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Background: The immune microenvironment plays an essential role in osteosarcoma (OSs); however, 
differences in immune-related long non-coding ribonucleic acids (irlncRNAs) in children with localized OSs 
and metastatic OSs have not yet been investigated.
Methods: The clinical data and the transcriptome of OSs were obtained from the Therapeutically Applicable 
Research to Generate Effective Treatments (TARGET) database, and the immune-related genes were derived 
from the imported dataset. The correlations between immune-related genes and lncRNAs were examined. 
Next, the differential expressions of the irlncRNA pairs (IRLPs) in localized OSs and distant metastatic OSs 
were analyzed, and a prognostic model was constructed based on the significant differentially expressed IRLPs. 
We also analyzed the association between the IRLPs’ signature risk score and the infiltration of the immune 
cells. Finally, we investigated the correlation between risk score and drug resistance.
Results: Thirty upregulated and 22 downregulated lncRNAs were identified in the localized and metastatic 
OSs samples. Univariate and multivariate cox regression analyses were undertaken to select 6 lncRNA pairs 
to establish the prognostic signature, the model was valuable in predicting OSs prognosis. Further, the 
expression of the finally selected irlncRNAs indicated that VPS9D1-AS1 (P=0.031), AP003086.2 (P=0.041), 
AL031847.1 (P=0.008), AL020997.3 (P=0.020), AC011444.1 (P=0.025), and AC006449.2 (P=0.003) were 
significantly upregulated in metastasis patients, but USP27X-AS1 (P=0.046), AL008721.2 (P=0.005), 
AC002091.1 (P=0.033), and AL118558.4 (P=0.049) were significantly overexpressed in localized patients. 
The overexpression of AC002091.1 (P=0.038) and AL118558.4 (P=0.004) resulted in better overall survival, 
but the upregulation of AC011444.1 (P=0.045), AL031847.1 (P=0.020), VPS9D1-AS1 (P=0.039), and 
AC006449.2 (0.006) led to a poor outcome. Differences in immune cell infiltration indicated that metastatic 
patients and localized have significant difference of 4 (CD4) T cells (P=0.006), monocytes (P=0.029), 
activated mast cells (P=0.018), and neutrophils (P=0.026), and a high abundance of activated dendritic cells 
(P=0.010) and activated mast cells (P=0.049) resulted in poor prognosis. Patients in the high-risk–score group 
were resistant to axitinib, but sensitive to dasatinib, bortezomib, and cisplatin.
Conclusions: In the present study, IRLPs were used to construct a novel and practical model for 
predicting the prognosis of localized and metastatic OSs in children. 
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Introduction

Osteosarcoma (OSs) is the most common primary malignant 
bone sarcoma. OSs has a bimodal age distribution. 
Specifically, OSs has the highest incidence in children 
and adolescents, followed by adults aged over 60 (1).  
In 2014, bone tumors comprised 3–5% of childhood 
cancers in the United States (US) (2). OSs comes from 
primitive mesenchymal cells that originate from bone or 
soft tissue. Left untreated, OSs runs a dismal course. OSs 
may be localized; however, it often metastasizes to the 
lung. Patients with localized OS have a 5-year survival rate 
of about 80%; however, this rate decreases to 15–30% in 
patients with metastatic OSs. The potential mechanisms of 
tumorigenesis including radiation exposure, alkylating agent 
exposure, and rip bone proliferation. Several hereditary 
disorders related to tumor suppressor gene alteration, such 
as hereditary retinoblastoma and the Li-Fraumeni cancer 
family syndrome, may increase the risk of OSs. Before the 
practice of intensive chemotherapy, more than 90% of OS 
patients died from pulmonary metastases (3). Thus, OSs 
represents a major challenge for public health management 
worldwide.

