
ONCOLOGY LETTERS  12:  1051-1057,  2016

Abstract. Leukemia is a heterogeneous clonal disorder in 
which early hematopoietic cells fail to differentiate and 
do not undergo programmed cell death or apoptosis. Less 
than one-third of adult patients with leukemia are managed 
using current therapies due to the emergence of multidrug 
resistance (MDR), emphasizing the need for newer and more 
robust approaches. Recent reports have suggested that long 
non-coding RNAs (lncRNAs) contribute to selective gene 
expression and, hence, could be manipulated effectively to halt 
the progression of cancer. However, little is known regarding 
the role of lncRNA in leukemia. Nuclear paraspeckle assembly 
transcript 1 (NEAT1) is a nuclear-restricted lncRNA involved 
in the pathogenesis of certain types of cancer. Deregulated 
expression of NEAT1 has been reported in a number of 
human malignancies, including leukemia and other solid 
tumors. The present study aimed to characterize the role of 
NEAT1 in the regulation of MDR in leukemia. Using reverse 
transcription-quantitative polymerase chain reaction, it was 
demonstrated that NEAT1 messenger RNA (mRNA) expres-
sion levels were significantly downregulated in leukemia 
patient samples compared with those from healthy donors. 
Furthermore, NEAT1 mRNA expression was repressed in a 
number of leukemia cell lines, including K562, THP-1, HL-60 
and Jurkat cells, compared with peripheral white blood control 
cells, consistent with the expression observed in patients 
with leukemia. In addition, the transfection of a NEAT1 
overexpression plasmid into K562 and THP-1 leukemia cell 
lines alleviated MDR induced by cytotoxic agents, such as 
Alisertib and Bortezomib, through inhibition of ATP-binding 
cassette G2. Although more robust studies are warranted, the 

current findings provide the basis for the use of NEAT1 as a 
novel promising target in the treatment of leukemia.

Introduction

Leukemia is a malignant clonal disorder of the hematopoietic 
system with high heterogeneity and poor prognosis. In recent 
years, although the incidence of leukemia has increased gradu-
ally (1), the exact oncogenic mechanisms underlying leukemia 
have not been fully characterized. In leukemia, cancer cells 
with multidrug resistance (MDR) to chemotherapeutic drugs 
significantly reduce the efficacy of cancer chemotherapy (2). 
Various mechanisms are involved in the MDR of cancer, 
including the induction of the anti-apoptotic machinery, an 
increase in intracellular drug efflux and a reduction in drug 
uptake (3). Overexpression of ATP-binding cassette (ABC) 
transporters, particularly ABCB1, ABCC1 and ABCG2, are 
one of most common reasons for the development of MDR in 
cancer cells (4-7).

Long non-coding RNAs (lncRNAs) are defined as 
transcripts containing >200 nucleotides that are typically 
transcribed by RNA polymerase II (8). Although the existence 
of lncRNAs has been known for several decades, the multiple 
functions of the lncRNA components of the noncoding genome 
have only been determined in the last 10 years. lncRNAs have 
important roles in maintaining cellular homeostasis during 
cell or tissue development, and are also critical factors in the 
pathophysiology of cancer (8-13). The molecular mechanisms 
of action of lncRNAs are highly variable; they function 
as molecular scaffolds for stabilizing protein-protein and 
protein-DNA interactions, and also act as decoys and guides 
that facilitate proximal and distal macromolecular interactions 
that typically occur on a genome template (9,10).

Nuclear paraspeckle assembly transcript 1 (NEAT1), a 
structural scaffold for the formation of paraspeckles, has 
been identified as a nuclear‑restricted lncRNA and is known 
to exist as two isoforms: 3.7 kb NEAT1_1 (MENε) and 23 kb 
NEAT1_2 (MENβ) (14,15). NEAT1_1 is generally polyadenyl-
ated, while NEAT1_2 lacks a polyA tail (14). This lncRNA is 
an architectural component of a subnuclear structure termed 
the paraspeckle, which is suggested to be involved in the 
regulation of gene expression by retaining messenger RNAs 
(mRNAs) for nuclear editing (15,16). However, the expression 
and function of NEAT1 in leukemia is still unclear.
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The aim of the present study was to characterize the 
involvement of NEAT1 in MDR associated with leukemia. 
NEAT1 was highly deregulated in samples from patients with 
leukemia compared with those from healthy donors, indicating 
a tumor suppressor function of NEAT1 in leukemia. Further 
evidence indicated that NEAT1 expression was repressed in 
leukemia cell lines, K562, THP-1, HL-60 and Jurkat. The 
transfection of a NEAT1 overexpression plasmid into K562 
and THP-1 leukemia cells reduced MDR conferred by cyto-
toxic drugs, such as Alisertib and Bortezomib, which further 
enhanced the sensitivity of these cell lines to cytotoxic cell 
death.

