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Background: Abnormal expression of lncRNA is closely related to the occurrence and
metastasis of osteosarcoma. The tumor immune microenvironment (TIM) is considered
to be an important factor affecting the prognosis and treatment of osteosarcoma. This
study aims to explore the effect of immune-related lncRNAs (IRLs) on the prognosis of
osteosarcoma and its relationship with the TIM.

Methods: Ninety-five osteosarcoma samples from the TARGET database were
included. Iterative LASSO regression and multivariate Cox regression analysis were
used to screen the IRLs signature with the optimal AUC. The predict function was
used to calculate the risk score and divide osteosarcoma into a high-risk group and
low-risk group based on the optimal cut-off value of the risk score. The lncRNAs in IRLs
signature that affect metastasis were screened for in vitro validation. Single sample gene
set enrichment analysis (ssGSEA) and ESTIMATE algorithms were used to evaluate the
role of TIM in the influence of IRLs on osteosarcoma prognosis.

Results: Ten IRLs constituted the IRLs signature, with an AUC of 0.96. The recurrence
and metastasis rates of osteosarcoma in the high-risk group were higher than
those in the low-risk group. In vitro experiments showed that knockdown of lncRNA
(AC006033.2) could increase the proliferation, migration, and invasion of osteosarcoma.
ssGSEA and ESTIMATE results showed that the immune cell content and immune
score in the low-risk group were generally higher than those in the high-risk group.
In addition, the expression levels of immune escape-related genes were higher in the
high-risk group.

Conclusion: The IRLs signature is a reliable biomarker for the prognosis of
osteosarcoma, and they alter the prognosis of osteosarcoma. In addition, IRLs signature
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and patient prognosis may be related to TIM in osteosarcoma. The higher the content
of immune cells in the TIM of osteosarcoma, the lower the risk score of patients and the
better the prognosis. The higher the expression of immune escape-related genes, the
lower the risk score of patients and the better the prognosis.

Keywords: osteosarcoma, lncRNA, tumor immune microenvironment, immune escape, metastasis

INTRODUCTION

Osteosarcoma is the most common primary malignant bone
tumor, most commonly occurring in adolescents and children
(Huang et al., 2021). Its incidence is about 4.4 per million,
accounting for 5% of all childhood malignancies (Han et al.,
2021). Nearly 60% of osteosarcomas occur in the femur,
tibia, and pelvis (Zhou and Mu, 2021). Osteosarcoma has
the characteristics of high malignancy, rapid growth, and easy
metastasis. Pulmonary metastasis is one of the major factors
leading to the poor prognosis of osteosarcoma, and more
than 20% of patients with osteosarcoma have had pulmonary
metastasis at the time of diagnosis (Anderson, 2016). Therefore,
it is important to clarify the causes and mechanisms affecting
the prognosis of osteosarcoma to prolong the survival time
of osteosarcoma.

LncRNA regulates gene transcription, translation, editing,
and other biological processes (Qian et al., 2019). Its abnormal
expression is closely related to the occurrence and metastasis of
tumors (Kornfeld and Bruning, 2014; Bartonicek et al., 2016).
It has been confirmed that multiple lncRNAs can promote the
occurrence and metastasis of osteosarcoma through competitive
inhibition of miRNA expression (Pan et al., 2021; Zhou and
Mu, 2021). Notably, lncRNAs can regulate the development
and activation of a variety of immune cells (Atianand et al.,
2017). The tumor microenvironment is composed of extracellular
matrix, mesenchymal cells, immune cells, and other components,
and plays an important role in the occurrence of tumors
(Pitt et al., 2016; De Nola et al., 2019). The immune cells
in the tumor microenvironment are closely related to the
treatment and prognosis of tumors. Studies have shown that
lncRNA can promote tumor-associated macrophage polarization
to regulate the proliferation and migration of tumor cells
(Zhao et al., 2021). LncRNA NKILA can also act on T
cells to promote the immune escape of tumor cells (Huang
et al., 2018). LncRNA THRIL has also been shown to regulate
TNF-α expression and participate in immune response in
osteosarcoma (Xu et al., 2020). Therefore, these lncRNAs
mediated tumor immune microenvironment (TIM) regulation
may play an important role in the metastasis and prognosis
of osteosarcoma.

In this study, immune-related lncRNAs (IRLs) signature
was constructed from the publicly available RNA-Seq dataset
to evaluate the prognosis of osteosarcoma. In particular,
the role of IRLs signature in osteosarcoma metastasis was

Abbreviations: EdU, 5-ethynyl-2′-deoxyuridine; FBS, fetal bovine serum; GSEA,
gene set enrichment analysis; GSVA, Gene Set Variation Analysis; IRLs, immune-
related lncRNAs; PCA, principal component analysis; ssGSEA, single sample gene
set enrichment analysis; TIM, tumor immune microenvironment.

evaluated and validated in vitro. Because the metastasis
of osteosarcoma is an important factor affecting its poor
prognosis. In addition, this study further explored the
role of TIM in the influence of IRLs on the progression
of osteosarcoma.

MATERIALS AND METHODS

Data Collection and Processing
Osteosarcoma expression spectrum and clinical information
from the TARGET database.1 Samples were selected and
data were processed by the following steps: (1) samples
with both expression profiles and prognostic information
were selected; (2) delete the samples with a survival time
of 0 months; (3) according to the human gene annotation
file (version GRCH38.p13), the ID of the gene of the
osteosarcoma samples was converted into the gene symbol;
and (4) there were multiple expression levels of the same
gene in the expression profile, and the mean expression
level was taken.

