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Abstract: Up-regulation of long non-coding RNA (IncRNA) XIST has been observed in the tissue samples of non-
small cell lung cancer (NSCLC), however, the underlying mechanisms remain uncertain. The aim of this study is to
investigate the roles of XIST in the pathogenesis of NSCLC and the underlying mechanism. We noted that XIST in
NSCLC tumor tissue and cell lines was significantly up-regulated. XIST over-expression promoted the proliferation
and migration, meantime, increased the proportion of cells in the S phase in NSCLC cell line A549 and H1299.
Meantime, knockdown of XIST showed the opposite effects. In vivo study further revealed a oncogenic effect of
XIST. In addition, we conducted bioinformatics analysis and luciferase activity assay to find out the potential target
miR of XIST and the potential target gene of miR-16 which is CDK8. In conclusion, our findings proved that XIST can
serve as a tumor promoter in the pathogenesis of NSCLC, suggesting that XIST has the potential to become a novel

therapeutic target for the treatment of NSCLC.
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Introduction

Lung cancer is the most prevalent cancer which
remain the leading cause of cancer-related
death worldwide [1, 2]. Non-small cell lung can-
cer (NSCLC) accounts for more than 80% of
lung cancers [3, 4]. While major progress has
been made in NSCLC diagnostics and therapy,
the 5 year survival rate of NSCLC is less than
20% for their advanced stage diagnosed, poor
prognosis phase, bad predictions, recurrence
and chemo-chemical resistance [5]. Thus,
developing novel screening methods and early
biomarkers for the diagnose and treatment of
NSCLC is of great importance which depends
on the deep understanding of the pathophysio-
logical mechanisms contributing to the prog-
ress of NSCLC.

Long non-coding RNAs (IncRNAs) are a group of
non-coding RNA longer than 200 nucleotides
[6]. The regulatory roles of IncRNA were on
post-transcriptional level like other types of
non-coding RNAs, for instance, microRNAs and

circular RNAs [7, 8]. In the latest years, many
IncRNA researches have become commonly
recognized for involvement in various biological
processes such as proliferation, migration,
apoptosis, angiogenesis, embryo development
and tumorigenesis [9-12]. Several recent stud-
ies have demonstrated the altered expression
of IncRNAs in NSCLC tumor tissues and the
adjacent tissues including XIST. They observed
that XIST was significantly up-regulated in
NSCLC. Further investigation indicated that
XIST promoted cell viability, invasion, epithelial-
mesenchymal transition (EMT) and decrease
chemosensitivity of NSCLC [13-18]. Interes-
tingly, low expression of XIST in tissue samples
of patients with NSCLC may indicate better
prognosis. XIST has been identified as a onco-
IncRNA in NSCLC. However, it is continues to be
further explored the fundamental mechanism
for XIST’s involvement in NSCLC pathogenesis.

MiRNAs are also a group of non-coding RNAs
that are 22-28 oligonucleotide-long and regu-
late gene expression by base pairing with the
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3'untranslated region (3-UTR) of the target
genes at posttranscriptional level, thus,
involved in a number of cell physiological pro-
cess [19, 20].

In the present study, we have performed both
clinical and in vitro cellular analysis to investi-
gate the roles of XIST in NSCLC. First, we com-
pared the expression of XIST in NSCLC tumor
tissues and the adjacent tissues. Further, the
effect of XIST on the proliferation and migration
of NSCLC cancer cells and the underlying
mechanism were also examined. Our results
proved that XIST is tumor promoter in NSCLC
and provided a potential novel therapeutic tar-
get for treating NSCLC.

Methods
Patients and clinical tissue samples

A pair of 15 of NSCLC and adjacent normal
tissue samples were obtained from NSCLC
patients in Peking Union Medical College
Hospital between 2017 and 2019. All patients
were diagnosed as NSCLC pathologically, and
patients who have the history of preoperative
radio and/or chemotherapies were excluded
from this study. The tissue samples were quick
freezed in liquid nitrogen after surgery and
stored in -80°C. The informed consent was
obtained from each patient. This study was
approved by the ethical committee of Peking
Union Medical College Hospital.

Cell culture

Human NSCLC cell lines A549, H1299, H292
and H460 were purchased from Shanghai
Institutes for Biological Sciences (Shanghai,
China) and the normal lung mucosa cell line
HBE was purchased from INCELL (San Antonio,
TX, USA). Cells were maintained in RPMI-1640
medium (Invitrogen, USA) supplied with 10% of
FBS (fetal bovine serum, Invitrogen, Carlsbad,
CA, USA) at 37°C in an incubator (with 5% CO,
humidified).

