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Background: Butyrophilin subfamily 3 member A3 (BTN3A3) may be used as a prognostic biomarker for various malignancies.
However, there is little evidence on the role of BTN3A3 in sarcomas.

Methods: Using data from the Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO), we detected BTN3A3 in
normal and sarcomas tissues. Then we further evaluated clinical relevance, prognostic significance, genetic alternations, DNA
methylation, co-expression gene and correlations with immune infiltration of BTN3A3.

Results: The results showed that BTN3A3 expression was higher in sarcoma tissues than in normal tissues. The expression of
BTN3A3 was regulated by methylation and miRNA. Higher BTN3A3 expression was associated with a better prognosis of sarcomas
than lower BTN3A3 expression. GSEA revealed that the JAK-STAT signaling pathway, cytokine-cytokine receptor interaction, NK
cell-mediated cytotoxicity, T cell receptor signaling pathway, cell adhesion, and Toll-like receptor signaling were differentially
enriched in patients with elevated BTN3A3 expression. The BTN3A3 expression were found to be positively correlated with immune
infiltration, immune checkpoints. In the multivariate analysis, high BTN3A3 expression was found to be an independent risk factor for
overall survival.

Conclusion: In conclusion, increased BTN3A3 expression is a significant predictor of better prognosis in patients with sarcomas.
Keywords: BTN3A3, prognosis, sarcomas, immune, nomogram

Introduction

Although they are extremely rare and account for approximately 1% of adult malignancies,' sarcomas are extremely
diverse mesenchymal tumors. EU countries have a sarcoma incidence rate of 5.6 per 100,000.> More than 70 histological
subtypes of sarcoma have been identified, occurring across diverse anatomical sites. Sarcomas are broadly categorized
into soft tissue sarcomas, which represent approximately 80% of cases, and osteosarcomas.’ These malignancies are
characterized by aggressive local growth and a pronounced propensity for metastasis. The development of novel
biomarkers to improve prognostic accuracy in sarcoma patients is therefore urgently needed.

Butyrophilins (BTNs) include one or two extracellular Ig domains that have several structural features of the B7
family of co-receptors and are considered B7-related proteins® ' The BTN3A subfamily, including BTN3A1, BTN3A2,
and BTN3A3, share 95% homology with the extracellular domain. They have been shown to be expressed in various
types of tumor cells.*” Members of the BTN3A family exhibit distinct expression patterns across tumor types and are
significantly associated with patient prognosis. BTN3A1 has been extensively implicated in tumor immunity, where it is
essential for the activation of Vy9V2 T cells. In contrast, BTN3A3 has emerged as a potential therapeutic target in breast
cancer. Notably, specific single-nucleotide polymorphisms (SNPs) in BTN3A3 and BTN3A2 have recently been linked to
increased risk of ovarian and gastric cancers, respectively.'®!'! Growing evidence connects the BTN3A family to the
initiation and progression of diverse malignancies, positioning these molecules as promising biomarkers and therapeutic
targets in oncology. Computational biology has been playing an important role in fundamental biological research,
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biotechnology and drug development.'? However, little is known about the BTN3A subfamily and its precise functions in
sarcomas and tumor microenvironment.

In this study, we compared BTN3A3 expression in normal tissues and sarcomas. Using bioinformatic analyses of
clinical and survival data from TCGA and GEO databases, we evaluated the prognostic significance of BTN3A3
expression in sarcoma (SARC). Our results indicate that BTN3A3 expression may serve as a prognostic biomarker in
SARC, with high expression levels associated with improved patient survival.

Methods

Patient Data and Sample Collection

RNA-seq data and clinico-pathological information from 263 sarcoma samples were obtained from the TCGA database.
In addition, matched tumor and normal adjacent tissues from 25 patients were collected and snap-frozen in liquid
nitrogen. All human samples were used in compliance with the Declaration of Helsinki. The study was approved by the
ethical committee of Taiyuan Hand Surgery Hospital. Consent was acquired from all patients in written format.

