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Long non‑coding RNA LINC01018 inhibits
the progression of acute myeloid leukemia by
targeting miR‑499a‑5p to regulate PDCD4
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Abstract. Acute myeloid leukemia (AML) is a highly hetero‑
geneous disease with a very high mortality rate. In recent
years, an increasing number of studies have proven that long
non‑coding RNAs (lncRNAs) and microRNAs (miRNAs)
may serve as useful biomarkers in various cancer types.
However, the mechanism of LINC01018 and miR‑499a‑5p in
AML requires further investigation. The mRNA expression
of LINC01018, miR‑499a‑5p and PDCD4 in AML tissues and
cells was detected using reverse transcription‑quantitative
polymerase chain reaction. Cell proliferation was measured
using Cell Counting kit‑8 and EdU assays. Cell apoptosis was
monitored via a TUNEL staining assay. Protein expression
of PDCD4, Bax and Bcl‑2 was measured using western blot
analysis. The interaction between PDCD4 and LINC01018
or miR‑499a‑5p was verified by RNA pull‑down, RIP and
dual‑luciferase reporter assays. LINC01018 and PDCD4 were
downregulated in AML, while miR‑499a‑5p was upregulated.
LINC01018‑overexpression suppressed AML cell proliferation
and induced AML cell apoptosis, while miR‑499a‑5p transfec‑
tion reversed these effects. LINC01018 acted as a sponge of
miR‑499a‑5p, and PDCD4 was demonstrated to be targeted
by miR‑499a‑5p. Knockdown of miR‑499a‑5p suppressed
AML cell proliferation and promoted AML cell apoptosis, but
silencing PDCD4 abolished this effect. LINC01018 inhibited
AML cell growth by modulating PDCD4 through suppression
of miR‑499a‑5p, providing a feasible theoretical basis for the
treatment of AML.
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Introduction
Acute myeloid leukemia (AML) is a highly heterogeneous
disease that originates from myeloid progenitor cells (1).
AML has a very high mortality rate, particularly in patients
over 65 years of age (2). At present, although approaches
such as chemotherapy and stem cell transplantation have
achieved significant success in the treatment of AML, >70%
of 65‑year‑old or older patients will die within 1 year of diag‑
nosis (3,4). Even patients who achieve complete remission may
eventually die from the emergence of drug resistance, which
is a major obstacle for AML treatment (5). Therefore, it is
necessary to investigate the molecular mechanisms of AML
pathogenesis to develop novel therapeutic strategies.
A total of 90% of the human genome is comprised
of non‑coding RNAs (ncRNAs), which are divided into
numerous different subtypes (6). As subtypes of ncRNAs, long
non‑coding RNAs (lncRNAs) and microRNAs (miRNAs)
have attracted increasing attention in recent years in the study
of AML pathogenesis (7‑9). LncRNAs exceed 200 nucleo‑
tides in length. Studies have revealed that lncRNAs serve
a critical role in numerous life processes, including gene
regulation, cell cycle regulation and cell differentiation regula‑
tion (10,11). LncRNAs that are abnormally expressed may act
as oncogenes or tumor suppressor genes in numerous types
of malignancy (12). For example, lncRNA HOTAIR has been
demonstrated to be involved in metastasis and poor prognosis
of liver, colorectal and pancreatic cancer types (13‑15). The
expression level of the lncRNA MALAT1 in lung tumors
was three‑fold higher than that in healthy controls (16).
Furthermore, lncRNA LINC01018 was correlated with the
molecular pathways of tumors (17). Another study demon‑
strated that the expression levels of liver metabolic genes
were regulated by LINC01018 (18). At present, research on
LINC01018 is scarce, and the role of LINC01018 in AML
progression and drug resistance is not completely clear.
MiRNAs, short ncRNAs with a length of 19‑25 nt (19), have
been proven to be associated with the initiation and progression
of AML in previous studies. For example, a study undertaken by
Song et al (20) determined that miR‑22 was a proto‑oncogene
and that abnormalities in the miR‑22‑TET2 axis were common
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in hematopoietic malignancies. In addition, Bousquet et al (21)
indicated that miR‑125b interferes with the differentiation of
primary human CD34+ cells and inhibits terminal differentia‑
tion in leukemic cells. At present, studies have demonstrated that
miR‑499a‑5p is associated with the occurrence and development
of lung adenocarcinoma, pancreatic cancer and oral squamous
cell carcinoma (22‑24). However, whether miR‑499a‑5p serves a
role in the pathogenesis of AML remains undetermined.
Programmed cell death 4 (PDCD4) is a tumor repressor that
is usually decreased in various cancer types (25‑27). It has been
shown to effectively inhibit cancer cell promotion, progres‑
sion and proliferation (28). A recent study has indicated that
PDCD4 may suppress mTORC2 activation, which also serves
a significant role in the regulation of cell invasion, migration
and metastasis (29). Furthermore, several studies have reported
that PDCD4 may inhibit the translation of a series of genes,
including p53, Bcl‑xl and XIAP, thereby suppressing the occur‑
rence of tumors (30‑32). However, the role of PDCD4 in AML
pathogenesis has not been extensively investigated.
In the present study, the expression levels of LINC01018,
miR‑499a‑5p and PDCD4 were detected in AML tissues and
cell lines, and the interaction between PDCD4 and LINC01018
or miR‑499a‑5p was analyzed, providing a novel available
therapeutic target for the treatment of AML.

