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ABSTRACT
Acute myeloid leukemia (AML) is a prevalent class of blood disease with a high occurrence rate and
relapse rate. The role of dysregulated microRNAs (miRNAs) in AML is emerging. MiR-4260 was identified
to be a carcinogenic miRNA in colorectal cancer, but never has it been reported in AML. We aimed to
study the function and mechanism of miR-4260 in AML. The miR-4260 level was higher in AML cell lines
than the normal cell lines. Inhibition of miR-4260 hindered proliferation and increased apoptosis of AML
cells. Mechanistically, long intergenic non-protein coding RNA 1128 (LINC01128) competed with nuclear
receptor subfamily 3 group C member 2 (NR3C2) for miR-4260 so as to upregulate NR3C2. We identified
the reduced levels of LINC01128 and NR3C2 in AML and it was suggested through rescue assays that
LINC01128 repressed AML progression through regulating miR-4260/NR3C2 axis. In conclusion, we firstly
uncovered that LINC01128 resisted acute myeloid leukemia through regulating miR-4260/NR3C2, pro-
viding novel clues for the treatment improvement of AML.
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Introduction

Acute myeloid leukemia (AML) is the commonest blood dis-
ease with high morbidity and relapse rate in adults.1 AML is
featured with reduced proliferation of the functional blood
cells as well as surging growth and accumulation of the
immature leukemic blasts.2 The pathogenesis of AML could
result from genetic or epigenetic alterations.3,4 However, the
detailed mechanism underlying AML remains incompletely
understood.

MicroRNAs (miRNAs), a set of small, conserved endogen-
ous RNAs, are emerging as pivotal modulators of human
cancers and diseases.5,6 Numerous works have delineated the
essential functions of miRNAs in AML. For instance, miR-
4319 exerted anti-tumor functions in AML7; miR-34a pro-
moted apoptosis and hindered autophagy in AML through
targeting HMGB1.8 miR-4260 has been reported as an onco-
genic miRNA in colorectal cancer (CRC), and its overexpres-
sion promoted cell proliferation and migration, reduced
apoptosis in CRC.9 However, the regulation of miR-4260 on
AML has not been explored.

Also, recent years have witnessed the implication of long non-
coding RNAs (lncRNAs) in the development of the hematopoie-
tic system.10 As a class of RNA transcripts without coding
proteins,11,12 lncRNAs are reported to regulate the growth and
death of AML cells by mounting studies. For example, long
intergenic non-protein coding RNA 319 (LINC00319) was
induced by MYC and promoted AML cell growth through
stabilizing SIRT6.13 LncRNA H19 overexpression facilitated

the leukemogenesis and indicated poor prognosis in AML.14

LncRNA CCAT1 performed as a competitive endogenous
RNA (ceRNA) to regulate the growth and differentiation of
AML cells.15 Long intergenic non-protein coding RNA 1128
(LINC01128) is newly discovered by our study to potentially
interact with microRNA-4260 (miR-4260) through miRDB, and
it has never been explored in AML before.

Nuclear receptor subfamily 3 group C member 2 (NR3C2)
is a mineralocorticoid receptor gene whose translating protein
is mineralocorticoid receptor (MR), which can regulate the
electrolyte balance.16 To date, NR3C2 has been demonstrated
to suppress the progression of cancers by inhibiting prolifera-
tion, migration, invasion, and epithelial to mesenchymal tran-
sition (EMT).17,18 Importantly, NR3C2, together with some
other nuclear receptors (NRs), is reported to be downregu-
lated in AML samples according to a pan-cancer analysis.19

However, the function of NR3C2 in AML still needs to be
further investigated.

Materials and methods

Cell culture

Human marrow stromal cells (HS-5), human renal epithelial
cells (293T) and human AML cells (U937, THP-1, KG-1a,
HL60) were all purchased from the Shanghai Cell Bank of the
Chinese Academy of Sciences (Shanghai, China). HS-5 and
293T cells were cultivated in Dulbecco’s modified Eagle’s med-
ium (DMEM; Thermo Fisher Scientific, Waltham, MA, USA).
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AML cells were grown in Roswell Park Memorial Institute 1640
medium (RPMI 1640; Thermo Fisher Scientific). All culture
media contained 1% penicillin/streptomycin (Thermo Fisher
Scientific) and 10% (v/v) fetal bovine serum (FBS; Thermo
Fisher Scientific) and maintained at 37°C in 5% CO2.

