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ABSTRACT

» Original article Background: Conventional treatments on osteosarcoma (OS) yield limited

improvements in metastatic or relapsed cases, necessitating innovative therapeutic
strategies. This study's objective is to reveal the role of long non-coding RNAs
(IncRNAs) in prognosis and potential molecular pathways of OS. Materials and
Methods: This study integrated bioinformatics, statistical analysis, and computational
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Nomogram model was built for survival prediction, and was assessed using survival
time receiver operator characteristic (ROC) analysis and decision curves. A competitive
endogenous RNA (ceRNA) network was built to explore IncRNA-miRNA (microRNA)-
mRNA interactions using the microRNA database and metascape website, followed by
functional enrichment analyses. Results: The analysis unveiled three distinct OS
clusters, with Cluster 2 exhibiting the highest risk in the immune microenvironment.
High risk 7-IncRNA signature demonstrated strong prognostic value in predicting OS
overall survival. The ceRNA network highlighted complex interactions among mRNAs,
miRNAs and IncRNAs. Functional enrichment analysis indicated that mRNAs within the
ceRNA network were linked to many biological functions. Furthermore, 30
Keywords: osteosarcoma, long non-  differentially expressed genes (DEGs) derived from low-risk and high-risk groups
coding RNA (IncRNA), m6A modification,  enriched in GO-BP connected to MAGE (melanoma antigen gene) family member A2
prognosis, chemoradjotherapy response,  (\iaGEA2) and MAGEA2B. These DEGs in high risk group were also upregulated in the
CeRNA network. three KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway. Conclusion: This
# These authors contributed equally study disclosed the role of high-risk m6A-associated IncRNAs in prognosis and
potential molecular pathways of OS. These findings provided novel insights into OS
pathogenesis and potential therapeutic targets, warranting further validation in
clinical settings.
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to this work.

Unfortunately, 20-30% of individuals are diagnosed
with metastatic or relapsed cases (6.7). Despite the use
of certain anticancer agents, the outcomes for both
metastatic and relapsed OS have shown little

INTRODUCTION

Osteosarcoma (0OS) corresponds to around 56% of
malignant bone cancers and is the greatest common

aggressive bone tumor, mainly affecting pediatric,
adolescent, and young adult populations with a
median age of 16 years (1.2). The current management
standards for OS involve extensive surgical resection,
neo-adjuvant  chemotherapy, and  additional
chemotherapy ). OS is known for its strong tendency
toward local aggressiveness and early metastasis, as
evidenced by the relapse experienced by 30-50% of
patients (4). About 68% of individuals with locally
acquired OS survival for five years or longer (.

improvement over the past few decades (8. Given
these challenges with traditional therapeutic options,
It is imperative that novel therapeutic approaches be
developed in order to enhance overall survival rates
in OS patients. Moreover, identifying new prognostic
markers for OS prognosis is crucial for improving the
survival prospects of individuals with OS.

An RNA transcript that is longer than 200
nucleotides is referred to as a long non-coding RNA
(IncRNA). Even though they don't usually encode
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proteins, IncRNAs play crucial roles in cellular
processes such as  metabolism, apoptosis,
differentiation, proliferation and activation via
controlling the expression and function of genes .
According to recent studies, dysregulated IncRNAs
play essential roles in various disorders, including
neoplasms, cardiovascular conditions, and metabolic
disorders (10.11), Furthermore, dysregulated IncRNAs
are strongly linked to patient outcomes in many types
of cancer, and were regarded as potential biomarkers
and therapeutic targets for diagnosing and managing
cancers (1214, Also, many abnormal expressions of
IncRNAs are intimately connected to the prognosis
and therapeutic targets of OS (1518), Therefore,
IncRNAs can be used as predictable biomarkers to
indicate prognosis or promising targets for
personalized therapy. Recently, there has been an
increase in interest in the méA and IncRNA study
paradigm (19 20), Their regulatory complexes are
associated with metastasis, migration and tumor
growth with different cancers, offering novel targets
for cancer diagnosis and treatment (21 22). In our
recent report, we have revealed that seven
méA-related prognostic IncRNAs (LINC00538,
LINC01982, LINC00910, LINC01474, TFPI2-DT,
WW(C2-AS1 and TNS1-AS1) were associated with OS
risk (23), but the potential regulation mechanisms are
unclear. Bioinformatics is an emerging field in
biological research focused on mathematical,
analytical, and computational techniques for the
examination and interpretation of biological data.
The exponential growth of data from advanced
techniques such as microarray technology and
genome sequencing has rendered conventional
gene-by-gene methods insufficient to address the
increasing demands of bioresearch. Consequently,
bioinformatics plays a critical role in advancing our
comprehension of biology and in the creation of
cutting-edge therapeutic approaches. Employing
bioinformatics and statistical analysis, In order to
increase patient survival rates, we created a
risk-based prognosis model to find OS prognostic
biomarkers associated with the m6A-related
prognostic IncRNAs. This work is new because it
takes a fresh approach to treating OS and identifies
novel molecular pathways and markers that together
advance our knowledge of the disease and possible
therapeutic approaches.