(100 nM), mimic control (100 nM), miR‑499a‑5p inhibitor
(100 nM), inhibitor control (100 nM), si‑PDCD4 (50 nM), and
si‑control (50 nM) at 37˚C for 48 h using Lipofectamine 3000
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Cells were
collected and used 48 h later for subsequent experimentation.

Materials and methods

Cell viability assessment. The effects of LINC01018 and
miR‑499a‑5p on AML cell viability were evaluated using the
Cell Counting kit‑8 (CCK‑8; Sigma‑Aldrich; Merck KGaA)
assay. AML cells were seeded onto 96‑well plates (4x103)
and cultured overnight at 37˚C followed by transfection of the
indicated oligonucleotides. After 12, 24, 48 and 72 h of trans‑
fection, the absorbance of each well was detected at 450 nm by
a spectrophotometer. The results represent the mean of three
replicates under the same conditions.

AML tissues and cell lines. A total of 40 bone marrow
specimens were collected from patients with AML (mean
age, 62.3 years; age range, 32 to 71 years) at the Affiliated
Hangzhou First People's Hospital from May 2016 to Feb 2020.
Bone marrow specimens were obtained from 40 healthy volun‑
teers (mean age, 60.3 years; age range, 36 to 72 years) at the
Affiliated Hangzhou First People's Hospital from May 2018
to Feb 2020. The present study was approved by the Ethics
Committee of Affiliated Hangzhou First People's Hospital
(Hangzhou, China; approval no. 146‑01). Written informed
consent was provided by all patients prior to the study start.
The clinical characteristics of the patients are presented in
Tables I and II. AML HL‑60 and THP‑1 cell lines and the
normal BM HS cell line were supplied by the American Type
Culture Collection. All cell lines were cultured in RPMI‑1640
medium (Gibco; Thermo Fisher Scientific, Inc.) containing
10% fetal bovine serum (Gibco; Thermo Fisher Scientific,
Inc.). All cells were cultured in a humidified incubator with
5% CO2 at 37˚C.
Transfection of oligonucleotides. pcDNA3.1/LINC01018,
a miR‑499a‑5p mimic (5'‑UUAAGAC UUG CAGUGAUG
UUU‑3'), miR‑499a‑5p inhibitor (5'‑AAACATCTCTGCAAG
TCTTAA‑3'), miR mimic control (5'‑ACUACUGAGUGA
CAGUAGA‑3'), miR inhibitor control (5'‑CAGUACUUUUGU
GUAGUACAA‑3'), si‑PDCD4 (sense, 5'‑GGAGCGGUUUGU
AGAAGAA dTdT‑3' and antisense, 3'‑dTdT CCUCGCCAA
ACAUCUUCUU‑5'), si‑control (sense, 5'‑UUCCCUU UG
UCAUCCU UUG CCU dTdT‑3' and antisense, 3'‑dTdT AAG
GGAAACAGUAGGA AACGGA‑5') and a pcDNA3.1 empty
vector were all purchased from Shanghai GenePharma Co.,
Ltd. HL‑60 and THP‑1 cells were transfected with pcDNA3.1
(50 ng), pcDNA3.1/LINC01018 (50 ng), miR‑499a‑5p mimic