Long non-coding ribonucleic acids (lncRNAs) are a 
type of RNA characterized by more than 200 nucleotides, 
but lncRNAs do not code proteins. LncRNAs comprise 
approximately 80% of human transcriptomes. LncRNAs 
can regulate gene expression in unusual ways, and interact 
with deoxyribonucleic acid (DNA), RNA, and proteins 
to achieve enhancement or inhibition expression. The 
dysregulation of lncRNAs has been observed in multiple 
cancer types, including OSs (4-6). Recent research 
has shown that lncRNAs affect the cancer process via 
genomic and transcriptomic changes, and affect the tumor 
microenvironment (TME). The underlying mechanism 
of lncRNAs regulate the immune microenvironment 
by regulating immune-related gene expression to affect 
immune cell infiltration into the TME.

In recent years, research has shown that the TME plays 
a critical role in tumorigenesis, metastasis, and resistance 
to therapy. In relation to OSs, many studies had shown the 
significance of the TME in every process of OSs (7-10). 
However, the role of immune-related lnRNAs (irlncRNAs) 
in OSs has not yet been well classified. Several studies of 
other types of cancer have shown that several irlncRNAs 
could be biomarkers for pancreatic cancer, head and neck 
squamous cell carcinoma, and clear cell renal cell carcinoma 
(11-13). Notably, Yang et al. investigated the relationship 

between the TME and OSs metastasis (14). We know that 
irlncRNAs play a significant role in immune infiltration, 
and that immune infiltration is significantly correlated to 
tumor progression, including metastasis. However, the 
association between irlncRNAs and metastatic OSs remains 
unclear. In this study, we explored the relationship between 
irlncRNAs and metastatic OSs by constructing a novel 
modeling algorithm. We then estimated the predictive value 
of the model among patients with metastatic OSs in relation 
to its diagnostic effectiveness, chemotherapeutic efficacy, 
and tumor immune infiltration. We present the following 
article in accordance with the REMARK reporting checklist 
(available at https://dx.doi.org/10.21037/tp-21-226).

Methods

Raw data

The RNA-sequencing data and clinical OSs data were 
obtained from The Therapeutically Applicable Research 
to Generate Effective Treatments (TARGET) database 
(https://ocg.cancer.gov/programs/target). Immune-related 
genes were collected from the Import database (https://
www.immport.org/).

Screening for irlncRNA in OSs

The lncRNAs from the OSs expression matrix (TPM 
standardized values) were extracted, and the correlations 
between the immune genes and lncRNAs were analyzed. 
The threshold value for the correlation coefficients was set 
as R>0.4, and the P value was set as <0.001.

Screening for differentially expressed irLncRNAs

The differences between irlncRNAs (metastatic versus non-
metastatic) were analyzed using a Wilcox test in R software 
(https://www.r-project.org/). The filtering standard was a 
log fold change |logFC| >0.5 and a P value <0.05. Heatmap 
and volcano plots for the differentially expressed genes were 
generated using the ggplot2 package in R software.

Construction of IRLPs

The differentially expressed irLncRNAs were paired one 
by one. In each irLncRNA pair (IRLP), if the expression 
of the former lncRNA was higher than that of the latter 
lncRNA, the expression of this IRLP was recorded as 1, and 
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otherwise, 0.

Construction of a prognostic signature for IRLPs

Univariate and multivariate regression cox analyses were 
used to construct a prognostic signature for the IRLPs. 
The Kaplan-Meier method was used to generate the 
survival curve and assess the predictive power of the 
IRLPs signature. The maximum Yuden index (sensitivity + 
specificity – 1) of the 1-year receiver operating characteristic 
(ROC) was identified as the best cutoff value based on R 
packages survival ROC. All samples were divided into high- 
or low-risk groups based on the best cutoff value. The 
nomogram and calibration curves were generated using R 
package rms.

Tumor-infiltrating immune cell analysis.

The CIBERSORT deconvolut ion a lgor i thm can 
characterize the cell composition of complex tissues 
based on RNA-sequencing profiles to estimate the 
relative abundance of 22 immune cells. We used the 
CIBERSORT algorithm to calculate the immune cell 
composition of 101 OSs samples, and analyzed the 
correlation between the risk score of the IRLP signature 
and immune infiltrating cells.