MATERIALS AND METHODS

Cluster identification of méA-related prognostic
IncRNAs

Seven méA-related prognostic IncRNAs associated
with OS risk that has been reported in the previous
study were identified using univariate Cox analysis
long intergenic non-protein coding RNA 538
(LINC00538)) (23), long intergenic non-protein coding

RNA 1982 (LINC01982), long intergenic non-protein
coding RNA 910 (LINC00910), TFPI2 divergent
transcript (TFPI2-DT), WWC2 antisense RNA 1
(WWC2-AS1), (TNS1-antisense RNA 1 (TNS1-AS1). A
consistent cluster analysis was performed with the
expression profiles of above 7 méA-related prognostic
IncRNAs related to disease risk using Consensus
Cluster Plus, and the cluster number was set to 3.

The risk analysis in the immune microenvironment

Using 22 different kinds of immune cells, the
cell-type identification by estimating relative subsets
of RNA transcripts (CIBERSORT) method was used to
determine immune infiltration in patient tissues (4.
The immune cell infiltration scores across samples
from Cluster1, Cluster2, and Cluster 3 obtained above
were compared using the LM22 feature matrix file
and the CIBERSORT method (with 1000
permutations). The results were then shown using
box plots. Immune scores, comprising ESTIMATE
score, Immune score, Stromal score, and Tumor
Purity, were calculated for the TCGA (the cancer
genome atlas)-OS expression profiles using the
ESTIMATE software. The ggplot2 software was then
used to create box plots using samples from Cluster1,
Cluster2, and Cluster 3. Additionally, p-values among
intergroup differences were assessed using the t-test.

The predictive nomogram construction

In light of the multi-factor Cox regression
analysis's findings, 7 méA-related prognostic IncRNAs
associated with disease risk were identified (23). The
regression coefficients and expression profiles of 7
méA-related prognostic IncRNAs were then employed
to calculate the risk score. The following is the
calculating formula: Coef (IncRNAn)xexpr (IncRNAn)
= risk score. Based on the previously calculated risk
scores and survival information (survival time,
survival status), a survival model was constructed
using the “psm” function from the “rms” package.
Subsequently, nomograms were generated using the
nomogram function to depict the predicted survival
probabilities at 3-year and 5-year time points. The
calibrate function from the rms package was
employed to calibrate the previously constructed
psm model. Calibration was performed at two
different time points, namely 5 years (1825 days) and
3 years (1095 days). The resulting calibration curves
for both time points were plotted together on a single
graph.

The predictive nomogram evaluation

In samples where survival status and survival
duration are present, the survival time survival time
receiver operator characteristic (ROC) analysis was
done through the survival ROC package and plotted
as high risk and low risk (or grouped as stage 1/2 and
stage 3/4). The risk scores and survival information
(survival time, and survival status) were extracted
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and decision curves were done using the rmda
package. The net benefit curves were plotted using
the plot-decision curve function, and the clinical
impact curves were plotted using plot-clinical impact.
Risk scores were extracted along with survival
information (survival time and survival status). The
rmda package was utilized to perform decision curve
analysis. The functions plot_decision_curve and
plot_clinical_impact was employed to generate net
benefit curves and clinical impact curves,
respectively.