Reverse transcription‑quantitative polymerase chain reaction
(RT‑qPCR) assay. Total RNA from AML tissues and cells
was extracted using TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) and its quality was detected via
NanoDrop 2000c (Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol. Next, the RNA samples were
converted into cDNA using M‑MLV reverse transcriptase
(Invitrogen; Thermo Fisher Scientific, Inc.). The reverse tran‑
scription protocol was 70˚C for 10 min followed by 2 min on
ice. RT‑qPCR was conducted on an ABI 7900 system with
SYBR Green Real‑Time PCR master mixes (Thermo Fisher
Scientific, Inc.). The thermocycling conditions were as follows:
Denaturation at 95˚C for 10 min followed by 40 cycles of 95˚C
for 15 sec and 60˚C for 1 min. GAPDH was used as an internal
control for LINC01018 and PDCD4, and U6 small nuclear
RNA served as a control for miR‑499a‑5p. The relative expres‑
sion was analyzed using the 2‑ΔΔCq method (33). The sequences
of all primers are presented in Table III.

Cell proliferation analysis. AML cell proliferation was
analyzed by an EdU assay kit (Guangzhou RiboBio Co., Ltd.),
according to the manufacturer's protocols. Cell nuclei were
stained with Hoechst 3344 (4 µg/ml, Invitrogen; Thermo Fisher
Scientific, Inc.) at room temperature for 30 min. EdU‑positive
cells were red.
Cell apoptosis analysis. Apoptosis of AML cells was detected
by TUNEL staining using a cell death detection reagent, fluores‑
cein (Roche Diagnostics). Briefly, transfected AML cells (1x106)
were added into the slides with polylysine. Cells were fixed with
2% formaldehyde at 4˚C for 30 min and permeabilized using
0.2% Triton‑X. After washing three times with PBS, cells were
processed with 20 µg/ml Proteinase K (Sigma‑Aldrich; Merck
KGaA; cat. no. P2308) at room temperature for 20 min. Next,
cells were washed with PBS three times followed by a 1 h incu‑
bation of the TUNEL reaction mixture at 37˚C according to the
manufacturer's instructions. Nucleic acids were stained using
DAPI (1:500, Sigma‑Aldrich, cat. no. D9564) for 15 min at room
temperature. Subsequently, cells were incubated with 50 µl
DAB solution at room temperature for 20 min, and the nuclei
were stained using hematoxylin at room temperature for 3 min.
After dehydration and transparency, the signals were scanned
from 6 random fields using a confocal microscope (Olympus
BX51TRF; Olympus Corporation) (magnification, x100) and the
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Table I. Clinical characteristics of patients with AML (n=40).
Parameter
Age, years
>60
≤60
Sex
Male
Female
Diabetes
No
Yes
Length of hospital stay, days
>20
≤20
Glucocorticoid
No
Yes
Chemotherapy
No
Yes
Radiotherapy
No
Yes
FAB classification
M1‑M3
M4‑M6
Cytogenetic risk
Favorable
Intermediate
Unfavorable
NCCN risk stratification
Favorable
Intermediate
Unfavorable

AML patients, n
32
8
22
18
34
6
11
29
40
0
40
0
40
0
17
23
5
31
4
9
17
14

AML, acute myeloid leukemia; FAB, French, American and
British; NCCN, National Comprehensive Cancer Network.

number of TUNEL‑positive cells was counted. The apoptosis
index was used to measure the degree of cell apoptosis.
RNA immunoprecipitation (RIP). RIP was performed to analyze
the interplay between LINC01018 and miR‑499a‑5p using an
EZ‑Magna RIP kit (Merck KGaA). Following cell lysis, the cell
extract was incubated with RIP buffer containing an AGO2
antibody coated on magnetic beads, and an IgG antibody was
used as a control. The precipitated RNAs were quantified and
purified and then reverse transcribed into cDNA, and RT‑qPCR
was performed to analyze LINC01018 and miR‑499a‑5p levels.
Western blotting. Total protein was extracted from HL‑60 and
THP‑1 cells using cell lysis buffer (cat. no. AR0105; Wuhan
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Table II. Comparison between patients with AML and controls
in age, sex, diabetes and length of stay.
Parameter

All cases Health control AML P‑value

Age, years				
>60
32
15
17
0.695
≤60
8
5
3
Sex				
Male
22
9
13
0.525
Female
18
10
8
Diabetes				
No
34
19
15
0.398
Yes
6
2
4
Length of hospital			
stay, days
>20
11
5
6
0.477
≤20
29
18
11
‑
AML, acute myeloid leukemia.

