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Abstract
Background: The aberrant expression of long non-coding RNAs (lncRNAs) can affect the occurrence and
progression of various cancers, including osteosarcoma (OS), by regulation of N6-methyladenosine
(m6A) modi�cation. However, their interaction involved in the prognostic value of OS and tumor
microenvironment remains unclear.

Methods: We collected data from TCGA and GEO datasets. Using Pearson correlation, univariate,
multivariate, LASSO Cox regression analyses, we identi�ed the prognostic m6A-related lncRNAs and
conducted the prognostic cluster and model. Survival analyses were used to analyze different clusters
and models, respectively. The receiver operating characteristic (ROC) curve and independent prognosis
analysis was used to evaluate the performance of the risk model. We also examined the relationship of
the risk model and cluster with immune checkpoint (PD1 and CTLA-4) and tumor microenvironment
(TME).

Results: A total of 43 m6A-related lncRNAs have signi�cant prognostic signi�cance for OS patients.
Patients of cluster 2 have a longer survival time than cluster 1. CD8+ T cells, resting NK cells, and
Monocytes were highly in�amed tissues in cluster 2, while gamma delta T cells and M0 macrophages
were lowly in cluster 1. Meantime, OS patients with lower prognosis scores had better overall survival
status, and ROC curves proved that the risk model had better prognostic abilities with the area under the
curve (AUC) of 0.938 and 0.924 in train and test datasets, respectively. The risk score of 17 m6A-related
lncRNAs was identi�ed as an independent risk factor for OS. Both PD1 and CTLA-4 were closely
associated with m6A-related lncRNAs and prognostic scores. The risk score was higher in cluster 2, while
cluster 1 had a lower purity of tumor cells and a higher density of immune-related cells in the TME.

Conclusions: We established a new m6A-related lncRNAs prognostic biomarker that can predict the
prognostic risk of OS was signi�cantly linked with the OS tumor microenvironment.

Introduction
Osteosarcoma (OS) is a common malignant bone tumor predominantly occurring in children and
adolescents[1]. Following the development of diagnosis, chemotherapy, surgery, and immunotherapy, the
clinical prognosis of OS patients has signi�cantly improved. Unfortunately, the 5-year survival rate for
patients with metastases and relapses is less than 20%[2]. Therefore, advances in new therapeutic
alternatives and the identi�cation of predictive biomarkers are essential for the development of
individualized treatment for OS patients.

N6-methyladenosine (m6A) modi�cation is a common and abundant RNA modi�cation that is pivotal in
almost all cellular functions. As a reversible epigenetic modi�cation, m6A regulators can bind to speci�c
nuclear readers and affect the whole process of gene expression by regulatory proteins known as
methylases (“writers”), demethylases (“erasers”), and recognizing the chemical signatures (“readers”).
Lots of investigations have described that the dysregulated expression of m6A-related regulators may be
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signi�cantly associated with patient response to chemoradiotherapy, metastasis, and poor prognosis of
OS[3]. A recent study con�rmed that m6A writer METTL3 and METTL14 were signi�cantly related to the
poor clinical prognosis of OS[4]. Additionally, the METTL3 expression level is high in human OS tissues
and overexpression of it can promote cell proliferation, migration, and invasion via increasing the m6A
methylation level of LEF1[5]. Conversely, overexpression of METTL14 can decrease the proliferation,
migration, invasion, and increased apoptosis in human OS cells by activating caspase-3[6]. The function
of m6A modi�cation in OS is becoming increasingly clear, but the underlying molecular mechanism of
m6A modi�cation in OS is still in its infancy.

Long non-coding RNAs (lncRNAs) are non-coding transcripts with larger than 200 nucleotides in length
and play a critical role in the progression of OS via affecting virtually all biological functions, including
regulation of transcriptional and post-transcriptional levels, or directly forming RNA-protein complexes[7].
It has been demonstrated that aberrant expression of lncRNAs can participate in the regulation of m6A
modi�cation and affect the occurrence and progression of various cancers, such as OS, prostate cancer,
hepatocellular carcinoma, and so on[8]. Studies by Chen et al. revealed that m6A eraser ALKBH5
overexpression is involved in the regulation of chemoresistance and predicts poor prognosis in patients
with OS[9]. In addition, ALKBH5 can also enhance the stability of lncRNA Plasmacytoma Variant
Translocation 1 (PVT1) and thus promote OS growth[10]. However, the speci�c role of m6A-related
lncRNAs remains unclear; therefore, illustrating the mechanism of these regulators in the development of
OS may be useful for prognostic targets.