The ceRNA (competitive endogenous RNA)
networks

The IncRNA-miRNA (microRNA) reciprocal pairs
were obtained from the microRNA database (http://
www.mircode.org/download.php), downloading the
highly conserved microRNA families’ file. Then, we
searched for interacting miRNAs with the 7
moA-related prognostic IncRNAs obtained above in
the microRNA dataset, forming IncRNA-miRNA
interactional pairs. A total of 147 interactional pairs
were obtained. The miRNAs obtained in the previous
step were imported into the miR-Walk website
( http://mirwalk.umm.uni-heidelberg.de/ search
_genes / ) to obtain miRNA-mRNA interaction pairs.
421 miRNA-mRNA interaction pairings in total were
found. Combining the above IncRNA-miRNA
interactions with miRNA-mRNA interactions,
IncRNA-miRNA-mRNA interactions were obtained.

The mRNA enrichment analysis of the ceRNA
network

Making use of the aforesaid risk scores' median,
all 0S samples containing survival information were
divided into low-risk and high-risk groups. Based on,
low-riskand high-risk groups and the gene
expression profiles of all genes in OS samples,
differential analysis was carried out employing the
limma package, setting a threshold of p value < 0.05.
A sum of 30 differentially expressed genes (DEGs)
were identified in the high-risk versus low-risk
comparison.

There was two parts in the enrichment analysis.
One part involved 182 mRNA genes within the ceRNA
network, and the other part consisted of 30 DEGs
obtained from the low-risk and high-risk groups
according to the risk score. However, the limited
number of DEGs prevents their analysis on the
metascape website. Then, 182 mRNAs were extracted
from the ceRNA network and imported to the
metascape  website  (https://metascape.org/gp/
index.html#/main/step1). KEGG (Kyoto Encyclopedia
of Genes and Genomes) pathway enrichment analyses
and Gene Ontology (GO) were performed on 30 DEGs
using the R language clusterProfiler package (p.adjust
< 0.05). The top5 with the most significant GO
functional p-values were selected to draw a circle
diagram. The pathways enriched by KEGG were

selected and shown in bubble and heat maps, with
heat maps grouped as high risk and low risk.

RESULTS

Identification of méA-related prognostic IncRNAs
clusters using univariate Cox analysis

With the R package named Consen-
sus_Cluster_Plus, seven m¢fA-related prognostic
IncRNAs related to OS risk were selected and
consistency-cluster analysis was performed. The
consensus clustering study indicated that the ideal
number of clusters was k=3 from k=2 to 9 (figure
1A-C). Three subgroups, designated as Cluster 1,
Cluster 2, and Cluster 3, were produced as a
consequence of this investigation.
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The immune microenvironment among the
different risk score cluster subgroups

The CIBERSORT algorithm was used to detect
immunological infiltrates in the tissues of patients by
22 various subtypes of immune cells. No obvious
difference was found in the various subtypes of
immune cells, as seen in figure 2A. Furthermore,
samples were divided into groups with high and low
risk according to the risk ratings determined by
patient characteristics. There was none of difference
between low-risk and high-risk groups in the four

aspects of Tumor Purity, Stromal score, Immune
score and ESTIMATE score (figure 2B). The risk core
scores were grouped into Cluster 1, Cluster 2 and
Cluster 3 in the end. The Cluster2 displayed the
highest scores in contrast to Clusterl (p<0.05) and
Cluster3 (p<0.001), while Cluster3 exhibited the
lowest scores among these three clusters (figure 2C,
p<0.001). These results could imply that the patients
with Cluster2 favored high-risk scores compared to
those with higher immune Clusterl and Cluster3 in
the OS immune microenvironment.
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Figure 3. The immune microenvironment among the different risk score cluster subgroups. (A) Immunological cell infiltration

abundance in OS samples from both low- and high-risk populations. (B) The infiltration scores of TumorPurity, ESTIMATEscore,

Stromalscore and Immunescore between low- and high-risk groups. (C) The three clusters' box plot of risk ratings was shown.
***p<0.001, *p<0.05.