Transfection and treatment

XIST siRNA and XIST over-expression plasmid
were synthesized by Shanghai GenePharma
Co.,Ltd (Shanghai, China). A549 or H1299 cells
were transfected with XIST siRNA or XIST over-
expression plasmid using lipofectamine 3000
(Invitrogen, Carlsbad, CA, USA) following the
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manufacturer’s protocol. Transfection efficien-
cy was determined by RT-gPCR.

Reverse transcript PCR and quantitative real-
time PCR

Total RNAs were extracted from cells or clinical
tissue samples using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). The total RNAs weren then
reverse transcribed into cDNAs by PrimeScript
RT Master Mix (Takara, Dalian, China). Next,
quantitative real-time PCR (RT-gPCR) was per-
formed to detect the expression levels of XIST
using a SYBR premix Ex Taq kit (Takara, Dalian,
China) and on the ABI Biosystems (ABI, CA,
USA). The relative expression level of XIST was
normalized by 22°t method. GAPDH has been
applied for normalization. The real time PCR
reactions were performed with the following
thermo profiles: 95°C for 30 seconds, 40 cycles
of 95°C for 5 seconds and 60°C for 30
seconds.

Cell proliferation analysis

The effect of XIST on cell proliferation were
determined by Cell Counting Kit-8 (CCK-8) kit
(Beyotime, Shanghai, China) according to the
manufacturer’s instructions. Briefly, at different
time point after transfection, A549 or H1299
cells were washed with PBS (pH 7.4), trypsin-
ized and seeded onto 96-well plates. Then 10
ul of the CCK-8 solution was added to each well
followed by incubating at 37°C for 4 hours. The
viability of the cells in each well was evaluated
through detecting the absorbance at 450 nm
using a microplate reader.

Flow cytometry assay

At 72 h after transfection, A549 and H1299
cells were collected, re-suspended in 500 pl
binding buffer and stained with 2.5 ul propidi-
um iodide (Pl). The cell cycle of the cells was
then determined with FACSCalibur system (BD
Biosciences, San Jose, CA).

Transwell assay

Transwell assay was performed using transwell
chambers (Corning Inc., Corning, USA). A549 or
H1299 cells were seeded onto the upper of the
chamber of the transwell with the density of 5 x
10* cells/well and placed on 24-well plates.
After 24 h of incubation at 37°C, cells invaded
into the membrane of the lower chamber were
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fixed in methanol, stained with crystal violet
and photographed by a microscope.

Western blot

The total proteins were isolated from the cells
using protease inhibitor cocktail. Protein con-
centration was examined by BCA protein assay
kit (Beyotime, Shanghai, China). Then 40 ug of
proteins were loaded onto 10% SDS-PAGE
(sodium dodecyl sulfate polyacrylamide gel
electrophoresis) gels. When the process of gel
electrophoresis was accomplished, the pro-
teins were transferred onto polyvinylidene
fluoride (PVDF) membranes and then blocked
in 5% non-fat dry milk in Tris-buffered saline
(pH 7.4) containing 0.05% Tween 20. Sub-
sequently, the membranes were incubated
with the primary antibodies at 4°C overnight.
GAPDH was served as the internal control. In
the following day, the membranes were incu-
bated with secondary antibodies at room tem-
perature for 2 hours, washed and incubated
with chemiluminescent reagent BeyoECL Plus
(Beyotime, Shanghai, China). The signals were
detected and photographed by Tanon 6100
Chemiluminescent Imaging System (Tanon,
Shanghai, China).

Immunohistochemical staining (IHC)

The tumor tissues were fixed in 4% paraformal-
dehyde for 24 h, dehydrated in a graded alco-
hol series and embedded in paraffin followed
by cutting into 5 um sections. The sections
were deparaffinized, rehydrated with a graded
alcohol series and then incubated in 96°C 0.01
mol/l sodium citrate buffer for the antigen
retrieval. After incubation in 5% H,0,, was
applied for quenching endogenous peroxidase
activity. The sections were blocked with 10%
non-immune goat serum to reduce non-specific
binding. The sections were incubated with
primary antibody overnight at 4°C. Immuno-
staining was performed using streptavidin-per-
oxidase and diaminobenzidine (DAB) according
to the manufacturer’s instructions (Beyotime,
Shanghai, China). The sections were mounted
with gummi after staining the nucleus with
hematoxylin.