Materials and methods

Evolutionary analysis. A previous study by Zeng et al reported 
that NEAT1 lncRNA is comprised of two isoforms, NEAT1_1 
and NEAT1_2 (17). Therefore, the present study compared 
conservative sequences of the two isoforms using rVista 2.0 
(http://rvista.dcode.org/) by performing evolutionary analysis 
of transcription factor binding sites. 

Patient samples. A total of 36 patients (17 males and 19 females; 
median age, 53.1 years) with leukemia and 15 healthy donors 
(5 males and 11 females; median age, 26.0 years) from 
Weihai Maternal and Child Health Hospital (Weihai, China) 
were enrolled in the present study during February 2012 to 
December 2014. Written informed consent was provided 
by all patients, and the study protocol was approved by the 
Institutional Research Ethics Board of Weihai Maternal and 
Child Health Hospital. Inclusion criteria for patients were age 
20-70 years, primary leukemia without other diseases and 
familial inherited diseases. The diagnosis of leukemia was 
determined by a combination of clinical, morphological, labo-
ratory and immunophenotypic criteria, as defined by the World 
Health Organization classification (18). Peripheral white blood 
cell (PWBC) samples from 5 ml whole blood of the patients 
or healthy donors were isolated with the Ficoll-Paque method, 
and then used for RNA extraction and subsequent analysis of 
NEAT1_1 and NEAT1_2, or stored at -80°C.

Cell culture. K562 chronic myelogenous leukemia cells, 
THP-1 acute monocytic leukemia cells, HL-60 primary 
myeloid leukemia cells and Jurkat T lymphocytic leukemia 
cells were purchased from Jinan CN-Cell Biotechnology, Co, 
Ltd. (Jinan, China). All cell lines were cultured in RPMI-1640 
complete medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) containing 10% fetal calf serum (Gibco; 
Thermo Fisher Scientific, Inc.) at 37˚C, 5% CO2 and saturated 
humidity. Human PWBCs isolated from the healthy donors 
were cultured in RMPI-1640 complete medium and served as 
the negative control.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was isolated from the blood 
samples and cell lines using a TRIzol total RNA extraction 
kit purchased from Tiangen Biotech Co., Ltd. (Beijing, China), 
according to the manufacturer's protocol. RNA was eluted with 
100 µl RNase‑free water and stored at ‑80˚C. RT‑qPCR was 
conducted using an iTaq Universal SYBR Green One-Step kit 

(BioRad Laboratories, Inc., Hercules, CA, USA) in a StepOne-
Plus™ Real-Time PCR system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The cycling conditions for the synthesis 
of complementary DNA were 25°C for 15 min, 42°C for 60 min 
and 80°C for 5 min, while the qPCR cycling conditions were 
50°C (2 min), 95°C (10 min), and 40 cycles of 95°C (15 sec) 
and 60°C (1 min). The primers used were as follows: Forward: 
5'-AAT TCT GTT ACG TCA TGT-3' and reverse, 5'-TTT CTA 
ATG AGT TTA GAA CTC AAAC-3' for NEAT1_1; forward, 
5'-CCT ATC CGT TGG TTT GTG-3' and reverse, 5'-GAG GGT 
TGG GAA CTT GTC-3' for NEAT1_2; and forward, 5'-CTG 
GGC TAC ACT GAG CACC-3' and reverse, 5'-AAG TGG 
TCG TTG AGG GCA ATG-3' for glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH). Housekeeping GAPDH mRNA 
was used as the control for comparing relative expression of 
RNAs. mRNA expression was quantified using the quantifica-
tion cycle method (19).