The tumor microenvironment (TME) is mainly composed of three cell styles: tumor cells, stromal cells,
and tumor-in�ltrating immune cells. Meantime, the ESTIMATE score of TME could estimate the
abundance of in�ltrating immune cells and stromal cells based on gene expression. A good
understanding of the tumor immune microenvironment is crucial for the occurrence and progression of
cancers to improve immunotherapy[11]. Research shows that targeting stromal cells and immunological
checkpoint (programmed cell death-1 (PD-1) and cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4))
can be a new way to improve the therapeutic effect of osteosarcoma effectively[12, 13]. Thus, it is
important to clarify the relationship of TME with the clinicopathological parameters of OS.

In this context, clinical information and gene expression data were abstracted from The Cancer Genome
Atlas (TCGA) and Gene Expression Omnibus (GEO) public databases. Based on bioinformatics and
statistical analysis of the data from 88 OS patients, we identi�ed 43 out of 535 m6A-related lncRNAs had
prognostic value. Furthermore, we constructed an m6A-related lncRNA prognostic signature according to
the ability of 17 m6A-related lncRNAs to predict the clinical outcomes of OS patients. In the meanwhile, a
novel high-low risk prognostic model and consensus cluster model of m6A-related lncRNAs were
identi�ed to forecast the clinical prognosis of OS. Moreover, we also explored the relationship between
the model and TME as well as immune cells.

Materials And Methods
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Patients and samples

Data acquisition.

The TARGET-OS RNA-sequencing dataset and corresponding clinical characteristics were downloaded
from TCGA (https://portal.gdc.cancer.gov/projects/TARGET-OS). The inclusion criteria were as follows: 1)
patients with a diagnosis of OS; and 2) clinical data including age, gender, survival time, and metastasis
There was no prognostic information, and clinical characteristics of some patients were also enrolled. In
summary, 86 patients with OS were included. GSE21257, GSE28424, and GSE19276 were downloaded
from the GEO (www. ncbi.nlm.nih.gov/gds) were downloaded to validate the differential expression of
m6A-related lncRNA genes in OS.

Selection and consensus clustering of m6A-related lncRNAs

We obtained 23 m6A genes were from the TCGA database, which compose of the writer (METTL14,
METTL3, METTL16, VIRMA, RBM15B, ZC3H13, WTAP, and RBM15), eraser (FTO and ALKBH5), and reader
(HNRNPA2B1, YTHDF1, YTHDF2, YTHDF3, HNRNPC, YTHDC1, YTHDC2, FMR1, IGFBP1, IGFBP2, IGFBP3,
RBMX, and LRPPRC). Pearson’s correlation analysis was used to screened m6A-related lncRNAs, and 535
m6A-related lncRNAs were identi�ed. The criteria of the process are |Pearson R| >0.4 and p <0.001. The
expression of m6A genes and prognostic lncRNAs were obtained using the “limma” package in R
software.

The identi�cation of 43 prognostic m6A-related lncRNAs was carried out using univariate Cox regression
analysis with a cut-off of p < 0.05. Cluster analysis was performed to divide patients into two clusters
(cluster 1 and cluster 2) using the “ConsensusClusterPlus” R package.

Gene set enrichment analysis

To explore the difference in the underlying molecular signaling mechanisms between the two cluster
groups, GSEA-4.1.0 software from the website (https://www.gsea-msigdb.org/gsea/index.jsp) was
performed to investigate enriched items. The Gene sets with P adjusted value < 0.05 were selected as
statistically signi�cant enrichment.

