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regulation of miR-449a and Bcl-2 in human non-
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Abstract

Long non-coding RNAs (IncRNAs) are associated with the occurrence, development and prognoses of non-small cell lung cancer
(NSCLC). In the present study, we investigated the functional mechanisms of the IncRNA XIST in two human NSCLC cell lines, A549
and NCI-H1299. In all the 5 NSCLC cell lines (NL9980, NCI-H1299, NCI-H460, SPC-A-1 and A549) tested, the expression levels of XIST
were significantly elevated, as compared with those in normal human bronchial epithelial cell line BEAS-2B. In A549 and NCI-H1299
cells, knockdown of XIST by siRNA significantly inhibited the cell proliferation, migration and invasion, and promoted cell apoptosis.
Furthermore, XIST knockdown elevated the expression of E-cadherin, and suppressed the expression of Bcl-2. Moreover, knockdown of
XIST significantly suppressed the tumor growth in NSCLC A549 xenograft mouse model. Bioinformatic analysis and luciferase reporter
assays revealed that XIST was negatively regulated by miR-449a. We further identified reciprocal repression between XIST and miR-
449a, which eventually influenced the expression of Bcl-2: XIST functioned as a miRNA sponge of miR-449a, which was a negative
regulator of Bcl-2. These data show that expression of the INcRNA XIST is associated with an increased growth rate and metastatic
potential in NSCLC A549 and NCI-H1299 cells partially through miR-449a, and suggest that XIST may be a potential prognostic factor

and therapeutic target for patients with NSCLC.

Keywords: non-small cell lung cancer; A549 cells; NCI-H1299 cells; A549 xenografts; INCRNA; XIST; miR-449a; tumor progression

Acta Pharmacologica Sinica (2017) 38: 371-381; doi: 10.1038/aps.2016.133; published online 9 Jan 2017

Introduction

Lung cancer is a predominant cause of cancer-related death
worldwide due to its high morbidity and lack of effective ther-
apy strategies'’l. Almost 80% of lung cancers are non-small
cell lung cancers (NSCLCs)™. Despite recent advancements in
clinical and experimental oncology, the prognosis of patients
with NSCLC remains poor, with a 5-year overall survival
rate of approximately 11%". Treatment failure and death of
patients with NSCLC are correlated with a high potential for
invasion and metastasis. Therefore, understanding the mecha-
nisms underlying NSCLC development and progression is
essential to improve the diagnosis, prevention, and treatment
of NSCLC patients.
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Accumulating data from whole genome and transcriptome
studies have revealed that only a small percentage (1%-2%)
of the genome encodes proteins'* *, and the majority of the
mammalian genome encodes vast numbers of non-coding
RNAs". Long non-coding RNAs (IncRNAs) are a novel class
of transcripts with no protein-coding capacity but with diverse
functions in cancer cell proliferation, apoptosis and metasta-
sis. Recent studies have indicated that the type and number
of IncRNAs vary greatly among species, tissues and cells”™,
and these macromolecules are biologically functional and
associated with the development, progression and treatment
response of various diseases, including cancer™. Previous
studies have shown that MALAT1", HOTAIR, H19"%, the
IncRNA GAS6-AS1™ and SCAL1™ are associated with the
development and progression of lung cancer. However, the
functional mechanism of IncRNAs remains largely unknown.

XIST (X-inactive specific transcript) is an IncRNA required
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for the X chromosome inactivation (XCI) of one of the two

X chromosomes in females and XY males™.

Considerable
evidence has shown that XIST plays important roles in the dif-
ferentiation, proliferation and genome maintenance of human
cells. Moreover, XIST has been found to be dysregulated in a
variety of human cancers, and this dysfunctional expression

[16]

has been shown to exert a pathological role™. Recent stud-

ies have suggested that the expression of XIST is associated

7 However,

with glioma stem cells (GSCs) in human glioma
the function of XIST in lung cancer, particularly in NSCLC,
remains a mystery.

In the present study, we investigated the expression and
function of XIST in NSCLC. First, we observed remarkably
upregulated XIST expression levels in NSCLC cells. Knock-
down of XIST suppressed NSCLC cell growth and metastasis,
implying a possible role of IncRNA as an oncogene in lung
cancer. Moreover, we found that miR-449a interacts with
XIST by directly targeting the miRNA-binding site in the XIST
sequence, and XIST may be a ceRNA of miR-449a.

