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Abstract. Osteosarcoma (OS) is the most frequent type of
cancer, as well as a common malignant tumor in orthopedics.
Multiple long non-coding RNAs (IncRNAs) are implicated
in immune infiltration in numerous types of cancer. Using
single-sample gene set enrichment analysis to assign patients
with OS, two immunotypes of OS were identified. Using
K-means, spectral and PCA-K-means clustering two immu-
notypes of OS were demonstrated to be reproducible and
represent a biologically meaningful classification of patients
with OS based on their tumor immune microenvironment.
Cluster 1 was an immune-infiltrating type, while Cluster 2
was an immune ‘desert’ type (low immune cell infiltration).
Between Cluster 1 and 2, 29 common differentially expressed
IncRNAs (DELs) were identified and univariate Cox regression
(UCR) analysis was performed to identify DELs associated
with overall survival. A risk score model was established by
performing UCR and the iterative Lasso Cox regression anal-
yses based on two immune infiltration-related IncRNA (IIRLs;
LINCO01094 and RP11-15K2.2). The risk model was a novel
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independent prognostic factor for patients with OS. A mutual
influence between the expression of two IIRLs and mRNAs
(LINCO01094 and RP11-15K2.2) was also identified. Gene
Ontology demonstrated that these mRNAs were abundant in
immune-associated functions and pathways. Cytoscape was
used to construct IncRNA-mRNA networks. The discrepancy
in tumor-infiltrating immune cell abundance demonstrated
that the high-risk group was associated with infiltration of
diverse immune cell types. Furthermore, the expression levels
of immune checkpoint inhibitors were markedly upregulated
in the high- compared with that in the low-risk-cohort. Gene
set enrichment analysis revealed that the risk score was asso-
ciated with nucleotide oligomerization domain-like receptor
signaling pathways. In summary, two IIRLs were developed in
the present study to predict prognosis in patients with OS. The
molecular mechanisms in the high-risk group may influence
immune infiltration-linked biological processes.

Introduction

Osteosarcoma (OS), a common primary bone tumor, primarily
affects children and young adults (1,2). Notable progress in the
prevention and treatment of OS has been attained via novel
treatment approaches(such as lenvatinib with chemotherapy) and
immunotherapy agents currently under clinical investigation) (3).
However, the incidence and mortality rates of OS have continued
to increase by ~1.4% every year (4). A previous study reported that
~80% of patients with OS exhibit high programmed cell death
ligand 1 (PD-L1) mRNA expression (5). Although programmed
cell death protein 1/PD-L1 cascade inhibitors have been assessed
in the treatment of bone and soft tissue sarcomas in clinical
trials (6,7), no notable response has been reported in patients with
advanced OS (8). The success of immunotherapy is dependent
on the level of immune cells in the host microenvironment (9,10).
Therefore, assessment of the immunoreactivity of OS is key in
making decisions regarding individualized treatment.

Long non-coding RNAs (IncRNAs) are ~200 nucleotides
long and participate in numerous pathological processes, such
as the occurrence and development of cancer (11,12). Previous
studies have reported that IncRNAs also serve a key role in the
modulation of genes involved in tumor immune escape (13-15).
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For example, IncRNA prostate cancer-associated transcript 6
induces polarization of M2 macrophages in cholangiocarcinoma
(CCA) and regulates the immune response of macrophages to
promote CCA progression (15). The expression of IncRNA small
nucleolar RNA host gene 9 is associated with poor survival and
immune infiltration in prostate cancer (14). Thus, the identifi-
cation of IncRNA markers for cancer immunoreactivity may
provide novel insights into OS treatment in the future.

The aim of the present study was to identify immune infil-
tration-related IncRNAs (IIRLs) in osteosarcoma, construct
a clinical signature based on IIRLs for survival prognosis in
OS and investigate the association between this IIRL signature
and tumor immune infiltration in OS.

Materials and methods

Data abstraction. The workflow of the present study is
presented in Fig. S1. All information was downloaded from
the Therapeutically Applicable Research to Generate Effective
Treatments (TARGET) database (https://www.cancer.
gov/ccg/research/genome-sequencing/target). The cohort
included 87 patients with OS, of which 47 were male and 40
were female, with an average age of 3.5-32.4 years old.