Tumor Microenvironment Assessment

To evaluate tumor microenvironment and prognostic m6a-related lncRNAs, the ESTIMATE algorithm was
employed to calculate the TME-related score of each OS patient based on the “estimate” R package. The
in�ltration of 22 immune cells was also analyzed via the CIBERSORT algorithm. Pearson correlation
analysis was used to investigate the relationship between the cluster and immune cell in�ltration. Finally,
we preserved the statistically signi�cant immune cell differences in OS (P < 0.05) for subsequent
analyses. The correlations of the immune checkpoint with the risk score and prognostic m6A-related
lncRNAs were also demonstrated by the R package.
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Construction and validation of risk model and independent prognostic analysis

A total of 43 m6A-related lncRNA prognostic factors in the LASSO regression were analyzed by
multivariate analysis. The risk score was generated as follows: risk score = sum(each gene’s expression
levels × corresponding coe�cient) / sum(each gene’s mean expression levels × the corresponding
coe�cient). Using “caret” and “glmnet” R package, 17 m6A-related lncRNA prognostic model was
constructed and patients are included in train (construction of risk model) and test sets (validation of risk
model), respectively. The risk score was calculated as follows: risk score = coe1*exp1+ coe2*exp2+……+.
Then, the OS patients or high-risk or low-risk groups were identi�ed based on the median risk score. The
Kaplan–Meier survival curve was employed to evaluate the prognostic ability of the prognostic risk
model. The AUC value of the ROC curve was used to examine the sensitivity and speci�city of the risk
model.

The univariate and multivariate Cox regression analyses were used to assess the independent prognostic
role of risk score and some clinical parameters (including gender, metastases, and age). P < 0.05 was
considered to be statistically signi�cant.

Survival and clinical information Analysis

To explore the differences in the prognosis of OS, the Kaplan–Meier survival curve was carried out. Firstly,
we employed the overall survival in different clusters. Subsequently, the survival time of patients in high-
and low-risk groups was also compared with Kaplan–Meier survival curves. In addition, and clinical
features in each subgroup, including gender, age, and metastases, were also evaluated using the Kaplan–
Meier survival curve. The distributions of the risk model, clusters, gender, age, metastases, and prognostic
m6A-related lncRNA were visualized by the “heatmap” R package.

Results
Identi�ed M6A-related LncRNAs in Patients with OS

The detailed �ow diagram for the prognostic model is shown in Figure 1. Depending on the downloaded
data �le from the TCGA database, the matrix expression of 23 m6A genes and 14086 lncRNAs was
screened. LncRNAs that were signi�cantly related to greater than or equal to one of the 23 m6A genes
(|Pearson R| 0.4; P-value 0.001) were de�ned as m6 A-related lncRNAs. Then, 535 m6A-related lncRNAs
were obtained via Pearson correlation analysis and validated by the GEO database (GSE21257,
GSE28424, and GSE19276). Finally, the m6A-lncRNA coexpression network was visualized using the
network chart (Figure 2A). Given that lncRNAs exert a decisively favorable in�uence on tumorigenesis and
development, univariate Cox regression was further performed to uncover the underlying relations
between m6A-related lncRNAs and prognosis value (P value 0.05). Results demonstrated that 43 m6A-
related prognostic lncRNAs were signi�cantly correlated with prognosis (Figure 2B). As well, the co-
expression relationships between every m6A-related prognostic lncRNAs and immune checkpoints were
also analyzed. Accordingly, SNHG12, LINC01357, SNHG7, GAS5, OLMALINC, ADAMTS9-AS2, SNHG6,
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AC079089.1, SNHG1, and SNHG4 were positively correlated with PD1 and CTLA-4, while FGD5-AS1, MSC-
AS1, AC090559.1, and AC008074.2, were negatively correlated with them (Figure 2C and D). In summary,
the results suggest that there are signi�cant associations between immune checkpoints and m6A-related
lncRNAs in OS.

Consensus Clustering of M6A-Related Prognostic LncRNAs in OS Patients

To uncover the underlying role of prognosis-associated m6A-related lncRNAs in the development of OS,
consensus clustering was used to group OS patients, cluster1 and cluster2, based on the expression of 14
m6A-related prognostic lncRNAs. The matrix heat map for k = 2, also called CM plots, reveals the
classi�cation effect between the two clusters (Figure 3A). To �nd out the k for which the distribution
reaches an approximate maximum, indicating maximum stability, the common clusters for k = 2 through
9 were re�ected by the empirical cumulative distribution function (CDF) (Figure 3B). The score of the
delta area plot illustrates the relative increase in cluster stability (Figure 3C). Together, a total of 85
patients with OS were divided into clusters 1 (n = 36) and 2 (n = 49).