Cell transfection

HL60 or KG-1a cells were plated into 6-well plates the moment
the confluent of cells was up to 50–80%. Lipofectamine 2000
Reagent (Invitrogen, Carlsbad, CA, USA) was applied for trans-
fection following its instructions. The miR-4260 mimic and
miR-4260 inhibitor, together with NC mimic and NC inhibitor
were designed by Genepharma (Shanghai, China) and trans-
fected into HL60 or KG-1a cells, respectively. The pcDNA3.1
vector inserted with LINC01128 or NR3C2 and the empty
vector were purchased from Genechem (Shanghai, China) and
separately transfected into HL60 or KG-1a cells. At 48 h post-
transfection, cells were reaped.

Quantitative real-time PCR

Extraction of total RNA was accomplished via Trizol
(Invitrogen) in this study in line with the manufacturer’s
guide. Concentration was measured by an ultraviolet spectro-
photometer (PerkinElmer, Shanghai, China). 5 μg RNA was
reverse transcribed via PrimeScript™ RT reagent Kit (Takara,
Tokyo, Japan) as per the supplier’s instructions. Subsequently,
SYBR_Green PCR Master Mix™ Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA) was used for
conducting RT-qPCR. Relative gene expression levels were
subjected to 2−ΔΔCT analysis. GAPDH served as an internal
reference for LINC01128 and NR3C2, and U6 for miR-4260.

Cell counting Kit-8 assay

Cell proliferation was detected via Cell Counting Kit-8 assay.
Transfected HL60 or KG-1a cells were first added into 96-well
plates at a concentration of 2000 cells/well. CCK8 reagents (10 μL;
Beyotime, Shanghai, China) were added to each well in indicated
time and cells were cultivated for another 4 h. The absorbance at
the wavelength of 450 nm was eventually examined by a micro-
plate reader (Molecular Devices, Sunnyvale, USA).

Colony formation assay

HL60 or KG-1a cells after transfection were put into 6-well
plates. Fourteen days later, colonies were formed and fixed in
10% formaldehyde (JM, Aliso Viejo, CA) for 30 min and
stained with 0.5% crystal violet (Sigma-Aldrich, St. Louis,
USA) for 5 min. Data analysis was carried out with Image-
Pro Plus 6.0 (Silver Springs, MD, USA).

Trypan blue exclusion assay

According to the changes in cell membrane integrity, trypan
blue exclusion assay was applied to examine cell proliferation.
To begin with, 1 × 103 cells were cultured in 96-well plates for
48 h at 37°C. Then, cells were rinsed, trypsinized, and dyed

with trypan blue dye (Beyotime Biotechnology, Shanghai,
China). A cell counting chamber was employed to count
viable cells.

Caspase-3 activity

Activity of caspase-3 was carried out by using a caspase-3
activity kit (Beyotime). The SpectraMax M2 microplate reader
(Molecular Devices, San Jose, CA, USA) was used for mon-
itoring caspase-3 activity at 405 nm.

TUNEL assay

TUNEL assay was conducted for assessing the apoptotic cells by
applying an In Situ Cell Death Detection kit (Roche, Mannheim,
Germany) as the supplier requested. For total cell count, nucleus
was counterstained with DAPI (Beyotime). The fluorescence
microscope bought from Olympus (Tokyo, Japan) was applied
for capturing the images and evaluating the apoptotic cells.
TUNEL positive cells were calculated in three randomly selected
different fields.

Microarray analysis

HL60 cells were transfected with miR-4260 inhibitor or control
for 48 h. Total RNA was labeled with a low-input QuickAmp
labeling kit (Agilent Technologies, Santa Clara, CA, USA) and
subsequently hybridized via Agilent gene-expression hybridiza-
tion kit (Agilent Technologies). Microarray expression data were
analyzed with GeneSpring software (Agilent Technologies).
Various expressed lncRNAs (P < .05 and fold change >2.0)
were screened out.

Bioinformatics analysis

According to GEPIA (http://gepia.cancer-pku.cn/index.html),
the expression profiling of LINC01301, PLAC4, APCDD1 L-
AS1, LINC01128 and LINC01398 in AML tissues and normal
tissues was acquired. The binding site of miR-4260 in
LINC01128 sequences was obtained from Starbase 3.0 (http://
starbase.sysu.edu.cn/). NR3C2 was identified as the potential
target gene of miR-4260 via miRDB (http://mirdb.org/).