Boster Biological Technology, Ltd.). Following the protein
concentration being determined using a BCA Protein Assay kit
(Thermo Fisher Scientific, Inc.), 50 µg samples were isolated
by 10% SDS‑PAGE gels, transferred onto PVDF membranes
(Merck KGaA) and blocked with 5% skimmed milk for 1 h at
room temperature. Subsequently, the membranes were incu‑
bated with Bax antibody (dilution, 1:1,000; cat. no., ab182733;
Abcam) or Bcl‑2 antibody (dilution, 1:1,000; cat. no., ab32124;
Abcam) at 4˚C overnight, followed by incubation with
the corresponding HRP‑conjugated secondary antibodies
(1:2,000; cat. nos. ab205719 or ab6721; Abcam) at room
temperature for 1 h. Finally, the protein bands were visualized
using an enhanced chemiluminescence reagent (Merck KGaA)
and GAPDH was used as an internal control.
Bioinformatics analysis. miR‑499a‑5p information was
obtained through miR Base (http://www.mirbase.org/index.
shtml). The prediction of LINC01018 and miR‑499a‑5p
was conducted using starbase v2.0 (http://starbase.sysu.edu.
cn). The target genes including PDCD4 of miR‑499a‑5p
were predicted using starbase v2.0, TargetScan (http://www.
targetscan.org/) and MicroRanda (http://www.microrna.org/).
Dual‑luciferase reporter assay. The interaction between
miR‑499a‑5p and LINC01018 or PDCD4 was verified by
dual‑luciferase assays. In brief, the wild‑type (WT) and
mutant (MUT) sequences of LINC01018 or PDCD4, which
contained miR‑499a‑5p binding sites, were amplified and
inserted into pmirGLO (Promega Corporation). The recom‑
binant luciferase plasmids were named LINC01018‑WT,
PDCD4‑WT1, PDCD4-WT2, PDCD4‑WT3, LINC01018‑MUT,
PDCD4-MUT1, PDCD4‑MUT2, PDCD4‑MUT3. AML cells
were co‑transfected with miR‑499a‑5p mimics or negative
control and the indicated recombinant luciferase plasmids
(0.8 µg) and 0.08 µg renilla plasmid (RL‑SV40; Promega
Corporation) using Lipofectamine 3000® reagent (Invitrogen;
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Table III. Primer sequences used for quantitative PCR.
ID
GAPDH
GAPDH
LINC01018
LINC01018
PDCD4
PDCD4
miR‑499a‑5p
miR‑499a‑5p
U6
U6

Sequence (5'‑3')
Forward: TGTTCGTCATGGGTGTGAAC
Reverse: ATGGCATGGACTGTGGTCAT
Forward: TGGATTCACATCTGCTGGGT
Reverse: TGGCCAACATTTGTCAAGGG
Forward: CCTGAATTAGCACTGGATACTCCT
Reverse: CTAGCCTGCACACAATCTACAGTT
Forward: ATGTAGCGTGCGACCG
Reverse: CAGGCTGACGCACTCTGTGCT
Forward: CCATCGGAAGCTCGTATACGAAATT
Reverse: GGCCTCTCGAACTTGCGTGTCAG

miR, microRNA.