To evaluate the different prognoses of patients between the two clusters, a Kaplan-Meier survival
analysis was conducted. Results demonstrated that patients of cluster 2 had a longer survival time than
cluster 1 (Figure 3D, P = 0.001). To �gure out the possible associations between the m6a prognosis-
related lncRNAs and clinical characteristics (metastasis, gender, and age), a heat map A heatmap was
used to analyze their relationship (Figure 3E). Results demonstrated these clinical features were no
signi�cant difference in the two clusters. Meantime, the expression of most m6A-related lncRNAs such as
AC110015.1, LINC01549, and AC010609.1 was highly expressed in cluster 1, while others such as
PAXIP1−AS2 and MSC−AS1 were highly expressed in cluster 2.

Potential Biological Functions of the Two Clusters

To further clarify the potential biological process and pathway relating to the speci�c molecular
differences between two subgroups, Gene Set Enrichment Analysis (GSEA) including Gene Ontology (GO),
KEGG pathway, and tumor hallmark analysis was carried out from the TCGA database in different
clusters (Table S1). In terms of GO cell component (CC), the gene sets were enriched in the basement
membrane and collagen-containing extracellular matrix (ECM) (Figure 4A). The ECM structural
constituent and receptor serine-threonine kinase binding are signi�cantly enriched categories in GO
molecular function (MF) (Figure 4B). The GO biological processes (BP) were mainly enriched in vitamin
biosynthetic process, pigment granule localization, prostaglandin, and astrocyte development relative to
cluster 2, while negative regulation of cell division and replacement ossi�cation were enriched in cluster 1
(Figure 4C). Furthermore, KEGG analysis showed that the gene sets were mainly enriched in focal
adhesion, mitogen-activated protein kinase (MAPK) signaling pathway, Hedgehog (Hh) signaling
pathway, and so on, compared with cluster 1 (Figure 4D). Additionally, Hallmark analysis revealed that the
gene sets were mainly enriched in apical surface, coagulation, apical junction, Hh signaling, epithelial-
mesenchymal transition, and cholesterol homeostasis (Figure 4E). The outcome revealed that the cellular
biological effects related to the m6A-related lncRNAs in OS.
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M6A-related lncRNAs and TME in OS Patients

Herein, we further explore the immune in�ltration ratio of different tumor-in�ltrating immune cells in OS
tissues. The CIBERSORT algorithm was used to analyze 22 different immune cell types in two clusters.
Results revealed that in�ltration fraction of CD8+ T cells, gamma delta T cells, resting NK cells,
Monocytes, and M0 Macrophages showed obvious differences in two clusters (Figure 5A). Compared
with cluster 2, cluster 1 has the lower levels of all immune cell types including CD8+ T cells, resting NK
cells, and Monocytes, and higher levels of gamma delta T cells and M0 macrophages (Figure 5B). By the
important roles of TME in tumorigenesis, the ESTIMATE evaluation is performed to examine stromal and
immune scores for all OS samples. Here, there was no signi�cant difference in immune scores between
the two clusters. Furthermore, the ESTIMATE and stromal scores of cluster 2 were higher than that of
cluster1 (Figure 5C). These results may give us some insights into the m6A-related lncRNA patterns that
may remarkably in�uence speci�c immune cell types and TME, thus potentially suppressing or
strengthening the response to immunotherapy.

Prognostic Analysis of Risk Model in M6A related lncRNAs

LASSO Cox regression analysis is extensively applied to heighten the forecast accuracy and
interpretability of the statistical model. The application of this method is available to select the best
prognostic markers to predict clinical results[14]. Consequently, 17 out of 43 m6A-related lncRNAs were
discerned for the subsequent analysis (Figures 6A). To develop a signature for prognosis prediction of
OS, patients (n=85) were divided into train set (n=44) and internal test set (n=41). Based on the median
value of the prognostic risk grade, all sets were used to construct a high-low risk group to assess the
prognostic risk of OS patients. The distribution of risk grade and the survival status of patients between
the low-risk and high-risk groups are depicted in Figure 6B. Results revealed that the number of deaths is
positively related to the risk score. Meanwhile, the relative expression standards of the 17 m6A-related
lncRNAs for each patient are shown in Figure 6C. The expression of FGD5-AS1, SRP14-AS1, AC106771.1,
ZFPM2-AS1, AC090559.1, AC009113.1, AC008074.2 were associated with the low-risk group, while
BCAR3-AS1, AC110015.1, AC104461.1, AL121957.1, GAS5, MIR210HG, AC010609.1, AC025917.1,
L161729.1, and SNHG4 were associated with the high-risk group. Kaplan-Meier survival analysis
demonstrated that OS patients with the overall survival of higher risk scores were worse than lower risk
scores (P 0.001) (Figure 6D).