Analysis of the risk score and drug sensitivity

The R package pRRophetic, based on gene expression and 
drug sensitivity data from many cancer cell lines, and then 
applying those models to gene expression data from primary 
tumor biopsies (15). Based on the prophetic package, we 
analyzed the relationship between the signature and drug 
sensitivity risk score.

Statistical analysis

The differential immune-related lncRNAs were screened 
through R package limma, and the thresholds were set as 
|logFC| >0.5 and P<0.05; The Kaplan-Meier plot was 
used to perform the differential survival between different 
groups, log-rank P<0.05 was considered statistically 
significant. Univariate and multivariate (stepwise) cox 
regression was used to construct the prognostic signature. 
Wilcoxon and Spearman were used for difference analysis 
and correlation analysis, respectively. P<0.05 was considered 
statistically significant.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Results

Obtaining the IRLPs

We extracted a total of 13,522 lncRNAs from the 101 OS 
samples in the TARGET database. After a correlation 
analysis with the immune genes, 1,082 irlncRNAs were 
obtained. Next, 52 lncRNAs differentially expressed between 
primary and metastatic tumor were screened to construct 
immune IRLPs. A heatmap plot of the differentially 
expressed lncRNAs was generated (see Figure 1A). A volcano 
plot showed a total of 30 upregulated and 22 downregulated 
lncRNAs (see Figure 1B). We then constructed 749 IRLPs 
based on the differentially expressed lncRNAs.

Prognostic signature results of the IRLPs

The results of the univariate Cox regression indicated that 
19 IRLPs had a significant effect on the overall survival of 
OS patients (see Figure 2A). A multivariate cox regression 
analysis was conducted to identify 12 lncRNA pairs that 
were then used to establish the IRLP prognostic signature 
(see Figure 2B).

The best cutoff value determination and the Kaplan-Meier 
survival analysis of the IRLP signature

The area under the curve (AUC) value of the 3-year ROC 
curve of the IRLP signature was 0.842, and the best cutoff 
value for the risk score was 1.315 (see Figure 3A). The AUC 
values for the 1-year, 3-year, and 5-year ROC curves of the 
signature were 0.816, 0.842, and 0.848, respectively (see 
Figure 3B). A Kaplan-Meier survival analysis indicated that 
the low-risk group had a better overall survival rate than the 
high-risk group (see Figure 3C).

The nomogram, risk score curve, the survival status chart, 
and a calibration curve of the IRLP signature

Figure 4A shows the nomogram of the IRLP signature. 
The risk score curve and the survival status chart show the 
base of the best cutoff value. Ninety-six OS patients with 
complete survival data were divided into the high-risk group 
(n=34) or the low-risk group (n=62) (see Figure 4B,C). The 
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Figure 1 Heatmap and volcano plot of differentially expressed irlncRNAs. Top 50 upregulated and downregulated lncRNAs; blue and red, 
represent low and high expression, respectively (A); volcano plot of differential lncRNAs (B).

1-year, 3-year, and 5-year calibration curves showed that 
the IRLP nomogram was highly predictive of OSs patients’ 
overall survival (see Figure 4D,E,F).

Prognostic analyzed signature risk score and clinical 
features

The univariate and multivariate cox regression analyses 
of the risk score and clinical features indicated that of the 
clinical features, risk score was an independent prognostic 
factor (P<0.001; see Figure 5A,B). The AUC value of the 
3-year ROC curve showed that risk score had a better 
prognostic ability than tumor size, age, race, and gender in 
OSs patients (see Figure 5C).

lncRNA differential expression between primary and 
metastatic patients in relation to the IRLP signature

In the IRLP prognostic signature, 6 pairs of 10 lncRNAs 
(i.e., AC006449.2, AC011444.1, AL020997.3, AL031847.1, 
AP003086.2, and VPS9D1-AS1) were highly expressed in 
patients with metastasis (see Figure 6A,B,C,D,E,F), while 
AC002091.1, AL008721.2, AL118558.4, and USP27X-
AS1 were lowly expressed in patients with metastasis (see 
Figure 6G,H,I,J).