Quantitative Real-Time Polymerase Chain Reaction (PCR) of Tissues

Total RNA was extracted from tissue specimens with TRIzol reagent (Invitrogen, Thermo Fisher Scientific) following the
manufacturer’s protocol. Gene expression raw counts were normalized to the average of housekeeping genes under
corresponding experimental conditions. Data are presented as fold change relative to normal controls. A gqRT-PCR primers
used in the present study were as follows: BTN3A3 forward primer, 5'-CTTTGGCCTATCATGAATGGA-3"; BTN3A3
reverse primer, 5-GCACGACGCTGAGGATCAA-3'; GAPDH forward primer, 5'-TCAAGATCATCAGCAATGCC-3;
GAPDH reverse primer, 5'-CGATACCAAAGTTGTCATGGA-3".

Gene Set Enrichment Analysis (GSEA)

Gene set enrichment analysis (GSEA) was employed to assess whether predefined sets of genes exhibited statistically
significant and concordant differences between two biological states.'> We applied GSEA to identify genes associated
with BTN3A3 expression and to detect survival differences between groups with high and low BTN3A3 expression.
Gene sets with a nominal p-value < 0.05 and a false discovery rate (FDR) < 0.25 were considered significantly
enriched.

Immune Infiltrates and Checkpoints Analysis

To assess the influence of BTN3A3 on immune infiltration, its association with immune cell populations in the tumor
microenvironment was evaluated using the CIBERSORT algorithm, TISIDB, and TIMER 2.0 databases.'* Correlations
between BTN3A3 expression and immune checkpoint genes, along with the impact of immune infiltration levels on
prognosis, were further analysed via TIMER2.0. A panel of 30 commonly studied immune checkpoints was selected
based on previous literature to examine their relationship with BTN3A3 expression. Additionally, SangerBox 3.0 was
employed to evaluate potential associations between BTN3A3 expression and both tumour mutational burden (TMB) and
microsatellite instability (MSI).

Analysis of the Regulation and Co-Expression of BTN3A3 Expression
Methylation profiles of BTN3A3 were analyzed using SurvivalMeth (http://bio-bigdata.hrbmu.edu.cn/survivalmeth/),
a publicly available web tool for assessing cancer-associated methylation.'”” Data analysis was performed using

R (version 3.4.4), and integration of TCGA-derived gene expression and methylation data was carried out with the
R package MethylMix.'® Putative miRNAs targeting BTN3A3 were identified through a consensus approach using five
prediction databases: Starbase v2.0, miRWalk, TargetScanHuman, mirDIP, and OncomiR. We used GEPIA2 (http://gepia.
cancer-pku.cn/) to obtain the BTN3A3-correlated genes based on the datasets of TCGA and GTEx. We also performed
correlation analysis between BTN3A3 and selected genes with Pearson correlation analysis.
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Gene Ontology and Pathway Analysis
Gene ontology analysis (GO) was used for annotating differentially BTN3A3-related genes. The Database for
Annotation, Visualization, and Integrated Discovery (DAVID) (http://david.abcc.nciferf.gov/) was used to detect the

enriched GO terms of BTN3A3-binding proteins. The pathway enrichment analysis was performed via The Kyoto
Encyclopedia of Genes and Genomes (KEGG).

Homology Analysis
To reconstruct the evolutionary relationships within the BTN3A subfamily, transcript sequences were retrieved from
UniProt and a phylogenetic tree was constructed using MEGA11 and visualized with iTOL (https://itol.embl.de). Protein

sequence alignments across species were performed using DNAMAN.

Statistical Analysis

Box plots were used to assess BIN3A3 expression levels in sarcoma patients, with the median expression value set as the
cutoff. Associations between BTN3A3 expression and clinical characteristics were evaluated using the Wilcoxon signed-
rank test and logistic regression. Survival outcomes were compared between high- and low-BTN3A3 expression groups
via Kaplan—Meier analysis, with statistical significance assessed by the Log rank test. Univariate Cox regression
identified potential prognostic variables, and multivariate Cox analysis was used to validate the independent prognostic
value of BTN3A3 expression. A nomogram integrating BTN3A3 expression and clinical variables was developed to
predict 1-, 3-, and 5-year overall survival in sarcoma.