Validation of Risk Model in M6A related lncRNAs

To validate the predictive capability of this established model, the distribution of risk grade, survival
status, and expression of the m6A-related lncRNAs were assessed in the test set (Figure 7A and B).
Kaplan-Meier Survival analyses showed the overall survival of the low-risk group was longer than that of
the high-risk group (P 0.001) (Figure 7C). Results were consistent with the train set. Subsequently, we
further analyzed the ROC curves in train and test sets (Figure 7D) and proved that candidate m6A-related
lncRNAs had excellent predictive abilities for OS (AUC = 0.938 and 0.924, respectively). Finally, a heatmap
for the correlated analysis was used among 17 m6A-related lncRNAs and the clinic characteristics
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(gender, age, and metastasis), clusters, and immune scores, respectively (Figure 7E and F). The
expression of m6a prognosis-related lncRNAs in high-low risk groups was not different, while risk score
was related to metastasis, immune scores, and clusters (P<0.05).

Independent prognostic analysis of Risk Model

Based on univariate and multivariate Cox regression analyses, the independent prognostic analysis of
clinical features was performed to evaluate the risk model. We compared the risk scores and
clinicopathological parameters including age, gender, and metastasis of OS in the train and test model,
respectively (Figure 8). We found that risk score was an independent prognostic risk factor for OS
(P<0.05). Furthermore, the subgroup analysis was applied to validate whether our model is useful to
patients with different clinical parameters such as age, sex, and metastasis (Figure 9). Results revealed
that our model could be used to the following different clinical characteristics: age (<=15 or >15), sex, and
metastasis (P<0.05). These results have shown that the prognostic risk model of the 17 m6A-related
lncRNAs for OS was comparatively dependable.

Evaluation of Risk Model with Immune cell substyles and immune checkpoint

To assess the relationship of immune cell substyles and immune checkpoints with risk scores, a scatter
plot was depicted to validate this nexus. we found a positive correlation between risk scores and numbers
of M0 macrophages, and negative correlations between risk scores and numbers of CD8 T cells and
activated memory CD4 T cells (Figures 10A-C). The immune checkpoint expression of PD-1 and CTLA-4
were negatively correlated with the risk score (Figures 10D and E).

Discussion
Numerous recent studies have shown that dysregulated m6A modi�cation is pivotal in tumorigenesis,
invasion, metastasis, and innate immune of OS, which may bring breakthroughs in the diagnosis and
treatment of OS[15]. Furthermore, aberrant expression of lncRNA is strongly related to the tumor initiation
and progression in the tumor via targeting m6A regulators[16]. However, the clinical relevance of the m6A-
related lncRNAs in OS remains unclear. Therefore, we conducted an m6A-related lncRNA prognostic
marker to explore the possible therapeutic targets in OS patients.

With the development of next-generation sequencing and microarray technologies at the genome level,
the public databases including GEO and TCGA enable investigators worldwide to identify differentially
expressed genes (DEGs) involved in the onset and development of OS and other diseases[17, 18]. In the
study, we investigated the roles of m6A-related lncRNAs and constructed a novel m6A-related lncRNA-
based risk signature in OS based on the GEO and TCGA database. First of all, we identi�ed 535 lncRNAs
that were closely related to 22 m6A-related regulators. 43 out of 535 m6A-related lncRNA were further
analyzed to have signi�cant prognostic signi�cance for OS patients. Thereafter, we identi�ed two clusters
of OS patients using consensus clustering to clarify the relationship of m6A-related lncRNAs with the
prognosis and immune landscape of OS. Based on a Kaplan-Meier survival analysis, the survival time of
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cluster 2 is longer than cluster 1, indicating that m6A-related lncRNAs were related to the prognosis of
patients with OS. Furthermore, potential biological functions were examined by GSEA in two clusters. The
GSEA results for the GO and Hallmark revealed that most gene sets were related to tumor prognosis.
Meanwhile, the GSEA results for KEEN also showed different expression gene sets were signi�cantly
associated with OS prognosis-related signaling pathways such as focal adhesion, MAPK signaling
pathway, and Hh signaling pathway[19–21]. Additionally, the fraction of some immune in�ltration cells,
ESTIMATE score, and stromal score had shown obvious differences in different clusters, indicating m6A-
related lncRNAs might be closely associated with TME of OS. Consequently, these �ndings impetus us to
whether the m6A-related lncRNAs can be served as an available prognosis biomarker in OS.

