0

Con
tro

l

miR-13
5a

-5p
 m

im
ics

miR-13
5a

-5p
 m

im
ics

 N
C

miR-13
5a

-5p
 In

hib
it

miR-13
5a

-5p
 In

hib
it N

C

⁎

⁎

(a)

0.70

0.65

0.60

0.55

0.50

0.45

Re
lat

iv
e f

uo
re

sc
en

ce
ac

tiv
ity

 (R
lu

e/
Lu

c)

Vect
or

LIN
C00

59
9 3
'-U

TR w
ild

 ty
pe

LIN
C00

59
9 3
'-U

TR m
uta

nt

⁎

miR-135a-5p-mimics
mimics-NC

(b)

miR-13
5a

-5p
 m

im
ics

miR-13
5a

-5p
 In

hib
it

Con
tro

l

LIN
C00

59
9 I

nh
ibi

t

LIN
C00

59
9 I

nh
ibi

t +
 m

iR-13
5a

-5p
 m

im
ics

LIN
C00

59
9 I

nh
ibi

t +
 m

iR-13
5a

-5p
 In

hib
it

miR-13
5a

-5p
 m

im
ics

miR-13
5a

-5p
 In

hib
it

Con
tro

l

LIN
C00

59
9 I

nh
ibi

t
LIN

C00
59

9 I
nh

ibi
t +

 m
iR-13

5a
-5p

 m
im

ics

LIN
C00

59
9 I

nh
ibi

t +
 m

iR-13
5a

-5p
 In

hib
it

1.5

1.0

0.5

0.0

C
el

l p
ro

lif
er

at
io

n 
(%

)

C
el

l p
ro

lif
er

at
io

n 
(%

)

1.5

1.0

0.5

0.0

HL-60 CCRF-CEM

⁎

⁎

⁎

⁎

⁎

⁎

(c)

Figure 4: Continued.

10 Analytical Cellular Pathology



the clinical characteristics and outcomes of AML. In recent
years, LINC00599 has been shown to be involved in physio-
logical and pathological processes, including carcinogenesis
[18], atherosclerosis [19], retinal cone survival [20], and smok-
ing [21]. In this experiment, by constructing LINC00599-
interfering cells and treating them with DAC, both alone and
together, decreased the proliferation rate of HL60 and CCRF-
CEM cells, increased apoptosis and ROS levels, decreased Bcl-

2 expression, and increased Bad and cleaved caspase-3 expres-
sion. Therapeutic drugs exert selective cytotoxic effects through
the activation of apoptosis or programmed cell death [22]. In
contrast, expression of many apoptotic proteins was detected
in the HL60 and CCRF-CEM cells treated with DAC in this
experiment. Bcl-2 and Bax control the cell survival by decreas-
ing and increasing the permeability of the outer mitochondrial
membrane, respectively [23, 24]. Apoptosis involves the
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production of ROS, which are normally produced continu-
ously as oxidative metabolic byproducts and can be scav-
enged by antioxidants [25]. However, excessive ROS levels

lead to cellular oxidative stress, damage to proteins, DNA,
and cell membranes, and activation of death receptor-
mediated or mitochondrial apoptotic pathways [26]. In
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Figure 5: Effect of LINC00599 binding to miR-135a-5p on cellular reactive oxygen species (ROS). (a) qPCR analysis detecting the
expression of (a) miR-135a-5p and (b) LINC00599 in cells. (c) Flow cytometric analysis detecting the level of ROS in each group of cells.
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the present study, DAC treatment increased the production
of ROS in cells, which may be due to DAC-induced apopto-
sis in HL60 and CCRF-CEM cells. In addition, ROS are
thought to activate multiple redox-sensitive signaling cas-
cades by interacting with the Bcl-2 family of proteins as
second messengers [27]. The simplest explanation for

DAC activity in cancer may be that it reactivates the
expression of tumor suppressor genes that have been
silenced by aberrant DNA methylation [28].

In this study, we found that the expression of miR-135a-
5p in both HL60 and CCRF-CEM cells was significantly
upregulated after DAC treatment or inhibition of LINC00599
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expression. The mechanisms of miRNA involvement in the
pathogenesis of AML include copy number alterations,
changes near oncogenomic regions due to somatic transloca-
tions, epigenetic changes, aberrant targeting of miRNA pro-
moter regions by transcription factors or oncoprotein
alterations, and dysregulation due to miRNA processing
[29–31]. In this experiment, miR-135a-5p mimics, miR-
135a-5p interference plasmids, wt LINC00599 3′-UTR, and
mutant LINC00599 3′-UTR were constructed to verify the
regulatory relationship between the miR-135a-5p and
LINC00599. The findings revealed that LINC00599 Inhibit
combined with miR-135a-5p mimics significantly reduced
the proliferation of HL60 and CCRF-CEM cells and increased
apoptosis and ROS levels. The competing endogenous RNAs

(ceRNA) machinery indicates that various RNAs share com-
mon miRNA response elements (MREs), allowing them to
compete to bind miRNAs and achieve mutual regulation.
Many studies have demonstrated the ubiquity of ceRNA
machinery in post-transcriptional regulation, and its role in
various diseases, especially tumors, has received widespread
attention [32]. The ceRNA mechanism is used in the patho-
genesis, diagnosis, treatment, and prognostic prediction of
most tumors, including AML. miRNAs can exert powerful
regulatory functions in a wide range of areas, and their impor-
tance in tumors has been confirmed in numerous studies.
This result further confirms that lncRNAs, in combination
with miRNAs, play a ceRNA role and thus affect the survival
of HL60 and CCRF-CEM cells. In addition, we verified that
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Figure 7: DAC influencing the expression of LINC00599, miR-135a-5p, and ki-67 in tumor tissues through LINC00599. qPCR analysis
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14 Analytical Cellular Pathology



DAC affects tumor proliferation via LINC00599 by culturing
human acute promyelocytic leukemia cells CCRF-CEM and
subcutaneously inoculating them into nude mice. Treatment
with DAC or the LINC00599 Inhibit alone and in combina-
tion reduced the long diameter, short warp, volume, and mass
of tumors in nude mice, increased the expression of miR-
135a-5p, and decreased the expression of LINC00599 and
ki-67. We further verified that DAC regulates the function
of miR-135a-5p and its targets by affecting the expression of
LINC00599, which in turn affects cell proliferation and
apoptosis.

5. Conclusion

In summary, this study revealed that DAC inhibited the pro-
liferation of HL60 and CCRF-CEM cells and increased apo-
ptosis and the expression level of miR-135a-5p. By
constructing miR-135a-5p mimics, miR-135a-5p interference
plasmids, wt LINC00599 3′-UTR, and mutant LINC00599 3′-
UTR, we demonstrated that LncRNA in combination with
miRNA plays ceRNA function and affects cell survival. We
concluded that DAC may regulate the function of miR-
135a-5p and its targets by affecting the expression of
LINC00599, which in turn affects cell proliferation and apo-
ptosis. This study provides a theoretical reference for DAC
to improve the clinical treatment of AML.
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