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Abstract. – OBJECTIVE: Expression of long 
non-coding RNA LOC730101 (LOC730101) has 
been closely linked to the carcinogenesis of os-
teosarcoma and has been shown to function 
as a tumor promoter. However, the clinical sig-
nificance of LOC730101 remains unknown. Our 
present study aimed to investigate the feasibili-
ty of LOC730101 as a novel prognostic biomark-
er for osteosarcoma.

PATIENTS AND METHODS: Quantitative Re-
al-time RT-PCR (qRT-PCR) was performed to ex-
amine LOC730101 expression in osteosarcoma 
tissues and adjacent non-cancerous tissues. 
The correlation between LOC730101 expression 
and clinicopathological features and the over-
all survival rate was determined. Cox regres-
sion analyses were performed to explore wheth-
er LOC730101 was an independent predictor of 
survival for osteosarcoma patients.

RESULTS: We found that LOC730101 was sig-
nificantly upregulated in human osteosarcoma 
tissues compared with corresponding adjacent 
normal tissues (p < 0.01). Elevated LOC730101 
expression was correlated with advanced clini-
cal stage (p = 0.001) and distant metastasis (p = 
0.005). Furthermore, survival assay revealed that 
osteosarcoma patients in the high LOC730101 
expression group had significantly shorter 
5-year overall survival time than those in the 
low LOC730101 expression group (p = 0.0002). 
In addition, multivariate analysis showed that 
LOC730101 maintained an independent prog-
nostic influence on overall survival (p = 0.006).

CONCLUSIONS: Our present study, for the 
first time, revealed that LOC730101 may serve 
as a poor prognostic indicator in patients with 
osteosarcoma.
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Introduction

Osteosarcoma is the most common bone ma-
lignancy in the pediatric population, and it could 
occur in any bone of an individual1. It is cha-
racterized by a highly malignant and metastatic 
potential (especially to lung)2. The survival rates 
of the non-metastatic osteosarcoma patients have 
increased to 65% with the development treatment 
approaches of osteosarcoma such as wide tumor 
excision, chemotherapy, and curative resection3,4. 
However, the 5-year overall survival of patients 
with local relapse or distant metastasis is only 20-
40%5. Besides, early diagnosis is associated with 
the prognosis of osteosarcoma patients6. Thus, 
there is an unmet need to explore new diagnostic 
and prognostic markers to improve the clinical 
management of osteosarcoma patients.

The research of long non-coding RNAs (ln-
cRNAs) has recently gained prominence in the 
field of disease progression7. LncRNAs are more 
than 200 nt in length with little protein-coding 
potential8. Long ago, lncRNAs initially thou-
ght to represent spurious transcriptional noise. 
However, in the past few years, lncRNAs have 
emerged as novel mechanisms in mediating 
tumorigenesis and progression of cancer9,10. In 
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addition, more and more evidence shows that 
lncRNAs participate in cancer cell biological 
processes including cell growth, cell invasion, 
and cell metastasis11,12. For instance, Wang et 
al13 reported that lncRNA SNHG12 was highly 
expressed in non-small cell lung cancer and its 
knockdown suppressed cell growth via modu-
lating miR-138 in vitro and in vivo. Zhang et 
al14 showed that lncRNA NEAT1 expression 
was significantly up-regulated and associated 
with prognosis of breast cancer patients. Fun-
ctionally, suppression of lncRNA NEAT1 could 
suppress proliferation and metastasis of breast 
cancer cells via modulating β-catenin and EMT. 
In osteosarcoma, lnc-SNHG1 was reported to 
play an oncogenic role in osteosarcoma because 
its forced expression could promote osteosarco-
ma cell proliferation, migration, and EMT pro-
cess15. The important role of lncRNAs in can-
cer progression revealed lncRNAs as potential 
biomarkers for cancer diagnosis and prognosis 
prediction in many solid tumors16,17. 