We further explore the role of m6A-related biomarkers and therapeutic targets in OS. Base on the
expression and coe�cient of candidate 17 m6A-related lncRNAs, we established a novel risk signature.
Among these 17 m6A-related lncRNA biomarkers, BCAR3-AS1, AC110015.1, AC104461.1, AL121957.1,
GAS5, MIR210HG, AC010609.1, AC025917.1, AL161729.1, and SNHG4 were high-risk associated,
whereas FGD5-AS1, SRP14-AS1, AC106771.1, ZFPM2-AS1, AC090559.1, AC009113.1, and AC008074.2
were protective (Table 1). Among them, overexpression of miR210HG is positively associated with the
poor prognosis in OS patients[22]. Additionally, patients with the low-risk signature of m6A-related
lncRNAs are bene�cial to the survival time and closely associated with the survival rate of patients with
OS. The result of our study is consistent with these researches of m6a-related biomarkers involved in the
prognosis in OS[4, 23]. The risk score of m6A-related lncRNAs was identi�ed as an independent risk
factor for OS. More importantly, the risk score for cluster 1 with poor survival time was higher than that
for cluster 2 with longer survival time, thus con�rming the consistency of the two methods for predicting
prognosis in OS patients. The AUC values in both the train and test set for overall survival were greater
than 0.9, suggesting that the risk model had excellent stability and performance in predicting the
prognosis of OS patients.

In�ltrating immune cells in the TME are closely connected with the prognosis of OS patients[24]. In our
study, we attempted to evaluate the relationship between the risk signature and the immune
microenvironment in OS. Based on the results, patients with high immune scores had lower risk scores
than those with low immune scores. It has been demonstrated that high immune scores have a better
prognosis in OS patients[25], which is consistent with the result of our m6A-related lncRNA risk model. In
addition, a positive relationship was found between the risk score and the in�ltrating proportion of M0
macrophages, whereas negative correlations were found between the risk score and the in�ltration of
activated memory CD4+ T cells and CD8+ T cells. Previous studies also revealed dysfunctional or
exhausted T cells that existed in osteosarcoma patients are critically involved in OS initiation and
progression[26]. As well, our result coincided with the research of the high in�ltration of M0 macrophages
is related to worse clinical outcomes in OS[27]. Therefore, m6A-regulated lncRNAs might serve as critical
modulators in the immune in�ltration response of OS.

Recently, immunotherapy related to immune checkpoint inhibitors has received considerable attention in
many cancers, including OS[28]. Common immune checkpoint PD-1 and CTLA-4 are known to be related
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to the OS progress and prognosis. Interestingly, an anti-PD-1-antibody-treated mouse model of OS obtains
signi�cantly fewer pulmonary metastasis[29]. In this study, we demonstrate that most m6A-related
lncRNAs were related to the expression of PD1 and CTLA-4 in OS and the risk score had a signi�cantly
negative correlation with them. Hence, these m6A-related lncRNA-based risk signatures may function as
promising predictors, and targeting these lncRNAs may be a possible method to enhance immunotherapy
in OS.

There are some limitations of the study. We extracted a novel m6A-related lncRNA prognosis signature,
but their speci�c relationship with m6A regulators should be veri�ed. Meanwhile, our �ndings are based
on public databases, and external validation by relevant clinical datasets needs to be emphasized.
Finally, the potential functional roles and mechanisms of m6A-related biomarkers have not been fully
investigated. As a result of these restrictions, future work in OS should include an illustration of the
potential role of m6A-related lncRNAs in vivo and in vitro experiments.

In summary, we have constructed a novel predictive model based on 17 m6A-related lncRNAs using
comprehensive bioinformatics analysis. Meanwhile, we established a unique prognostic model that has
better prognostic abilities to predict the prognosis of OS patients and prognostic m6A-related lncRNAs
were closely associated with TME. Our �ndings could motivate researchers to concentrate on the
potential roles and detailed mechanisms of m6A-related lncRNAs in OS, allowing for the discovery of
effective therapeutic targets for OS treatment and an improvement in OS patient prognosis.
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Tables
Table1.The m6A related-lncRNAs in the prognostic classi�er associated with

osteosarcoma in the TCGA data set.