Determination of OS subtypes on the basis of immune gene sets.
The 29 immune-linked gene sets represent types of immune
cell, functions and cascades (16). Immune cell invasion levels
in cancer were estimated using ssGSEA with the ‘gsva’ package
(bioconductor.org/packages/release/bioc/html/GSVA.html) of
R software (R 4.2.2 with Bioconductor 3.16.). ‘ESTIMATE’
R package [v1.0.13 Kosuke Yoshihara Lab (Academic)] was
used to calculate tumor purity, immune and stromal scores.
Consensus clustering and molecular subtype were implemented
using the ‘ConsensusClusterPlus’ R package [bioconductor.org/
packages/release/bioc/html/ConsensusClusterPlus.htmlv1.68.0
(Bioconductor release 3.19)] on the basis of the sSGSEA scores.
In brief, K-means, spectral and PCA-K-means clustering were
replicated 50 times each turn and the optimum clustering
result was used.

Differential expression analysis. Differentially expressed
IncRNAs (DELs) or differentially expressed genes
(DEGs) between Clusters 1 and 2 samples were defined
with ‘limma’ R package [https://bioconductor.org/pack-
ages/release/bioc/html/limma.html v3.60.0 (Bioconductor
release 3.19)]. IncRNAs or genes that met the adjusted P<0.05
and fold-change >0.5 criteria were regarded as DELs or DEGs,
respectively. The ‘pheatmap’ R package (https://cran.r-project.
org/package=pheatmap v1.0.12 Raivo Kolde (Academic))was
employed for plotting heatmaps, while ‘ggpubr’(cran.r-project.
org/package=ggpubr v0.6.0 Alboukadel Kassambara) was
employed for generating boxplots.

cut-off value=43.2963

Development of a prognostic model based on IncRNAs.
Prognosis-associated DELs were determined via a univariate
Cox regression (UCR) model. Expression values of all the
prognosis-associated DELs were integrated and the estimated
regression coefficients were then employed to determine

prognostic scores for all patients. The risk score for every
patient was determined as follows: Risk score=p1x1 + 2
X2 +...+ Pixi, where x is predictor Variables/Features/Risk
Factors): i (Index): i represents the total number of variables
included.) Based on the median risk score cut-off value. (cut-off
value=43.2963), the patients were stratified into high- (n=43
people) and low-risk (44 people) groups. The Kaplan-Meier
analysis was performed to determine the survival rate. The
risk scores were included in UCR and multivariate Cox regres-
sion (MCR) analysis to validate the independence of the risk
model. Receiver operating characteristic (ROC) curves were
used to assess the accuracy and specificity of the risk model.

Co-expression analysis, Gene Ontology (GO) annotation,
pathway enrichment analysis and network construction.
Pearson's correlation coefficient between the DEGs and
two IncRNAs was calculated by using R package corr.test
(https://cran.r-project.org/package=psych v2.4.3 William
Revelle) function and the mRNA pairs were selected (IPearson's
correlation coefficient/>0.5 and P<0.001). RStudio software
(version 4.2; Posit Software, PBC; rstudio.com/) was employed
to conduct mRNA GO enrichment and Kyoto Encyclopedia
of Genes and Genomes (KEGG; kegg.jp) functional analyses.
P<0.05 was considered to indicate statistically significant
enrichment. For the construction of the IncRNA-mRNA
network, Cytoscape software (version 3.7.2) (17) was used.

CIBERSORT estimation. CIBERSORT provides an esti-
mation of the abundance ratio on the basis of gene expression
data of multiple cell types in a mixed cell population (18,19).
The proportions of immune cells were quantified using
the CIBERSORT algorithm [v2.0 (Newman Lab, Stanford
University) https://cibersortx.stanford.edu]. Patients were
divided into low- and high-risk groups.

GSEA. GSEA was used to analyze the differences in path-
ways between the high- and low-risk groups. The C2.cp.kegg.
v7.0.symbols.gmt dataset (gsea-msigdb.org/gsea/msigdb)was
obtained from the Molecular Signatures database(https:/www.
gsea-msigdb.org/gsea/msigdb). Nominal P<0.05, Inormalized
enrichment scorel>1 and false discovery rate q<0.25 were
considered to indicate a statistically significant difference.