Western blotting. Cells were washed twice in phosphate-buffered 
saline and lysed on ice for 30 min in radioimmunoprecipitation 
assay buffer (Cell Signaling Technology, Inc., Danvers, MA, 
USA). Protein extracts were separated by 8% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis. Proteins were then 
transferred to a polyvinylidenedifluoride membrane, and probed 
with mouse anti-human ABCG2 monoclonal antibody (dilu-
tion, 1:500; cat no. sc-58222; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) and a goat anti-mouse polyclonal antibody 
against β-actin (dilution, 1:2,000; cat no. sc-1616; Santa Cruz 
Biotechnology). Western blot signals were visualized using a 
SuperSignal West Pico Chemiluminescent Substrate kit (Pierce; 
Thermo Fisher Scientific, Inc.).

Transfect ion. A NEAT1 overexpression plasmid, 
pcDNA3.1-NEAT1, was commercially constructed by 
Genechem Co., Ltd. (Shanghai, China), and empty pcDNA3.1 
vector (which was a gift from Dr Tao Li, Department of 
Biology, Zhejiang Normal University, Jinhua, China) was used 
as the control. To establish cell lines with transient overex-
pression of NEAT1, K562 and THP-1 cells (1x107/ml) were 
transfected with 10 µg pcDNA3.1-NEAT1 plasmid or control 
pcDNA3.1 vector in a 0.2 cm cuvette (BTX Instrument Divi-
sion; Harvard Apparatus, Inc., Holliston, MA, USA) using a 
ECM 830 Electroporator (BTX Instrument Division; Harvard 
Apparatus, Inc.) at 130 V for 20 msec.

Table I. Mean IC50 values in K562 and THP-1 cells.

 IC50, µg/ml
 ---------------------------------------------------------
Cell line Group Alisertib Bortezomib

K562 Empty 0.21±0.03 0.45±0.06
 NEAT1 0.09±0.02b 0.28±0.04a

THP-1 Empty 0.35±0.05 0.63±0.08
 NEAT1 0.22±0.04a 0.33±0.07a

aP<0.05, bP<0.01 vs. empty vector group. IC50, half maximal inhibitory 
concentration; NEAT1, nuclear paraspeckle assembly transcript 1.
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Half maximal inhibitory concentration (IC50) detection. Apop-
tosis-inducing agents Alisertib (Celgene Corporation, Summit, 
NJ, USA) and Bortezomib (Shanghai Haoran Biotechnology, 
Co, Ltd., Shanghai, China) were utilized to determine the 
percentage of apoptotic cells using the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Briefly, 
K562 and THP-1 cell lines were collected in the logarithmic 
phase of growth and stained with trypan blue to determine 
cell viability using an inverted phase contrast microscope 
(CKX41; Olympus Corporation, Tokyo, Japan). Thereafter, 
the cell concentration was adjusted to 1x105 cells/ml. Each 
well of the 96-well culture plate was seeded with 100 µl 
cells or with no cells (control groups). Following transfection 
with NEAT1 or control vectors, cells were cultured for 12 h 
with Alisertib (0.1 µg/ml) or Bortezomib (0.1 µg/ml). MTT 
reagent (5 mg/ml, 10 µl/well) was added 4 h before termina-
tion of culture. Following incubation, cells were centrifuged 
at 153 x g for 5 min at 4°C. The supernatant in each well was 
then removed, and the crystals were solubilized with 150 µl 
dimethyl sulfoxide. Plates were shaken for 1 min and optical 
density (OD) was measured at 490 nm using a standard plate 
reader. The inhibition rate of cell proliferation was calculated 
as follows: Inhibition rate (%) = (1 - OD of the test / OD of 
the control) x 100%. The IC50 was calculated by mid‑efficacy 
analysis in K562 and THP-1 cells using the LOGIT method.

Flow cytometry assay. An Annexin V-fluorescein isothiocy-
anate (FITC)/propidium iodide (PI) double staining kit (BD 
Biosciences, San Jose, CA, USA) was used to detect apop-
tosis, according to the manufacturer's instructions. In brief, 
cells were transfected with different plasmids and treated 
with Alisertib or Bortezomib for 48 h. Subsequently, the 
cells were collected via centrifugation at 153 x g for 10 min 
at 4 °C, stained with Annexin V-FITC/PI for 15 min at room 

temperature and subjected to flow cytometric analysis (BD 
LSRFortessa flow cytometer; BD Biosciences).

