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Long noncoding RNA LeXis promotes osteosarcoma
growth through upregulation of CTNNB1 expression
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Abstract: Osteosarcoma (OS) is the most common primary bone cancer in adolescents and children. Long noncod-
ing RNAs (IncRNAs) contain > 200 nucleotides and do not have protein-coding ability. Liver-expressed LXR-induced
sequence (LeXis) is a newly identified functional INcCRNA. However, its expression pattern, biological function, and
molecular mechanism in OS progression are unclear. The present study is the first to show that LeXis expression
was upregulated in OS tissues. Increased LeXis expression was significantly correlated with high tumor stage, large
tumor size, and poor prognosis. Our findings highlight the oncogenic activity of IncRNA LeXis in OS growth. Results of
functional assays showed that LeXis promoted OS growth both in vitro and in vivo. Mechanistic investigation showed
that LeXis directly interacted with miR-199a and suppressed its expression. Moreover, LeXis increased CTNNB1 ex-
pression by functioning as a ceRNA of CTNNB1 against miR-199a. These findings may have important implications

for developing novel therapeutic strategies for OS.

Keywords: LeXis, miR-199a, CTNNBJ, proliferation, ceRNA

Introduction

Osteosarcoma (0S) is the most common pri-
mary bone cancer in adolescents and children
[1, 2]. Despite recent advancements in surgical
technology and chemotherapy for OS, the prog-
nosis of patients with OS remains unfavorable.
The 5-year survival rate of patients with OS hav-
ing distant metastases is approximately 30%
[3]. Therefore, there is an urgent need to under-
stand molecular mechanisms underlying OS
progression. Only 2% of encoded transcripts
are translated into proteins, while majority of
transcripts function as noncoding RNAs
(ncRNAs). MicroRNAs (miRNAs) play a crucial in
various biological processes such as cell prolif-
eration, apoptosis, migration, and invasion [4,
5]. miRNAs regulate gene expression by binding
to the 3’ untranslated region (3’ UTR) of target
MRNA, leading to its degradation or translation-
al suppression [6]. Several studies have deter-
mined the functional roles of miRNAs in OS
development. miR-199a directly targets and
suppresses the expression of receptor tyrosine
kinase AXL to inhibits OS progression [7]. Long
noncoding RNAs (IncRNAs) are another class of

ncRNAs containing > 200 nucleotides and lack-
ing protein-coding ability. Dysregulation of
IncRNAs is closely associated with human dis-
eases, including cancers. Emerging evidences
indicate that IncRNAs play important roles in
gene expression through multiple mechanisms
such as transcriptional regulation, epigenetic
modification, and post-translational protein
modification [8, 9]. LncRNAs can act as onco-
genes or tumor suppressor genes in OS.
LncRNA MALAT1 is upregulated in OS tissues
and predicts the poor prognosis of patients with
0S. Moreover, MALAT1 promotes the growth
and inhibits the apoptosis of OS cells. In addi-
tion, MALAT1 interacts with miR-142 and miR-
129 to repress the degradation of high-mobility
group protein B1 [10]. LINOO161 functions as a
tumor suppressor in 0S. LINOO161 overexpres-
sion enhances cisplatin-induced apoptosis and
reverses cisplatin resistance in OS cells by
sponging miR-645 and activating IFIT2 [11].
However, few IncRNAs have been functionally
characterized in OS to date.

Liver-expressed liver X receptor (LXR)-induced
sequence (LeXis) is a newly identified functional
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IncRNA whose expression increases robustly in
response to the consumption of western diet or
activation of pharmacologic LXRs. LeXis regu-
lates the expression of genes involved in cho-
lesterol biosynthesis and affects cholesterol
level in the liver and plasma by interacting with
ribonucleoprotein RALY [12]. However, the
expression pattern, biological function, and
molecular mechanism of LeXis in OS progres-
sion remain unclear. In the present study, we
found that LeXis expression was significantly
upregulated in OS tissues and that LeXis pro-
moted OS growth by interacting with and sup-
pressing miR-199a. Thus, our results suggest
that LeXis is a promising therapeutic target for
OS treatment.