Results

Genetic Alteration and Expression Analysis of BTN3A3

We first evaluated BTN3A3 expression in pan-cancer data from TCGA. The analysis showed that BTN3A3 expression
was higher in 7 tumors, including CHOL, ESCA, GBM, HNSC, KIRC, LIHC and STAD. In contrast, the expression was
low in BARC, KICH, LUAD, LUSC, PRAD, THCA and UCEC (Figure 1A). The genetic alteration status of BTN3A3 in
different tumor samples from the TCGA cohort was observed. As shown in Figure 1B, melanoma patients had the highest
BTN3A3 alteration frequency (nearly 5%). Within the TCGA pan-cancer cohort, mutations represented the most frequent
type of DNA alteration affecting BTN3A3. These were most prevalent in endometrial cancer, with an alteration
frequency exceeding 3% (Figure 1B). In an independent pan-cancer dataset, amplification emerged as the dominant
alteration type. Specifically, BTN3A3 amplifications were observed in lung and bladder cancers (Figure S1A). Notably,
among sarcoma (SARC) cases with BTN3A3 alterations, mutations were exclusively observed, occurring at a frequency
of approximately 1% (Figure 1B). Furthermore, BTN3A3 alterations in malignancies were distributed across all exons
without a discernible hotspot mutation site (Figure S2A and B). The most frequent alterations were the A340V/
X340 splice (Figure S2A) and S98L/A (Figure S2B). The BTN3A3 genetic mutation has been linked to the clinical
survival prognosis in a wide range of different forms of malignancy. A deeper look into this finding is necessary.

High BTN3A3 Expression in SARC

To investigate the conservation of BTN3A3 among different species, we compared BTN3A3 protein sequences among 6
distinct species (Figure 2A), demonstrating that Homo sapiens BTN3A3 shared 99, 94, 91, 6 and 60% identity to Pan
troglodytes, Pongo abelii, Mus musculus and Bos indicus, respectively. It is indicated that BTN3A3 was highly conserved
in primates, but varied significantly between human and mouse as well as zebu. The TCGA data obtained 263 individuals
with requisite clinical characteristics. Table S1 lists the detailed clinical features of these patients. Among the 263
patients, 119 were mem (45.2%) and 144 were women (54.8%). All participants were 61 years old on average. In terms
of tumor depth, 22 patients (11.1%) had superficial tumors, whereas 188 patients (89.9%) had deep tumors. Among all
patients, 120 (67.0%) had metastasis and 59 (33.0%) had no metastasis. To evaluate the status of BTN3A3 expression in
SARC patients, we compared the level of BTN3A3 expression in SARC patients with that in normal muscle tissues.
BTN3A3 expression was substantially higher in SARC tissues than in normal tissues (P<0.01, Figure 2B). SARC
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Figure | The expression of BTN3A3 in different tissues. (A) The transcription levels of BTN3A3 in different cancers or specific cancer subtypes. (B) Genetic aberration of

BTN3AS3 in cancers. This data contains 10953 patients/10967 samples in 32 studies from TCGA datasets. The global genetic alteration frequency is 2%.

samples and matched normal muscle tissues were used to confirm these findings (P<0.001, Figure 2C, supplementary

material). In SARC

, higher BTN3A3 expression corresponded with better prognosis (Figure 2D).

Previous studies found methylation could affect the expression of BTN3A3."” Therefore, we investigated the potential

Regulation of BTN3A3 Expression

relationship between BTN3A3 methylation and expression in sarcomas. The results showed that overall methylation

levels of the BTN3A3 were low at different methylation sites. We found a substantial negative correlation between

—0.540, Figure 3A). However, there was no significant correlation between BTN3A3 expression and the methylation in

BTN3A3 methylation and gene expression at the probe of the untranslated region, which was cg12537337 (P<0.001, R=
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Figure 2 The expression of BTN3A3 in SARC. (A) Comparison of protein sequences of BTN3A3 among different species. (B) BTN3A3 expression of SARC patients in
GSE17674 is analyzed. (C) Detection of BTN3A3 in sarcomas and adjacent normal tissues. (D) Higher BTN3A3 expression was correlated with longer OS of SARC patients
according TCGA database. Data are represented as mean + SEM; ***P < 0.001.

the sites of other probes (Figure 3B). We further analyzed the post-transcriptional regulation of BTN3A3. miRNAs,
targeting BTN3A3, were screened from starbase database, miRWalk database, TargetScan database and mirDIP database.
Meanwhile, miRNAs associated with the prognosis of SARC patients were obtained from OncomiR (Figure 3C).
Combing the results from five databases, we screened hsa-miR-149-5p and hsa-miR-488-3p as the most possible
miRNA regulators targeting BTN3A3. We also exhibited the complementary sequences between BTN3A3 and miR-
149-5p and miR-488-3p (Figure 3D).