Co-expression Analyses of
Immune-Related LncRNAs
A gene set named “IMMUNE RESPONSE TO TUMOR CELL”
was download from Molecular Signatures Database.2

Correlation analysis was conducted between all lncRNAs and
the gene set, and IRLs with a correlation coefficient greater than
0.6 were obtained.

Construction Immune-Related LncRNAs
Prognostic Signature
LncRNAs with expression variance greater than 0.2 in IRLs were
screened. Univariate Cox regression analysis was performed on
these lncRNAs and those with P-value less than 0.5 were screened
(Sveen et al., 2012). Iterative LASSO regression was used to
identify high-frequency lncRNA (Zhang et al., 2021). Through
1000 iterations, a total of 11 lncRNAs with a frequency greater
than 300 were screened out. These lncRNAs were incorporated
into the Cox regression analysis one by one until the AUC
value of IRLs signature reached the maximum. The risk score
of each osteosarcoma sample was calculated using the predict
function. The patients were divided into a high-risk group and
low-risk group using the optimal risk score cut-off value and the
Survminer R package was used for survival analysis.

1https://ocg.cancer.gov/programs/target
2http://www.gsea-msigdb.org/gsea/msigdb/index.jsp
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FIGURE 1 | Construction of IRLs prognostic signature. (A) Iterative LASSO and Cox regression analysis are used to screen IRLs signature with the best AUC.
(B) The ROC curve with the best AUC. (C) Osteosarcomas were grouped according to the optimal cut-off value of risk score, and survival analysis was performed.
(D) Expression levels of 10 lncRNA in IRLs signature. (E) PCA analysis was performed with IRLs signature. (F) Correlation analysis among 10 IRLs in IRLs signature.

Single Sample Gene Set Enrichment
Analysis and Gene Set Enrichment
Analysis
Fifty immune cell gene sets (Bindea et al., 2013; Cheng et al.,
2013; Newman et al., 2015; Senbabaoglu et al., 2016), stromal
cell gene set, and total immune cell gene set included in this
study (Yoshihara et al., 2013) came from previous studies.
Single sample gene set enrichment analysis (ssGSEA) of
these gene sets were performed using Gene Set Variation
Analysis (GSVA) R package (Wang et al., 2021), and the results

of ssGSEA were normalized. KEGG pathway enrichment
and GO function enrichment analysis were performed
using GSEA software (version 4.0.1). Gene sets of KEGG
and GO (C2.Cp.KEGG.v7.1 and C5.All.V7.1.Symbols)
download from Molecular Signatures Database (see
text footnote 2).

Construction of the Nomogram
The risk score and osteosarcoma features such as age, gender,
recurrence, metastasis, and tumor site were used to construct a
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FIGURE 2 | The role of IRLs signature in the prognosis of osteosarcoma. (A) Osteosarcoma was divided into high-risk group and low-risk group according to the
optimal cut-off value of risk score. (B) Relationship between risk score and survival states in patients with osteosarcoma. (C,D) Osteosarcomas were grouped
according to the optimal cut-off value of lncRNAs expression in IRLs signature, and survival analysis was performed.

nomogram (Iasonos et al., 2008; Wang et al., 2013) to intuitively
evaluate the prognosis of patients with osteosarcoma. The
decision curve was used to verify the accuracy of the nomogram.

Estimation of Tumor Microenvironment
Score
ESTIMATE algorithm was used to evaluate stromal score,
immune score, and tumor cell purity of osteosarcoma (Hu et al.,
2021). Kruskal–Wallis was used to analyze the differences in the

stromal score, immune score, Estimate score, and tumor cell
purity of different risk score osteosarcomas.

Cell Culture and Transfection
Human osteosarcoma cell lines KHOS and 143B were
derived from American Type Culture Collection (ATCC,
VA, United States). 143B cells were cultured in DMEM
medium (HyClone, UT, United States) containing 10% fetal
bovine serum (FBS, Gibco, NY, United States), and KHOS
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FIGURE 3 | Role of clinical features in the prognosis of osteosarcoma. (A) Univariate and multivariate Cox regression analysis of clinical features of osteosarcoma.
(B) ROC curve for predicting the prognosis of osteosarcoma based on risk score and clinical features of osteosarcoma. (C) Differences in metastasis and recurrence
rates between the high-risk group and low-risk group.

cells were cultured in RPMI-1640 medium (HyClone, UT,
United States) containing 10% FBS. Si-AC006033.2 was
obtained from Gemma Gene (Suzhou, China) (sequences:
5′-GCAGCUGCUUUGACAGUUUTT-3′). Lipofectamine 3000
(Invitrogen, CA, United States) was used for transfection. The
transfection process was carried out according to the instructions.

Reverse Transcription-Quantitative
Polymerase Chain Reaction
RNA extraction from osteosarcoma cell lines was performed
using TRIzol (Invitrogen, CA, United States). GAPDH was

selected as an endogenous control. The primers of AC006033.2
and GAPDH are shown in Supplementary Table 1.

Cell Proliferation Assay (Cell Counting
Kit-8 and 5-Ethynyl-2′-Deoxyuridine)
Osteosarcoma cells were cultured in 96-well plates with a cell
density of 3000 cells per well. A total of 10 µL Cell Counting
Kit-8 (CCK-8) solution (Beyotime, Shanghai, China) was added
at 0, 24, 48, and 72 h, respectively. OD values were measured at
450 nm wavelength.
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FIGURE 4 | Nomogram for evaluating the prognosis of osteosarcoma at 3 and 5 years. (A) The risk score and clinical characteristics of osteosarcoma were used to
construct the nomogram. (B) Calibration curves were used to verify the accuracy of the nomogram.