Materials and methods
Cell culture and tissue samples

A normal osteoblast cell line (Nhost) and five
different OS cell lines (KHOS, 143b, LM7, U20S,
and MG-63) were obtained from Cell Bank of
Chinese Academy of Sciences. These cells
were cultured in DMEM medium containing
10% fetal bovine serum (FBS, Gibco), 100 mg/
ml penicillin and 100 U/ml streptomycin at
37°C. The tumor tissues were obtained from
Cangzhou Central Hospital. The use of human
tissues was approved by the Medical Ethics
Committee of Cangzhou Central Hospital. All of
the OS patients were provided written informed
consent.

Overexpression or knockdown of LeXis

For knockdown assay, two shRNAs against
LeXis were designed. The target sequences of
LeXis were provided as follow: shl: 5-GTG-
CAAACAACACTCCAGT-3’, sh2: 5’-CCAACAGGTG-
CAAACAGAA-3'. The target sequence of CTNN-
B1 was provided as follow: shCTNNB1: 5-
TGGAGACCTGAGAACCAAT-3'. Scramble shRNA
was taken as control. shRNAs against target
genes were cloned into shRNA expressing lenti-
viral vector pLKO.1. Production of lentiviral par-
ticles was performed according to the standard
protocols. Cells were transfected with lentiviral
constructs for 24 hours with 2 ug/ml polybrene
(Sigma). After 48 hours, stable cells were
selected by using 2 ug/ml puromycin for 7 days.

For overexpression, full-length human LeXis
cDNA was cloned into lentiviral expressing vec-
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tor pLV-puro. Production of lentiviral particles
was performed according to the standard pro-
tocols. Cells were transfected with lentiviral
constructs expressing empty vector or LeXis for
24 hours with 2 ug/ml polybrene (Sigma). After
48 hours, stable cells were selected by using 2
pg/ml puromycin for 7 days.

Western blot

Western blotting was performed according to
the standard protocol. In briefly, cell lysis were
subjected to sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) and
transferred to a polyvinylidene fluoride (PVDF)
membrane. The PVDF membrane was incubat-
ed with 1:1000 anti-CTNNB1 (Cell signaling)
and 1:10000 anti-GAPDH (Cell signaling) over-
night. Then the membrane was incubated with
1:10000 anti-mouse IgG-HRP conjugate (Jack-
son) or anti-rabbit IgG-HRP conjugate (Jackson)
secondary antibodies. Blots were detected by
ECL system (Millipore) and analyzed on an
imager (GE Healthcare).

Colony formation

2 x 102 cells were seeded in 6-well plates, and
then cultured for 7 days. Cells were fixed by 4%
paraformaldehyde and stained with 0.5% crys-
tal violet.

Apoptosis assay

The apoptosis was detected by using Apoptosis
Detection Kit (KeyGEN, Nanjing, China) accord-
ing to the manufacturer’s instructions. Cells
were stained with fluorescein isothiocyanate-
conjugated Annexin V and 7-Aminoactinomycin
D (7-AAD). Cells were then analyzed with a
FACScan flow cytometer, and the data were
analyzed by Kaluza software.

Cell cycle assay

The cell cycle was analyzed using an in situ cell
proliferation kit FLUOS (Roche) according to the
manufacturer’s instruction. Briefly, cells were
labeled with BrdU for 40 min before trypsiniza-
tion. Cells were fixed by adding 70% ice-cold
ethanol. Fixed cells were incubated with 4 M
HCI at room temperature for 30 min then
washed with PBS. The cells were then incubat-
ed with anti-BrdU-FLUQOS antibody at room tem-
perature for 45 min. Then cell suspensions
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were incubated with 7-AAD for 5 min and imme-
diately analyzed with a FACScan flow cytome-
ter. The data were analyzed by Kaluza soft-
ware.

CCK-8 assay

Cell proliferation was determined by the CCK-8
(Dojindo) according to the manufacturer’s
instructions. Cell proliferation rate was detect-
ed by measuring the absorbance at 450 nm
with the Microplate Reader (Bio-Rad).