Thermo Fisher Scientific, Inc.). After 48 h of transfection, the
luciferase activity was analyzed by a dual‑luciferase reporter
assay system (Promega Corporation) according to the manufac‑
turer's instructions. The results were normalized using Renilla
luciferase activity.
Statistical analysis. All results are presented as the
mean ± standard deviation. The two groups were compared
using the unpaired Student's t‑test, and multiple comparisons
were conducted using one‑way analysis of variance, followed
by Tukey's post hoc test in GraphPad Prism 7 (GraphPad
Software, Inc.). Correlation analysis was conducted using
the Pearson correlation coefficient. P<0.05 was considered to
indicate a statistically significant difference.
Results
LINC01018 is downregulated while miR‑ 499a‑5p is
upregulated in AML tissues and cell lines. RNAalifold Web
Server was used to obtain the predicted secondary struc‑
tures of LINC01018: Centroid and minimum free energy
predictions. A mountain plot of the secondary structures
is shown in Fig. 1A. The expression of LINC01018 and
miR‑499a‑5p in AML tissues and cell lines was measured
using RT‑qPCR. Compared with that in healthy controls
(n=40), the expression level of LINC01018 was decreased,
while miR‑499a‑5p was increased, in AML tissues (n=40;
P<0.05; Fig. 1B and C). The results in Fig. 1D show a
negative correlation between LINC01018 and miR‑499a‑5p
expression in patients with AML (r=‑0.3881; P= 0.0134).
In addition, RT‑qPCR analysis indicated that LINC01018
levels were markedly decreased in HL‑60 and THP‑1 cell
lines compared with that in HS cells (P<0.05; Fig. 1E).
The expression of miR‑499a‑5p was significantly higher in
HL‑60 and THP‑1 cells than in HS cells (P<0.05, Fig. 1F).
These data demonstrated that LINC01018 was expressed
at low levels, while miR‑499a‑5p was highly expressed, in
AML tissues and cell lines.
MiR‑ 49 9 a‑5p reverses the suppressive ef fects of
LINC01018‑overexpression on AML cell growth. Following

investigating the levels of LINC01018 and miR‑499a‑5p
and verifying their correlation, the biological functions of
miR‑499a‑5p and LINC01018 in AML were analyzed. To
begin with, RT‑qPCR was applied to investigate the overex‑
pression efficiency of LINC01018 in AML cells. The results
indicated that the LINC01018 level was significantly higher
in the pcDNA3.1/LINC01018 group than in the blank and
negative control groups (P<0.05; Fig. 2A). Next, CCK‑8 and
EdU staining assays were performed to detect the prolif‑
eration of HL‑60 and THP‑1 cells following transfection
of LINC01018 alone or LINC01018 plus miR‑499a‑5p. The
results revealed that LINC01018 transfection significantly
suppressed cell proliferation; however, this effect was
reversed by the overexpression of miR‑499a‑5p (P<0.05;
Fig. 2B‑F). Furthermore, the TUNEL assay verified that
LINC01018‑overexpression increased the apoptosis rate of
HL‑60 and THP‑1 cells, while miR‑499a‑5p overexpression
reversed this effect (P<0.05; Fig. 2G‑I). In addition, western
blot analysis demonstrated that the protein expression levels
of Bax and Bcl‑2 were increased in HL‑60 and THP‑1
cells following transfection with pcDNA3.1/LINC01018,
while miR‑499a‑5p overexpression abolished this upregula‑
tion of Bax and Bcl‑2 (P<0.05; Fig. 2J‑K). In conclusion,
LINC01018‑overexpression inhibited the growth of HL‑60
and THP‑1 cells; however, miR‑499a‑5p blocked these
effects.
LINC01018 acts as a sponge of miR‑499a‑5p, and PDCD4
is targeted by miR‑499a‑5p. To further study the mechanism
of LINC01018 and miR‑499a‑5p in AML, the association
between LINC01018 and miR‑499a‑5p and the potential
targeted genes of miR‑499a‑5p was investigated by bioin‑
formatics analysis. To begin with, the transfections were
successful with miR‑499a‑5p or miR‑499a‑5p inhibitors in all
cell types validated by qPCR (Fig. 3A and B). One comple‑
mentary binding site was identified between LINC01018
and miR‑499a‑5p (Fig. 3C; upper panel). The luciferase
reporter assay results demonstrated that the transfection of
miR‑499a‑5p mimics strongly decreased the luciferase activity
of cells following transfection with LINC01018‑WT (P<0.05;
Fig. 3C; lower panel). Furthermore, three binding sites between
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Figure 1. LINC01018 is downregulated, while miR‑499a‑5p is upregulated in AML tissues and cell lines. (A) The predicted secondary structures of LINC01018,
including Centroid and MFE, were obtained using RNAalifold Web Server. (B and C) AML and healthy control tissues were analyzed for LINC01018 and
miR‑499a‑5p expression levels by RT‑qPCR. (D) The correlation between the levels of LINC01018 and miR‑499a‑5p was determined in 40 AML tissues
(r=‑3881; P=0.0134). (E and F) AML cell lines were assayed for LINC01018 and miR‑499a‑5p expression levels using RT‑qPCR. HS cells were used as a
control. *P<0.05. miR, microRNA; AML, acute myeloid leukemia; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; MFE, minimum
free energy.