Luciferase reporter assay

LINC01128 or NR3C2 fragment containing the wild-type
or mutant sequence of miR-4260 was synthesized and
subcloned into the pmirGLO luciferase reporter vector
(Promega, Madison, WI, USA) to construct the reporter vector
LINC01128-WT/Mut and NR3C2-WT/Mut. 293 T cells were co-
transfected with reporter vector LINC01128-WT/Mut or NR3C2-
WT/Mut and miR-4260 mimic or NC mimic via Lipofectamine
2000. Forty-eight hour later, relative luciferase activity was ana-
lyzed by the dual-luciferase reporter assay system (Promega).

RNA immunoprecipitation (RIP) assay

A Magna RIP™ RNA Binding Protein Immunoprecipitation
Kit (Millipore, Bedford, MA, USA) was applied for carrying
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out RIP assay following the relevant requirements. HL60 or
KG-1a cells were reaped and lysed in complete radioimmu-
noprecipitation assay buffer (RIPA; Thermo Fisher Scientific)
supplemented with RNase inhibitor (Thermo Fisher
Scientific) and a protease inhibitor cocktail (Sigma-Aldrich).
Cell extracts were then maintained with RIP buffer containing
magnetic beads (Invitrogen) conjugated with an antibody
against Ago2 (Millipore) or IgG (Millipore). Proteinase K
(Absin, Shanghai, China) was used to digest proteins.
Obtained RNA was subjected to RT-qPCR.

Western blot analysis

RIPA lysis buffer was utilized for extracting total protein from
transfected HL60 or KG-1a cells. Equal amounts of total
protein were separated to incubate with primary antibody
against NR3C2 (1/250, ABIN396956, Antibodies-online,
Beijing, China), and then with secondary antibodies.
GAPDH was used for qualifying band intensities.

Statistical analysis

Results were imported into Prism 6.0 (GraphPad Software, La
Jolla, CA, USA) and presented as mean ± standard deviation
(SD). At least three independent experiments were required.
Student’s t-test or ANOVA was performed to analyze statistical
significance. A value of P < .05 denoted statistical significance.

Results

MiR-4260 was upregulated in AML, and knocking down
miR-4260 prevented proliferation and facilitated
apoptosis of AML cells

In the beginning, the implication of miR-4260 in AML was
explored by examining its expression in cell lines. As a result,
miR-4260 was conspicuously upregulated in AML cell lines
versus normal cell line, with HL60 and KG-1a expressing the
highest miR-4260 level (Figure 1a). Thereafter, we detected the
functional role of miR-4260 in AML. HL60 and KG-1a cells
transfected with miR-4260 inhibitor were confirmed to present
the obvious downregulation of miR-4260 (Figure 1b). The
absence of miR-4260 significantly reduced the proliferation of
two AML cell lines (Figure 1c–d). Besides, trypan blue exclusion
assay indicated that cell proliferation was inhibited in miR-4260
inhibitor-transfected cells (Figure S1A). The caspase-3 activity
was evaluated to examine the apoptosis level of AML cells. MiR-
4260 silence caused an increase in caspase-3 activity of both
AML cells (Figure 1e). Additionally, TUNEL-stained AML cells
were detected to increase upon the inhibition of miR-4260
(Figure 1f). Hence, it can be summarized that miR-4260 was
upregulated in AML, and miR-4260 deficiency prevented pro-
liferation and facilitated apoptosis of AML cells.

LINC01128 could sponge miR-4260 in AML

It has been reported that miRNAs could interact with and
formed a negative feedback loop with lncRNAs in cancers and
diseases.20,21 Therefore, we tried to identify the potent

lncRNAs interacting with miR-4260 in AML. By searching
lncBase (http://carolina.imis.athena-innovation.gr/diana_-
tools/web/index.php?r = lncbasev2%2 Findex-predicted), we
found 379 candidate lncRNAs potentially combined with
miR-4260. We detected the expression of these lncRNAs
under the inhibition of miR-4260 in HL60 cells. We found
that 34 lncRNAs were significantly upregulated while 28 were
downregulated, and the 5 most upregulated lncRNAs were
LINC01301, PLAC4, APCDD1L-AS1, LINC01128, and
LINC01398 (Figure 2a). To further narrow the selection, we
analyzed the expressions of 5 lncRNAs in AML samples
through GEPIA (http://gepia.cancer-pku.cn/). Consequently,
only LINC01128 exhibited significant downregulation in
AML samples versus normal samples (Figure 2b). Hence, we
put our focus on LINC01128. RT-qPCR results verified the
low expression of LINC01128 in AML cell lines (Figure 2c).
To detect the interplay between LINC01128 and miR-4260,
we obtained the binding sites from lncBase and mutated the
binding sites for luciferase reporter assay (Figure 2d).
Overexpression of miR-4260 reduced the luciferase activity
of LINC01128 WT reporter rather than LINC01128 Mut
reporter (Figure 2d). Also, LINC01128 and miR-4260 were
both abundant in the precipitates of Ago2 as shown by RIP
analysis (Figure 2e). Additionally, we detected the influence of
LINC01128 on miR-4260 expression. The overexpression of
LINC01128 in HL60 and KG-1a cells were confirmed b by
RT-qPCR (Figure 2f). The expression of miR-4260 dropped in
response to the overexpression of LINC01128 (Figure 2g). In
the collection, we revealed that LINC01128 acted as a sponge
of miR-4260 in AML.