Genes Co-Expressed with BTN3A3

Using GEPIA2, we aggregated TCGA tumor expression data to identify the top 100 genes correlated with BTN3A3
expression. In sarcoma (SARC), BTN3A3 expression showed strong positive correlations with BTN3A1 (R = 0.87),
BTN3A2 (R = 0.82), SAMDIL (R = 0.66), STAT1 (R = 0.65), and TAP1 (R = 0.64) (all P < 0.001; Figure 4A).
A phylogenetic tree was constructed to evaluate evolutionary conservation among BTN3A subfamily members
(Figure 4B). The analysis revealed two primary clusters: one comprising four BTN3A1 isoforms, and another consisting
of BTN3A2 and BTN3A3.

GSEA Identifies a BTN3A3-Related Signaling Pathway

To identify signaling pathways differentially activated in sarcomas (SARC) based on BTN3A3 expression, we performed
gene set enrichment analysis (GSEA) comparing datasets with low and high BTN3A3 levels. High BTN3A3 expression
was significantly associated with enrichment of gene sets involved in the JAK-STAT signaling pathway, cytokine—
cytokine receptor interactions, natural killer cell-mediated cytotoxicity, T cell receptor signaling, cell adhesion, and Toll-
like receptor signaling (Figure 5A).
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Figure 3 Analysis of the regulation of BTN3A3 expression. (A) Differential methylation levels of the BTN3A3 probe in SARC. (B) Correlation between BTN3A3
expression and methylation. (C) Result of predicted miRNAs using 5 different databases. The result was visualized using R software. (D) Predicted interaction between miR-
149-5p/miR-488-3p and BTN3A3.

Enrichment Analysis of BTN3A3-Related Partners

We attempted to filter out the BTN3A3-binding proteins for further pathway enrichment analysis, to gain a better
understanding of the molecular mechanism of BTN3A3 in carcinogenesis. Using the STRING tool, we identified 50
BTN3A3-binding proteins, all of which were experimentally verified. The network of interactions between these proteins
is shown in Figure 5B. Intersection analysis showed that BTN3A3 and BTN3A2 were common members of the
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Figure 4 Co-expression genes with BTN3A3. (A) Using the GEPIA2 approach, we obtained the top 100 BTN3A3-correlated genes and analyzed the expression correlation
between BTN3A3 and top 5 targeting genes, including BTN3AI, BTN3A2, SAMDOL, STAT| and TAPI. (B) Phylogenetic tree of BTN3A subfamily.

aforementioned groups. We combined the BTN3A3-binding proteins and expression-correlated genes to perform the
KEGG and GO enrichment analyses. The KEGG data suggested that “antigen processing and presentation” might be
implicated in the effect of BTN3A3 on tumor pathogenesis. BTN3A3 was also associated with biological processes such
as MHC class I protein binding, antigen binding and peptide antigen binding, as well as molecular functions such as
response to IFN-y and IFN-y-mediated signaling pathways, according to the GO enrichment analysis (Figure 5C).

Correlation Between BTN3A3 Expression and Clinical Features

The relationship between BTN3A3 expression and the clinical characteristics of patients with SARC is summarized in
Table S2. High BTN3A3 expression was associated with histological type (P<0.001) and metastasis (P=0.012).
However, elevated BTN3A3 expression was not associated with any other clinical feature. BTN3A3 expression was
a categorical dependent variable related to superior prognostic clinical features in univariate analysis using logistic
regression (Table S2). High BTN3A3 expression was associated with clinical stage (leiomyosarcoma vs. dediffer-
entiated liposarcoma: OR=0.222, 95% CI=0.108-0.438, P<0.001) and metastasis (yes vs. no: OR=0.437, 95%
CI=0.227-0.825, P=0.012).
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Prognostic Value of the BTN3A3 Risk Score in SARC

Univariate and multivariate Cox proportional hazards analyses were performed to identify factors correlated with overall survival
(OS). Univariate analysis revealed that metastasis (HR = 2.888, P < 0.001), residual tumor (HR = 2.637, P < 0.001), multifocal
tumors (HR =2.402, P < 0.001), margin status (HR = 1.957, P = 0.006), and BTN3A3 expression (HR = 0.552, P = 0.004) were
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significantly associated with OS in sarcoma patients. Multivariate analysis confirmed that metastasis (HR =2.355, P =0.005) and
BTN3A3 expression (HR = 0.470, P = 0.022) retained independent prognostic significance (Table S3).