Osteosarcoma cells were inoculated in six-well plates and
cultured for 12 h, 5-ethynyl-2′-deoxyuridine (EdU, Beyotime,
Shanghai, China), was added. The final concentration of EdU was
10 µM. It was incubated in an incubator at 37◦C for 2 h and fixed
with 4% paraformaldehyde. A total of 1 mL of osmotic solution
was added to each well and incubate at room temperature for
15 min. A total of 0.5 mL click reaction solution was added
to each well and incubate at room temperature in dark for
30 min. Finally, the nuclei were stained with DAPI (Beyotime,
Shanghai, China).

Wound Healing Assay and Transwell
Invasion Assay
The wound-healing assay was performed in a six-well plate.
Scratches were made with the tip of a sterile pipette. The
changes of scratches at 24 h were observed under a microscope.
Image-Pro Plus 6.0 software (Media Cybernetics, United States)
was used to calculate the area change of the scratches.
Invasion experiments were performed in transwell chambers
(Corning, NY, United States) with an 8 µm pore diameter
membrane. The upper layer of the chamber was added with
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FIGURE 5 | Role of IRLs signature in metastasis and proliferation of osteosarcoma. (A) The probability of metastasis of osteosarcoma gradually decreases with the
decrease of risk score. (B) Differential expression of 10 IRLs in metastatic and non-metastatic osteosarcomas. Only the expression level of AC006033.2 was
different. (C) Knockdown results of AC006033.2 in osteosarcoma cell lines. (D,E) Effects of AC006033.2 knockdown on proliferation of osteosarcoma cells.
*P < 0.05 and ***P < 0.001. EdU, 5-ethynyl-2′-deoxyuridine.

matrigel (BD, NJ, United States). The number of osteosarcoma
cells inoculated was 1 × 105 pre well. The upper chamber was
cultured with serum-free medium, and the lower chamber was
cultured with a 700 ‘L complete medium. After 48 h, the cells
in the upper part of the basement membrane were erased, and
the cells in the lower part of the basement membrane were
fixed and stained.

Statistical Analysis
The statistical software R (version 3.6.1) was used for data
analysis and image production. The Chi-square test was used

to compare differences in recurrence rates or metastasis rates
of osteosarcoma. Spearman correlation analysis was used to
evaluate the correlation between the expression level of lncRNAs,
the correlation between risk score and lncRNA expression
level, or the correlation between lncRNA expression level
and immune cell content. The Kruskal–Wallis test was used
to analyze the differences in immune cell content, tumor
microenvironment score, or gene expression level. Kaplan–Meier
survival analysis was used to evaluate prognostic differences
between different risk scores or between different lncRNAs
expression levels in osteosarcoma. Univariate Cox regression
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FIGURE 6 | Influence of AC006033.2 on migration and invasion ability of osteosarcoma. (A,B) Effects of AC006033.2 knockdown on the migration ability of
osteosarcoma cells. (C,D) Effects of AC006033.2 knockdown on the invasion ability of osteosarcoma cells. *P < 0.05 and **P < 0.01.

analysis and multivariate Cox regression analysis were used to
evaluating the effects of lncRNA, clinical characteristics, or risk
score on the prognosis of osteosarcoma. Two-tailed P-values were
used, and the statistical significance was set at P < 0.05.

RESULTS

Data Processing and Co-expression
Analyses of Immune-Related LncRNAs
Sequencing data and clinical data were downloaded from the
TARGET database and expression levels of all samples were
combined into an expression profile. The names of samples with
both clinical and sequencing data are shown in Supplementary
Table 2. Follow the above method, 95 osteosarcoma samples
were included in the study. The expression levels of all lncRNA
were shown in Supplementary Table 3. Correlation analysis was
conducted between all lncRNAs and the gene set (IMMUNE
RESPONSE TO TUMOR CELL), and 4986 IRLs were obtained
(Supplementary Table 4).

Construction of Immune-Related
LncRNAs Prognostic Signature
There were 4986 lncRNAs with variances greater than 0.2
expressed in IRLs. Univariate Cox regression analysis was
performed on these IRLs, among which 1743 IRLs with P-value
less than 0.5 were identified. Iterative LASSO regression was used

to identify high-frequency lncRNAs. One thousand iterations
were executed, and 11 lncRNAs with a frequency greater than
300 were screened out. These lncRNAs were incorporated into
the Cox regression analysis one by one until the AUC of ROC
reached the maximum. At this point, the number of lncRNAs was
10 and the AUC was 0.96 (Figures 1A,B). The predict function
was used to calculate the risk score of each osteosarcoma sample,
and the osteosarcoma patients are divided into the high-risk
group (n = 48) and low-risk group (n = 47) according to the
optimal cut-off value (0.92) of risk score. Kaplan–Meier survival
analysis showed that the lower risk score was associated with a
better prognosis for osteosarcoma (Figure 1C). The distribution
of 10 IRLs expression levels with the change of risk score
was shown in Figure 1D. The results of principal component
analysis (PCA) showed that IRLs signature can achieve better
dimension reduction (Figure 1E). Correlation analysis results
showed that the expression levels of these lncRNAs were not
highly correlated (Figure 1F), which further demonstrated the
rationality of IRLs signature.