RNA extraction and quantitative real-time PCR
(qPCR)

Total RNAs from cells or tissues were exacted
by using TRIzol (Invitrogen) reagent according to
the manufacturer’s instructions. First-strand
cDNA was synthesized by using the Prime-
Script™ RT reagent Kit (Takara) according to
the manufacturer’s instructions. gPCR was per-
formed using FastStart Universal SYBR Green
Master (Roche) in the ABI StepOne-Plus Sys-
tem. GAPDH was taken as internal reference.
Data were normalized to control group. Primers
sequences were provided as follows: LeXis-F:
5-CAGGCAGCTATGTCCCTTATG-3’, LeXis-R: 5-
GTAGAGGTTCACCCTTCCAATC-3’; CTNNBA1-F: 5'-
CTTCACCTGACAGATCCAAGTC-3’, CTNNB1-R: 5-
CCTTCCATCCCTTCCTGTTTAG-3. Comparative
quantification was determined using the 224
method.

Dual-luciferase assays

The LeXis and LeXis-mut (mutant in miR-199a
binding site) was cloned into pmirGLO plasmid,
respectively. The pmirGLO-LeXis or pmirGLO-
LeXis-mut was cotransfected with miR-199a
mimics or miRNA negative control (miR-NC) into
cells by Turbofect reagent (Thermo). Luciferase
activity was determined by the Dual-luciferase
Reporter Assay System (Promega). The lucifer-
ase activity was normalized to Renilla lucifer-
ase activity.

RNA immunoprecipitation (RIP)

Cells were co-transfected with pLV-MS2 or pLV-
LeXis-MS2 or pLV-LeXis-mut-MS2 and pMS2-
GFP (Addgene). After 48 hours of transfection,
cells were subjected to a RIP assay by using 5
ug GFP antibody (Abcam) or negative control
IgG using RNA Immunoprecipitation Kit (Milli-

1579

pore) according to the manufacturer’s instruc-
tions.

For anti-AGO2 RIP, cells were transfected with
miR-NC or miR-199a mimics. After 48 hours of
transfection, cells were used to perform anti-
AGO2 RIP assay (Abcam) using 5 pg anti-AGO2
antibody (Millipore) as described above.

Immunohistochemistry

In the immunocytochemical assay, the slides
were rehydrated and immersed in 3% hydrogen
peroxide solution for 15 min; pretreated by
microwave for 25 min in 0.01 mol/L citrate buf-
fer at 95°C; and cooled for 60 min at room tem-
perature. In between each incubation step, the
sections were washed with PBS. The slides
were blocked by 10% normal goat serum for 30
min at 37°C, washed, and then incubated over-
night at 4°C with diluted Ki-67 antibody. After
washing with PBS, the slides were visualized
using GTVisionTMIIl Detection System/Mo&Rb
(GeneTech, GK500710) following the manufac-
turer’s instructions.

Statistical analysis

Data were analyzed using the SPSS 19.0 soft-
ware. P value less than 0.05 was considered
statistically significant.

Results
LeXis expression increases in OS tissues

First, we performed gPCR to detect LeXis
expression level in OS tissues and correspond-
ing noncancerous tissues obtained from 60
patients with OS. LeXis expression was higher
in OS tissues than in the corresponding non-
cancerous tissues (Figure 1A). Next, we exam-
ined LeXis expression in five OS cell lines,
namely, KHOS, 143b, LM7, U20S, and MG-63,
and a normal osteoblast cell line Nhost and
found that LeXis expression was higher in 0S
cells than in Nhost cells (Figure 1B). Of the OS
cell lines analyzed, MG-63 showed the highest
and U20S showed the lowest LeXis expression.
To determine the clinical significance of LeXis
expression, we analyzed the association betw-
een LeXis expression and clinicopathological
features of patients with 0S. We found that
increased LeXis expression was significantly
associated with high clinical stage and large
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Figure 1. The LeXis expression is increased in 0OS. A. Expression of INncCRNA LeXis was measured in 60 pairs of OS
cancerous tissues (C) and adjacent noncancerous bone tissues (NC) using gPCR. B. Expression of IncRNA LeXis
was detected in five OS cell lines (KHOS, 143b, LM7, U20S and MG-63) and normal osteoblast cells (NHOst) using
qPCR (*P < 0.05). C. Kaplan-Meier survival curve and log-rank test were used to evaluate the association of LeXis
expression with overall survival rate. Patients were segregated into LeXis-high group and LeXis-low according to the

median of LeXis expression in OS tissues.

