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Introduction

Osteosarcoma (OS) is the most common pri-
mary bone malignancy and derives from primitive 
bone-forming mesenchymal cells1,2. Conventional-
ly, chemotherapy has been used to improve patient 
survival. However, this therapeutic approach has 
reached a plateau3. 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 OS4,5. Howe-
ver, the prognoses were unsatisfactory in patien-
ts with undetectable metastases at diagnosis6. 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-
tients7,8. Thus, identifying biomarkers for precisely 
predicting prognosis or for future targeted therapy 
is needed to improve the outcome of this malignant 
disease. Recently, lncRNAs with length greater 
than 200 nucleotides have gained prominence9. 
More scholars have revealed that lncRNAs play 
a potent role in the processes of cell proliferation, 
differentiation, apoptosis, and cancer metasta-
sis10,11. Several studies have shown that aberrantly 
expressed lncRNAs are associated with tumorige-
nesis in various cancers. For instance, Zhu et al12 
reported that lncRNA 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 al13 found 
that over-expression of lncRNA CCAT2 promoted 
breast tumor growth by regulating the Wnt signa-
ling pathway. Tuo et al14 indicated that lncRNA 
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UCA1 promoted breast cancer cell growth through 
decreasing tumor suppressive miR-143. Recently, 
some researches revealed that aberrant expressions 
of lncRNAs were significantly associated with dia-
gnosis and prognosis of tumor patients including 
OS15,16, suggesting the potential of lncRNAs as a 
candidate independent marker for OS. X inactiva-
te-specific transcript (XIST), derived from XIST 
gene, is a newly identified lncRNA. Previous fin-
dings showed that XIST expression was up-regula-
ted in different types of tumor, such as non-small 
cell lung cancer17, human nasopharyngeal carcino-
ma18 and hepatocellular carcinoma19. 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 I. 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

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
  I/II 72 27 45 
  III/IV 73 48 25 
Distant metastasis    0.009
  Absent 101 45 56 
  Present 44 30 14 
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streptomycin (Gibco, Haiding, Beijing, China). 
The cell lines were maintained at 37°C in a hu-
midified atmosphere of 5% CO2.

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-ΔΔCt.

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 μL 
of MTT (5 mg/mL, Life Technologies, Carlsbad, 
CA, USA) was added. After incubation at 37°C 
for 4 h, 150 μL DMSO was added. Viable cell 
numbers were estimated by measurement of the 
optical density (OD) at 450 nm.

Statistical Analysis
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 t-test and 
X2-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 
II, the X2 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-

Table III. 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/II 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 - - 
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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 l 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 III showed the results of Cox ś proportional 

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-
ls 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

OS is the most frequent primary bone tumor. De-
spite total surgical resection of the primary lesion, 
approximately 80% of patients go on to develop 
metastases20. Identification of prognostic markers 
is very important in the development of improved 
therapeutic strategies. Recently, lncRNAs have 
become research hotspots. Growing lncRANs 
have been identified as independent markers for 
predicting the clinical outcome of OS patients, 
such as lncRNA TUG121, lncRNA MALAT122 
and lncRNA HOTTIP23. 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. 

Figure 1. XIST expression is frequently up-regulated in osteosarcoma tissues and osteosarcoma cell lines. (A) 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. *p<0.05. **p<0.01.

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

For example, Chen et al24 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 al17 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 al25 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 

Figure 3. Overexpression of XIST inhibited osteosarcoma cells growth in vitro. (A, B) qRT-PCR analysis of XIST in SAOS-2 
and MG63 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.
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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.

Conflict of interest
The authors declare no conflicts of interest.

References

 1) Ottaviani G, Jaffe n. The epidemiology of osteo-
sarcoma. Cancer Treat Res 2009; 152: 3-13.

 2) MirabellO l, trOisi rJ, savaGe sa. International oste-
osarcoma incidence patterns in children and ado-
lescents, middle ages and elderly persons. Int J 
Cancer 2009; 125: 229-234.

 3) ferrari s, serra M. An update on chemotherapy for 
osteosarcoma. Expert Opin Pharmacother 2015; 
16: 2727-2736.

 4) andersOn Me. Update on survival in osteosarco-
ma. Orthop Clin North Am 2016; 47: 283-292.

 5) WanG W, WanG ZC, shen h, Xie JJ, lu h. Dose-in-
tensive versus dose-control chemotherapy for 
high-grade osteosarcoma: a meta-analysis. Eur 
Rev Med Pharmacol Sci 2014; 18: 1383-1390.

 6) Marina n, Gebhardt M, teOt l, GOrliCk r. Biology 
and therapeutic advances for pediatric osteosar-
coma. Oncologist 2004; 9: 422-441.

 7) anninGa Jk, PiCCi P, fiOCCO M, krOOn hM, vanel d, al-
berGhini M, GelderblOM h, hOGendOOrn PC. Oste-
osarcoma of the hands and feet: a distinct clini-
co-pathological subgroup. Virchows Arch 2013; 
462: 109-120.