The Role of Immune-Related LncRNAs
Signature in the Prognosis of
Osteosarcoma
Osteosarcoma patients were divided into high-risk group
and low-risk group according to the optimal cut-off
value of risk score (Figure 2A). With the increase of
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FIGURE 7 | Pathway and functional enrichment analysis of osteosarcoma in the high-risk and low-risk group osteosarcomas. (A) KEGG enrichment analysis of
osteosarcomas showed that osteosarcomas in the low-risk group were mostly enriched in immune-related pathways. (B) GO enrichment analysis of osteosarcomas
showed that osteosarcomas in the low-risk group were mostly enriched in immune-related functions.

risk score, the mortality rate of osteosarcoma increased
significantly (Figure 2B). Results of survival analysis showed
that osteosarcoma with high expression of AC006033.2,
LINC02315, AL133523.1, USP30-AS1, or AC079760.2
had a better prognosis (Figure 2C and Supplementary
Figure 1A). High expression of AP000943.1, AC015795.1,

AC016746.1, LINC01976, and SNHG6 was not conducive to
the prognosis of osteosarcoma (Figure 2D and Supplementary
Figure 1B). Cox regression analysis showed that AL133523.1,
AC079760.2, and LINC01976 were independent prognostic
factors for osteosarcoma (Supplementary Tables 5, 6 and
Supplementary Figure 2).
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FIGURE 8 | Relationship between IRLs signature and the degree of immune cell infiltration. (A) Changes of the degree of immune cell infiltration in osteosarcoma
with the change of risk score. (B) Correlation analysis between 10 IRLs and the degree of immune cell infiltration.

The Role of Clinical Features in the
Prognosis of Osteosarcoma
Univariate and multivariate Cox regression analysis results
showed that IRLs signature and the clinical features of
osteosarcoma including recurrence, metastasis, and tumor
location could all be independent prognostic factors for
osteosarcoma (Figure 3A and Supplementary Tables 7, 8).
In the prognostic evaluation of osteosarcoma, the predictive
performance of IRLs signature was the highest among these
features. In the ROC curve, the 1-, 3-, and 5-year AUC values
were 0.802, 0.925, and 0.96, respectively (Figure 3B). In addition,
the Chi-square test confirmed that the recurrence rates and

metastasis rates were higher in the high-risk group than in the
low-risk group (Figure 3C). Survival analysis showed a poor
prognosis for recurrent, metastatic, and non-limb osteosarcomas
(Supplementary Figure 3A), and no significant difference in
prognosis between sex and age (Supplementary Figure 3B).

The Construction and Verification of the
Nomogram
The nomogram is widely used to evaluate the prognosis
of tumors. It can reduce the statistical prediction model to
a probability value. In this study, risk score, gender, age,
recurrence, metastasis, and tumor location were integrated to
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FIGURE 9 | Relationship between IRLs signature and tumor microenvironment score. (A–C) Analysis of differences in the immune score, stromal score, and
Estimate score between high-risk and low-risk osteosarcoma. (D–F) Correlation analysis between risk score and osteosarcoma immune score, matrix score, and
Estimate score. (G) Analysis of difference in tumor cell purity between high-risk and low-risk osteosarcoma. (H) Correlation analysis between risk score and tumor
cell purity of osteosarcoma.

construct a nomogram to evaluate the prognosis of osteosarcoma
(Figure 4A). The nomogram showed the predicted survival rates
for 3 and 5 years, respectively. Calibration curves showed that
the nomogram was able to accurately evaluate the prognosis of
osteosarcoma (Figure 4B).

The Role of Immune-Related LncRNAs
Signature in Osteosarcoma Metastasis
The metastasis of osteosarcoma is one of the most important
factors affecting its prognosis. Therefore, this study focused on

the role of the IRLs signature in the metastasis of osteosarcoma.
The Chi-square test confirmed that the metastatic rate of
osteosarcoma was higher in the high-risk group than in the low-
risk group (Figure 3C). The waterfall chart also shows that the
probability of metastasis gradually decreases with the decrease
of risk score (Figure 5A). Therefore, IRLs signature may play
an important role in the metastasis of osteosarcoma. The results
of the differential analysis showed that only AC006033.2 of
the 10 lncRNAs of IRLs signature was different between the
metastatic and non-metastatic osteosarcomas, and the expression
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FIGURE 10 | Relationship between IRLs signature and endogenous immune escape in osteosarcoma. (A–C) The expression of MHC-I molecule, MHC-II molecule,
and costimulatory molecule changed with the increase of risk score. (D–F) Differential analysis of the expression of MHC-I, MHC-II, and costimulatory molecules in
high-risk and low-risk osteosarcoma. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.

level of AC006033.2 was low in the metastatic osteosarcomas
(Figure 5B). For this reason, AC006033.2 was knocked down
and validated in osteosarcoma cell lines. Knockdown efficacy was
confirmed by PCR in osteosarcoma cell line 143B and KHOS
(Figure 5C). We first conducted a cell proliferation experiment,
and the results showed that knocking down AC006033.2
could increase the proliferation ability of osteosarcoma cells
(Figures 5D,E). The wound-healing assay results further showed
that knocking down AC006033.2 increased the migration ability
of osteosarcoma cells (Figures 6A,B). Transwell invasion assay

showed increased invasiveness of osteosarcoma cells after
AC006033.2 knockdown (Figures 6C,D).

KEGG Pathway Enrichment and GO
Function Enrichment
Gene set enrichment analysis (GSEA) software was used
to assess KEGG pathway enrichment in high-risk and low-
risk osteosarcomas. The pathways that enriched in low-risk
osteosarcomas were mainly immune-related (Figure 7A), while
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no associated pathways enriched in high-risk osteosarcomas. The
better prognosis of osteosarcoma in the low-risk group may be
related to the local immune microenvironment.

To further explore the possible role of IRLs signature in
osteosarcoma, GO enrichment analysis was performed using
GSEA software. The results showed that osteosarcomas in
the low-risk group were mainly enriched in immune-related
functions (Figure 7B), while the high-risk group osteosarcomas
were also not enriched in any meaningfully related functions.