The prognostic nomogram construction and
evaluation

The nomogram, which consists of risk scores from
the 7 méA-related prognostic IncRNAs, and clinical
risk characteristics, was employed to estimate the OS
rate at 3 and 5 years. The prognostic model’s risk
grades demonstrated major predictive capability in
the nomogram by comparison with clinical factors
(figure 3A). The correlation prediction models
revealed that there was a desirable consistency at 3
and 5 years between the observed rates and
predicted rates in OS (figure 3B). A survival time ROC
analysis was done with the survival ROC package and
plotted, grouped as low risk and high risk
(AUC=0.880, figure 3C). For the samples containing
survival time and survival status, a survival time ROC
analysis was done and plotted using the survival ROC
package, grouped as metastatic stage 1/2 and stage
3/4 groups (AUC=0.688, figure 3D). The information
on survival (survival time and status) and the risk

score were extracted and the net benefit curves were
plotted using the plot decision curve function and the
clinical impact curves were plotted using plot clinical
impact, as shown in figure 3E and F. These data above
suggested that this risk scores from the 7 méA-related
prognostic IncRNAs had the significance of predicting
prognosis in OS overall survival.

The construction and functional enrichment
analysis of ceRNA networks

A total of 147 IncRNA-miRNA interactional pairs
were obtained using the 7 m6A-related prognostic
IncRNAs in the microRNA data from mircode wibsite.
Then, a total of 421 miRNA-mRNA interactional pairs
were obtained using miRNA obtained above in
miRWalk  wibsite. Finally, a total of 278
IncRNA-miRNA-mRNA interactions were acquired by
combining  IncRNA-miRNA interactions  with
miRNA-mRNA interactions (Supplementary figure 1).
The enrichment analysis was performed in two parts
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in this study. The first part including 182 mRNAs
from the ceRNA network were mainly enriched on
regulation of autophagy, and so on (Fig. 44, p.adjust <
0.05). A network plot was created using a subset of
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the enhanced phrases in order to more effectively
depict the connections between the concepts (figure

4B).

Points

1.0

risk_score

0.6

Total Points.

Sensitivity

04

Linear Predictor

55 s 65 7 7s s o5 H os o0 05 ) s 2

3-Year OS o1 oz 03 o4 0s 06 o7 o8 os

AUC: 0.880

Sensitivity

04

0.8

0.6

0.2

s-Year OS ot 02 03 o4 05 o6 o7 o8 oo 1.0 08 06 04 0.2 0.0
specif 1.0 08 06 04 0.2 0.0
pecificity
B Specificity
o ABWRLELI R L s e U R e e E — Riskscore
34 — syear e o M 3 — Number high risk
— syear / / 3 e g - Number high risk with event
—_ gt —_
. 3
L : 8%
S . S
s
2} 5 |5} =8
O S 5
° 5
qE; x o, o8
3 = x
© (] L
7] =z =F
= ° =)
o @ E 2.
=
T T T T T )
o
¥ : [} 00 02 04 06 08 10
s f T T T J 1 High Risk Threshold
v - - - - y 00 02 04 06 08 10 E
o o o M S ! T ' " . !
= 1:100 15 25 52 51 100:1

Nomogram-prediced OS (%)
N=84, d=27 p=1, 15 subjects per group  X-resampling optimism added, B=20
Gray: ideal Based on observed-predicted

Figure 3. The prognostic nomogram construction and evaluati
years using clinical data and a risk score. (B) Plots showing cal
pre-constructed nomograms was shown via the K-M curve; (D

High Risk Threshold

3:4 4:3
Cost:Benefit Ratio

on. (A) Nomogram for estimating overall survival over three and five
ibration for the 3- and 5-year OS nomograms. (C) The OS ROC of the
) The OS ROC for the groups in stages 1/2 and 3/4. (E) Decision curve

analysis (DCA) and (F) The clinical impact curve of predictive nomograms.