LINC01128 upregulated NR3C2 by targeting miR-4260 in
AML

As axiomatically known, lncRNAs could competitively interact
with miRNAs to save downstream genes from mRNA degrada-
tion or translation inhibition,22,23 including in AML.15,24 Thus, we
exploited the downstream target formiR-4260. Through browsing
miRDB (http://mirdb.org/), we discovered that NR3C2 was
potently targeted by miR-4260. NR3C2 has been indicated by a
number of works to perform as an anti-tumor gene in cancers,17,18

and its downregulation in AML has been reported by a previous
study.19 Hence, we speculated that miR-4260 could regulate
NR3C2 in AML. RT-qPCR analysis confirmed that NR3C2 was
downregulated in AML cell lines (Figure 3a). The miR-4260 sites
on NR3C2 were identified through miRDB and the mutant sites
were designed and presented in Figure 3b. Luciferase activity of
NR3C2 WT reporter, rather than NR3C2 Mut reporter, was
attenuated as a result of miR-4260 overexpression (Figure 3c).
RIP assay demonstrated that NR3C2 mRNA and miR-4260
expressions were enriched by the immunoprecipitated products
by Ago2 antibody (Figure 3d). Besides, the downregulation of
miR-4260 resulted in an increased level of NR3C2 mRNA and
protein in AML cells (Figure 3e). Furtherly, we observed that
mRNA and protein levels of NR3C2 were induced by
LINC01128 overexpression in AML cells, and such a result was
reversed by miR-4260 mimic (Figure 3f). Altogether, the results
suggested that LINC01128 upregulated NR3C2 by targeting miR-
4260 in AML.
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Role of LINC01128/miR-4260/NR3C2 axis in AML

To detect the role of LINC01128/miR-4260/NR3C2 axis in AML,
we designed rescue assays. RT-qPCR data demonstrated that high
expression of NR3C2 in HL60 cells triggered by LINC01128 over-
expression was reduced by miR-4260 mimic, and was further

recovered by the transfection of pcRNA3.1/NR3C2 (Figure 4a).
The inhibited proliferation of HL60 cells transfected with
pcDNA3.1/LINC01128 was recovered by miR-4260 upregulation,
and transfection of NR3C2 reversed such result (Figure 4b–c).
Then, trypan blue exclusion assay indicated that the restrained cell
proliferation triggered by LINC01128 overexpression could be

Figure 1. Expression and function of miR-4260 in AML.
(a) Expression of miR-4260 in AML cell lines was detected by RT-qPCR. (b) Knockdown of miR-4260 by miR-4260 inhibitor was confirmed by RT-qPCR in HL60 and KG-
1a cells. (c–d) Proliferation of AML cells was determined by CCK-8 and colony formation assays. (e–f) Apoptosis of AML cells was detected by caspase-3 activity assay
and TUNEL staining. *p < .05, **p < .01, ***p < .001.
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compensated by enforced expression of miR-4260, and this com-
pensation was reversed by additional upregulation of NR3C2
(Figure S1B). Besides, the apoptosis of HL60 cells induced by
LINC01128 was retarded by miR-4260, and recovered by
NR3C2 overexpression (Figure 4d–e). In sum, it was indicated
that LINC01128 inhibited the proliferation and improved apop-
tosis of AML cells through regulating miR-4260/NR3C2 axis.