LncRNA LOC730101 (LOC730101), a newly 
identified lncRNA associated with tumor deve-
lopment, has been reported to be dysregulated 
in several tumors. However, up to date, only 
two studies18,19 reported the specific biological 
function of LOC730101 by performing in vitro 
experiments. In osteosarcoma, Cheng et al18 fir-
stly identified LOC730101 as one of up-regulated 
lncRNA in osteosarcoma patients. Moreover, the 
carcinogenic role of LOC730101 was confirmed 
by in vitro and in vivo assay. However, whether it 
is associated with clinical prognosis has not been 
investigated.

Patients and Methods

Tissue Specimens
Osteosarcoma tissues and matched normal tis-

sues were obtained from 244 patients with osteo-
sarcoma that was confirmed by histopathological 
analysis at the Yinan Country People’s Hospital and 
the Anqiu City People’s Hospital, between 2011 and 
2012. No patient received chemotherapy or radiothe-
rapy prior to surgery. Histological diagnoses were 
made according to the 2007 WHO classification. 
The time between the diagnostic biopsy and surgery 
date to death or last follow-up was defined as overall 
survival duration. The clinicopathological features 
of patients were shown in Table I. Written-informed 
consent was obtained from each patient, and the stu-
dy was approved by the Institute Research Medical 
Ethics Committee of the Yinan Country People’s 
Hospital and the Anqiu City People’s Hospital.

RNA Extraction and Real-Time 
Quantitative PCR

Total RNA from human tissues was extracted 
using the TRIzol reagent (Applied Biosystems, Fo-
ster City, CA, USA) according to the manufactu-
rer’s instructions. The RNA quality and concen-
tration were determined using the Nanodrop 2000 
spectrophotometer. The reverse transcription of ln-
cRNA into cDNA was made with the use of Prime-
Script RT Reagent Kit (Invitrogen, Carlsbad, CA, 
USA). LOC730101 expression was determined by 
performing qRT-PCR with SYBR Premix Ex Taq 
(TaKaRa, Otsu, Shiga, Japan) and 7500 Real-ti-
me PCR system (Applied Biosystems, Foster City, 
CA, USA). The relative expression of LOC730101 

Table I. Correlation between LOC730101 expression with clinicopathologic features of osteosarcoma.

   LOC730101 level  

Parameters Category No. High Low p-value

Age (year) <25 111 51 60 NS
 ≥25 134 69 64 
Gender Male 148 70 78 NS
 Female 96 50 46 
Tumor size >8 cm 101 58 43 NS
 ≤8 cm 143 62 81 
Anatomical location Tibia/femur 133 63 70 NS
 Elsewhere 111 57 54 
Clinical stage IIA 140 56 84 0.001
 IIB/III 104 64 40 
Distant metastasis Absent 146 61 85 0.005
 Present 98 59 39 
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was normalized using glyceraldehyde phosphate 
dehydrogenase (GAPDH). All experiments were 
performed using the 2-ΔΔCt method. The primer 
sequences were as follows: LOC730101: Forward, 
5’- TTGCCATGGGTGGTAGCTTT-3’; Reverse: 
5’-GTGAGACGAACGGTAGGGTG-3’. GAPDH: 
Forward: 5’-AGAAGGCTGGGGCTCATTTG-3’; 
Reverse: 5’-AGGGGCCATCCACAGTCTTC-3’. 
Each sample was analyzed in triplicate.

Statistical Analysis
Statistical Product and Service Solutions 17.0 

(SPSS Inc., Chicago, IL, USA) was used for the 
data processing. LOC730101 expression in 244 
pairs of primary osteosarcoma tissues and cor-
responding adjacent tissues was compared by 
Wilcoxon signed-rank test. The x2-test was used 
to assess LOC730101 expression with respect to 
clinicopathological factors. The overall survival 
curves were determined using the Kaplan-Meier 
method, and the log-rank test was used to compa-
re the survival curves. Univariate and multivaria-
te analyses were conducted to explore the inde-
pendent risk factors for osteosarcoma using the 
Cox proportional hazard model. The value of p < 
0.05 was considered statistically significant.