The effect of lncRNAs on expression and overall survival 
in the IRLP signature

The Kaplan-Meier survival analysis indicated that the high 
expression of AC002091.1 (P=0.038) and AL118558.4 
(P=0.004) resulted in better overall survival than the lower 
expression among OSs patients (see Figure 7A,B); The 
high expression of AC011444.1 (P=0.045), AL031847.1 
(P=0.020), VPS9D1-AS1 (P=0.039), and AC006449.2 
(0.006) reduced OS patients’  overall  survival (see 
Figure 7C,D,E,F). However, the high/low expression of 
AL008721.2, AL020997.3, AP003086.2, and USP27X-AS1 
had no significant effect on OS patients’ overall survival 
(P>0.05; see Figure 7G,H,I,J).

Tumor-infiltrating cell analysis in OSs patients

We calculated the relative abundance of 22 immune 
cells in 101 OS samples based on the CIBERSORT 
algorithm. A histogram demonstrated the abundance of 
22 immune cells (see Figure 8A). A differential analysis 
between primary and metastatic patients indicated that 
activated memory cluster of differentiation 4 (CD4) T 
cells (P=0.006), monocytes (P=0.029), activated mast 
cells (P=0.018), and neutrophils (P=0.026) had low 
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Figure 2 Forest map of the univariate and multivariate cox regression analyses. Forest map of the univariate Cox regression analysis (A); 
forest map of the multivariate cox regression analysis (B); green and red represent favorable lncRNA pairs and harmful lncRNA pairs for 
overall survival, respectively.

expression in metastatic OSs patients (see Figure 8B). 
The correlation between the 22 immune cells showed 
that activated mast cells were positively correlated 
with activated natural killer (NK) cells but negatively 
correlated with M2 macrophages and memory B cells (see 
Figure 8C).

The relationship between the abundance of immune cells 
and the overall survival of OSs patients

The results of the Kaplan-Meier survival analysis showed 
that a high abundance of activated dendritic cells (P=0.010) 
and activated mast cells (P=0.049) resulted in a poor 
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Figure 3 Best cutoff value determination and Kaplan-Meier survival analysis of the IRLP signature. The 3-year ROC curve and the 
determination of the best cutoff value (A); the 1-year, 3-year, and 5-year ROC curves (B); the X-axis and Y-axis represent the false positive 
and true positive rates, respectively; Kaplan-Meier survival analysis of a high- and low-risk groups for the IRLP signature (C). LPs, immune-
related lncRNA pairs; IRLP, irlncRNA pair; ROC, receiver operating characteristic.

prognosis (see Figure 9A,B).

Analysis of the correlation between risk score and an 
abundance of immune cells

A Spearman correlation analysis showed that risk score was 
positively correlated with activated dendritic cells (R=0.22, 
P=0.03) and activated mast cells (R=0.3, P=0.0035) (see 
Figure 10A,B).

Relationship between risk score and drug sensitivity

The analysis results of the drug half-maximal inhibitory 
concentration (IC50) and risk score showed that axitinib 
had a lower IC50 in the high-risk group than the low-risk 
group. Thus, axitinib was found to have a better therapeutic 
effect in high-risk OSs patients (see Figure 11).

Discussion

Based on knowledge that coding RNA and non-coding 
RNA play essential roles in malignancies, studies are now 
using them to predict the prognosis of multiple cancer 
types, such as gastric cancer, hepatocellular carcinoma, 
and bladder cancer (16-18). Most of these studies’ 
signatures were analyzed by quantifying the transcriptional 
expression levels. Based on a number of immune-related 
gene pairing studies, we attempted to develop a novel and 
reasonable model using an IRLP that did not require the 
transcriptional expression levels of these irlncRNAs.