miR‑499a‑5p and PDCD4 were predicted using a bioinfor‑
matics tool (Fig. 3D; upper panel). The luciferase reporter
results demonstrated that the luciferase activities were mark‑
edly decreased following co‑transfection with miR‑499a‑5p
and PDCD4‑WT1, PDCD4‑WT2 or PDCD4‑WT3 relative
to NC mimics, while co‑transfection with miR‑499a‑5p and
PDCD4‑MUT1, PDCD4‑MUT2 or PDCD4‑MUT3 caused no
notable change relative to NC mimics (P<0.05; Fig. 3D; lower
panel). Next, an RNA pull‑down assay was performed to inves‑
tigate the interaction between LINC01018 and miR‑499a‑5p.
Compared with that in the Bio‑probe‑NC group, miR‑499a‑5p
was significantly enriched in the Bio‑WT‑LINC01018 group
but not in the Bio‑MUT‑LINC01018 group (P<0.05; Fig. 3E).
Furthermore, a RIP assay was used to further confirm the

interplay between LINC01018 and miR‑499a‑5p. The results
indicated that LINC01018 and miR‑499a‑5p were significantly
enriched in the anti‑AGO2 group compared with the anti‑IgG
group (P<0.05; Fig. 3F). In addition, western blotting was
performed to measure PDCD4 protein expression. The expres‑
sion of PDCD4 was markedly increased in HL‑60 and THP‑1
cells following knockdown of miR‑499a‑5p or overexpression
of LINC01018 relative to the negative control (Fig. 3G). Taken
together, these results indicated that PDCD4 is a target gene
of miR‑499a‑5p and that its expression level is regulated by
LINC01018 through miR‑499a‑5p.
Knockdown of PDCD4 abrogates the effects of the miR‑499a‑5p
inhibitor on AML cell lines. Following confirming the result
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Figure 2. MiR‑499a‑5p reversed the repressive effects of LINC01018‑overexpression on cell growth in AML cell lines. (A) The expression level of LINC01018
was assessed using reverse transcription‑quantitative polymerase chain reaction in HL‑60 and THP‑1 cell lines following transfection with the LINC01018
plasmid. (B and C) Cell Counting kit‑8 assay was performed to measure the proliferation activity of HL‑60 and THP‑1 cells following transfection of
LINC01018 alone or LINC01018 plus miR‑499a‑5p. (D‑F) Cell proliferation was measured following transfection of LINC01018 alone or LINC01018 plus
miR‑499a‑5p by EdU staining. The proliferation ability value is marked in red. (G‑I) TUNEL assay was performed to analyze the apoptosis rate following
transfection of LINC01018 alone or LINC01018 plus miR‑499a‑5p in HL‑60 and THP‑1 cell lines. (J and K) The effects of transfection of LINC01018 alone or
LINC01018 plus miR‑499a‑5p on Bax and Bcl‑2 expression in HL‑60 and THP‑1 cell lines were determined by western blot assay. *P<0.05. MiR, microRNA;
AML, acute myeloid leukemia.
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Figure 3. LINC01018 acted as a sponge of miR‑499a‑5p, and PDCD4 was targeted by miR‑499a‑5p. (A and B) Reverse transcription‑quantitative poly‑
merase chain reaction was performed to detect the miR‑499a‑5p level in HL‑60 and THP‑1 cells treated with miR‑499a‑5p mimics or miR‑499a‑5p inhibitor.
(C) Upper panel, the binding sites of wild‑type and mutant LINC01018 and miR‑499a‑5p. Lower panel, the interaction between LINC01018 and miR‑499a‑5p
was detected using a dual‑luciferase reporter assay. (D) Upper panel, three combined sequences of PDCD4 and miR‑499a‑5p in the 3'‑untranslated region
binding sites. Lower panel, luciferase reporter experiments were conducted to detect the association between miR‑499a‑5p and PDCD4. (E and F) RNA
pull‑down and RIP experiments were performed to confirm the putative target site between LINC01018 and miR‑499a‑5p. (G) PDCD4 expression in HL‑60
and THP‑1 cells treated with miR‑499a‑5p inhibitor or pcDNA3.1/LINC01018 was measured by western blot analysis. *P<0.05. MiR, microRNA; RIP, RNA
immunoprecipitation.