Results

Increased LOC730101 Expression in 
Osteosarcoma Tissues

To investigate the role of LOC730101 in osteo-
sarcoma progression, we detected the expression 

levels of LOC730101 in osteosarcoma tissues and 
matched normal tissues via qRT-PCR. It was ob-
served that the expression of LOC730101 was si-
gnificantly up-regulated in osteosarcoma tissues 
as compared with adjacent normal bone tissues (p 
< 0.01) (Figure 1). Above results may indicate that 
LOC730101 may serve as tumor promoter gene in 
osteosarcoma.

LOC730101 Upregulation Associates 
With Advanced Clinicopathological 
Features of Human Osteosarcoma

Then, we further explored the association 
between LOC730101 levels and clinicopatholo-
gical features of human osteosarcoma. Accordin-
gly, the median value of LOC730101 was used as 
a cutoff value to divide all 244 patients into two 
groups: the high expression group (n = 120) and 
the low expression group (n = 124). Pearson x2-
test was performed and the results showed that 
LOC730101 upregulation was significantly corre-
lated with advanced clinical stage (p = 0.001) and 
positive distant metastasis (p = 0.005). However, 
there were no significant associations between 
LOC730101 expression and age, gender, tumor 
size, and anatomical location (p > 0.05).

Upregulation of LOC730101 Associates 
With Poor Prognosis of Human 
Osteosarcoma

To explore the prognostic value of LOC730101 
for patients with osteosarcoma, overall survival 
was assessed by Kaplan-Meier survival analysis. 
We found that patients with decreased LOC730101 

Figure 1. Expression of LOC730101 in osteosarcoma tis-
sues and matched normal tissues was detected by RT-PCR. 
LOC730101 expression was significantly higher in osteosar-
coma tissues than in the matched normal samples (p < 0.01). 

Figure 2. Kaplan-Meier curves for overall survival in pa-
tients with osteosarcoma divided according to LOC730101 
expression. Patients with high LOC730101 expression had 
poorer overall survival compared with low LOC730101 
group (p = 0.0002).
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expression had better overall survival than those 
with LOC730101 up-regulation (p = 0.0002) (Fi-
gure 2). Moreover, Cox regression analyses were 
conducted to evaluate the prognostic factors in 
244 osteosarcoma patients. As shown in Table 
II, univariate analysis revealed that clinical stage 
(p = 0.001), distant metastasis (p = 0.006), and 
LOC730101 expression (p = 0.003) were progno-
stic indicators. In addition, variables with a value 
of p < 0.05 were selected for multivariate analysis. 
The results showed that clinical stage (HR, 3.325; 
95% CI, 1.235-5.534; p = 0.008), distant metasta-
sis (HR, 3.013; 95% CI, 1.237-4.325; p = 0.026), 
and LOC730101 expression (HR, 3.789; 95% CI, 
1.323-6.436; p = 0.006) predicted poor prognosis 
independently. 

Discussion

The pathogenic factors of osteosarcoma are 
very complex and have not been fully revealed 
yet. Thus, it is very hard to develop the effective 
therapeutic method. Clinical practice and various 
studies confirmed that early diagnosis could im-
prove the outcome and quality of life of osteosar-
coma patients20. Besides, accurate prediction of 
osteosarcoma patients who have a potential hi-
gher risk of recurrence, metastasis, and resistance 
to chemotherapy is very important for the option 
of therapeutic method and the timing of the tre-
atment21,22. Right now, several clinicopathological 
features were used for the prognostic prediction 
of osteosarcoma patients. However, the specificity 

of this system remains relatively low23. Thus, it 
is urgent to identify effective markers to impro-
ve prognosis prediction of osteosarcoma and to 
develop better diagnosis system of osteosarcoma 
patients.