The clinical data and transcriptome of OSs were obtained 
from the TARGET database, and the immune-related 
genes were derived from the imported dataset. A correlation 
analysis of the immune-related genes and the lncRNAs was 
then undertaken. Next, the differential expressions of IRLPs 
were analyzed between localized OS and distant metastatic 
OSs, and a prognostic model was constructed based on the 
significant differentially expressed IRLPs. Further, we also 
analyzed the association between the IRLP signature risk 
score, and the infiltration of the immune cells. As finding a 
novel and effective therapeutic regimen is the ultimate goal 
of cancer research, we investigated the correlation between 
risk score and drug resistance to provide valuable strategies 
for conquering drug resistance.

Recently, several studies have shown that some lncRNAs 
are significant regulators of the TME (19,20). The TME 
plays a crucial role in tumor progression, including 
distant metastasis for multiple cancer types (21-23). The 
immune cell is one of the main contents of the TME. 
The abundance of different immune cells can be used to 
distinguish among outcomes for cancer patients. Gomez-
Brouchet et al. showed that the higher tumor-associated 
macrophage infiltration resulted from less metastasis and 
led to a better prognosis (24). However, immune cells 
infiltrating the TME were regulated by some regulators, 
such as immune-related genes, irlncRNAs, and tumor cells. 
Several studies have shown that irlncRNAs play a significant 
role in assessments of cancer patients’ prognoses (25,26). 
irlncRNAs appear to regulate the TME by regulating the 
expression of immune-related genes.
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Figure 5 Prognostic analyzed signature risk score and clinical features. Forest map of univariate and multivariate Cox regression analyses of 
risk score and clinical features (A,B); the 3-year ROC curve of risk score and clinical features and the corresponding AUC value (C). ROC, 
receiver operator characteristic; AUC, area under the curve.

In the present study, the univariate analysis identified 
19 irlncRNAs that had a significant effect on the prognosis 
of OSs. A multivariate analysis was conducted to confirm 
the 19 irlncRNAs, and AL031847.1|AL118558.4, 
AC006449.2|USP27X-AS1, AL008721.2|AC011444.1, 
VPS9D1-AS1|AL118558.4, AL118558.4|AP003086.2, 
AC002091.1|AL020997.3 were selected in the final 
analysis. To date, only a few studies have investigated the 
role of AL020997.3 and VPS9D1-AS1 in cancer and other 
diseases. Ferguson et al. showed that AL020997.3 enhanced 
the interleukin 6 expressions for monocytes (27). Several 
studies have investigated the role of VPS9D1-AS1 in 
multiple cancer types, such as colorectal cancer, prostate 
cancer, lung adenocarcinoma, hepatocellular carcinoma, 
acute myeloid leukemia, acute lymphoblastic leukemia, and 
gastric cancer (28-34). Our results showed that metastatic 
patients had significantly higher lncRNA-VPS9D1-AS1 
than localized patients, and the overexpression of lncRNA-
VPS9D1-AS1 indicated a poor outcome. However, no study 
has investigated the role of lncRNA-VPS9D1-AS1 in OSs.

Tan et al. showed the higher expression of lncRNA-

VPS9D1-AS1 led to a poor prognosis of non-small cell 
lung cancer (NSCLC) (35). Fa et al. indicated that lncRNA-
VPS9D1-AS1 promoted tumor progression by enhancing 
hepatocellular carcinoma cell proliferation, migration, 
and stemness (29). Xiao et al. showed lncRNA-VPS9D1-
AS1 can improve the expansion of acute lymphoblastic 
leukemia (33). Han et al. showed that lncRNA VPS9D1-
AS1 enhanced the malignant phenotype of NSCLC by 
sponging microRNA-532-3p and upregulating expression 
of high mobility group AT-hook 2 (HMGA2) (36). Thus, 
LncRNA VPS9D1-AS1 appears to be a promoter of cancer 
progression.

