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High expression of long non-coding RNA
XIST in osteosarcoma is associated with cell
proliferation and poor prognosis
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Abstract. - OBJECTIVE: Osteosarcoma is one
of the most common primary bone malignan-
cies. Long non-coding RNAs (IncRNAs) have re-
cently emerged as key regulators of osteosarco-
ma. The aim of present study was to explore the
prognostic value of long non-coding RNA XIST
(XIST) in osteosarcoma and XIST’s relation to
the cell proliferation in osteosarcoma in vitro.

PATIENTS AND METHODS: The XIST expres-
sions were detected in osteosarcoma tissues
and their paired adjacent normal tissues from
145 osteosarcoma patients by using qRT-PCR.
The association between XIST expression and
clinicopathological factors, as well as survival
rates, was analyzed. The possibility of XIST as a
prognostic biomarker for osteosarcoma was ex-
amined by Cox proportional hazard regression
model. MTT assays were conducted to explore
the impact of XIST overexpression on the prolif-
eration of osteosarcoma cells.

RESULTS: The results showed that XIST was
significantly up-regulated in osteosarcoma tis-
sues and cell lines, and high XIST expression was
significantly associated with advanced tumor size
(p=0.009), advanced clinical stage (p=0.001) and
present distant metastasis (p=0.009). Kaplan-Mei-
er analysis showed that increased XIST expres-
sion was associated with poor overall survival of
patients. Univariate and multivariate analysis sug-
gested that XIST expression was an independent
prognostic factor for the survival of patients with
osteosarcoma. Furthermore, we found that knock-
down of XIST significantly suppressed the prolif-
eration of osteosarcoma cells in vitro.

CONCLUSIONS: XIST was suggested to have a
tumor promoter effect, and thus, to be a predic-
tor of outcome in patients with osteosarcoma.
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Introduction

Osteosarcoma (OS) is the most common pri-
mary bone malignancy and derives from primitive
bone-forming mesenchymal cells'2. Conventional-
ly, chemotherapy has been used to improve patient
survival. However, this therapeutic approach has
reached a plateau®. Over the last decade, the deve-
lopment in surgical technology and combined the-
rapeutic strategies have significantly improved the
overall survival of the patients with OS*°. Howe-
ver, the prognoses were unsatisfactory in patien-
ts with undetectable metastases at diagnosis®. An
early diagnosis is pivotal for patients and for the
treatment of this malignant tumor. However, up
to date, most clinicopathological factors cannot
be sufficient to accurately predict prognosis of pa-
tients™®. Thus, identifying biomarkers for precisely
predicting prognosis or for future targeted therapy
is needed to improve the outcome of this malignant
disease. Recently, IncRNAs with length greater
than 200 nucleotides have gained prominence’.
More scholars have revealed that IncRNAs play
a potent role in the processes of cell proliferation,
differentiation, apoptosis, and cancer metasta-
sis'™!!. Several studies have shown that aberrantly
expressed IncRNAs are associated with tumorige-
nesis in various cancers. For instance, Zhu et al'?
reported that IncRNA HULC silencing suppressed
the potential for the invasion, adhesion and migra-
tion of glioma cells by regulating ESM-1 via the
PI3K/Akt/mTOR signaling path. Cai et al”® found
that over-expression of IncRNA CCAT2 promoted
breast tumor growth by regulating the Wnt signa-
ling pathway. Tuo et al indicated that IncRNA
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Table 1. RT-PCR primers for amplification of expression

XIST.
Primer Primer sequence (5°-3”)
XIST F TCAGCCCATCAGTCCAAGATC
XIST R CCTAGTTCAGGCCTGCT-TTTCAT
GAPDH F GAAGGTGAAGGTCGGAGTC
GAPDH R GAAGATGGTGATGGGATTTC

UCAL promoted breast cancer cell growth through
decreasing tumor suppressive miR-143. Recently,
some researches revealed that aberrant expressions
of IncRNAs were significantly associated with dia-
gnosis and prognosis of tumor patients including
OSB18 suggesting the potential of IncRNAs as a
candidate independent marker for OS. X inactiva-
te-specific transcript (XIST), derived from XIST
gene, is a newly identified IncRNA. Previous fin-
dings showed that XIST expression was up-regula-
ted in different types of tumor, such as non-small
cell lung cancer'’, human nasopharyngeal carcino-
ma'® and hepatocellular carcinoma®. However, to
our best knowledge, the effect of XIST in OS has
not been reported. In the present work, we firstly
determine the expression levels of XIST in OS, and
further explore the prognostic value of XIST in pa-
tients with OS.

Patients and Methods

Patients and Tissue Samples

All experiments involving patients were ap-
proved by the Institutional Review Boards of
Linzi District People’s Hospital. Written infor-
med consent was obtained from all subjects. 145
patients who were admitted to the Department of
Orthopedics in Linzi District People’s Hospital
were included in the study. None of the patients
had received chemotherapy or radiation therapy
before the surgery. The specimens were immedia-
tely frozen in liquid nitrogen and stored at -80°C
until use. The clinical stage of these OS patients
was classified according to the sixth edition of
the tumor-node-metastases classification of the
Union for International Cancer Control. The cli-
nicopathological information of the patients was
summarized in Table II.