The Role of Tumor Immune
Microenvironment in the Influence of
Immune-Related LncRNAs on
Osteosarcoma Prognosis
Relationship Between Immune-Related LncRNAs
Signature and Immune Cell Infiltration
LncRNA can regulate the development and activation of
various immune cells (Atianand et al., 2017). Therefore, our
study investigated the relationship between the degree of
immune cell infiltration and IRLs signature in the immune
microenvironment of osteosarcoma. The results of ssGSEA are
shown in Supplementary Table 9, and the content of immune
cells in osteosarcoma decreased with the increase of risk score
(Figure 8A), and the correlation analysis results showed that risk
score was negatively correlated with the content of most immune
cells (Supplementary Figure 4), which suggested that the low
degree of immune cell infiltration might be an important reason
for recurrence and metastasis in the high-risk osteosarcoma.
In addition, AC006033.2 was also positively correlated with
the content of most immune cells (Figure 8B). Osteosarcoma
with low AC006033.2 expression had a low level of immune
cell infiltration, which was not conducive to the prognosis of
osteosarcoma. This was consistent with the conclusion that
AC006033.2 knockdown in vitro enhanced the invasiveness of
osteosarcoma cells (Figures 6C,D).

Relationship Between Immune-Related LncRNAs
Signature and Tumor Microenvironment Score
ESTIMATE algorithm can be used to evaluate the tumor
microenvironment score of osteosarcoma to evaluate tumor
stroma content, immune cell content, and tumor cell purity
(Supplementary Table 10; Hu et al., 2021). Our study calculated
the tumor microenvironment score of osteosarcoma by the
ESTIMATE algorithm, and analyzed the relationship between
them and risk score or the degree of immune cell infiltration
(Supplementary Figure 5). Differential analysis results showed
that the immunoscore, stromal score, and Estimate score of the
low-risk group were higher than those of the high-risk group
(Figures 9A–C). Correlation analysis results showed that risk
score was negatively correlated with immune score, stromal
score, and Estimate score. With the increase of risk score, the
immune score, stromal score, and Estimate score of osteosarcoma
gradually decreased (Figures 9D–F). Conversely, the purity of
tumor cells in the low-risk osteosarcoma group was lower than
that in the high-risk group, and the purity of tumor cells was
negatively correlated with the risk score (Figures 9G,H).

Relationship Between Immune-Related
LncRNAs Signature and Immune Escape
in Osteosarcoma
Immune escape is an important reason for the rapid growth of
tumor cells in the human body. In this study, we found that
the prognosis of osteosarcoma may be related to the mechanism
of endogenous immune escape. The molecules involved in
endogenous immune escape include MHC-I molecules, MHC-II
molecules, costimulatory molecules. Our results showed that the
expression levels of MHC-I molecules, MHC-II molecules, and
costimulatory molecules decreased with the increase of risk score
(Figures 10A–C), and the different analysis results showed that
the expression levels of these molecules in the high-risk group
were lower than those in the low-risk group (Figures 10D–F).
This suggests that immune escape is more likely to occur in the
high-risk group osteosarcoma.

DISCUSSION

Compared with previous amputations alone, the survival rate
for osteosarcoma has improved from 20% to more than 60%
(Koster et al., 2018; Wang et al., 2018) but has not improved
further in recent years. The high incidence of pulmonary
metastasis is one of the important reasons. Therefore, searching
for effective prognostic markers is an important method for
early diagnosis of the prognosis of osteosarcoma and early
intervention. In recent years, the role of TIM in the treatment
of osteosarcoma has become increasingly evident. A growing
number of immunotherapy agents are entering clinical trials
(NCT04668300, NCT04544995, and NCT02500797). Therefore,
we hope to find immune-related biomarkers that can not
only better predict patient survival, but also provide potential
therapeutic targets for future immunotherapy. LncRNA has been
proved to be involved in the immune response of osteosarcoma
by regulating the expression of TNF-α (Xu et al., 2020). To
this end, we constructed a prognostic signature using IRLs to
explore its role in the prognosis of osteosarcoma. Further, we
explored the relationship between the IRLs signature and the TIM
of osteosarcoma.

In this study, 10 IRLs with good predictive ability were selected
as a prognostic marker for osteosarcoma by iterative LSSSO
regression and multivariate Cox regression analysis. Compared
with the simple univariate and multivariate Cox regression
analysis, the IRLs signature has better predictive performance,
with an AUC of 0.96. The results of PCA showed that IRLs
signature could classify osteosarcoma into two groups. With the
increase of risk score, the mortality of patients with osteosarcoma
showed a significant upward trend. Recurrence and metastasis
are important clinical features for the prognosis of osteosarcoma.
Compared with the common clinical features of osteosarcoma,
IRLs signature has higher predictive power for the prognosis
of osteosarcoma, even higher than the two clinical features of
osteosarcoma recurrence and metastasis.

Our study showed that the metastatic rate of osteosarcoma
in the high-risk group was significantly higher than that in
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the low-risk group, and the probability of metastasis tended
to increase with the increase of risk score. It is worth noting
that the differential expression analysis of lncRNA in IRLs
signature between the metastatic group and the non-metastatic
group showed that only the expression level of AC006033.2
was different. Therefore, our study further verified the role of
AC006033.2 in the biological behavior of osteosarcoma through
an in vitro experiment. By interfering with AC006033.2, we found
that the proliferation, migration, and invasion of osteosarcoma
cell lines were enhanced. Studies have shown that AC006033.2 is
also an effective biomarker for anti-tumor immunity in gastric
cancer (He and Wang, 2020), which is similar to the results
of our study. We found that IRLs signature is closely related
to the TIM of osteosarcoma. In addition, the expression level
of AC006033.2 was significantly positively correlated with the
content of various immune cells. Therefore, AC006033.2 may be
an important molecule affecting the prognosis of osteosarcoma.