Accumulating evidence24,25 has revealed that 
dysregulation of lncRNAs exhibits close cor-
relation with several kinds of human tumors, 
including osteosarcoma. With the development 
of high-throughput sequencing, the siftings of 
dysregulated lncRNAs in tumor became easy, 
making lncRNAs a research hotspot in explo-
ring potential diagnostic and prognostic bio-
markers26. Recently, growing studies confirmed 
lncRNAs expression was significantly associa-
ted with overall survival of osteosarcoma pa-
tients. For instance, Tian et al27 reported that 
lncRNA MEG3 was lowly expressed in oste-
osarcoma and its low expression was associa-
ted with poor prognosis. Cai et al28 found that 
lncRNA HNF1A-AS1 levels in blood could be 
used for distinguishing osteosarcoma from he-
althy individuals. Prognostic assay revealed 
that lncRNA HNF1A-AS1 was closely related 
to the prognosis of osteosarcoma. Recently, a 
novel lncRNA, LOC730101, was reported to 
be over-expressed in lung cancer tissues and 
cell lines and to serve as a tumor promoter by 
promoting lung cancer cell growth via modu-
lating Wnt canonical pathway19. Then, Cheng 
et al18 also observed that LOC730101 was a tu-
mor-promotive gene in osteosarcoma. However, 
the expression pattern of LOC730101 should 
also be confirmed in more clinical samples of 

Table II. Prognostic factors in Cox proportional hazards model.

 Univariate analysis Multivariate analysis

Variable RR 95% CI p RR 95% CI p

Age 1.213 0.767-1.655 0.543 - - -
 <25 vs. ≥25      
Gender 1.539 0.832-1.943 0.238 - - -
 Male vs. Female      
Tumor size 1.775 0.856-2.323 0.123 - - -
 >8 vs. ≤8      
Anatomical location 1.932 1.232-4.667 0.177 - - -
 Tibia/femur vs. Elsewhere      
Clinical stage 4.458 1.674-8.832 0.001 3.325 1.235-5.534 0.008
 IIA vs. IIB/III      
Distant metastasis 3.459 1.776-5.439 0.006 3.013 1.237-4.325 0.026
 Absent vs. Present      
LOC730101 expression 4.562 1.948-7.347 0.003 3.789 1.323-6.436 0.006
 Low vs. High
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osteosarcoma. Besides, the prognostic value of 
LOC730101 has not been investigated. 

In this study, our results of RT-PCR also 
showed that the expression of LOC730101 was 
increased in osteosarcoma tissues as compared 
to adjacent non-tumor tissues. Furthermore, po-
tential associations of LOC730101 expression 
with clinicopathological factors were examined 
and the results revealed that LOC730101 upregu-
lation was significantly correlated with advanced 
clinical stage and positive distant metastasis. 
Subsequently, the results from the cohort 2 sur-
vival analyses suggested that high LOC730101 
expression was remarkably related to overall 
survival of osteosarcoma patients, suggesting 
LOC730101 as a potential biomarker for predi-
cting the prognosis of osteosarcoma patients. In-
terestingly, LOC730101 expression levels were 
further analyzed by Cox regression analysis. 
Our results confirmed that high expression of 
LOC730101 may be an independent prognosis 
factor for overall survival. However, the precise 
mechanism by which LOC90784 influence the 
clinical outcome of LOC730101 requires further 
investigation in the future. At the same time, fur-
ther evaluations of larger samples are needed to 
confirm our findings.

Conclusions

Our data demonstrated that LOC730101 was 
increased in patients with osteosarcoma. Besides, 
increased LOC730101 levels were correlated with 
advanced clinical stage and poor prognosis of 
osteosarcoma. To our best knowledge, our study 
is the first to identify LOC730101 as a useful mar-
ker for clinical outcome of osteosarcoma patients. 
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