Quantification of IncRNA expression by reverse transcription-
quantitative PCR (RT-gPCR). The normal human osteoblast
cell line hFOBI1.19 (iCell Bioscience Inc.) was maintained
in DMEM/F12 (Gibco; Thermo Fisher Scientific, Inc.) at
34°C with 5% CO, in a humidified atmosphere. The human
OS cell lines MG-63 and 143B cells (iCell Bioscience Inc.)
were cultured in MEM (Gibco; Thermo Fisher Scientific, Inc.),
while U20S cells (iCell Bioscience Inc.) were cultured in
McCoy's 5A medium(cat. no. 16600082; Gibco; Thermo Fisher
Scientific, Inc.). Both culture media were supplemented with
10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 100 ug/ml
streptomycin and 100 U/ml penicillin, and the cells were main-
tained at 37°C with 5% CO, in a humidified atmosphere. Using
TRIzol® (Thermo Fisher Scientific, Inc.) following the manu-
facturer's protocol, total RNA was obtained from hFOBI1.19,
MG-63, 143B and U20S cells. Next, microRNA (miRNA
or miR) 1st-Strand cDNA Synthesis kit (cat. no. MR101-01
Vazyme Biotech Co., Ltd.) was used to synthesize cDNA
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Figure 1. Consensus clustering of OS. (A) Consensus clustering matrix for k=2. (B) Area under the curve of the relative increase in cluster stability when k=2.
(C) Consensus clustering cumulative distribution function curve for k=2-9. OS, osteosarcoma; CDF, cumulative distribution function.

from miRNA according to the manufacturer's protocol, while
the SuperScript IV First-Strand Synthesis System (Thermo
Fisher Scientific, Inc.) was used to synthesize cDNA from
IncRNA and mRNA according to the manufacturer's protocol.
RT-qPCR was performed with SYBR™ Green Master Mix
(Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. The thermocycling conditions were as follows: Initial
denaturation at 95°C for 5 min, followed by 40 cycles of 95°C
for 30 sec and 60°C for 45 sec. GAPDH served as an endog-
enous control for normalization. The relative levels of gene
expression were calculated as ACq=Cq gene-Cq reference and
the gene expression was calculated in fold-change according
to the 2244 method (20), repeated independently in triplicate.
The following primer sequences were used for RT-qPCR:
LINCO01094 forward, 5'-GCATGGCCAGGGGATCTTCA-3'
and reverse, 5'-CCAGCTCTTGGCAAGCAACAC-3"
RP11-15K2.2 forward, 5"-TCTGCTGTGGCCTGAACTGC-3'
and reverse, 5S'-TTTCCCAACGCTGGGTGGAC-3' and
GAPDH forward, 5'-GACCTGACCTGCCGTCTA-3' and
reverse, 5S'-"AGGAGTGGGTGTCGCTGT-3'. Authentication
testing of MG-63, 143B, U20S and hFOBI1.19 cell lines have
been performed (Shanghai Biowing Applied Biotechnology
Co., Ltd) via STR profiling. STR profiles match the standards
recommended for MG-63, 143B, U20S and hFOBI1.19 cell
lines authentication Based on previous research, GAPDH was
selected as the internal reference (21,22).

Statistical analysis. Statistical analyses were performed using
GraphPad Prism 8.0 (Dotmatics). Data are presented as the
mean =+ standard deviation of =3 independent experimental
repeats. Comparisons between multiple groups were performed
using one-way ANOVA followed by Tukey's post hoc test.
Overall survival was determined using Kaplan-Meier survival
curves along with the log-rank test. P<0.05 was considered
to indicate a statistically significant difference. UCR analysis
was performed with OS prognosis as the dependent variable
and P<0.05. A total of six prognostic IIRLs were identified
and fitted into a MCR model with OS as a dependent variable
to determine their relative contribution to survival estimation
and P<0.05.

Results

Identification of two immune subtypes in OS. A total of 87
patients with OS were included in the present study. ssGSEA
was carried out on each sample with gene sets consisting of
mRNA transcripts distinct for most subpopulations of innate
and adaptive immune cells (B cell native, T cell CD8,etc).
Tumor samples were classified into k subtypes (k=2-9). Based
on the cumulative distribution function curve consensus score,
k=2 was considered to be optimal (referred to as Cluster 1- 2;
Fig. 1A-C).