BTN3A3 Correlated to SARC Immune Infiltration

We used the Kruskal-Wallis test to compare the scores related to the TME between the two clusters (BTN3A3 high and
BTN3A3 low) to determine whether there was a difference in the TMEs between them (Figure 6A). The three clusters,
encompassing stromal (P<0.001), immune (P<0.001) and ESTIMATE (P<0.001), exhibited significant differences in the
scores of the two TMEs. We analyzed the number of immune cells in the two clusters to determine whether there was
a link between BTN3A3 and other immune infiltration features (Figure 6B). The results indicated that the numbers of
T cells, CD8+ T cells, cytotoxic T cells, regulatory T cells, central memory T cells, effect memory T cells, B cells,
dendritic cells, macrophages and neutrophils were significantly different between the two clusters.

Tumor-infiltrating lymphocytes are independent risk factors for survival.'® Therefore, we further determine whether
the pattern of immune infiltration was related to BTN3A3 expression. The levels of BTN3A3 mRNA expression were
found to be significantly positively correlated with the infiltrating levels of CD8+ T cells (r=0.412, P=2.11e-11),
neutrophils (r=0.461, P=3.27e-14), CD4+ T cells (r=0.304, P=1.34e-06), Tregs (r=0.383, P=6.02¢-10), macrophage M1
(r =0.543, P=3.76e-20) and M2 (r=0.465, P= 1.67e-14), NK cells (r=0.425, P=3.91e-12), myeloid dendritic cells
(r=0.496, P= 1.56e-16), B cells (r=0.277, P=1.15¢-05) and myeloid derived suppressor cells (r=—0.360, P=7.01¢-09)
(Figure S3A). These findings imply that BTN3A3 is involved in immunological infiltration of SARC. The similar
relationship between BTN3A3 expression and the abundance of tumor-infiltrating lymphocytes in SARC was acquired
from TISIDB (Figure S4). We also found a positive correlation of BTN3A3 with the various markers of immune cells
(Table S4).

Moreover, the survival of SARC showed a closer positively correlated with the infiltration of CD4+ T cells, Treg
cells, NK cells, M1 macrophage M1, macrophage M2 and dendritic cells. In contrast, higher infiltration levels of CD8+
T cells and neutrophils were associated with worse prognosis (Figure S3B).

Relationship Between BTN3A3 and the Immune Checkpoints

To evaluate the potential role of BTN3A3 in sarcoma (SARC) immunotherapy, we examined its correlation with immune
checkpoint expression. Among 30 immune checkpoints analyzed, BTN3A3 expression was positively correlated with 24,
and negatively associated with VTCN1 and PVR (Figure 7A). Scatter plots further illustrated significant correlations
between BTN3A3 and several key immune checkpoints, including CD96, ENTPD1, ADORA2A, CD200, CD48,
CD200R1, CTLA4, and PDCD1 (Figure 7B-I). These results suggest that elevated BTN3A3 expression is associated
with an immunosuppressive microenvironment and may indicate enhanced responsiveness to immunotherapy. In a pan-
cancer analysis, BTN3A3 expression showed significant correlations with tumor mutational burden (TMB) and micro-
satellite instability (MSI) in seven and nine cancer types, respectively, although no significant association was observed
in SARC (Figure 7J and K).

Diagnostic Value of BTN3A3 Expression in SARC

A nomogram was developed by integrating statistically significant independent prognostic factors. From a total of 263
patients, 163 were randomly assigned to a training cohort and 100 to a testing cohort. The association between BTN3A3
expression and overall survival (OS) in the primary cohort is shown in Figure 8A. The concordance index (C-index) for
OS prediction was 0.809 (95% CI: 0.779-0.838) in the training set and 0.714 (95% CI: 0.672—0.757) in the testing set
(Figure 8C). Calibration curves demonstrated close agreement between nomogram-predicted and observed survival
probabilities in both cohorts (Figure 8B and D).