Luciferase activity assay

The wild-type or mutant sequence at the pre-
dicted 3'UTR region of XIST were synthesized
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and cloned into the pGL3 Luciferase Reporter
Vectors (Promega, CA, USA) at the Kpnl and
BamHI sites. A549 and H1299 cells were co-
transfected with miR-16 mimics or mimic con-
trol along with pGL3 vectors containing the wild
type or mutant targeting region of XIST. TRL-
SV40 plasmid (Promega, CA, USA) was trans-
fected as a internal control. The cells were har-
vested and subsequently measured the lucifer-
ase activity using the Dual-Luciferase Assay kit
(Promega, WI, USA) at 48 h after transfection.

Xenograft model

A total number of 3 x 10° A549 cells were har-
vested and resuspended in 100 yL DMED
medium. The nude mice were injected with
cells infected with XIST overexpressed or delet-
ed A549 cells along with there negative control
respectively at the posterior flank. The length
(L) and width (W) of tumor were measured with
calipers every 3 days. After 28 days, the tumors
were excised out from the sacrificed mice and
weighed.

Colony-formation assay

The cells treated with indicated conditions were
seeded in 12-well plates (100/well). After in-
cubated for 2 weeks, crystal violet (0.05%,
Beyotime, Shanghai, China) was used to stain
the clonies. Colonies containing more than 50
cells were counted.

Statistical analysis

All data are presented as the means % stan-
dard deviation (SD). The statistical analyses
were performed using one-way ANOVA and
Student’s test. The data were analyzed using
GraphPad Prism 5.0 and P < 0.05 was con-
sidered to be statistically significant. All ex-
periments were performed independently
triplicates.

Results

Up-regulation of XIST in non-small cell lung
cancer tissues and cell lines

QPCR was used to evaluate the expression
levels of XIST in NSCLC tissues and the adja-
cent normal tissues as well as NSCLC cell lines
and normal lung epithelial cell line HBE. We
observed that XIST was up-regulated notably in
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Figure 1. XIST was up-regulated in NSCLC tissues and cell lines. A, B. Expres-
sion of XIST in NSCLC tissue specimens and adjacent normal tissues were
determined by a qRT-PCR assay, the level of XIST was up-regulated in NSCLC
tissues. C. Expression of XIST in NSCLC cells and normal colonic mucosa
cells were determined by a qRT-PCR assay, the level of XIST was up-regulated
in NSCLC cell lines including A549, H292, H1299 and H460. *P < 0.05 ver-

sus normal or HBE group.

the NSCLC tissues and cell lines in comparison
with the normal tissues and HBE cell (Figure
1A-C).

XIST promoted the proliferation, migration and
induced GO/G1 arrest of non-small cell lung
cancer cells

To determine the function of XIST in non-small
cell lung cancer, we carried out loss and gain of
function study. We observed that XIST over-
expression was capable of promoting the prolif-
eration, migration and colony formation ability
of non-small cell lung cancer cell. In addition,
the proportion of cells in the S phase was
increased by XIST over-expression compared to
the control group. In contrast, we found that
knock down of XIST by transfection of siRNA of
XIST significantly inhibited the proliferation,
migration and colony formation ability of non-
small cell lung cancer cell. Meantime, XIST
knock down notably decreased the proportion
of S phase in NSCLC cells (Figure 2A-D).

XIST promoted tumor growth of non-small cell
lung cancer

In order to elucidate the role of XIST in the regu-
lation of non-small cell lung cancer, xenograft
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nude mice model was estab-
* lished though subcutaneous-
ly injecting genetically modi-
fied Ab49 cells. As expected,
compared with control group,
XIST overexpression signifi-
cantly promoted the tumor
growth of non-small cell lung
o cancer and knock down of
& XIST inhibited the tumor gr-
owth as shown in the tumor
growth curve (Figure 3A-C).
QPCR was performed to eval-
uate the XIST expression level
in the tumor tissues indicat-
ing the success of over-ex-
pressing or knocking down of
XIST (Figure 3D). IHC assay
was used to detect the ex-
pression of ki67 which is a
marker of the cell prolifera-
tion. We found that ki67 was
significantly up-regulated in
the XIST treatment group and
down-regulated in si-XIST tre-
atment group (Figure 3E).