that PDCD4 was a target gene of miR‑499a‑5p, the effects of
PDCD4 on miR‑499a‑5p were investigated. To begin with, a
PDCD4‑knockdown siRNA was designed and its efficiency
was validated (Fig. 4A). Next, western blot analysis of PDCD4
protein expression demonstrated that PDCD4 was significantly
increased by transfection of HL‑60 and THP‑1 cells with
a miR‑499a‑5p inhibitor, while transfection of si‑PDCD4
reversed this effect (P<0.05; Fig. 4B). The EdU proliferation
assay was performed to determine the effects of co‑transfection
of miR‑499a‑5p inhibitor and si‑PDCD4 on cell proliferation.

The results demonstrated that knockdown of miR‑499a‑5p
inhibited the proliferation of HL‑60 and THP‑1 cells compared
with the blank and negative controls, while si‑PDCD4 transfec‑
tion abolished the inhibitory effects of miR‑499a‑5p on cell
proliferation (P<0.05; Fig. 4C and D). TUNEL assay results
demonstrated that the apoptosis rate was upregulated by
knockdown of miR‑499a‑5p in HL‑60 and THP‑1 cells, while
transfection of si‑PDCD4 reversed the promotive effects of
miR‑499a‑5p‑knockdown on cell apoptosis (P<0.05; Fig. 4E
and F). Furthermore, the expression levels of Bax and Bcl‑2
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Figure 4. Knockdown of PDCD4 abrogated the effects of miR‑499a‑5p inhibitor on acute myeloid leukemia cell lines. (A) PDCD4 expression in HL‑60
and THP‑1 cells treated with si‑PDCD4 or siRNA control was detected by western blotting. (B) PDCD4 expression in HL‑60 and THP‑1 cells treated with
miR‑499a‑5p or miR‑499a‑5p plus si‑PDCD4 was detected by western blotting. (C and D) EdU assay was used to detect cell proliferation after transfection of
miR‑499a‑5p inhibitor alone or miR‑499a‑5p inhibitor plus si‑PDCD4 in HL‑60 and THP‑1 cells. (E and F) Apoptosis following transfection of miR‑499a‑5p
inhibitor alone or miR‑499a‑5p inhibitor plus si‑PDCD4 was analyzed using TUNEL assay in HL‑60 and THP‑1 cells. (G and H) Following transfection of
miR‑499a‑5p inhibitor alone or miR‑499a‑5p plus si‑PDCD4, HL‑60 and THP‑1 cells were subjected to Bax and Bcl‑2 expression detection using western blot
assay. *P<0.05. siRNA, small interfering RNA; miR, microRNA.

were increased by miR‑499a‑5p inhibitor transfection, while
co‑transfection of miR‑499a‑5p inhibitor and si‑PDCD4
abrogated this effect (P<0.05; Fig. 4G and H). These data
demonstrated that the miR‑499a‑5p inhibitor suppressed
the proliferation of HL‑60 and THP‑1 cells but promoted
cell apoptosis, which was accomplished through regulation
of PDCD4.
PDCD4 is downregulated in AML. To investigate the correla‑
tion between PDCD4 and LINC01018 or miR‑499a‑5p, the

expression level of PDCD4 was measured by RT‑qPCR. The
results demonstrated that PDCD4 expression was downregu‑
lated in HL‑60 and THP‑1 cells (P<0.05; Fig. 5A) and AML
tissues (P<0.05; Fig. 5B), compared with HS cells and healthy
controls. In addition, the results in Fig. 5C demonstrated a
positive correlation between PDCD4 and LINC01018 expres‑
sion levels in patients with AML (r= 0.5098; P= 0.0008). By
contrast, PDCD4 and miR‑499a‑5p were negatively corre‑
lated in patients with AML (r=‑0.3342; P=0.0296; Fig. 5D).
In summary, these results suggested that LINC01018
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Figure 5. PDCD4 was downregulated in AML. (A) PDCD4 expression in HL‑60 and THP‑1 cells was estimated via RT‑qPCR. HS cells were used as a control.
(B) PDCD4 expression in AML and healthy tissues was assessed using RT‑qPCR. (C and D) Correlation between the levels of miR‑499a‑5p or LINC01018 and
PDCD4 was measured in 40 AML tissues. (E) Interaction mechanisms of LINC01018, miR‑499a‑5p and PDCD4 in AML cells. *P<0.05. AML, acute myeloid
leukemia; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; miR, microRNA.