Methods and materials

Cell culture and transfection

All cells were obtained from the Tianjin Lung Cancer Insti-
tute and maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum (Gibco,
Grand Island, NY, USA), 100 U/mL penicillin, and 100
mg/mL streptomycin in humidified atmosphere containing
5% CO, at 37°C. Transfection of either miRNAs or siRNAs
was conducted using Lipofectamine 2000 (Invitrogen, CA,
USA) according to the manufacturer’s recommendations.
The mature hsa-miR-449a mimic/inhibitor, siRNA targeting
XIST, lentivirus, and corresponding negative controls were all
purchased from GenePharma (Shanghai, China). The siRNA
sequences are listed in Table S1.

Quantitative real-time PCR

Quantitative real-time PCR was performed using SYBR Premix
Ex Taq™ (Takara, Japan). Total RNA isolated using TRIzol
reagent (Invitrogen, CA, USA) was subsequently reverse-
transcribed to cDNA according to the manufacturer’s proto-
col. U6 and GAPDH were used as internal controls for non-
coding RNA and mRNA, respectively. All primer sequences
are listed in Table 1. The reactions were aliquoted in either a
96-well plate (ABI) or a 384-well plate and conducted using a
pre-heated real-time PCR instrument (ABI 7500 or ABI 7900,
respectively). The PCR program consisted of 10 s at 95°C fol-
lowed by 40 cycles of 95°C for 5 s and 60°C for 34 s. Three

Table 1. Primers sequence of quantitative real-time PCR.

independent experiments were performed to analyze relative
gene expressions and each sample was tested with technical
triplicates or quadruplicates. Ct values were used to calculate
the RNA expression levels. The target gene expression based

on the 2724¢

method was normalized using endogenous U6 or
GAPDH as references, and the amount of target gene in the

control sample was set at 1.0.

Target prediction

The target genes of XIST and their relationship with miR-449a
were predicted using three bioinformatics algorithms: Tar-
getScanS, miRanda (microrna.org) and starBase V2.0 (starbase.
sysu.edu.cn).

Plasmid construction and luciferase reporter assay

The mutated miR-449a binding sites within the XIST luciferase
reporter vector were generated by site-directed mutagenesis.
The XIST gene was amplified from human genomic DNA, and
the PCR product was cloned into the pMIR-GLO™ Luciferase
vector (Invitrogen, USA) downstream of the firefly lucifer-
ase coding region. The construct was named pMIR-XIST-
wt. Mutations of the miR-449a binding sites were introduced
by site-directed mutagenesis, and the resulting plasmid was
referred to as pMIR-XIST-Mut. All of the sequences of gener-
ated reporter plasmids were verified by sequence analysis.
Luciferase assays were conducted using 1x10* H1299 cells
plated in a 48-well plate. Co-transfection was performed
using 200 ng of either pMIR-XIST-wt or pMIR-XIST-Mut vec-
tor and 80 ng of either miR-449a mimics or inhibitor. At 48 h
after transfection, the cells were harvested and assayed for
both firefly and Renilla luciferase using the Dual-Glo Lucifer-
ase Assay Kit (Promega, Madison, WI, USA). All transfection
experiments were conducted in triplicate.

Cell migration and invasion assay

Wound healing assays were used to measure cell migration
capability. In 6-well plates, XIST siRNAs (siXIST) and nega-
tive controls (NC) were transiently transfected into A549 and
H1299 cells. After 24 h, when cells grew to 90% confluency,
cell monolayers were scratched with a sterile micropipette
tip. In the next step, wounded monolayers were washed with
phosphate-buffered solution (PBS) to remove cell debris. At
two time points, the distance between the two edges of the
wound was calculated at three different positions. In addition,
cells were measured every 24 h. The Transwell assay was used
to measure the capabilities of cell migration (without Matrigel
in the upper chambers) and invasion (with Matrigel in the