Cell Culture

The human OS cell lines HOS, SAOS-2,
SOSP-9607, MG63, and U2-OS and hFOB 1.19
cell line were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) (Gibco, Haiding, Bei-
jing, China) with 10% FCS and 1% penicillin/

Table II. Clinicopathological characteristics of 145 osteosarcoma patients.

Clinicopathological Number XIST expression

features of cases High Low P

Age NS
<30 years 59 25 33
>30 years 86 49 37

Gender NS
Male 78 41 37
Female 67 34 33

Tumor size 0.009
>8 cm 53 35 18
<8 cm 92 40 52

Anatomic location NS
Tibia/femur 92 48 44
Elsewhere 53 27 26

Serum level of lactate dehydrogenase NS
Elevated 86 46 40
Normal 59 29 30

Serum level of alkaline phosphatase NS
Elevated 79 42 37
Normal 66 33 33

Clinical stage 0.001
/11 72 27 45
/v 73 48 25

Distant metastasis 0.009
Absent 101 45 56
Present 44 30 14
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Table Ill. Univariate and multivariate analysis of overall survival in 145 patients with osteosarcoma.

Variables Univariate Cox multivariable
log-rank test (p) analysis (p) Relative risk
XIST expression (high vs. low) 0.004 0.011 5.762
Clinical stage (I/I1 vs. III/IV) 0.001 0.007 7.235
Distant metastasis (absent vs. present) 0.011 0.008 4.368
Tumor size (cm) (>8 vs. <8) 0.013 - -
streptomycin (Gibco, Haiding, Beijing, China). Statistical Analysis

The cell lines were maintained at 37°C in a hu-
midified atmosphere of 5% CO,.

Small RNA Interference

Small interfering RNA that targeted XIST
RNA (si-XIST) and scrambled negative control
(si-NC) was generously provided by Life Tech-
nologies. Human OS SAOS-2, MG63s and hFOB
1.19 cell line were transfected with si-XIST or si-
NC, using Lipofectamine 2000 transfection rea-
gent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instruction.

RNA Extraction and Quantitative
Real-time PCR

Total RNA was extracted using the RNeasy
Mini kit (Qiagen, GmbH, Hilden, Germany) and
cDNA synthesized using SuperScript® VILO™
cDNA Synthesis Kit (ThermoFisher Scientific,
Pudong, Shanghai, China) according to the ma-
nufacture’s protocol. Amplification and detection
were carried out using the SYBR Premix Ex Taq
(TaKaRa, Dalian, China) on the ABI PRISM
7900 Sequence Detection System (Applied Biosy-
stems, Foster City, CA, USA). PCR analysis was
undertaken using gene-specific primers, and the
sequences were shown in Table I. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used
as internal controls. The relative level of mRNA
was calculated as 2-44¢,

MTT Mapping Cell Growth Curve

Cell proliferation was determined by MTT
((3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-
zolium bromide) assay. Briefly, following tran-
sfection, the cells were seeded in 96-well plates
(2 x 104 cells per well) and incubated at 37°C.
At different time points (24, 48 or 72 h), 20 puL
of MTT (5§ mg/mL, Life Technologies, Carlsbad,
CA, USA) was added. After incubation at 37°C
for 4 h, 150 pL DMSO was added. Viable cell
numbers were estimated by measurement of the
optical density (OD) at 450 nm.

All data are presented as mean values +SD
and analyzed by SPSS 19.0 (SPSS Inc., Chicago,
IL, USA). The significance of differences betwe-
en groups was estimated by Student’s z-test and
X?-test. Survival curves were plotted using the
Kaplan-Meier method, and differences between
survival curves were compared by the log-rank
test. A Cox proportional hazards modeling of the
factors potentially related to survival was per-
formed to identify those useful factors. p<0.05
was considered statistically significant.

Results

XIST Expression was Increased in OS
Tissues and Cell Lines

To determine the expression pattern of XIST in
human OS, we analyzed the expression of XIST
in 145 paired OS and adjacent noncancerous tis-
sues by qRT-PCR. We found that XIST expres-
sion was significantly increased in OS tissues
compared with that in corresponding noncance-
rous bone tissues (p<0.01, Figure 1A). Then, we
also measured XIST levels in OS cell lines (HOS,
SAOS-2, SOSP-9607, MG63, and U2-OS) and
hFOB 1.19 cell line. The results of PCR showed
that the expression of XIST was significantly hi-
gher in all five-cell lines, compared to those in
hFOB 1.19 cell line (Figure 1B).