Statistical analysis. Statistical analysis was performed using 
SPSS version 11.0 for Windows (SPSS, Inc., Chicago, IL, 
USA). Mean differences between groups were compared with 
Student's t-test, while comparison of the different treatment 
groups to the control group was analyzed with analysis of vari-
ance. Data are presented as the mean ± standard deviation of 
≥3 independent experiments, unless otherwise stated. P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression of NEAT1 mRNA is suppressed in patients with 
leukemia. The present study compared conservative sequences 
of the two isoforms by performing evolutionary analysis of 
transcription factor binding sites. The sequence alignment 
results demonstrated that there was a conserved sequence 
between the two isoforms (Fig. 1A). Furthermore, RT-qPCR 
was used to analyze the transcription level of NEAT1 isoforms 
in sera from patients with leukemia, and revealed that expres-
sion of the NEAT1_1 isoform was decreased compared with 
healthy donors while NEAT1_2 expression was not signifi-
cantly different between the two cohorts (P<0.05; Fig. 1B). 
The results suggest that NEAT1_1 may have a role as a tumor 
suppressor in the oncogenesis of leukemia.

NEAT1 mRNA is downregulated in leukemia cell lines. To 
further explore the detailed molecular functions of NEAT1, its 
expression was determined in four different leukemia cell lines, 
K562, THP-1, HL-60 and Jurkat, as well as human periph-
eral white blood cells (PWBC) isolated from healthy donors 
(negative control). The results showed that NEAT1 maintained 

Figure 1. NEAT1 mRNA is downregulated in patients with leukemia. (A) Conserved sequences of NEAT1_1 and NEAT1_2 were analyzed using rVista 2.0. 
Schematic diagram indicating the conserved sequence between the two isoforms. Intergene, the nucleotides between two genes; intron, a segment of DNA 
that does not code for proteins and interrupts the sequence of genes; coding, a segment of DNA codes for proteins; repeat, the repetitive sequences; AAA, the 
adenylate residues at the 3'-end of mRNA. (B) The mRNA expression levels of NEAT1_1 and NEAT1_2 were analyzed in sera from patients with leukemia 
by performing a reverse transcription-quantitative polymerase chain reaction. Sera from healthy donors were used as the control. Values were normalized to 
GAPDH. Data are presented mean ± standard deviation from 36 patients with leukemia and 15 healthy donors. *P<0.05. NEAT1, nuclear paraspeckle assembly 
transcript 1; UTR, untranslated regions; Cq, quantification cycle.

  A

  B
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Figure 3. Overexpression of NEAT1 alleviates multidrug resistance in leukemia cell lines. The IC50 values of Alisertib and Bortezomib in (A) K562 and 
(B) THP-1 cells as determined by an MTT cell viability assay, following transfection with empty vector or NEAT1 overexpression plasmid. Data are presented 
as mean ± standard deviation from at least three independent experiments. *P<0.05, **P<0.01 vs. empty vector. IC50, half maximal inhibitory concentration; 
NEAT1, nuclear paraspeckle assembly transcript 1.

  A   B

Figure 4. Overexpression of NEAT1 inhibits expression of ABCG2. (A) Basal expression levels of ABCG2 protein were detected by western blotting in four 
different leukemia cell lines and PWBC cells from healthy donors. (B) Protein expression of ABCG2 was also detected by western blotting in K562 and THP-1 
cells transfected with NEAT1 overexpression plasmid. Cells transfected with empty vector were used as the control. (C and D) The apoptotic rate was detected 
using flow cytometry assays with an Annexin V‑FITC and PI double staining kit in K562 and THP‑1 cells. Both cells were transfected with empty vector 
or NEAT1 overexpression plasmid, and then treated with Alisertib or Bortezomib. PWBC, peripheral white blood cells; ABCG2, ATP-binding cassette G2; 
NEAT1, nuclear paraspeckle assembly transcript 1.

  A

  C

  B

  D

Figure 2. NEAT1 mRNA levels are decreased in a panel of leukemia cell lines. (A) The mRNA expression levels of NEAT1 were detected in K562, THP-1, 
HL-60 and Jurkat cells by reverse transcription-polymerase chain reaction (RT-qPCR). PWBC cells from healthy donors were used as the control. Values were 
normalized to GAPDH. (B and C) Representative experimental data showing the transfection efficiency of empty vector or NEAT1 overexpression plasmid 
in (B) K562 and (C) THP‑1 cells, as verified by RT‑qPCR. Data are presented as mean ± standard deviation from three independent experiments. *P<0.05, 
**P<0.01 for K562, THP-1, HL-60 and Jurkat cell lines compared with PWBC control, or NEAT1 compared with empty vector. PWBC, peripheral white blood 
cells; Con, control; NEAT1, nuclear paraspeckle assembly transcript 1.