Gene Sense primer (5'—3’) Antisense primer (5'—3’)
ue TGCGGGTGCTCGCTTCGGCAGC CCAGTGCAGGGTCCGAGGT
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA
miR-449a TGCGGTGGCAGTGTATTGTTAGC CCAGTGCAGGGTCCGAGGT
XIST CTAGCTAGCTTTTGTAGTGAGCTTGCTCCT TGCTCTAGAATGTCTCCATCTCCATTTTGC
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upper chambers). A549 and H1299 cells were transfected with
either siXIST or NC. Approximately 16 h later, transfected
cells were trypsinized and resuspended, and 5.0x10° cells in
200 pL of DMEM were placed into the upper chambers (8-mm
pore size; Millipore, USA). The lower chambers were filled
with 600 pL complete medium with 10% FBS. After a 48-h
incubation at 37°C, non-invading cells were removed from the
top of the chamber with a cotton swab. The invaded cells on
the lower surface of the inserts were fixed and stained with
0.1% crystal violet, and cells were counted in five random
fields for each insert at 200x magnification. Transwell assays
were conducted in duplicate in two separate experiments. The
QCM™ 24-Well Cell Invasion Assay (Fluorometric) (Millipore,
USA) was conducted according to the manufacturer’s recom-
mendation.

Cell counting Kit-8 (CCK-8) assay

Transfected and untreated cultured cells (2.5%10%) were seeded
into 96-well plates (Corning Inc, USA). Cell proliferation
was assessed at different time points (0, 24, 48, 72, and 96 h),
using the CCK-8 assay (Dojindo, Tokyo, Japan) according to
the manufacturer’s protocol. The absorbance value at a wave-
length of 450 nm, which is indicative of a positive relationship
with cellular proliferation, was measured using a microplate
reader (Molecular Devices, USA).

Colony formation assay

For the colony formation assay, cells were seeded at a density
of 500 cells per well in 6-well plates, cultured for 7 or 12 d,
fixed with a 4% paraformaldehyde solution, stained with 0.5%
crystal violet and counted under an inverted microscope.

Anchorage-independent soft-agar growth assay

For the anchorage-independent soft-agar growth assay, trans-
fected A549 and H1299 cells (4x10%) were suspended in 1 mL
of complete medium containing 0.66% agar (Sigma, Japan)
and then applied over a layer of 1% agar/complete medium
in 6-well plates. After 7 or 12 d, the number of colonies was
counted under an inverted microscope.

Cell apoptosis assay

Cell apoptosis was measured by flow cytometry analysis fol-
lowing the instructions of the Annexin V-fluorescein isothio-
cyanate (FITC)/PI Apoptosis Detection Kit (R&D Systems,
Abingdon, UK). Cultured cells were washed twice in PBS,
suspended in 500 mL binding buffer, and labeled with 5 mL
annexin V-FITC/PI for 15 min in the dark at room tempera-
ture. Afterwards, flow cytometry was performed on a FAC-
SAria flow cytometer (BD Biosciences, USA). The data were
analyzed using BD FACSDiva software.

In vivo tumorigenesis

Male BALB/c nude mice (4 weeks old) were purchased from
the Charles River Company in China. Lentivirus was pur-
chased from GenePharma (sequence shown in Supplemen-
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tary Table 2). Screening of stably transfected A549 cells were
seeded into 6-well plates (2x10° cells/well) in antibiotic-free
media, and the cells were then subcutaneously injected into
the dorsal flank of nude mice (1x10° cells/mouse, n=5). Tumor
diameters were measured every 5 d, and the tumor volumes
were calculated using the equation: volume=Dxd*xm/6,
where D and d represent the longest and shortest diameters,
respectively. All animal handling and research protocols were
approved by the Animal Care and Use Ethnic Committee of
Tianjin Medical University.

Western blot

Proteins were separated on 10% or 12% SDS-PAGE gels and
transferred onto polyvinylidene fluoride membranes (Mil-
lipore, USA); the membranes were then blocked with 5% non-
fat dry milk in Tris-buffered saline with Tween-20 (TBS-T),
incubated with either rabbit or mouse primary antibody (1:
1000; CST, USA) at 4°C overnight, and incubated with anti-
rabbit or anti-mouse IgG secondary antibody (1: 2000; Beyo-
time, CA, USA). The bands were detected by enhanced chemi-
luminescence (Immobilon ECL, Millipore, USA), and p-actin
(1: 5000; CST, USA) was used as a loading control.

Statistical analysis

SPSS 13.0 software (IBM SPSS Inc, USA) was applied to per-
form the data processing. Each experiment was repeated at
least three times. Statistical significance was assessed by com-
paring the mean+SD using Student’s t-test for independent
groups. The results were considered statistically significant
when P<0.05 and P<0.01.