Immune features of immune subtypes. ssGSEA clustering
analysis indicated that the extent of immune infiltration was
greater in Cluster 1 than 2 (Fig. 2A). Compared with those OS
cases with low immune infiltration, the OS cases who had high
immune infiltration were significantly associated with lower
tumor purity and higher ESTIMATE, stromal and immune
scores (P<0.005; Fig. 2A and C). The two subtypes generated
according to ssGSEA scores of the immune gene sets were
used to explore the tumor-infiltrating immune cell abundance.
Cluster 1 subtype exhibited higher levels of CD8* (P=0.007)
and activated memory CD4* T cell (P=0.01) and M2 (P=0.023)
and M1 macrophage (P<0.001) infiltration compared with that
of Cluster 2. Cluster 1 demonstrated lower infiltration of MO
macrophages (P=0.001), resting dendritic cells (P=0.02) and
neutrophils (P=0.011) compared with that of Cluster 2 (Fig. 2B).
Furthermore, the expression of eight immune checkpoint
genes, including V-set immunoregulatory receptor, lympho-
cyte activation gene (LAG)3, TIGIT (T cell Immunoreceptor
with Ig and ITIM Domains), NT5E (cto-5'-Nucleotidase),
CD274, hepatitis A virus cellular receptor 2 (HAVCR?2),
cytotoxic T lymphocyte antigen 4 (CTLA4) and programmed
cell death protein 1, which are associated with immune escape,
were explored. Expression levels of these genes were greater in
Cluster 1 than in 2 (P<0.05; Fig. 2D).

Identification of DELs. Cluster 1 was an immune-invasion
type, while Cluster 2 was an ‘immune-desert phenotype’. A
total of 29 differentially expressed immune infiltration-related
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Figure 2. Determination of two immune subtypes in the OS.
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Table I. DEIIRLs.

IncRNA logFC P-value
PCEDI1B-AS1 -2.0334 0.0000374x10°¢
RP11-848P1.3 -1.7960 0.0198x10¢
LINCO01272 -2.2678 0.364x10°¢
RP6-159A1 .4 -4.2677 0.421x10°¢
PSMBS8-AS1 -1.1654 0.959x10°¢
MIR3945HG -4.0763 0.978x10°¢
RP5-1028K7.2 -4.1189 1.25x10°
CH17-340M24.3 -1.0758 1.44x10°
CARDS-ASI1 -0.8408 1.93x10°¢
PIK3CD-AS1 -3.6163 5.36x10°
AC006129.2 -3.1282 6.58x10°
RP5-1171110.5 -1.8505 11.1x10°¢
RP11-750H9.5 -1.3143 11.4x10°¢
RP4-647J21.1 -2.5479 17.8x10°¢
AC016735.2 -3.0471 24.8x10°
LINC01094 -0.9836 25.5x10°
CTA-384D8.35 -3.8516 37.9x10°¢
RP11-733018.1 -2.4356 41.0x10¢
AC009950.2 -1.2005 41.4x10
ERI3-IT1 4.0512 42.5x10°
RP11-1094M14.5 -3.9647 44 9x10°¢
AC007879.7 -2.2382 49.6x10°¢
RP1-30M3.5 -0.8037 50.2x10°
RP5-1091N2.9 -2.2630 50.8x10°
CTB-61M7.2 -4.2097 60.5x10°
RP11-219E7.1 -3.0470 80.6x10°
RP11-15K2.2 3.9491 85.3x10°¢
RP11-93B14.9 -1.1626 96.7x10°

DEIIRL, differentially expressed immune infiltration-related IncRNAs;
Inc, long non-coding.

IncRNAs (DEIIRLSs) were obtained, of which, two were
upregulated and 27 were downregulated (Table I; Fig. 3A-C).