MIiR-16 was down-regulated in non-small cell
lung cancer and directly target XIST

LncRNA was able to sponge miRNAs to regulate
the gene expression and cell process. Thus, we
predicted the potential targeting miRs of XIST
using bioinformatics analysis. Figure 4A show-
ed the potential target region between XIST
and miR-16. To verify whether miR-16 directly
target XIST in NSCLC cell, luciferase activity
assays was performed. The results revealed
that miR-16 notably reduced the luciferase
activity in A549 and H1299 cells co-transfect-
ed with pGL3-wild-XIST but not the pGL3-mut-
XIST (Figure 4B). QPCR analyses further con-
firmed that miR-16 reduced the RNA express-
ion of XIST (Figure 4C) and it was significantly
down-regulated in both NSCLC tissue and cells
(Figure 4E, 4F). Pearson analysis revealed a
negative correlation between XIST and miR-16
(Figure 4D).

MiR-16 reversed the effect of XIST in NSCLC
cells

In order to further confirm the relation between
miR-16 and XIST. We carried out rescue experi-
ment. Cell proliferation, migration, cell cycle
and clone formation ability were investigated.
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Figure 2. XIST promoted tumor growth of non-small cell lung cancer cells. A. A549 and H1299 cells were used in the
function study. After transfection of over-expressing and knock down vetor of XIST. CCK-8 assay was carried out to
detect the proliferation of NSCLC cells. B. Pl staining and flow cytometry was used to detect the cell cycle of NSCLC
cells. C. Colony formation assay was performed to evaluate the clone-forming capability of NSCLC cells. D. Transwell
assay was performed to detect the migration of NSCLC cells. *P < 0.05 versus si-control group, P < 0.05 versus
pcDNA3.1 group.
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Figure 3. XIST promoted tumor growth of non-small cell lung cancer in vivo. Stable cell line overexpressing and
knocking dwon XIST was used to establish xenograft model. A. Representative images of nude mice and tumors
from implanted mice. B, C. The tumor volume and weight were measured in different groups. D. Expression level of
XIST in tumor tissues were evaluated by qPCR. E. IHC assay was used to detect the expression of ki67 which is a
marker of the cell proliferation. *P < 0.05 versus pcDNA3.1 group group, *P < 0.05 versus si-control group.

The results indicated that miR-16 over-expres-
sion significantly reversed the effect of XIST on
promoting the growth of NSCLC cells (Figure
5A-D).

MIR-16 directly targets CDK8 in NSCLC cells

To further elucidate the molecular mechanism
underlying the effect of XIST in NSCLC cells. We
focused on the downstream target gene of
miR-16. Interestingly, we found that CDKS8
was a potential target of miR-16 (Figure 6A).
Luciferase activity assay and qPCR detection
verified out prediction (Figure 6B, 6C). Western
blot was performed to detect the protein level
of CDK8 after over-expression of miR-16. The
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results indicated that miR-16 inhibited the pro-
tein expression of CDK8 (Figure 6D). We next
evaluate the level of CDKS8 in the NSCLC tis-
sues and cell lines. The IHC (Figure 6E) and
gPCR (Figure 6E-G) results indicated that CDK8
was notably up-regulated in NSCLC tissues and
cell lines. The person analysis indicated a nega-
tive correlation between miR-16 and CDKS, in
addition, a positive correlation between XIST
and CDKS8 (Figure 6H, 6l).

Discussion

XIST has been studied in a number of cancers
including NSCLC. In the current study, we con-
firmed that the level of XIST was increased in
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Figure 4. XIST is the direct target of miR-16. A. Prediction of binding sites for XIST and miR-16 by Targetscan. B.
NSCLC cells were transfected luciferase reporter vector with wild or mutant type of targeting region along with miR-
16 mimic or mimic control. Luciferase activity assay was used to determine whether miR-16 target XIST. C. gPCR
was used to detect the XIST level in different groups. D. The correlation analysis was performed between XIST and
milR-16 expression levels. E, F. QPCR was used to evaluate the expression level of XIST in NSCLC tissues and cell
lines. *P < 0.05 versus normal/mimic control/HBE group.

the NSCLC tissue and cell lines compared to
the adjacent normal tissues and normal lung
epithelial cells. Consistent with the previous
studies which indicating XIST as an oncogene in
NSCLC cells. Our findings confirmed that XIST
promoted the proliferation and migration of
NSCLC cell. In addition, we firstly demonstrated
that XIST induced the GO/G1 cell cycle arrest of
NSCLC cells which further clarified its function.