Results

LncRNA XIST is upregulated in lung cancer cells

The expression of XIST in the NSCLC cell lines (NL9980, NCI-
H1299, NCI-H460, SPC-A-1, and A549) was detected by qRT-
PCR. Compared with human normal bronchial epithelial
BEAS-2B cells, the expression of XIST was increased in all five
NSCLC cell lines (Figure 1). The results suggested that the
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Figure 1. Expression of XIST in NSCLC cells. Detection of XIST expression
in lung cancer cells and a human normal bronchial epithelial cells
using real-time PCR. Each treatment was performed with at least three
biological replicates. Mean+SD. "P<0.05, ““P<0.01.
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IncRNA XIST might play a critical role in the progression of
NSCLC.

Knockdown of XIST inhibits proliferation and induces apoptosis
of NSCLC cells

A previous study showed that XIST could associate with the
occurrence and development of various cancers, including
lung cancer. Hence, we explored how XIST affects lung cancer
cells by next investigating its biological effects. We down-
regulated XIST in A549 and H1299 cells using short interfer-
ing RNAs (siRNAs), and four siRNAs as well as a negative
control were designed according to different targets. At 48 h
post-transfection, XIST was clearly reduced by siXIST-31 and
siXIST-4114 in both A549 and H1299 cells. The knockdown
effect of siXIST-31 was better than that of the other siRNAs,
so we used siXIST-31 for all subsequent experiments (Figure
2A). To investigate the function of XIST on the proliferation of
A549 and H1299 cells, the CCK-8 assay was performed. The
OD 5 value in the CCK-8 assay revealed that knockdown of
XIST inhibited A549 and H1299 cell proliferation compared
with that of the blank control group (Figure 2B). Annexin V
staining showed that the percentage of early apoptotic cells
following knockdown of XIST was drastically increased rela-
tive to that in control groups (Figure 2C). The results of the
colony formation assay revealed that clonogenic survival of
Ab549 and H1299 cells was decreased following knockdown of
XIST (Figure 2D). Similarly, knockdown of XIST significantly
suppressed the anchorage-independent colony formation of
both A549 and H1299 cells (Figure 2E). Finally, based on the
apoptotic results in Figure 2C, we detected the protein levels
of classic apoptotic markers in A549 and H1299 cells. Among
these markers, cleaved PARP-1, cleaved caspase-9, and Bcl-2
showed differential expression levels that were consistent with
a change in the apoptosis rate (Figure 2F).

Knockdown of XIST inhibits migration and invasion of NSCLC
cells

Cell migration and invasion are significant aspects of cancer
progression that involve the migration of tumor cells into con-
tiguous tissues and the dissolution of extracellular matrix pro-
teins. Here, we evaluated cancer cell migration by using the
wound scratch assay, transwell assay, and fluorescence-based
transwell assay. After transfection with either XIST siRNA
or negative control, significant differences were observed in
cell migration. When compared with the negative control,
the migratory ability of A549 and H1299 cells was decreased
in the siXIST group (Figure 3A). Moreover, cell migration
as determined by the transwell assay without Matrigel was
decreased in siXIST-transfected A549 and H1299 cells (Figure
3B). The inverted fluorescence microscopy counting method
and fluorescence detection format were used in the transwell
assay with Matrigel to evaluate the cell invasion ability.
Coincidentally, A549 and H1299 cells infected with lentivirus
that expressed shXIST showed reduced cell invasion ability
compared with cells infected with negative control shRNA
sequences (Figure 3C, 3D). Western blot was performed to
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verify the protein levels of E-cadherin in A549 and H1299 cells
as well as to further explore the effect of EMT. The results
indicated that knockdown of XIST induced E-cadherin protein
expression (Figure 3E). These results suggested that knock-
down of XIST had a negative effect on cell migration and inva-
sion in NSCLC.

Knockdown of XIST inhibits tumor growth in vivo

To explore whether the IncRNA XIST affects tumorigenesis,
Ab49 cells were infected with the lentivirus containing shXIST
and injected into a nude mouse to produce a xenograft model.
Because of the improved knockdown efficiency of shXIST-31
and shXIST-4114 (Figure 4A), A549 cells were infected with
lentivirus containing shXIST-NC, shXIST-31 and shXIST-4114.
At 45 days after injection, a dramatic decrease in the tumor
volume and weight were observed in the shXIST-31 and shX-
IST-4114 groups compared with the shXIST-NC group (Figure
4B-4F).