Association Between Clinicopathological
Characteristics and XIST Expression in OS
Patients

To further explore the role of XIST in deter-
mining the clinical significance of glioma, we
analyzed the relationships of the XIST with va-
rious clinical features of OS. As shown in Table
I1, the X? test indicated that XIST expression was
associated with tumor size (p=0.009), clinical sta-
ge (p=0.001), and distant metastasis (p=0.009).
However, no statistically significant associations
of XIST expression with age, gender, anatomic lo-
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Figure 1. XIST expression is frequently up-regulated in osteosarcoma tissues and osteosarcoma cell lines. (4) The expression
level of XIST in osteosarcoma tissues and matched adjacent non-cancerous tissues were determined by RT-PCR. (B) The levels
of XIST in five osteosarcoma cell lines and normal osteoblast cell line hFOB1.19 were detected by qRT-PCR. *»<0.05. “p<0.01.

cation, serum level of lactate dehydrogenase were
found (all p>0.05).

High-Expression Level of XIST Predicted
Poor Prognosis in OS Patients

Given that up-regulation of XIST was signifi-
cantly associated with clinical stage and distant
metastasis, we hypothesized that XIST might af-
fect the prognosis of OS patients. We assessed the
correlation between the levels of 1 XIST expres-
sion and overall survival through Kaplan-Meier
analysis and log-rank test. As shown in Figure
2, the data showed that increased XIST expres-
sion was associated with poor overall survival
of patients with OS (p<0.001). Then, we further
explore whether XIST expression could be an in-
dependent prognostic factor for overall survival.
Table 111 showed the results of Cox’s proportional

1.0 —— Low XIST expression
—— High XIST expression
= 0.8-
£
S 0.6-
7]
E 0.4+
]
>
Co02{  p<0.001
0.0 L] T L] L L] 1
0 10 20 30 40 50 60

Figure 2. Kaplan-Meier overall survival curves of patients
with osteosarcoma according to relative expression of XIST.

hazards model. XIST expression was an indepen-
dent prognostic factor for the survival of patients
with OS.

Knockdown XIST Inhibited OS Cell
Proliferation in vitro

To check whether XIST influenced OS cel-
Is proliferation, XIST inhibitor was transfected
into SAOS-2 and MG-63 cells. The transfection
and down-expression efficiency of XIST were
detected by qRT-PCR (Figure 3 A,B). The effect
of XIST on proliferation of human OS cell lines
was evaluated by MTT assay. The results demon-
strated that inhibiting XIST significantly reduced
SAOS-2 and MG-63 cell growth (Figure 3 C, D).
These results suggest that XIST expression in OS
cells was important for proliferation.

Discussion

OSisthe most frequent primary bone tumor. De-
spite total surgical resection of the primary lesion,
approximately 80% of patients go on to develop
metastases®’. Identification of prognostic markers
is very important in the development of improved
therapeutic strategies. Recently, IncRNAs have
become research hotspots. Growing IncRANs
have been identified as independent markers for
predicting the clinical outcome of OS patients,
such as IncRNA TUGI*, IncRNA MALATI1*
and IncRNA HOTTIP?. In the present study, we
evaluate the expression of XIST in term of osteo-
sarcoma. Previous researches have suggested that
XIST served as oncogene in progression of tumor.
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Figure 3. Overexpression of XIST inhibited osteosarcoma cells growth in vitro. (4, B) qRT-PCR analysis of XIST in SAOS-2
and MGG63 cells transfected with XIST-inhibitor or negative control oligonucleotides. (C, D) Cell viability was measured by the
MTT assay 24-72 h post-transfection after transfecting of XIST-inhibitor or negative control oligonucleotides. “p<0.05. “p<0.01.

For example, Chen et al** found that XIST was si-
gnificantly up-regulated in gastric cancer tissues
and cell lines. In vitro overexpression of XIST
promoted cell proliferation, migration and inva-
sion by affecting the expression of miR-101. Fang
et al”7 reported that XIST is over-expressed in
non-small cell lung cancer, and its increased level
is associated with shorter survival. Functionally,
knockdown of XIST promoted NSCLC cells pro-
liferation, migration and invasion by repressing
KLF2 expression. Kobayashi et al*® showed that
high expression of XIST was significantly asso-
ciated with poor overall survival rates of cervical
cancer. These results highlight the effect of XIST
in development of tumors. However, the effect of
XIST in OS remained largely unknown. In the
present study, we firstly determined XIST expres-
sion by qRT-PCR. Our findings showed that the
expression levels of XIST in OS tissues were si-
gnificantly higher than those in corresponding

noncancerous tissues. In addition, the increased
XIST expression correlated well with tumor size,
clinical stage and distant metastasis. Moreover, to
explore the effect of XIST in prognosis of patients
of OS, we performed the Kaplan-Meier method
and the data showed that the patients with higher
XIST levels exhibited poorer prognosis. More im-
portantly, we proved that XIST could be an inde-
pendent prognostic factor in patients with OS by
Cox proportional hazards model. These results
indicated XIST served as a tumor promoter. To
explore whether XIST could affect the behavior
of OS cells, OS cells were transfected with XIST
inhibitor control. The data of PCR confirmed the
down-expression of XIST in OS cells. Then, we
performed the MTT and found that knockdown
of XIST significantly suppressed cell prolifera-
tion of OS cells. There experiments validated
our findings that XIST functioned as a tumor
promoter in OS.
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Conclusions

We suggest that XIST expression was associa-
ted with poor prognosis of patients with OS and
functioned as a novel prognostic biomarker for
patients with this disease.
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