IncRNA XIST (X-inactive specific transcript) is a
product of the XIST gene and the master regula-
tor of X inactivation in mammals which has
been widely investigated in a number of dis-
ease especially in cancers. However, the molec-
ular mechanism underlying the function of XIST
remain complicated. LncRNAs was capable of
directly interacting with the DNAs, RNAs and
even proteins to change their conformation,
stability or expression levels. Among these,
ceRNA mechanism has been most wildly stud-
ied as a molecular sponges for microRNAs
through their binding sites. It is well document-
ed that alterations in miRNA expression play a
critical role in cancer initiation and develop-
ment. A growing number of studies have sug-
gested the existence of a widespread interac-
tion network involving ceRNAs, in which the
ncRNAs can regulate miRNAs by binding to and
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titrating them off their binding sites on protein
coding messengers.

XIST has been demonstrated to be the sponge
for miR-497 [21], miR-92b [22], miR-152 [23].
As in lung cancer, XIST is capable of targeting
miR-367/141 [24], miR-139 [25] and miR-186-
5p [26]. In our present work, we found a novel
target of XIST which is miR-16. MiR-16 was
reported to inhibited proliferation, invasion and
EMT of NSCLC [27-29]. We found that XIST
could significantly inhibit the expression of miR-
16. Luciferase activity assay and rescue experi-
ments verified our speculation that miR-16
could directly target XIST in NSCLC cells.

Accumulative evidence have indicated that
INcRNAs participate in regulating their down-
stream genes by acting as ceRNAs. We further
predicted and confirmed that miR-16 also tar-
geted CDK8 in NCSLS cells which was firstly
reported. The positive correlation between
CDKS8 and XIST indicated a ceRNA relationship
between them. CDK8 has been first linked to
cancer when it was identified as an oncogene
that is frequently amplified or over-expressed in
colon carcinoma [30]. After there, the oncoge-
netic role CDK8 have been found in colon,
breast, and prostate cancers [31-34]. As a
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Figure 5. MiR-16 overexpression reversed the effect of XIST in NSCLC cells. NSCLC cells were transfected with XIST overexpressing vector or vector control along
with miR-16 mimic or mimic control. A. CCK-8 assay was carried out to detect the proliferation of NSCLC cells. B. Colony formation assay was performed to evaluate
the clone-forming capability of NSCLC cells. C. Pl staining and flow cytometry was used to detect the cell cycle of NSCLC cells. D. Transwell assay was performed to
detect the migration of NSCLC cells. *P < 0.05 versus vector group, *P < 0.05 versus XIST+mimic control group.
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Figure 6. MiR-16 directly targets CDK8 in NSCLC cells. (A) Prediction of binding sites for COK8 and miR-16 by Tar-
getscan. (B) NSCLC cells were transfected luciferase reporter vector with wild or mutant type of targeting region of
CDKS8 along with miR-16 mimic or control. Luciferase activity assay was used to determine whether miR-16 target
CDKS. (C) gPCR was used to detect the CDK8 level after miR-16 mimic or mimic control transfection. (D) Western
blot was used to evaluate the protein expression of CDK8. (E) IHC and (F, G) QPCR was used to evaluate the expres-
sion level of CDK8 in NSCLC tissues and cell lines. (H, 1) The correlation analysis was performed between XIST and
milR-16 along with miR-16 and CDK8 expression levels. *P < 0.05 versus normal/mimic control group.

member of cyclin-dependent kinase (CDK) fam-
ily which play critical roles in cell cycle transi-
tions and transcription or RNA splicing, we
found that CDK8 was also a direct target gene
of miR-16. Furthermore, there exist a positive
correlation between the expression of XIST and
CDKS8. These findings exert as ceRNA relation-
ship between XIST and CDKS8.

In conclusion, we found that XIST promoted
proliferation and migration of NSCLC. Further
mechanism research firstly indicated that XIST
up-regulated CDK8 via acting as a ceRNA of
miR-16 in NSCLC. It provides a better under-
standing of the role of XIST and may contribute
to the diagnose and therapy strategies in
NSCLC.

The Wnt/B-catenin pathway is a conserved sig-
naling pathway that is crucial for initiating and
regulating a diverse range of biological pro-
cesses, including embryogenesis, carcinogen-
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esis, cell growth, apoptosis, and cell polarity.
CDKS8 can directly regulate B-catenin-activated
transcription including MED12, MED13 and its
cyclin cofactor cyclin C. We will further explore
the role of XIST and whether it regulates Wnt/B-
catenin pathway.
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