Table 1. Correlation between LeXis expression
and clinicopathological features in OS patients

LeXis expression levels

Variables

Low High

Gender
Male 15 16 0.796
Female 15 14

Age
> 20 13 12 0.793
<20 17 18

Location
Femur/Tibia 19 17 0.598
Elsewhere 11 13

Tumor size (cm)
<5 17 8 0.018
>5 13 22

Clinical stage
[+1IA 18 7 0.004
1B/1l 12 23

Distant Metastasis
Yes 23 20 0.39
No 7 10

P value was acquired by Pearson chi-square test. The
median expression level was used as the cutoff.

tumor size (Table 1). Results of survival analy-
sis showed that LeXis expression was associ-
ated with the prognosis of patients with OS,
with increased LeXis expression being associ-
ated with reduced survival rate of patients with
OS (Figure 1C). These data suggest that LeXis
functions as an oncogene to promote OS pro-
gression and development.
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LeXis enhances the proliferation and inhibits
the apoptosis of OS cells in vitro

The positive correlation between LeXis expres-
sion and tumor size observed in the present
study suggested that LeXis affected OS growth.
To clarify this, we constructed stable LeXis-
knockout MG-63 cells by using two different
shRNA-expressing lentiviruses. Results of
gPCR indicated that transfection of MG-63
cells with the lentiviruses expressing shl and
sh2 effectively suppressed LeXis expression.
Moreover, results of gPCR showed that sh1 was
the most effective shRNA for suppressing LeXis
expression (Figure 2A); hence, it was used for
performing subsequent assays. Results of
CCK-8 assay showed that the proliferation of
LeXis-knockdown MG-63 cells was significantly
lower than that of control cells (Figure 2B).
Similarly, we found that LeXis-knockdown
MG-63 cells formed less number of clones than
control cells (Figure 2C). We also constructed
stable LeXis-overexpressing U20S cells (Figure
2D) and found that LeXis overexpression signifi-
cantly promoted cell proliferation and clone for-
mation (Figure 2E and 2F).

Next, we performed flow cytometry analysis to
analyze the effect of LeXis on cell cycle and
apoptosis and to determine the mechanism
through which LeXis regulated cell proliferation.
We found that the percentage of Annexin
V-positive cells was significantly higher among
LeXis-knockdown MG-63 cells than among con-
trol cells (Figure 2G). In contrast, protective
effects were observed in LeXis-overexpressing
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Figure 2. LeXis enhances OS cell proliferation and inhibits apoptosis in vitro. (A) The relative expression of LeXis in
control and LeXis silenced MG-63 cells was detected by gPCR. (B) The cell growth rates were determined by perform-
ing CCK-8 assay. Knockdown LeXis in MG-63 cells significantly suppressed cell proliferation, relative to control cells.
(C) Colony formation assay of control and LeXis silenced MG-63 cells. Representative graphs are shown. (D) The
relative expression of LeXis in control and LeXis overexpressed U20S cells was detected by gPCR. (E) The cell growth
rates were determined by performing CCK-8 assay. Overexpression of LeXis in U20S cells significantly suppressed
cell proliferation, relative to control cells. (F) Colony formation assay of control and LeXis overexpressed U20S cells.
Representative graphs are shown. (G, H) Cells with LeXis knockdown (G) or overexpression (H) were stained with a
combination of annexin V and 7-AAD and analyzed by FACS. Cells positive for annexin V staining were counted as
apoptotic cells, and the percentage of apoptotic cells is shown. (I, J) FACS analysis showing significant decreases or
increases of cells in GO/G1 or S phase, respectively, in U20S cells with LeXis overexpression (l). In contrast, cells
in S phase population were significantly decreased when LeXis was silenced in MG-63 cells (J). Data are shown as
mean = SD; *P < 0.05 (Student’s t test).

U20S cells (Figure 2H). However, LeXis knock-
down and overexpression did not affect cell
cycle distribution (Figure 21 and 2J). Together,
these results indicate that LeXis promotes the
proliferation and inhibits the apoptosis of OS
cells.