contributed toward AML cell growth by modulating PDCD4
through suppression of miR‑499a‑5p (Fig. 5E).
Discussion
Increasing evidence has suggested that several lncRNAs are
involved in multiple cell processes in AML. Wang et al (34)

reported that the lncRNA, CRNDE, which inhibits the
apoptosis and promotes the proliferation of U937 cells, acted
as a molecular marker for the treatment of AML. Linc‑223
was reported to be decreased in AML cells and regulated
their proliferation and differentiation (34). A novel axis of
LINC01018/miR‑182‑5p/FOXO1 was identified in hepatocel‑
lular carcinoma, and the antitumor effect of LINC01018 was

10

ZHOU et al: LINC01018 ACTS AS A REPRESSOR IN AML

verified in vivo (35). However, no previous studies have identi‑
fied the mechanism of LINC01018 in AML. The present study
confirmed the decreased expression of LINC01018 in AML
tissues and cell lines, and that LINC01018‑overexpression
inhibited cell proliferation and promoted apoptosis in AML
cells. Therefore, the antitumor effect of LINC01018 in AML
has also been substantiated.
At present, numerous studies have confirmed that miRNAs
serve key roles in the initiation and progression of AML. For
example, miR‑34a exhibited lower expression and was identi‑
fied as a tumor suppressor promoting apoptosis in AML cell
lines (36). A study proved that miR‑125b induces myeloid
and B‑cell leukemia by suppressing IRF4 through different
mechanisms (37). MiR‑135a was revealed to be downregulated
in AML cells, and its overexpression inhibited proliferation and
the cell cycle and promoted cellular apoptosis via HOXA10 (38).
MiR‑182‑5p promotes cell proliferation in AML cell lines and
patient blood samples and reverses cisplatin resistance (39).
The molecular mechanism of miR‑499a‑5p has previously
been demonstrated in certain cancer studies (24,40‑42).
MiR‑499a‑5p exhibits high expression and carcinogenic effects
through the TOR pathway in highly metastatic lung cancer
exosomes (22). MiR‑499a‑5p acts as a non‑invasive biomarker
and may increase the diagnostic sensitivity of pancreatic
cancer when combined with CA199 (24). Nevertheless, the
mechanisms of miR‑499a‑5p in AML pathogenesis remain
largely unknown. The results of the present study suggested
that miR‑499a‑5p was upregulated in AML tissues and cell
lines, knockdown of miR‑499a‑5p suppressed cell proliferation
and induced cell apoptosis, and miR‑499a‑5p was sponged by
LINC01018. A negative correlation was identified between
LINC01018 and miR‑499a‑5p.
PDCD4 may interfere with the translation process by
directly binding with target mRNA. Multiple targets of
PDCD4 are involved in cell survival, proliferation and
invasion. Identifying more translational targets of PDCD4
will provide insight into how PDCD4 inhibits tumori‑
genesis. For example, in CML primary CD34 + cells and
AML cell models, including MOLM13 and MV4.11, the
phospho‑STAT5‑miR21‑PDCD4 pathway is active (43).
Several studies have demonstrated that PDCD4, as a target
gene of miRNAs, serves an important role in AML (44‑48).
These findings are consistent with the results of the present
study. In the present study the expression levels of PDCD4
in AML tissues and cell lines were measured, and the results
revealed high expression. Next, bioinformatics analysis and
the dual‑luciferase reporter assay were used to determine that
PDCD4 was the target gene of miR‑499a‑5p, and knockdown
of PDCD4 could reverse the effects of the miR‑499a‑5p
inhibitor on AML progression.
In summary, the results of the present study suggested that
the low level of LINC01018 is associated with AML patho‑
genesis by inhibiting AML cell proliferation and promoting
apoptosis, which is mediated via knockdown of miR‑499a‑5p
and regulation of PDCD4 expression. These observations
provide a feasible theoretical basis for the treatment of AML.
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