LncRNA THRIL has been shown to regulate TNF-α expression
and participate in immune response in osteosarcoma (Xu
et al., 2020). KEGG and GO enrichment analysis results also
showed that osteosarcoma in the low-risk group was highly
correlated with immune pathways and functions. Therefore, we
further explored the relationship between IRLs signature and
TIM of osteosarcoma. Firstly, the ssGSEA was used in the
study to evaluate the level of immune cell infiltration in the
microenvironment of osteosarcoma, and the level of immune
cell infiltration was higher in the low-risk group. Results of the
ESTIMATE algorithm also indicated a higher immune score in
osteosarcoma in the low-risk group. These suggest that IRLs
may be associated with the immune cell infiltration in the
microenvironment of osteosarcoma.

Studies have shown that lncRNA can also act on T cells
to promote the immune escape of tumor cells (Huang et al.,
2018). Therefore, we further explored the relationship between
the IRLs signature and the TIM of osteosarcoma. The decrease
of MHC-I molecular presentation function is considered to be an
important reason for the immune escape of tumor cells (Lee et al.,
2005). Low expression of MHC-II molecules can also lead to the
occurrence of immune escape due to the inability to effectively
activate T cells (Zhi et al., 2021). In addition, the activation of
T cells also requires the participation of costimulatory molecules
(Angulo et al., 2021). We found that MHC-I molecules, MHC-
II molecules, and costimulatory molecules, which are associated
with endogenous immune escape, were all low expressed in the
high-risk group. These results suggest that immune escape may

be prevalent in high-risk group osteosarcoma, and IRLs may be
associated with the immune escape of osteosarcoma cells.

CONCLUSION

The IRLs signature is a reliable biomarker for the prognosis of
osteosarcoma, and they alter the prognosis of osteosarcoma. In
addition, IRLs signature and patient prognosis may be related to
TIM in osteosarcoma. The higher the content of immune cells in
the TIM of osteosarcoma, the lower the risk score of patients and
the better the prognosis. The higher the expression of immune
escape-related genes, the lower the risk score of patients and the
better the prognosis.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repositories and accession
numbers can be found in the article material.

AUTHOR CONTRIBUTIONS

WG conceived the project. QH, YL, CC, JL, TR, YH, HZ, YY,
YG, WW, BW, JN, JX, and LG performed the literature search
and data analysis. QH and WG drafted and critically revised the
work. All authors contributed to manuscript revision, read, and
approved the submitted version.

FUNDING

This work was supported by the Beijing Science and
Technology Planning Project (No. Z161100000116100) and
the National Natural Science Foundation of China (Nos.
81572633 and 82072970).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcell.2021.
731311/full#supplementary-material

REFERENCES
Anderson, M. E. (2016). Update on Survival in Osteosarcoma. Orthop. Clin. North

Am. 47, 283–292. doi: 10.1016/j.ocl.2015.08.022
Angulo, G., Zeleznjak, J., Martinez-Vicente, P., Punet-Ortiz, J., Hengel,

H., Messerle, M., et al. (2021). Cytomegalovirus restricts ICOSL
expression on antigen-presenting cells disabling T cell co-stimulation and
contributing to immune evasion. Elife 10:e59350. doi: 10.7554/eLife.5
9350

Atianand, M. K., Caffrey, D. R., and Fitzgerald, K. A. (2017). Immunobiology
of long noncoding RNAs. Annu. Rev. Immunol. 35, 177–198. doi: 10.1146/
annurev-immunol-041015-055459

Bartonicek, N., Maag, J. L., and Dinger, M. E. (2016). Long noncoding RNAs in
cancer: mechanisms of action and technological advancements. Mol. Cancer
15:43. doi: 10.1186/s12943-016-0530-6

Bindea, G., Mlecnik, B., Tosolini, M., Kirilovsky, A., Waldner, M., Obenauf, A. C.,
et al. (2013). Spatiotemporal dynamics of intratumoral immune cells reveal the
immune landscape in human cancer. Immunity 39, 782–795. doi: 10.1016/j.
immuni.2013.10.003

Cheng, W. Y., Ou Yang, T. H., and Anastassiou, D. (2013). Biomolecular events
in cancer revealed by attractor metagenes. PLoS Comput. Biol. 9:e1002920.
doi: 10.1371/journal.pcbi.1002920

De Nola, R., Menga, A., Castegna, A., Loizzi, V., Ranieri, G., Cicinelli, E.,
et al. (2019). The crowded crosstalk between cancer cells and stromal

Frontiers in Cell and Developmental Biology | www.frontiersin.org 14 October 2021 | Volume 9 | Article 731311

https://www.frontiersin.org/articles/10.3389/fcell.2021.731311/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcell.2021.731311/full#supplementary-material
https://doi.org/10.1016/j.ocl.2015.08.022
https://doi.org/10.7554/eLife.59350
https://doi.org/10.7554/eLife.59350
https://doi.org/10.1146/annurev-immunol-041015-055459
https://doi.org/10.1146/annurev-immunol-041015-055459
https://doi.org/10.1186/s12943-016-0530-6
https://doi.org/10.1016/j.immuni.2013.10.003
https://doi.org/10.1016/j.immuni.2013.10.003
https://doi.org/10.1371/journal.pcbi.1002920
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles


fcell-09-731311 October 1, 2021 Time: 16:1 # 15

Huang et al. Immune-Related LncRNAs in Osteosarcoma Microenvironment

microenvironment in gynecological malignancies: biological pathways and
therapeutic implication. Int. J. Mol. Sci. 20:2401. doi: 10.3390/ijms20102401