XIST is negatively regulated by miR-449a

Our previous study showed that miR-449a may function as a
tumor suppressor in lung cancer™. Bioinformatics analysis of
miRNA recognition sequences on XIST revealed the presence
of miR-449a tumor-suppressive binding sites (Figure 5A). To
further confirm that the reduction in relative luciferase activity
from the Luc-XIST-WT vector was due to a direct interaction
between miR-449a and its putative binding site, we mutated
the miR-449a binding site by site-directed mutagenesis, which
resulted in Luc-XIST-Mut. As expected, the suppression of
luciferase activity was completely abolished in this mutant
construct compared with that in the wild-type XIST construct
(Figure 5B). A549 and H1299 cells were transfected with siX-
IST, miR-449a inhibitor or miR-449a mimics. Then, the expres-
sion levels of miR-449a and XIST were detected by quantita-
tive real-time PCR. The results showed reciprocal repression
of XIST and miR-449a (Figure 5C). To further confirm the
cross-talk between XIST and miR-449a, we co-transfected shX-
IST and a miR-449a inhibitor and measured the protein levels
of cleaved PARP-1 and Bcl-2. The results showed that knock-
down of XIST increased cleaved PARP-1 and suppressed Bcl-2
protein levels in both A549 and H1299 cells. Moreover, cells
transfected with either miR-449a-NC or the miR-449a inhibi-
tor could partly reverse the observed changes in the Bcl-2 and
PARP-1 protein levels (Figure 5D).

Overexpression of XIST promotes cell migration and invasion by
miR-449a inhibitor

A previous study showed that reduced expression of miR-
449a may promote XIST expression. Therefore, we induced
overexpression of XIST treating cells with a miR-449a inhibi-
tor and subjecting them to cell migration and invasion assays.
The wound healing results revealed that XIST upregulation
promoted cell migration in A549 and H1299 cells (Figure 6A).
Additionally, the transwell assay showed an enhanced inva-
sive ability in both A549 and H1299 cells when XIST was over-
expressed (Figure 6B).
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Figure 2A-2D. Effect of XIST knockdown on the growth and apoptosis of lung cancer cells. (A) We designed siRNA for different gene loci of XIST
gene and detected the knockdown effect by real-time PCR. (B) Growth curves of A549 and H1299 cells after transfection with siXIST or siNC were
determined by CCK8 assays. (C) The effect of XIST knockdown on apoptosis in A549 and H1299 cells was determined by measuring the percentage
of Annexin V-stained cells using flow cytometry. (D) Representative images (left) and quantification (right) of the colony formation assay of A549 and
H1299 cells transfected with siXIST or siNC. Mean+SD. “P<0.05, ""P<0.01.
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of AB49 and H1299 cells. (F) Effect of siXIST or siNC on the expression of PARP-1, caspase-9 and Bcl-2 in transfected A549 and H1299 cells. Each
treatment was performed with at least three biological replicates. Mean+SD. "P<0.05, “P<0.01.

Discussion

Lung cancer is the most common cause of cancer-related death
worldwide. The prognosis for patients with NSCLC is still
dismal, and the median survival of patients with untreated
NSCLC is only four to five months. Recently, more stud-
ies have revealed that IncRNAs play important roles in the
development and progression of multiple cancers, includ-
ing NSCLCI"™ ?. For example, knockdown of the IncRNA
TATDNI has been shown to inhibit tumor growth and metas-
tasis in NSCLC cells by inhibiting B-catenin and Ezrin; thus,
TATDN1 may be a potential prognostic factor and therapeutic
target for NSCLCP'. In addition, the IncRNA ANRIL has
been found to be significantly upregulated in NSCLC tissues,
and its expression promotes cell proliferation and inhibits
cell apoptosis in vitro and in vivo™. Moreover, HOTAIR,
MALAT1 and SBF2-AS1 have been shown to exert oncogenic
functions in NSCLC™*!. However, even in light of these dis-
coveries, other NSCLC-related IncRNAs and their modulatory
effects have not yet been identified.