LeXis promotes OS growth in vivo

Based on the above findings that LeXis promot-
ed cell proliferation, migration, and invasion of
OS cells, we investigated the effects of LeXis on
cancer growth in vivo. The mean volumes of
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formed different functions. Re-
cent studies have suggested
that many RNA transcripts act
as competing endogenous RN-
As (ceRNAs) by competitively
binding to miRNAs. We predict-
ed potential miRNAs that inter-
acted with LeXis by using
StarBase and TargetScan pre-
diction algorithms. Bioinforma-
tics analysis showed that LeXis
contained binding sites for miR-
199a. Direct interaction betw-
een miR-199a and LeXis was
validated by performing RIP
assay [13] to pull down endog-
enous MiRNAs that interacted
with LeXis. The LeXis RIP in
MG-63 cells was significantly
enriched for miR-199a com-
pared to the empty vector
(MS2), IgG and LeXis-mut with
mutation in miR-199a binding

Figure 3. LeXis promotes OS growth in vivo. A. Effects of LeXis knockdown
on tumor growth in vivo. The tumor growth curves were shown. B. Effects
of LeXis overexpression on tumor growth in vivo. The tumor growth curves
were shown. C, D. Immunohistochemical staining of Ki67 in xenograft tu-
mor tissues. The degree of tumor proliferation was determined by Ki67
staining. Data are shown as mean £ SD; *P < 0.05 (Student’s t test).

xenograft tumors generated from LeXis-
knockout MG-63 cells were lower than those of
tumors generated from control cells (Figure
3A). In contrast, tumors generated from LeXis-
overexpressing U20S cells were larger than
those generated from control cells (Figure 3B).
Results of immunohistochemical staining sh-
owed reduced Ki67 expression in xenograft
tumors generated from LeXis-knockdown cells
(Figure 3C) and increased Ki67 expression in
xenograft tumors generated from LeXis-
overexpressing cells (Figure 3D). These results
highlight the important role of LeXis in OS
growth.

LeXis directly interacts with miR-199a

We next investigated the mechanism through
which LeXis promoted OS growth. Results of
fractionation assays showed that LeXis was
localized in both the nucleus and cytoplasm of
MG-63 cells (Figure 4A), suggesting that it per-
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sites (Figure 4B). In addition,
we constructed luciferase re-
porter vectors containing wild-
type LeXis or LeXis-mut. We
found that transfection of miR-
199a reduced the luciferase
activity of the reporter vector
expressing wild-type LeXis but
not of an empty vector or the
reporter vector expressing LeXis-mut (Figure
4C). miRNAs degrade target mRNAs in an
AGO2-dependent manner [14]. To investigate
whether miR-199a regulated LeXis in AGO2-
dependent manner, we performed anti-AGO2
RIP assay by using miR-199a-overexpressing
U20S cells. Pulldown of endogenous LeXis by
using AGO2 showed high LeXis level in miR-
199a-overexpressing U20S cells (Figure 4D),
suggesting that miR-199a targeted LeXis.
Ectopically expressed LeXis but not LeXis-mut
reduced miR-199a expression (Figure 4E). miR-
199a overexpression did not alter LeXis expres-
sion (Figure 4F), indicating that miR-199a could
bind to LeXis but did not induce its degradation.
Next, we examined miR-199a expression in 0S
tissues and corresponding noncancerous tis-
sues obtained from 60 patients with 0S. We
found that miR-199a expression was signifi-
cantly lower in OS tissues than in correspond-
ing noncancerous tissues (Figure 4G). Corre-
lation analysis showed a negative correlation