Construction of a diagnostic and prognostic model based
on two IncRNAs. UCR analysis was performed with OS
prognosis as the dependent variable and P<0.05. A total of
six prognostic IIRLs, namely, AC009950.2, AC016735.2,
PCEDI1B-ASI1, MIR3945HG, LINC01094 and RP11-15K2.2,
were identified (Fig. 4A). To establish a predictive model,
these IncRNAs were fitted into a MCR model with OS as a
dependent variable to determine their relative contribution
to survival estimation. Through integration of the expression
profiles of IncRNAs and matching the determined regression
coefficient obtained from the aforementioned multivariate
regression assessment, a prognostic signature was developed
using the formula Risk score=(-2.5354 x LINCO01094 expres-
sion value) + (0.2185 x RP11-15K2.2 expression value).
Patients were stratified into high- (n=43) and low- (n=44)
risk groups according to the median risk score. The high-risk
group exhibited notably poor prognosis compared with the
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low-risk group (P=3.864x107; Fig. 4B). The area under the
curve (AUC) demonstrated that the Cox prediction model
based on IncRNAs achieved improved accuracy in the
monitoring of survival (AUC=0.722; Fig. 4F). The survival
time, risk score and status plots are presented in Fig. 4C-E.
Cox regression analyses were performed to verify the likeli-
hood of the risk score of the present signature serving as an
independent predictor of prognosis in patients with OS. The
risk score of the present signature could be applied to esti-
mate the prognosis of patients with OS, which eliminated
the effect of clinical characteristics (sex and age; P<0.05;
Fig. 5A and B).

A total of two IncRNAs are enriched in immune-linked
functions and pathways. DEGs were obtained from Cluster 1
and 2. A total of 1,262 DEGs were obtained, of which, 448
were up- and 772 were downregulated. DEGs significantly
associated with expression of two IncRNAs were screened
(IPearson correlation coefficient|>0.5 and P<0.001). A total
of 69 mRNAs were screened (Table II). KEGG pathway
and GO term analyses were employed to explore the
biological roles of the IncRNAs. Overall, 69 mRNA were
annotated to 617 functions with significant differences,
including ‘neutrophil mediated immunity’, ‘neutrophil
degranulation’, ‘T cell proliferation’, ‘positive regulation
of cytokine production’, ‘secretory granule membrane’,
‘tertiary granule’, ‘G protein-coupled purinergic nucleotide
receptor activity’ and ‘IgG binding’ (Fig. 6A). Those mRNA
were annotated to 27 significant KEGG cascades, including
‘neutrophil extracellular trap formation’, ‘Staphylococcus
aureus infection’, ‘T cell receptor signaling pathway’,
‘B cell receptor signaling pathway’, ‘NOD-like receptor
signaling pathway’ and ‘NF-kappa B signaling pathway’
(Fig. 6B). An OS prognostic IncRNA-mRNA regulatory
network composed of two IncRNAs and 69 DEGs was
constructed (Fig. 7).

Survival is associated with percentage of tumor-infiltrating
immune cell (TIIC) types in OS. Using CIBERSORT, the
immune infiltration percentage of each cell type was deter-
mined based on the gene matrix and the differences in
TIIC profiles between the two risk groups were established.
Patients in the high-risk group had elevated expression of MO
macrophages (P=0.03; Fig. 8A). By contrast, patients in the
low-risk group had elevated expression of M2 macrophages
(P=0.007; Fig. 8A). Furthermore, the expression levels of five
immune checkpoint genes (LAG3, HAVCR2, CTLA4, TIGIT
and CD274) in the low-risk group were significantly higher
compared with those in the high-risk group (P<0.05; Fig. 8C).
Compared with the high-risk group, the OS in the low-risk
group was significantly associated with lower tumor purity
and higher ESTIMATE, stromal and immune score (P<0.005;
Fig. 8B).

High-risk group is involved in multiple immune-associated
pathways. GSEA suggested a significant negative correlation
(P<0.05) between the high-risk group and immune-associated
pathways, including ‘chemokine signaling pathway’, ‘NOD-like
receptor signaling pathway’, ‘allograft rejection’ and ‘systemic
lupus erythematosus’ (Fig. 9).
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Figure 3. Determination of DELs. (A) Heatmap and (B) volcano plot of DELs between Cluster 1 and 2. (C) Representation of DELs in a boxplot. DEL,

differentially expressed long non-coding RNA.