Figures

Figure 1

Flow chart involved in data analysis of m6A-targeted lncRNAs in OS. LncRNAs: long non-coding RNAs;
OS: osteosarcoma; N6-methyladenosine: m6A;TCGA: The Cancer Genome Atlas;GSEA: Gene Set
Enrichment Analysis.

Figure 2

M6A-related lncRNAs and immunological checkpoint in OS patients. (A) Sankey relational diagram for 22
m6A regulators and m6A-related lncRNAs. (B) Univariate Cox regression was preformed to identify m6A-
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lncRNAs

LASSO Coe��cient Univariate cox regression analysis

HR HR.95L HR.95H P-value

BCAR3-AS1 1.36 7.64 1.28 45.53 0.03

FGD5-AS1 -0.69 0.45 0.25 0.81 0.01

AC110015.1 0.04 2.08 1.31 3.30 0.00

AC104461.1 0.41 2.34 1.11 4.92 0.03

AL121957.1 1.22 2.36 1.24 4.47 0.01

GAS5 0.06 1.96 1.34 2.88 0.00

MIR210HG 0.13 1.57 1.07 2.31 0.02

SRP14-AS1 -0.15 0.33 0.13 0.85 0.02

AC106771.1 -0.94 0.11 0.01 0.83 0.03

ZFPM2-AS1 -0.21 0.45 0.23 0.88 0.02

AC010609.1 0.20 1.52 1.20 1.94 0.00

AC090559.1 -0.31 0.33 0.17 0.65 0.00

AC009113.1 -0.47 0.47 0.25 0.91 0.02

AC008074.2 -0.68 0.04 0.00 0.65 0.02

AC025917.1 0.08 2.45 1.02 5.92 0.05

AL161729.1 0.70 2.72 1.23 5.99 0.01

SNHG4 0.17 2.09 1.32 3.33 0.00

related lncRNAs with
prognostic value. (C and
D) The correlations of the
43 prognostic m6A-
related lncRNAs with PD1
and CTLA-4, respectively.
*P < 0.05, **P < 0.01.

Figure 4

The function analysis of
different gene sets in OS.
Part of GSEA results are
listed as above. m6A
related lncRNAs were
enriched in multiple
cancer-related functions
and pathways, P < 0.05.

Figure 5

Immune characteristics in
two m6A related lncRNA
patterns. (A) Differences

in the levels of in�ltration of the 22 immune cells in m6A related lncRNA patterns. (B) Different expression
of ESTIMATE score, immune score and stromal scorein three m6A Patterns. 

Figure 6

Construction of prognostic risk model based on 17 m6A-related lncRNAs. (A) LASSO2 regression was
performed to select 17 prognostic m6A-related lncRNAs to calculate the minimum criteria and
coe�cients. (B and C) Risk related curve, heatmap and spot plot of train set in high and low-risk groups.
(D) Kaplan-Meier survival curve of train set was constructed for comparing the survival time between high
and low-risk groups.

 calculating the minimum criteria (A,B) and coe�cients



Page 15/15

Figure 7

Validation of risk model in m6A-related lncRNAs. (A and B) Risk related curve, heatmap and spot plot of
test set in high and low-risk groups. (C) Kaplan-Meier survival curve of test set was constructed for
comparing the survival time between high and low-risk groups. (D) ROC curve to evaluate the accuracy of
risk model to predict the survival time of OS. Left is train group, while right is train group, AUC>0.7. (E)
Heatmap of clinical features, immune score, cluster and prognostic lncRNAs in high/low-risk group. *
P<0.05, ** P<0.01. (F) Comparison of risk score in the different sample classi�cation of Cluster 1/2,
high/low immune score, and metastasis, P<0.05.

Figure 8

Independent prognostic analysis in train and test sets. Multivariate and univariate analysis presented risk
scores were risk factors for the prognosis of OS, P<0.05.

Figure 10

The relationship between risk score and immune cells and immune checkpoint

 (A-C) Scatter plots of immune cells showed M0 Macrophages is positive related with risk score, R>0 and
P<0.05. CD8 T cells and activated memory CD4 T cells are negative related with risk score, R 0 and
P<0.05. (D and E) The gene expression of PD1 and CTLA-4 are higher in low risk group (P 0.05).
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