Discussion

As widely known, genetic abnormalities are implicated in AML
pathogenesis through disrupting the growth differentiation, and

metastasis of normal hematopoietic progenitor cells.25,26

MiRNAs are increasingly identified as essential participants in
AML by exerting anti-tumor or oncogenic behaviors. For exam-
ple, miR-628 inhibited AML proliferation through repressing
IGF-1 R expression27; miR-21 was induced by STAT5 and pro-
motedAML progression by targeting the tumor-suppressor gene
PDCD4.28 A previous study has stated that miR-4260 was upre-
gulated in CRC and its overexpression facilitated CRC cell pro-
liferation and prevented apoptosis,9 indicating that miR-4260
could serve as a carcinogenic miRNA in human cancers. Present
study firstly revealed the high expression of miR-4260 in AML
cell lines and demonstrated that miR-4260 knockdown retarded

Figure 2. LINC01128 could sponge miR-4260 in AML.
(a) 379 lncRNAs potentially interacted with miR-4260 were identified through lncBase. RT-qPCR was used to detect the expression of 379 lncRNAs upon miR-4260
knockdown in HL60 cells. Heat map showed that LINC01301, PLAC4, APCDD1L-AS1, LINC01128, and LINC01398 were 5 most upregulated lncRNAs upon the silence of
miR-4260. (b) Expressions of 5 lncRNAs in AML samples were analyzed by GEPIA. (c) RT-qPCR analysis was used to detect the expression of LINC01128 in AML cell
lines and normal cell line. (d) Binding sites between miR-4260 and LINC01128 were obtained from lncBase and the mutant sites were designed. Luciferase reporter
assay was used to determine the interaction between LINC01128 and miR-4260. (e) RIP assay was used to confirm the interplay between LINC01128 and miR-4260. (f)
Overexpression of LINC01128 by pcDNA3.1/LINC01128 in AML cells was confirmed by RT-qPCR. (g) Expression of miR-4260 upon the overexpression of LINC01128
was detected by RT-qPCR. *p < .05, ***p < .001.
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proliferation and increased apoptosis in AML cells. These find-
ings suggested that miR-4260 positively regulated AML progres-
sion in vitro.

Formerly, an ocean of studies has shown the interplay and
reciprocal repression between lncRNAs and miRNAs in
human cancers and diseases.20,21 Herein, our study firstly
predicted through lncBase and confirmed that miR-4260
interacted with LINC01128. We found that LINC01128 was
among the top 5 upregulated lncRNAs responding to miR-
4260 silence in AML cells and LINC01128 demonstrated
remarkable downregulation in AML samples according
to bioinformatics analysis. These findings indicated that

LINC01128 could sequester miR-4260 and participated in
AML. Expectedly, we confirmed the low LINC01128 level in
AML cell lines and showed that LINC01128 could inhibit
miR-4260 in AML cells.

Moreover, accumulating works have delineated the function
of lncRNAs mediating ceRNA networks in AML, whereby
lncRNAs prevented miRNAs from resulting in the post-tran-
scriptional silence of target genes.15,24 The current study firstly
found through miRDB that NR3C2 was targeted by miR-4260.
Formerly, multiple studies indicated that NR3C2 was a tumor-
suppressor gene in cancer progression, which could negatively
inhibit proliferation, migration, invasion, and EMT of cancer

Figure 3. LINC01128 upregulated NR3C2 by targeting miR-4260 in AML.
(a) NR3C2 level in AML cell lines and normal cell lines were detected by RT-qPCR. (b) Binding sites between miR-4260 and NR3C2 were obtained from miRDB and the
mutant sites were designed. (c) Luciferase reporter assay was used to determine the interaction between LINC01128 and miR-4260. (d) RIP assay was used to confirm
the interplay between NR3C2 mRNA and miR-4260. (e) Expression of NR3C2 under miR-4260 silence in AML cells was detected by RT-qPCR and western blot. (f)
Expression of NR3C2 in AML cells with indicated transfection was detected by RT-qPCR and western blot. *p < .05, ***p < .001.
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cells.17,18 A study also showed that the NR3C2 level was reduced
in AML samples.19 Accordingly, the present study validated that
NR3C2 expression was suppressed in AML cell lines, and that
miR-4260 combined with NR3C2 mRNA to repress its expres-
sion. In addition, we confirmed that LINC01128 upregulated
NR3C2 expression through sequestering miR-4260. The rescue
experiments indicated that LINC01128 attenuated the prolifera-
tion and encouraged the apoptosis of AML cells through miR-
4260/NR3C2 axis.

In a word, our study firstly uncovered that LINC01128
resisted acute myeloid leukemia through regulating miR-
4260/NR3C2, supplying new targets to push forward the
treatment advance of AML.
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