Validation of the expression levels of IIRLs (LINC0I1094 and
RP11-15K2.2) in hFOBI.19, MG-63, 143B and U20S cells. To
verify that the aforementioned IIRLs are specifically expressed
in OS cells, RT-qPCR was performed in the MG-63, 143B,
U20S and hFOBI.19 cell lines. . LINC01094 and RP11-15K2.2
were expressed in MG-63, 143B and U20S cells (Fig. 10).
The expression of LINC01094 in 143B and U20S cells was
significantly higher compared with that in hFOB1.19 , and the
expression of RP11-15K2.2 in MG-63, 143B and U20S cells
was significantly higher compared with that in hFOB1.19 cells
(P<0.05). These results verified the reliability of the present
bioinformatics analysis.

Discussion

Human OS, a primary malignant bone tumor, is prevalent
among children and young adults(22). Due to developments
in molecular biology technology, there is a notable interest
in anticancer immunotherapy, including immune check-
point inhibitors and modulators, and genetically modified
T cells (23,24). Patients with OS lacking immune cell
infiltration exhibit high rates of metastasis and poor clinical
outcomes (25). According to a previous study, immune recon-
stitution suppresses the recurrence of OS and improve the
survival of patients with metastatic OS (26).

In the present study, according to the immune signature
score, the patients were separated into two clusters. Cluster 1
and 2 demonstrated significant differences in ESTIMATE,
tumor purity, stromal and immune scores and expression
levels of immune checkpoint markers. The levels of immune
infiltration in patients form Cluster 1 were higher compared

with those in Cluster 2. A two IIRL signature for overall
survival was employed to develop a risk model to estimate the
prognosis of patients with OS. By employing the risk score,
patients were divided into a low- and high-risk group. As
indicated by the Kaplan-Meier curve, survival status and score
plot and ROC curve, the aforementioned IIRLs had a notable
prognostic potential.

In the low-risk group, LINC01094 expression was signifi-
cantly higher compared with that in the high-risk group, while
RP11-15K2.2 expression was significantly higher in the
high-compared with that in the low-risk group. Dysregulation
of LINCO01094 has similarly been documented in clear cell
renal cell carcinoma (27), glioblastoma (28) and ovarian
cancer (29). For example, LINC01094 expression is markedly
upregulated in glioblastoma cells, colony formation and inva-
siveness are inhibited by silencing LINC01094 (28). Silencing
LINCO01094 blocks SLC2A3 expression by upregulating
miR-184, which further inhibits the invasion, migration and
proliferation of clear cell renal cell carcinoma cells, as well
as tumor growth, but promotes apoptosis (27). LINC01094
activates the Wnt signaling pathway by adsorbing miR-577
and promotes the epithelial-mesenchymal transition (EMT) of
OC cells (29). In the breast tumor microenvironment, immune
infiltration enhancement is associated with EMT markers
(insulin-like growth factor-1 receptor;SH2-containing-5'-ino-
sitol phosphatase-2) (30). A previous study reported that, in
non-small-cell lung cancer, EMT status is associated with
an inflammatory tumor microenvironment (31). The afore-
mentioned study demonstrated that LINC01094 participates
in tumor immunity through EMT. However, in the present
study, LINC01094 expression was associated with improved
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endogenous RNA in gene regulation, sequestering miRNAs
and modulating downstream target genes. Key pathways,
including the Wnt/p-catenin, PI3K/AKT and TGF-f signaling

survival in OS, which is contrary to the aforementioned study
results; thus, further research is warranted to verify its clinical
relevance. Mechanistically, LINC01094 acts as a competitive
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Table II. Co-expressed DEGs.