The full IncRNA XIST gene sequence is 32103 bp, so it is dif-
ficult to synthesize an effective overexpressing sequence of the
XIST gene. Therefore, knockdown of XIST was performed in
our study to explore the biological function of XIST. A previ-
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ous study showed that XIST downregulation exerts tumor-
suppressive functions by reducing cell proliferation, migra-
tion, and invasion as well as inducing apoptosis in GSCs"".
While XIST has been reported to be a potent suppressor of
hematological cancer® our results revealed that knockdown
of XIST promotes NSCLC cell apoptosis and inhibits cell pro-
liferation, migration and invasion. The in vivo studies demon-
strated that XIST downregulation suppresses tumor growth.
All of these data indicate that XIST plays an important role
in the development of NSCLC. However, XIST repression
may hinder pluripotent stem cell induction at early stages in
women! and might be critical for the long-term survival of
stem cells®!. Hence, XIST is associated with the evolution of
cancer stem cells to tumor cells.

It is widely known that mammalian genomes encode thou-
sands of IncRNAs in addition to protein-coding RNAs?,
These IncRNAs do not encode proteins but rather interact with
other ncRNAs such as miRNAs as well as with each other.
Many complex regulatory networks are formed by IncRNAs
to regulate the expression of protein-coding genes at differ-
ent levels. For example, HOTAIR may work as a regulator
of miR-326 and then affect the targeted protein expression of
Phox2a, which subsequently regulates cell proliferation and

migration in lung cancer™. The IncRNA PCAT-1 promotes
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Figure 3. Effect of knockdown of XIST gene on cell metastasis. (A) Wound healing assay was used to demonstrate the effects of XIST knockdown on
migration of A549 and H1299 in vitro. (B, C) Transwell assay was used to detect cell migration and invasion with knockdown of XIST. (D) Fluorescence
detection format were used in transwell assay with matrigel to evaluate the cell invasion ability. (E) Effect of XIST knockdown on expression of E-cadherin
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Figure 4. Effect of XIST knockdown on the tumor growth in vivo. (A) We designed lenti-virus for different gene loci of XIST gene and detected the
knockdown effect by real-time PCR. (B) Tumor volumes were calculated after injection every five days. (C) Tumor weight after XIST gene was knocked
down. (D, E) Empty vector shNC, shXIST-31 and shXIST-4114 was transfected into A549 cells, which were injected in the male nude mice (n=5),
respectively. Each treatment was performed with at least three biological replicates. Mean+SD. "P<0.05, “P<0.01.

cancer cell proliferation through c-Myc®”, and the IncRNA
LUCAT1 is associated with poor prognosis in human NSCLC
and affects cell proliferation via regulation of p21 and p57
expression levels™.

Recently, the ceRNA hypothesis proposed that IncRNAs
communicate with other protein-coding RNA transcripts via
shared common miRNA binding sites™. According to the
ceRNA hypothesis, miRNA complementary base pairing with
XIST was predicted by starBase and TargetScanS, and miR-
449a was identified. Another reason is that our previous study
showed that miR-449a suppressed cell invasion and promoted
cell apoptosis in NSCLC"™ !, However, quantitative real-time
PCR showed that the expression of miR-449a was increased
upon knockdown of XIST, and the expression of XIST was
suppressed by miR-449a. To explore the molecular mecha-
nism of how XIST influences cell growth in NSCLC, we per-
formed site-directed mutagenesis of the XIST gene and used
the luciferase reporter assay to detect the association between
XIST and miR-449a. The results showed that XIST might be
linked to miR-449a by the way of complementarity of the gene
sequence. Western blot assay was performed in NSCLC cells
that were co-transfected with shXIST and miR-449a inhibitor,
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and the results showed that the XIST-induced changes of Bcl-2
and PARP-1 protein were rescued. Furthermore, we upregu-
lated the expression of XIST by transfection NSCLC cells with
an miR-449a inhibitor. Wound healing and transwell assays
were performed to detect the cell migration and invasion abil-
ity. The results demonstrated that the migratory and invasive
abilities were enhanced when XIST was upregulated. On
account of miRNA-449a promoting cell apoptosis by targeting
Bcl-2P, XIST can regulate the expression of Bcl-2 by competi-
tively binding to miR-449a, which can regulate the NSCLC cell
apoptosis.

In the present study, we revealed a previously uncharacter-
ized role of XIST in regulating NSCLC cell growth. We also
demonstrated that XIST functions as a ceRNA to attenuate
the endogenous function of miR-449a. Both of these observed
activities modulate Bcl-2 expression. Hence, by competing
with Bcl-2 to bind miR-449a, XIST influences the regulation of
tumor progression in NSCLC.
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