 8) rankin ks, starkey M, luneC J, Gerrand Ch, MurPhy 
s, bisWas s. Of dogs and men: comparative biolo-
gy as a tool for the discovery of novel biomarkers 
and drug development targets in osteosarcoma. 
Pediatr Blood Cancer 2012; 58: 327-333.

 9) flynn ra, ChanG hy. Long noncoding RNAs in 
cell-fate programming and reprogramming. Cell 
Stem Cell 2014; 14: 752-761.

10) esteller M. Non-coding RNAs in human disease. 
Nat Rev Genet 2011; 12: 861-874.

11) li J, WanG yM, sOnG yl. Knockdown of long non-
coding RNA AB073614 inhibits glioma cell proli-
feration and migration via affecting epithelial-me-
senchymal transition. Eur Rev Med Pharmacol 
Sci 2016; 20: 3997-4002.

12) Zhu y, ZhanG X, Qi l, Cai y, yanG P, Xuan G, JianG y. 
HULC long noncoding RNA silencing suppresses 
angiogenesis by regulating ESM-1 via the PI3K/
Akt/mTOR signaling pathway in human gliomas. 
Oncotarget 2016; 7: 14429-14440.

13) Cai y, he J, ZhanG d. Long noncoding RNA CCAT2 
promotes breast tumor growth by regulating the 
Wnt signaling pathway. Onco Targets Ther 2015; 
8: 2657-2664.

14) tuO yl, li XM, luO J. Long noncoding RNA UCA1 
modulates breast cancer cell growth and apop-
tosis through decreasing tumor suppressive miR-
143. Eur Rev Med Pharmacol Sci 2015; 19: 3403-
3411.

15) yanG Z, ZhanG y, ZhanG X, ZhanG M, liu h, ZhanG s, 
Qi b, sun X. Serum microRNA-221 functions as a 
potential diagnostic and prognostic marker for pa-
tients with osteosarcoma. Biomed Pharmacother 
2015; 75: 153-158.

16) tanG J, ZhaO h, Cai h1, Wu h. Diagnostic and pro-
gnostic potentials of microRNA-27a in osteosar-
coma. Biomed Pharmacother 2015; 71: 222-226.

17) fanG J, sun CC, GOnG C. Long noncoding RNA XIST 
acts as an oncogene in non-small cell lung cancer 
by epigenetically repressing KLF2 expression. Bio-
chem Biophys Res Commun 2016; 478: 811-817.

18) sOnG P, ye lf, ZhanG C, PenG t, ZhOu Xh. Long 
non-coding RNA XIST exerts oncogenic functions 
in human nasopharyngeal carcinoma by targeting 
miR-34a-5p. Gene 2016; 592: 8-14.

19) ZhuanG lk, yanG yt, Ma X, han b, WanG Zs, ZhaO 
Qy, Wu lQ, Qu ZQ. MicroRNA-92b promotes he-
patocellular carcinoma progression by targeting 
Smad7 and is mediated by long non-coding RNA 
XIST. Cell Death Dis 2016; 7: e2203.

20) OsbOrne ts, khanna C. A review of the association 
between osteosarcoma metastasis and protein 
translation. J Comp Pathol 2012; 146: 132-142.

21) Ma b, li M, ZhanG l, huanG M, lei Jb, fu Gh, liu 
CX, lai QW, Chen QQ, WanG yl. Upregulation of 
long non-coding RNA TUG1 correlates with poor 
prognosis and disease status in osteosarcoma. 
Tumour Biol 2016; 37: 4445-4455.

22) GaO kt, lian d. Long non-coding RNA MALAT1 is 
an independent prognostic factor of osteosarcoma. 
Eur Rev Med Pharmacol Sci 2016; 20: 3561-3565.

23) li f, CaO l, hanG d, WanG f, WanG Q. Long non-co-
ding RNA HOTTIP is up-regulated and associa-
ted with poor prognosis in patients with osteosar-
coma. Int J Clin Exp Pathol 2015; 8: 11414-11420.

24) Chen dl, Ju hQ, lu yX, Chen lZ, ZenG Zl, ZhanG 
ds, luO hy, WanG f, Qiu MZ, WanG ds, Xu dZ, 
ZhOu ZW, PeliCanO h, huanG P, Xie d, WanG fh, li 
yh, Xu rh. Long non-coding RNA XIST regulates 
gastric cancer progression by acting as a molecu-
lar sponge of miR-101 to modulate EZH2 expres-
sion. J Exp Clin Cancer Res 2016; 35: 142.

25) kObayashi r, MiyaGaWa r, yaMashita h, MOrikaWa 
t, OkuMa k, fukayaMa M, OhtOMO k, nakaGaWa k. 
Increased expression of long non-coding RNA 
XIST predicts favorable prognosis of cervical 
squamous cell carcinoma subsequent to definiti-
ve chemoradiation therapy. Oncol Lett 2016; 12: 
3066-3074.