We explored the role of irlncRNAs in OSs, and 
investigated the association between irlncRNAs and immune 
cell infiltration. In relation to immune cell abundance 
between primary and metastatic patients, we found fewer 
activated memory CD4 T cells (P=0.006), monocytes 
(P=0.029), activated mast cells (P=0.018), and neutrophils 
(P=0.026) in metastatic OSs patients than localized OSs 
patients. Derakhshani et al. showed that mast cells might play 
different roles in different cancer types (37). The infiltration 
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Figure 6 The lncRNA differential expression between primary and metastatic patients in the IRLP signature. AC006449.2 (A), AC011444.1 
(B), AL020997.3 (C), AL031847.1 (D), AP003086.2 (E), VPS9D1-AS1 (F), AC002091.1 (G), AL008721.2 (H), AL118558.4 (I), and 
USP27X-AS1 (J). IRLP, irlncRNA pair.
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I J

G H

Figure 7 Kaplan-Meier survival analysis of lncRNAs in the IRLP signature. AC002091.1 (A); AL118558.4 (B); AC011444.1 (C); 
AL031847.1 (D); VPS9D1-AS1 (E); AC006449.2 (F); AL008721.2 (G); AL020997.3 (H), AP003086.2 (I); and USP27X-AS1 (J). IRLP, 
irlncRNA pair.

of neutrophils into the TME of OSs may be influenced by 
chemokine CXCL1 and its receptor CXCR2 (38). Hanna 
et al. showed that non-classical patrolling monocytes could 
inhibit cancer metastasis to the lung (39). Undoubtedly, OSs 
has a preference for metastasizing to the lungs. Kelleher et al. 
indicated that monocytes might have a significant effect on 
metastatic OSs (40). We further explored the various roles of 
immune cells in OSs patients, and found that lower activated 
mast cell and dendritic cell infiltration led to a better 
prognosis among OS patients.

Finally, we performed a drug sensitivity analysis based 
on the risk score, and found that the high-risk group was 
resistant to axitinib. Axitinib is a small molecule inhibitor 
receptor tyrosine kinases VEGFR1-3. Axitinib has been 
widely used to treat kidney cancer (41-43). In relation 
to OSs, Kaya et al. revealed that the upregulation of the 
vascular endothelial growth factor (VGFR) led to a poor 
outcome for OSs patients, while a positive VGFR increased 
lung metastasis (44). Geller et al. showed that axitinib could 
be used to treat recurrent or refractory OSs patients (45). 
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Figure 9 A Kaplan-Meier survival analysis of the expression of immune cells and prognosis in OS patients. Activated dendritic cells (A); 
activated mast cells (B). OS, osteosarcoma.
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Figure 10 Relationship between risk score and immune cells. Activated dendritic cells (A); activated mast cells (B).

However, the high-risk group were sensitive to dasatinib. 
Beck et al. showed that a combination of ceritinib and 
dasatinib could be used to treat advanced OSs patients (46). 
Bortezomib is commonly used to treat multiple myeloma. 
Our drug sensitivity analysis showed that the high-risk 
group was sensitive to it. Lou et al. revealed that bortezomib 
could promote OSs cell apoptosis and autophagy via the 
mitogen-activated protein kinase pathway (47). Further, 
several studies have been shown that bortezomib can induce 
OSs cell death via different pathways (48-50). Thus, these 

novel regimens should be a choice for OSs patients.

Conclusions

In the present study, IRLPs were used to construct a novel 
and practical model for predicting the prognosis of children 
with localized and metastatic OSs; the model was not based 
on the transcriptional expression levels. The drug sensitivity 
analysis provides more effective therapy regimens based on 
risk score.
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Figure 11 Relationship between risk score and drug sensitivity based on the R package pRRophetic. Bortezomib (A); cisplatin (B); dasatinib 
(C); and axitinib (D).
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