Am J Cancer Res 2017;7(7):1577-1587
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Figure 4. LeXis directly interacts with miR-199a. A. Representative analysis of LeXis distribution by cellular fraction-
ation of MG-63 cells. ACTB mRNA and U6 RNA served as controls for cytoplasmic and nuclear RNAs, respectively.
B. MS2-RIP followed by microRNA gPCR to detect microRNAs endogenously associated with LeXis. C. Luciferase
activity in MG-63 cells cotransfected with miR-199a and luciferase reporters containing nothing, LeXis or mutant
transcript. Data are presented as the relative ratio of firefly luciferase activity to renilla luciferase activity. D. Anti-
AGO2 RIP was performed in MG-63 cells transiently overexpressing miR-199a, followed by qPCR to detect LeXis as-
sociated with AGO2. E. The effect of LeXis overexpression on miR-199a expression was detected by gPCR in U20S
cells. F. The effcct of miR-199a overexpression on LeXis expression was determined by qPCR in MG-63 cells. G.
Expression of miR-199a was measured in 60 pairs of OS cancerous tissues (C) and adjacent noncancerous bone
tissues (NC) using qPCR. H. The correlation between LeXis and miR-199a expression in OS tissues. Data are shown
as mean + SD; *P < 0.05 (Student’s t test).

between LeXis and miR-199a expression in 0S 16]. We hypothesized that LeXis regulated
tissues (r? = 0.6626, P < 0.0001; Figure 4H). CTNNB1 expression by suppressing miR-199a.
These results suggest that LeXis associates We found that LeXis upregulation increased
with miR-199a and functions as a ceRNA. both the mRNA and protein expression of

CTNNB1, whereas LeXis knockdown exerted an
LeXis functions as a ceRNA of CTNNB1 opposite effect (Figure 5A and 5B). We also

found that LeXis expression was positively cor-
CTNNB1, which encodes B-catenin, is a target related with CTNNB1 expression in OS tissues
gene of miR-199a and plays a critical role in (r* = 0.3376, P < 0.0001; Figure 5C). To deter-
Wnt/B-catenin signaling and tumor growth [15, mine whether LeXis regulated the stability of
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and western blot, respectively. C. The correlation between LeXis and CTNNB1 mRNA expression in 60 OS tissues.
D. The stability of CTNNB1 over time was measured by gqPCR relative to time O after blocking new RNA synthesis
with a-amanitin (50 mM) in U20S cells with LeXis overexpression and normalized to 18S rRNA (a product of RNA
polymerase | that is unchanged by a-amanitin). E. The stability of CTNNB1 over time was measured by qPCR rela-
tive to time O after blocking new RNA synthesis with a-amanitin (50 mM) in MG-63 cells with LeXis knockdown and
normalized to 18S rRNA (a product of RNA polymerase | that is unchanged by a-amanitin). F. sSiRNA against CTNNB1
was tranfected into U20S cells with LeXis overexpression. G. The cell proliferation of U20S cells expressing LeXis
with and without CTNNB1 siRNA. H. The mRNA level of CTNNB1 expression in LeXis or LeXis-mut overexpressed
U20S cells cotransfected with miR-199a was analyzed by qPCR. I. The mRNA level of CTNNB1 expression in LeXis
silenced MG-63 cells cotransfected with miR-199a inhibitor was analyzed by gPCR. J. The relative luciferase activity
of CTNNB1 3’UTR in LeXis or LeXis-mut overexpressed U20S cells cotransfected with miR-199a was analyzed by
qPCR. K. The relative luciferase activity of CTNNB1 3'UTR in LeXis silenced MG-63 cells cotransfected with miR-
199a inhibitor was analyzed. Data are shown as mean + SD; *P < 0.05 (Student’s t test).
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CTNNB1 mRNA, we treated different U20S
clones with a-amanitin to block new RNA syn-
thesis and measured the decrease in CTNNB1
MRNA level over a 24-h period. LeXis overex-
pression increased the half-life of CTNNB1
mRNA (Figure 5D), whereas LeXis depletion
decreased the half-life of CTNNB1 mRNA
(Figure 5E). To verify whether LeXis regulated
cell proliferation in B-catenin-dependent man-
ner, we silenced CTNNB1 expression in LeXis-
overexpressing OS cells. We found that CTNNB1
downregulation abolished OS cell proliferation
induced by LeXis overexpression (Figure 5F
and 5G).