  A   B   C
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relatively high mRNA expression levels in PWBCs, but was 
significantly suppressed in leukemia cells compared with the 
control PWBCs (Fig. 2A).

Overexpression of NEAT1 overcomes MDR and enhances drug 
sensitivity. In order to validate whether the tumor suppressor 
function of NEAT1 is repressed during the transformation 
stages, overexpression of NEAT1 was induced by transfection 
with full‑length NEAT1 plasmid. The efficiency of overexpres-
sion was validated by RT-qPCR. Notably, NEAT1 mRNA was 
upregulated at least 100-fold compared with cells transfected 
with empty vector (Fig. 2B and C). Next, in order to investigate 
the effects of NEAT1 on MDR in leukemia cells, cytotoxicity 
assays were performed with Alisertib and Bortezomib in K562 
and THP-1 cells. The mean IC50 values are shown in Table I. 
Compared with K562 and THP-1 cells transfected with empty 
vector, cells overexpressed with NEAT1 exhibited significantly 
higher sensitivity to Alisertib and Bortezomib. NEAT1 overex-
pression decreased the IC50 values of Alisertib and Bortezomib 
in K562 (P<0.01 and P<0.05, respectively; Fig. 3A) and THP-1 
(P<0.05; Fig. 3B) cells. Taken together, the current results 
suggest that NEAT1 overexpression significantly enhances the 
sensitivity of anti-leukemic drugs in culture.

NEAT1 overexpression inhibits ABCG2 transporter protein 
expression. It is well known that ABCG2 has important roles 
in MDR in leukemia (20,21). Therefore, to evaluate the effects 
of NEAT1 on the MDR of leukemic cells, the expression 
level of ABCG2 was detected by western blotting. First, the 
ABCG2 expression level was verified in four different types 
of leukemia cell and normal PWBC cells. The expression of 
ABCG2 was markedly increased in leukemia cells compared 
with the control cells (Fig. 4A). Furthermore, when NEAT1 
was overexpressed in K562 and THP-1 cells, the expression 
level of ABCG2 was significantly decreased compared with 
control cells transfected with empty vector, consistent with the 
changes in IC50 values observed in leukemia cells (Fig. 4B). 
Next, the role of NEAT1 in regulating MDR was determined 
by inducing apoptosis in K562 and THP-1 cells. The results 
demonstrated that low doses of Alisertib or Bortezomib did 
not induce apoptosis in either cell line transfected with empty 
vector. However, apoptosis induced by Alisertib (53.4 vs 
8.2% for K562 cells and 47.6 vs 7.8% for THP-4 cells) and 
Bortezomib (34.7 vs 6.4% for K562 cells and 31.3 vs 6.7% 
for THP-4 cells) increased in both cell lines following over-
expression of NEAT1 (Fig. 4C and D). Taken together, these 
data suggest that lncRNA NEAT1 may regulate apoptosis and 
MDR-associated ABCG2 protein expression in leukemia.

Discussion

The human transcriptome is composed of a large set of 
protein-coding mRNAs, as well as numerous non-coding 
transcripts that have structural, regulatory or unknown func-
tions. Over the last decade, much attention has been focused 
on microRNAs (miRNAs), a class of small non-coding RNAs 
that are involved in various biological and pathological 
processes (22,23). More recently, lncRNAs, generally defined 
as non-coding RNAs of >200 nt in length without known 
protein-coding function (24), have risen to prominence with 

central roles in a diverse range of functions (25,26). A small 
number of studies suggest that lncRNAs derived from multiple 
tumors are overexpressed or underexpressed, influencing 
cancer growth, survival and migration or invasion (26-28). 
Furthermore, lncRNAs have been shown to be dysregulated in 
various types of cancer and several lncRNAs have been func-
tionally associated with cancer cell differentiation (14,29,30). 
Although an increasing number of lncRNAs have been char-
acterized in epigenetic regulation and the prognosis of solid 
tumors, they have not been explored extensively in hemato-
logical malignancies, such as leukemia.