Han, G., Guo, Q., Ma, N., Bi, W., Xu, M., Jia, J., et al. (2021). LncRNA BCRT1
facilitates osteosarcoma progression via regulating miR-1303/FGF7 axis. Aging
(Albany N. Y.) 13, 15501–15510. doi: 10.18632/aging.203106

He, Y., and Wang, X. (2020). Identification of molecular features correlating with
tumor immunity in gastric cancer by multi-omics data analysis. Ann. Transl.
Med. 8:1050. doi: 10.21037/atm-20-922

Hu, X., Wu, L., Liu, B., and Chen, K. (2021). Immune infiltration subtypes
characterization and identification of prognosis-related lncRNAs in
adenocarcinoma of the esophagogastric junction. Front. Immunol. 12:651056.
doi: 10.3389/fimmu.2021.651056

Huang, D., Chen, J., Yang, L., Ouyang, Q., Li, J., Lao, L., et al. (2018). NKILA
lncRNA promotes tumor immune evasion by sensitizing T cells to activation-
induced cell death. Nat. Immunol. 19, 1112–1125. doi: 10.1038/s41590-018-
0207-y

Huang, Q., Liang, X., Ren, T., Huang, Y., Zhang, H., Yu, Y., et al. (2021). The
role of tumor-associated macrophages in osteosarcoma progression-therapeutic
implications. Cell. Oncol. (Dordr.) 44, 525–539. doi: 10.1007/s13402-021-
00598-w

Iasonos, A., Schrag, D., Raj, G. V., and Panageas, K. S. (2008). How to build
and interpret a nomogram for cancer prognosis. J. Clin. Oncol. 26, 1364–1370.
doi: 10.1200/JCO.2007.12.9791

Kornfeld, J. W., and Bruning, J. C. (2014). Regulation of metabolism by long,
non-coding RNAs. Front. Genet. 5:57. doi: 10.3389/fgene.2014.00057

Koster, R., Panagiotou, O. A., Wheeler, W. A., Karlins, E., and Gastier-Foster, J. M.
(2018). Caminada de Toledo SR, et al. Genome-wide association study identifies
the GLDC/IL33 locus associated with survival of osteosarcoma patients. Int. J.
Cancer 142, 1594–1601. doi: 10.1002/ijc.31195

Lee, F. T., Mountain, A. J., Kelly, M. P., Hall, C., Rigopoulos, A., Johns, T. G., et al.
(2005). Enhanced efficacy of radioimmunotherapy with 90Y-CHX-A”-DTPA-
hu3S193 by inhibition of epidermal growth factor receptor (EGFR) signaling
with EGFR tyrosine kinase inhibitor AG1478. Clin. Cancer Res. 11(19 Pt 2),
7080s–7086s. doi: 10.1158/1078-0432.CCR-1004-0019

Newman, A. M., Liu, C. L., Green, M. R., Gentles, A. J., Feng, W., Xu, Y., et al.
(2015). Robust enumeration of cell subsets from tissue expression profiles. Nat.
Methods 12, 453–457. doi: 10.1038/nmeth.3337

Pan, X., Tan, J., Tao, T., Zhang, X., Weng, Y., Weng, X., et al. (2021). LINC01123
enhances osteosarcoma cell growth by activating the Hedgehog pathway via the
miR-516b-5p/Gli1 axis. Cancer Sci. 112, 2260–2271. doi: 10.1111/cas.14913

Pitt, J. M., Marabelle, A., Eggermont, A., Soria, J. C., Kroemer, G., and Zitvogel,
L. (2016). Targeting the tumor microenvironment: removing obstruction to
anticancer immune responses and immunotherapy. Ann. Oncol. 27, 1482–1492.
doi: 10.1093/annonc/mdw168

Qian, X., Zhao, J., Yeung, P. Y., Zhang, Q. C., and Kwok, C. K. (2019). Revealing
lncRNA structures and interactions by sequencing-based approaches. Trends
Biochem. Sci. 44, 33–52. doi: 10.1016/j.tibs.2018.09.012

Senbabaoglu, Y., Gejman, R. S., Winer, A. G., Liu, M., Van Allen, E. M., de Velasco,
G., et al. (2016). Tumor immune microenvironment characterization in clear
cell renal cell carcinoma identifies prognostic and immunotherapeutically
relevant messenger RNA signatures. Genome Biol. 17:231. doi: 10.1186/s13059-
016-1092-z

Sveen, A., Agesen, T. H., Nesbakken, A., Meling, G. I., Rognum, T. O., Liestol, K.,
et al. (2012). ColoGuidePro: a prognostic 7-gene expression signature for stage

III colorectal cancer patients. Clin. Cancer Res. 18, 6001–6010. doi: 10.1158/
1078-0432.CCR-11-3302

Wang, H., Sun, W., Sun, M., Fu, Z., Zhou, C., Wang, C., et al. (2018). HER4
promotes cell survival and chemoresistance in osteosarcoma via interaction
with NDRG1. Biochim. Biophys. Acta Mol. Basis Dis. 1864(5 Pt A), 1839–1849.
doi: 10.1016/j.bbadis.2018.03.008

Wang, S., Zhang, Q., Yu, C., Cao, Y., Zuo, Y., and Yang, L. (2021). Immune
cell infiltration-based signature for prognosis and immunogenomic analysis
in breast cancer. Brief. Bioinform. 22, 2020–2031. doi: 10.1093/bib/bba
a026

Wang, Y., Li, J., Xia, Y., Gong, R., Wang, K., Yan, Z., et al. (2013). Prognostic
nomogram for intrahepatic cholangiocarcinoma after partial hepatectomy.
J. Clin. Oncol. 31, 1188–1195. doi: 10.1200/JCO.2012.41.5984