To investigate whether LeXis regulated CTNNB1
expression by interacting with miR-199a, we
determined CTNNB1 expression in LeXis- and
LeXis-mut-overexpressing U20S cells. Overex-
pression of LeXis but not of LeXis-mutincreased
CTNNBL1 expression (Figure 5H). We transfect-
ed LeXis-overexpressing cells with miR-199a
and found that miR-199a overexpression abro-
gated LeXis overexpression-induced increase
in CTNNB1 expression (Figure 5H). In contrast,
miR-199a inhibition rescued LeXis knockdown-
induced suppression of CTNNB1 expression
(Figure 5l). To confirm whether the above
results were associated with the regulation of
the 3’ UTR of CTNNB1 mRNA, we constructed a
luciferase reporter vector containing the 3’ UTR
of CTNNB1 mRNA. LeXis overexpression incr-
eased the luciferase activity of CTNNB1 3’ UTR-
containing luciferase reporter vector, whereas
miR-199a overexpression decreased the lucif-
erase activity of CTNNB1 3’ UTR-containing
luciferase reporter vector (Figure 5J). Conver-
sely, LeXis knockdown decreased the lucifer-
ase activity of CTNNB1 3’ UTR-containing lucif-
erase reporter vector, which was rescued by
inhibiting miR-199a (Figure 5K). These results
suggest an important role of LeXis in regulating
CTNNB1 expression by competitively binding to
miR-199a.

Discussion

Emerging evidences have shown that IncRNAs
play critical roles in several cancers. LncRNAs
regulate gene expression through different
mechanisms. For example, IncRNA FAL1 enha-
nces cell proliferation and interacts with and
regulates the stability of epigenetic repressor
BMI1 to modulate the transcription of target
genes, including CDKN1A [17]. LncRNA BRM
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increases YAP1 expression and promotes the
self-renewal of liver cancer stem cells by inter-
acting with BRM [18]. LncRNA DANCR associ-
ates with CTNNB1 mRNA to block its degrada-
tion mediated by miR-214, miR-320a, and miR-
199a [15]. LncRNA ATB upregulates ZEB1 and
ZEB2 expression by competitively binding to
miR-200 family and induces the metastasis of
liver cancer [13]. These findings indicate that
IncRNAs perform their functions by interacting
with different molecules, including mRNAs,
miRNAs, and proteins. However, the functional
role of IncCRNA LeXis in cancers is unclear to
date. The present study is the first to show that
LeXis promoted the proliferation and inhibited
the apoptosis of OS cells. Increased LeXis
expression was correlated with high clinical
stage, large tumor size, and poor prognosis.
Results of mechanistic investigation showed
that LeXis physically interacted with miR-199a,
thus suppressing its binding to the 3’ UTR of
CTNNB1 mRNA and increasing CTNNB1 expres-
sion. We also observed a positive correlation
between LeXis and CTNNB1 expression in 0OS
tissues. These results strongly suggest that
LeXis functions as a ceRNA of CTNNB1 in 0S.
Moreover, we found that LeXis was located in
both the nucleus and cytoplasm, suggesting
that it performed different functions by associ-
ating with different molecules.

miR-199a acts as a tumor suppressor in sever-
al cancers. miR-199a directly targets oncopro-
teins such as CCR7, YAP1, and PHLPP1 [19-21]
and suppresses tumor growth, metastasis, and
chemotherapy resistance. A recent study re-
ported that long noncoding monocytic RNA
acts as a ceRNA to sequester miR-199a [22].
However, it is unclear whether other IncRNAs
function as ceRNAs of miR-199a. In the present
study, we found that LeXis associated with miR-
199a and suppressed its expression. In addi-
tion, we observed a negative correlation be-
tween LeXis and miR-199a expression in 0S
tissues. Use of StarBase and TargetScan pre-
diction databases suggested that LeXis inter-
acted with other miRNAs. However, further
studies are need to determine whether LeXis
competes with other mRNAs of common miR-
NAs to regulate cellular phenotypes.

In conclusion, the present study is the first to
show that LeXis expression is upregulated in
OS tissues and that increased LeXis expression
is correlated with high tumor stage, large tumor
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size, and poor prognosis. Our findings highlight
the oncogenic activity of IncRNA LeXis in OS
growth. Results of functional assays indicate
that LeXis promotes OS growth both in vitro
and in vivo. Furthermore, we found that LeXis
positively regulates CTNNB1 expression by
functioning as a ceRNA against miR-199a.
These findings may have important implica-
tions for developing novel therapeutic strate-
gies for OS.
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