Figure 4. Functional enrichment analysis results of mRNAs i
p-values colored in. (B) The top 20 clusters are shown, colored
adjacent
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GO and KEGG pathway analysis for 30 DEGs

The second part involving 30 DEGs were obtained
in the high-risk versus low-risk comparison
according to the risk score. GO and KEGG pathway
enrichment analysis was carried out on 30 DEGs
using the R language cluster Profiler package
(p-adjust < 0.05), resulting in only 19 pathways in
biological process (BP). The top 5 (negative
regulation of protein sumoylation, regulation of
ubiqutin-protein  transferase activity, negative
regulation of protein aceylation, regulation of protein
sumoylation, positive regulation of ubiquitin-protein

logFC

GO Terms §

. negative regulation of protein sumoylation

. negative regulation of protein acetylation

D regulation of protein sumoylation D positive r

ion of ubiquitin—protei activity
Cc —logyo(p-adjust)
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= GABAergic synapse - ° 2.05
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[0)]
o Count
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062 o064 066 068 070
GeneRatio

- regulation of ubiquitin—protein transferase activity

transferase activity) with the most significant GO
functional p-values were shown in figure 5A-B. The
BP were associated with only two genes, including
MAGE (melanoma antigen gene) family member A2
(MAGEA2) and MAGEA2B (figure 5A-B, p.adjust <
0.05). The three pathways, including retrograde
endocannabinoid signaling, gamma-aminobutyric
acidergic (GABAergic) synapse and morphine
addiction, were enriched by 30 DEGs on KEGG bubble
diagram (figure 5C, p.adjust < 0.05). Furthermore, the
DEGs in the high risk group were upregulated in
these KEGG pathways (figure 5D, p.adjust < 0.05).
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Figure 5. Enrichment analysis results of 30 DEGs. (A-B) Top 5 significant BP terms in GO analyses. Chord and bubble diagram. (C-D)
KEGG analysis of enrichment. DEGs between the low-risk score group and the high-risk score group are shown in a bubble diagram
and heatmap.

DISCUSSION

Our study found that the Cluster 2 from 7
moA-related prognostic IncRNAs had the highest risk
in the OS immune microenvironment. A survival time
ROC analysis showed the diagnostic significance of
the results between low risk and high risk
(AUC=0.880), as well as between stage 1/2 and stage
3/4 groups (AUC=0.688). Many pathways were
enriched by 182 mRNAs from the ceRNA network
(prognostic IncRNAs-miRNA-mRNA). However, there
was only 19 GO-BP enriched by 30 OS-related DEGs,
and the top 5 GO-BP were associated with just two
DEGs (MAGEA2 and MAGEAZ2B). Finally, three KEGG
pathways were enriched by the 30 OS-related DEGs,
including retrograde endocannabinoid signaling,
GABAergic synapse, and Morphine addiction.

The tumor immune microenvironment is
intricate, with tumor-infiltrating immune cells
playing a pivotal role within this microenvironment

(25), The results of cancer patients may be influenced
by tumor cell invasion, immunological competency,
and the activation of targeted therapy and
predict their response to immunotherapy (26 27),
Immunological-related biochemical processes and
the immunological microenvironment may be altered
through the modulation of mfA modification or the
transcription of IncRNAs (28). In our study, there
wasn't a noticeable variation in infiltrating immune
cells between the low-risk and high-risk groups,
which agrees with an earlier report (23), but not in line
with another report (9. The differences in these
findings might be caused by different IncRNAs.
However, the Cluster 2 from 7 prognostic IncRNAs
had the highest risk in the OS immune
microenvironment among the three clusters. Cluster
2 could be more susceptible to immunotherapy in
this situation. Additionally, prognostic IncRNAs
associated to m6A have been described as possible
biomarkers for prognosis and immune response
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prediction in patients with various cancer types (28 30-
31). The current investigation discovered that the
survival time ROC analysis in low risk and high risk
groups (AUC=0.880) as well as between stage 1/2
and stage 3/4 groups (AUC=0.688) suggested that
7-IncRNA signature could serve as an independent
predictor to evaluate the overall survival of OS
patients. Observations have shown that LINC00538
downregulates the expression of NKD2, which
promotes the development of colon cancer 32), The
LINC01982, LINC00910, LINCO01474, TFPI2-DT,
WW(C2-AS1 and TNS1-AS1 have not been extensively
covered in the literature. A recent study also showed
that since immune-related IncRNAs are correlated
with the tumor immunological microenvironment,
they may impact the OS prognosis (15). In line with
our research, which used 26 pairings of IncRNAs,, Fu
et al. (18 created four pairs of IncRNA prognostic
characteristics to forecast osteosarcoma prognosis
and showed that the immune microenvironment
could be the next area of focus for OS therapy. Even
Nevertheless, our IncRNA predictive characteristics
are associated with méA modulation, which sets us
apart from the findings in the aforementioned
papers.