NEAT1 is a critical component of the paraspeckle struc-
ture, which is formed from a single, intergenic exon with two 
smaller conserved regions in mammalian lineage; however, 
it is not easily identified in other vertebrates (31). NEAT1 is 
proposed to be involved in the regulation of genetic expres-
sion through controlling the nuclear retention of mRNAs 
containing long inverted repeats. These mRNAs are capable 
of forming intramolecular double-stranded RNAs and causing 
translation repression as a result of adenosine-to-inosine 
editing (16,32). In the current study, the expression and func-
tion of NEAT1 was explored in patients with leukemia, as well 
as in a panel of leukemia cell lines. NEAT1 mRNA expres-
sion was significantly decreased in sera from patients with 
leukemia and in leukemia cell lines compared with the high 
levels observed in normal healthy donor sera and PWBCs, 
respectively. Several studies have proposed that the expression 
of isoforms NEAT1_1 and NEAT1_2 are equally distributed 
in numerous tissues, such as the prostate, colon, pancreas and 
ovaries (31,33). During the differentiation of embryonic stem 
cells and muscle cells, NEAT1 lncRNAs have been found to 
be upregulated (14,16). A previous study reported that estrogen 
receptor α-regulated NEAT1 lncRNA acted as a transcriptional 
regulator and promoted tumorigenesis leading to prostate 
adenocarcinoma in experimental animal models (34). Further-
more, NEAT1 expression was associated with oncogenic 
activity and metastatic progression in lung cancer (35,36). 
However, downregulation of NEAT1 has been observed in the 
several other malignancies, including those affecting the liver, 
retina and esophagus (37). Furthermore, anomalous NEAT1 
expression has been reported in various human malignan-
cies, including acute promyelocytic leukemia, where NEAT1 
repression was predominant in patients with leukemia caused 
by promyelocytic leukemia-retinoic acid receptor α (RARα) 
gene translocation (17). In addition, time-lapse imaging 
experiments with NEAT1 constructs demonstrated the inte-
gral role of NEAT1 expression and paraspeckles formation 
at the NEAT1 locus (38). Despite a small number of studies 
revealing the composition and organization of the paraspeckle 
structure, its role in the pathogenesis of many malignancies 
are still unexplored.

Understanding the mechanisms involved in chemoresis-
tance is crucial to developing therapies targeted at diseases 
that respond poorly to chemotherapy, such as like leukemia. 
Drugs, including tyrosine kinase inhibitors, are known to cause 
lysosomal degradation of ABCG2 and reverse the stemness 
properties of leukemic stem cells (39,40). In a recent study, 
Liu et al reported that lncRNA maternally expressed gene 3 
is significantly decreased in human lung adenocarcinoma 
and partially contributes to the cisplatin resistance of lung 
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adenocarcinoma cells (41). Zhang et al showed that lncRNA 
plasmacytoma variant translocation-1 (PVT-1) was highly 
expressed in gastric cancer tissues from cisplatin-resistant 
patients and cisplatin-resistant gastric cancer cells; and 
overexpression of PVT1 in gastric carcinoma promoted the 
development of MDR (42). Furthermore, Hang et al demon-
strated that high expression of lncRNA AK022798 induced by 
Notch1 resulted in the formation of cisplatin-resistant SGC7901 
and BGC823 cells via regulating the expression of ABCC1 
and ABCB1 (43). The current study utilized the overexpres-
sion of NEAT1 in K562 and THP-1 cell lines to determine 
the MDR function in response to two different anti-leukemic 
drugs. The results suggested that NEAT1 has a crucial role in 
decreasing MDR induced by Alisertib and Bortezomib, and 
sensitizing cells to anti-cancer drugs. Furthermore, western 
blot analysis supported that overexpression of NEAT1 could 
inhibit ABCG2 expression in leukemia cells. There is no 
evidence in the literature currently linking MDR and NEAT1 
in leukemia. However, RARα overexpression and associated 
MDR upregulation was reported to enhance differentiation of 
various leukemia cell lines (44). Taken together, these findings 
further highlight the importance of NEAT1 dysregulation in 
hematological malignancies, including leukemia.

In conclusion, the present study provides novel insights into 
the mechanisms regulating MDR in leukemia cell lines, and 
identified NEAT1 as a potential therapeutic target that could be 
manipulated to mitigate the occurrence of leukemia. The results 
of the current study indicate that, as NEAT1 is repressed in 
leukemic patients and cell lines, overexpression of NEAT1 may 
be a tangible strategy to inhibit ABCG2 and, thus, overcome 
chemoresistance associated with anti-leukemic drugs.
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