IncRNA Gene r P-value

LINC01094 SLCI11A1 0.5895 0.00152x10°¢
POU2F2 0.6072 0.000356x10°¢
MSRI1 0.6961 0.0000000513x10°
LCP2 0.5254 0.148x10°¢
STK10 0.5070 0.464x10°
PTPRC 0.5193 0.218x10¢
FYB 0.6202 0.000116x10°
CASS4 0.5951 0.000967x10°¢
NLRC4 0.5380 0.0645x10%°
TREM2 0.5487 0.0312x10°
SAMHDI 0.5089 0.413x10¢
TNFSF13B 0.6069 0.000367x10°¢
LILRBI 0.6424 0.0000152x10°¢
TNFSF8 0.6923 0.0000000799x10°
PLEK 0.5088 0.417x10°¢
NCF2 0.6052 0.000423x10°¢
MFSDI 0.5458 0.0380x10°
CXorf21 0.6908 0.0000000954x10°
NCKAPIL 0.5036 0.571x10°¢
SIGLEC9 0.5951 0.000968x10°¢
MRO 0.5089 0.414x10°¢
HAVCR2 0.5349 0.0792x10%¢
CPM 0.5001 0.702x10°¢
NPL 0.5890 0.00158x10°¢
DRAMI 0.5214 0.190x10°¢
SLCO2B1 0.5509 0.0268x10°
PIK3R5 0.5484 0.0319x10°
VAV1 0.5009 0.669x10°¢
TRPM2 0.5190 0.221x10°¢
MYOIF 0.5438 0.0438x10°
FCGR2A 0.5941 0.00105x10°¢
SAMSNI1 0.6155 0.000175x10°¢
VSIG4 0.6053 0.000419x10°¢
VCAMI 0.5021 0.624x10°¢
NLRP3 0.5507 0.0272x10¢
CTSS 0.5301 0.109x10°¢
MNDA 0.5916 0.00128x10°¢
RBM47 0.5810 0.00294x10°¢
CYBB 0.6249 0.0000768x10°¢
MS4A7 0.5773 0.00391x10°¢
LAIRI 0.5310 0.103x10°¢
SLC43A2 0.5758 0.00440x10°
GSDMA 0.5543 0.0210x10°
PTAFR 0.6737 0.000000000632x10°
ITGAM 0.6063 0.000385x10°¢
FPR1 0.6045 0.000448x10°¢
GPR34 0.5417 0.0503x10%¢
C3AR1 0.6374 0.0000243x10°¢
TLRI1 0.6114 0.000249x10¢
CD163 0.6759 0.000000000500x10-¢

HCLS1 0.5294 0.114x10°¢
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Table II. Continued.

IncRNA Gene r P-value
ADAP2 0.6643 0.00000171x10°®
LPARS 0.5619 0.0123x10°¢
FPR3 0.6415 0.0000164x10°
SIRPB2 0.5015 0.645x10°¢
TLR7 0.6464 0.0000103x10°®
GAL3ST4 0.5335 0.0871x10%¢
CARDI1 0.5006 0.681x10°®
FCGR3A 0.5401 0.0560x10¢
NFAMI1 0.5834 0.00245x10°°
RP11-15K2.2 ZNF385B 0.5353 0.0774x10°¢
NBEALI1 0.5093 0.404x10°¢
TRIM36 0.5177 0.240x10°¢
SLFNLI1 0.5230 0.172x10°¢
RALGAPA1 0.5850 0.00217x10°°
SLC34A3 0.6445 0.0000124x10°
DDRI1 0.5041 0.553x10°¢
CCDC85C 0.5086 0.420x10°¢
DEG, differentially expressed gene.
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Figure 7. IncRNA-mRNA network of two IncRNAs (red) and 69 mRNAs (pink). Inc, long non-coding.

pathways, have been identified as targets of LINC01094 (32).
To the best of our knowledge, there is no research on the role of
RP11-15K2.2 expression in tumors and immunity or immune
infiltration in OS. However, it may affect immune escape by
regulating immune cell function or metabolic pathways in the
tumor microenvironment (33-35).