Finding IncRNA's targets is an essential first step
in learning more about its functions. LncRNAs are
frequently involved in the ceRNA mechanism, where
they act as sponges for miRNAs that control miRNA
expression (33). Numerous investigations have
emphasized the critical role that IncRNA-mediated
ceRNA networks in the progression of 0S (3436),
CeRNA networks enable a more thorough
examination of the intricate gene relationships
involved in the carcinogenic process, in addition to
providing a clearer knowledge of communication
between RNAs. They are also able to find new
biomarkers. These 278 ceRNA networks built in our
investigation could provide promising therapeutic
targets, especially in the treatment of OS.
Furthermore, to demonstrate the molecular function
of these ceRNA networks, GO analysis was applied to
analyze pathway enrichment of these mRNAs. The
findings indicated that these mRNAs were mostly
abundant in the control of autophagy, protein
phosphorylation, histone modification, and so on.
Although these biological functions are not typical of
immune pathways, there are links between them and
immune function. Moreover, we looked for DEGs
between the low-risk and high-risk groups in an
effort to shed more light on the possible molecular
processes underlying the m6A-related IncRNA
characteristics.

However, only 19 GO-BP were enriched by the 30
OS-related DEGs, and the top 5 GO-BP function
enrichment (negative regulation of protein
sumoylation,  regulation of  ubiqutin-protein
transferase activity, negative regulation of protein

aceylation, regulation of protein sumoylation,
positive regulation of ubiquitin-protein transferase
activity) were associated with MAGEA2 and
MAGEA2B. The top 5 BP function are engaged in the
control of protein modification and metabolic
processes that play a significant part in immune
regulation. The MAGEA2 and MAGEA2B genes are
part of the MAGE sub-family of cancer-testicular
antigens. In gastric signet ring cell carcinoma,
MAGEA2 and MAGEA2B were identified as pivotal
genes in the protein-protein interaction network,
showing potential clinical value (7). MAGEA2 also
shows prognostic significance and therapeutic target
in lung cancer 38). Additionally, a research conducted
by Qin et al. 39 shown that using immunotherapy to
target MAGEA2 in order to address the paracrine
control of chemoresistance is an improved approach
for treating pancreatic cancer.

Besides, through KEGG enrichment analysis, only
3 KEGG pathways were enriched by the 30 OS-related
DEGs, including retrograde endocannabinoid
signaling, GABAergic synapse, and morphine
addiction. Among these three pathways, the
GABAergic synapse pathway is related to immune in
the serotype A-stimulated group (9. Moreover, the
DEGs in the high risk group were upregulated in
these KEGG pathways as compared to those in the
low risk group. These results imply that the
prognosis of OS patients may be correlated with their
immunological state. Improving the clinical results of
immunotherapy and removing obstacles to
anticancer immune responses may be achieved by
focusing on the tumor microenvironment (41.42),

More and more méA regulatory factors are being
discovered, and here we have included only those
that have been reported. Our risk model is not
verified in a separate cohort since there isn't an
external IncRNA expression matrix or associated
clinical data. To validate the prognostic significance
of the 7-IncRNA signature in predicting overall
survival in OS, additional datasets and a larger range
of clinical samples should be included in future
research. In the future, additional confirmatory
research will be conducted to address these
limitations in the present study.

CONCLUSION

The present study found that moA-associated
IncRNA clusters were associated with the tumor
immune microenvironment of 0OS. The meéA-related
7-IncRNA signature may be used to forecast an OS
patient's prognosis. Moreover, the meéA-related
IncRNA in ceRNA networks were related to the
biological process of OS. We also found that MAGEA2
and MAGEA2B were associated with the biological
processes of OS.
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