Xu, B., Jin, X., Yang, T., Zhang, Y., Liu, S., Wu, L., et al. (2020). Upregulated
lncRNA THRIL/TNF-alpha signals promote cell growth and predict poor
clinical outcomes of osteosarcoma. Onco Targets Ther. 13, 119–129. doi: 10.
2147/OTT.S235798

Yoshihara, K., Shahmoradgoli, M., Martinez, E., Vegesna, R., Kim, H., Torres-
Garcia, W., et al. (2013). Inferring tumour purity and stromal and immune
cell admixture from expression data. Nat. Commun. 4:2612. doi: 10.1038/
ncomms3612

Zhang, G. Z., Wu, Z. L., Li, C. Y., Ren, E. H., Yuan, W. H., Deng, Y. J., et al. (2021).
Development of a machine learning-based autophagy-related lncRNA signature
to improve prognosis prediction in osteosarcoma patients. Front. Mol. Biosci.
8:615084. doi: 10.3389/fmolb.2021.615084

Zhao, Y., Yu, Z., Ma, R., Zhang, Y., Zhao, L., Yan, Y., et al. (2021).
lncRNA-Xist/miR-101-3p/KLF6/C/EBPalpha axis promotes TAM polarization
to regulate cancer cell proliferation and migration. Mol. Ther. Nucleic Acids 23,
536–551. doi: 10.1016/j.omtn.2020.12.005

Zhi, J., Zhang, P., Zhang, W., Ruan, X., Tian, M., Guo, S., et al. (2021). Inhibition of
BRAF sensitizes thyroid carcinoma to immunotherapy by enhancing tsMHCII-
mediated immune recognition. J. Clin. Endocrinol. Metab. 106, 91–107. doi:
10.1210/clinem/dgaa656

Zhou, Y., and Mu, T. (2021). LncRNA LINC00958 promotes tumor progression
through miR-4306/CEMIP axis in osteosarcoma. Eur. Rev. Med. Pharmacol. Sci.
25, 3182–3199. doi: 10.26355/eurrev_202104_25727

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Huang, Lin, Chen, Lou, Ren, Huang, Zhang, Yu, Guo, Wang,
Wang, Niu, Xu, Guo and Guo. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Cell and Developmental Biology | www.frontiersin.org 15 October 2021 | Volume 9 | Article 731311

https://doi.org/10.3390/ijms20102401
https://doi.org/10.18632/aging.203106
https://doi.org/10.21037/atm-20-922
https://doi.org/10.3389/fimmu.2021.651056
https://doi.org/10.1038/s41590-018-0207-y
https://doi.org/10.1038/s41590-018-0207-y
https://doi.org/10.1007/s13402-021-00598-w
https://doi.org/10.1007/s13402-021-00598-w
https://doi.org/10.1200/JCO.2007.12.9791
https://doi.org/10.3389/fgene.2014.00057
https://doi.org/10.1002/ijc.31195
https://doi.org/10.1158/1078-0432.CCR-1004-0019
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1111/cas.14913
https://doi.org/10.1093/annonc/mdw168
https://doi.org/10.1016/j.tibs.2018.09.012
https://doi.org/10.1186/s13059-016-1092-z
https://doi.org/10.1186/s13059-016-1092-z
https://doi.org/10.1158/1078-0432.CCR-11-3302
https://doi.org/10.1158/1078-0432.CCR-11-3302
https://doi.org/10.1016/j.bbadis.2018.03.008
https://doi.org/10.1093/bib/bbaa026
https://doi.org/10.1093/bib/bbaa026
https://doi.org/10.1200/JCO.2012.41.5984
https://doi.org/10.2147/OTT.S235798
https://doi.org/10.2147/OTT.S235798
https://doi.org/10.1038/ncomms3612
https://doi.org/10.1038/ncomms3612
https://doi.org/10.3389/fmolb.2021.615084
https://doi.org/10.1016/j.omtn.2020.12.005
https://doi.org/10.1210/clinem/dgaa656
https://doi.org/10.1210/clinem/dgaa656
https://doi.org/10.26355/eurrev_202104_25727
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

	Immune-Related LncRNAs Affect the Prognosis of Osteosarcoma, Which Are Related to the Tumor Immune Microenvironment
	Introduction
	Materials and Methods
	Data Collection and Processing
	Co-expression Analyses of Immune-Related LncRNAs
	Construction Immune-Related LncRNAs Prognostic Signature
	Single Sample Gene Set Enrichment Analysis and Gene Set Enrichment Analysis
	Construction of the Nomogram
	Estimation of Tumor Microenvironment Score
	Cell Culture and Transfection
	Reverse Transcription-Quantitative Polymerase Chain Reaction
	Cell Proliferation Assay (Cell Counting Kit-8 and 5-Ethynyl-2'-Deoxyuridine)
	Wound Healing Assay and Transwell Invasion Assay
	Statistical Analysis

	Results
	Data Processing and Co-expression Analyses of Immune-Related LncRNAs
	Construction of Immune-Related LncRNAs Prognostic Signature
	The Role of Immune-Related LncRNAs Signature in the Prognosis of Osteosarcoma
	The Role of Clinical Features in the Prognosis of Osteosarcoma
	The Construction and Verification of the Nomogram
	The Role of Immune-Related LncRNAs Signature in Osteosarcoma Metastasis
	KEGG Pathway Enrichment and GO Function Enrichment
	The Role of Tumor Immune Microenvironment in the Influence of Immune-Related LncRNAs on Osteosarcoma Prognosis
	Relationship Between Immune-Related LncRNAs Signature and Immune Cell Infiltration
	Relationship Between Immune-Related LncRNAs Signature and Tumor Microenvironment Score

	Relationship Between Immune-Related LncRNAs Signature and Immune Escape in Osteosarcoma

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References