Considering the key role of tumor-invading immune cells
in the progression of cancer, the present study explored the
differences in the composition of 22 infiltrating immune-cell
types between low- and high-risk groups. In gastric cancer
samples, one of the most enriched tumor invasion immune
cell types is resting memory CD4* T cells (36). Previous study
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Figure 8. Immune cell infiltration in patients with OS. (A) Expression levels of infiltrating immune cells between the high- and low-risk groups. (B) Tumor
purity and ESTIMATE, stromal and immune score. (C) Differences in the expression levels of immune checkpoint genes, including LAG3, VSIR, CD274,
HAVCR2, NT5E, CTLA4, TIGIT and PDCDI. “P<0.05, “P<0.01, ““P<0.001 vs. high-risk group). OS, osteosarcoma; LAG3, lymphocyte activation gene;
HAVCR2, hepatitis A virus cellular receptor 2; NTSE, 5'-nucleotidase ecto; CTLA4, cytotoxic T-lymphocyte antigen 4; TIGIT, T cell immunoreceptor with Ig
and ITIM domains; PDCD]1, programmed cell death protein 1.
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have demonstrated that, in the tertiary lymphoid structures of
numerous tumors, follicular helper T cells are found, which
suggests that they contribute to effective and sustained anti-
tumor immune responses (37). Macrophages exhibit antitumor
M1 and protumor M2 phenotypes, and high density of M1
macrophages is associated with a favorable overall survival
in patients with cancer (38). In the high-risk group, the levels
of MO macrophage were elevated, while the proportion of
M2 macrophages was increased in the low-risk group. The
immune checkpoint molecules CD274, CTLA4 and LAG3
participate in tumor immunology (39). The targeted blockade
of CD274 and CTLA-4 results in a clinical benefit for indi-
viduals with diverse solid tumors (40,41). The present study
demonstrated that, in the low-risk group, the expression of five
immune checkpoint genes (LAG3, HAVCR2, CTLA4, TIGIT
and CD274) was higher compared with that in the high-risk
group. Furthermore, the present GSEA demonstrated that risk
score was associated with ‘chemokine signaling pathway’,
‘NOD-like receptor signaling pathway’, ‘allograft rejection’
and ‘systemic lupus erythematosus’. In the tumor microenvi-
ronment, chemokines mediate the balance between antitumor
and protumor responses by regulating cell migration and
cell-cell interactions (42). The NOD-like receptor signaling
pathway is a key regulator in immune responses. NOD-like
receptor signaling increases major histocompatibility complex
class I) expression and the presentation of tumor antigens to
CD8* T lymphocytes (43). Therefore, the NOD-like receptor
signaling pathway may be exploited to elicit protective
antitumor immunity during immunotherapy. Altogether, the
present data demonstrated that the high-risk group may be
affected by immune cell infiltration signatures.

In summary, a risk score model with two IIRLs was
constructed to predict the prognosis of OS and the prog-
nostic index was observed to be an independent index for
OS prognosis. Furthermore, the prognostic index may
affect immune-associated biological processes and TIIC.
In conclusion, the IIRL signature developed in the present
had an independent prognostic value for OS. The present
findings may contributed to improved survival of patients
with OS and provide prospective immunotherapy targets.
While the present study provides insights into the prog-
nostic and immune-associated roles of IncRNAs in OS,
there are limitations. First, the sample size derived from the
TARGET database was relatively small, which may restrict

ZENG et al: IMMUNE INFILTRATION-RELATED IncRNAs PREDICT PROGNOSIS OF OS

the statistical power and generalizability of the present
findings. Second, the present computational predictions,
although supported by preliminary RT-qPCR validation of
LINCO01094 and RP11-15K2.2 in OS cell lines, lack external
validation in independent clinical cohorts or functional
assays such as western blotting. Third, the mechanistic links
between these IncRNAs and immune infiltration, particu-
larly their regulatory effects on macrophage polarization or
signaling pathways, remain speculative and require experi-
mental confirmation. Finally, resource constraints, including
limited funding and laboratory access, precluded further
validation or mechanistic exploration. To address these
limitations, future research can prioritize expanding the
sample size by integrating additional databases (for example,
Gene Expression Omnibus or International Cancer (ncbi.
nlm.nih.gov/geo/) Genome Consortium (icgc.org) and vali-
dating the two IIRL model in prospective clinical cohorts;
performing functional experiments, such as co-culture
systems with macrophages, to elucidate how LINCO01094
and RP11-15K2.2 regulate immune cell polarization and
tumor microenvironment dynamics; mechanistic investiga-
tions, including pathway inhibition, RNA-protein interaction
assays and luciferase reporter studies, to identify specific
signaling pathways (for example, STAT3, NF-xB or TGF-f)
by which these IncRNAs exert their effects and multi-omics
integration to explore downstream targets and epigenetic
modifications. These efforts may strengthen the translational
relevance of the present study findings and provide deeper
insight into IncRNA-driven immune evasion in OS.
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