Discussion
The standard staging technique is now widely recognized as incapable of reliably forecasting the prognosis of cancer
patients.'”?° Therefore, there is an urgent need to identify effective biomarkers for tumor diagnosis and prognosis.
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The BTN3A family (also designated CD277) constitutes a subfamily of butyrophilin molecules, comprising three
isotypes—BTN3A1, BTN3A2, and BTN3A3—encoded by distinct genes in humans and certain non-human primates.?'
These molecules exhibit broad expression across immune cell subsets, including T cells, B cells, monocytes, dendritic cells,
and NK cells,”' as well as in both hematopoietic and non-hematopoietic tumor cell lines.”** Specific antibodies targeting
the extracellular domain of BTN3A proteins can induce activation of Vy9V32 T cells.”>° Our analysis indicates that
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BTN3A3 is phylogenetically conserved among primates, suggesting it may play an important and evolutionarily maintained
role. Furthermore, BTN3A3 exhibits higher structural and functional homology to BTN3A2 than to BTN3A1.

BTN3A3 single-nucleotide polymorphisms (SNPs) have been associated with a reduced risk of ovarian cancer’’ and
decreased recurrence rates.”® Furthermore, BTN3A3 expression levels accurately predict early recurrence (within 21
months) of ovarian cancer following platinum—paclitaxel chemotherapy.'' In breast cancer models, the highly aggressive
MDA-MB-231 cell line exhibits elevated BTN3A3 expression, whereas the less aggressive MCF-7 line shows lower
expression.”” BTN3A3 also predicts sensitivity to fluorouracil-based therapy in gastric cancer and appears to enhance
chemosensitivity by inhibiting EMT.*® According to previous research, BTN3A3 has been linked to intestinal inflamma-
tion and colon cancer and has potential to be used as a cancer biomarker.?’ In the colonic mucosa of patients with
ulcerative colitis, BTN3A3 expression is significantly elevated compared to healthy controls and shows a negative
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correlation with IFN-y levels.>' In cervical cancer tissues, BTN3A3 methylation is reduced relative to normal adjacent
tissues, suggesting that DNA demethylation may contribute to immune activation in individuals without cervical
cancer.'” Meanwhile, we found expression of BTN3A3 was also associated with methylation in SARC.

This study assessed BTN3A3 expression in the prognosis of patients with SARC. Previous TCGA-driven studies have
provided a large amount of reliable data for cancer-related research.’”>* We used the TCGA and GEO database to
perform bioinformatics analysis on the BTN3A3 gene expression profile in this work. BTN3A3 gene expression levels
were considerably higher in individuals with SARC than in matched normal muscle tissues, as validated by qRT-PCR.
Kaplan-Meier survival analysis revealed that patients with high BTN3A3 expression had a longer OS (P=0.004).

miRNAs are important regulators of biological functions. We identified hsa-miR-488-3p and hsa-miR-149-5p as vital
regulatory miRNAs in the post-transcription regulation of BTN3A3. Previous studies considered miR-488-3p and miR-
149-5p both as cancer-suppressing factors. miR-488-3p suppresses proliferation and promotes apoptosis via ZBTB2 in
esophageal squamous cell carcinoma.®® It is reported miR-488-3p sensitized malignant melanoma cells to cisplatin.®
Researches have determined down-regulation of miR-149-5p in various cancers, thus offering evidence for the role of
miR-149-5p in tumor inhibition.*’

Additionally, BTN3A3 may be involved in modulating several key pathways in SARC, including the JAK-STAT
signaling pathway, cytokine—cytokine receptor interactions, NK cell-mediated cytotoxicity, T cell receptor signaling, cell
adhesion, and Toll-like receptor signaling. We further investigated the role of BTN3A3 within the tumor microenviron-
ment. Tumor immune infiltration in SARC, including T cells, neutrophils, macrophages, NK cells and DC cells, showed
a close correlation with its OS and BTN3A3. T cells are the major contributors to antitumor-specific immunity among the
tumor-infiltrating lymphocytes.*® Neutrophils promote tumor resistance to radiation therapy.* It is reported that the total
number of macrophages was associated with a good survival in sarcomas.** DC cells are responsible for antigen
presentation to T cell and can activate anti-tumor immunity.*' NK cells have been shown to confer a survival benefit
during sarcoma chemotherapy.** Thus, modulation of immune cell infiltration may represent a key mechanism through
which BTN3A3 influences patient survival in SARC. Consistent with this, GSEA indicated that elevated BTN3A3
expression is associated with pathways involved in T cell, NK cell, dendritic cell, and macrophage function. These
findings suggest that high BTN3A3 expression may play an important role in remodeling the tumor microenvironment in
sarcoma.

Immune checkpoint inhibitors (ICIs) function to restrain excessive T lymphocyte activation; however, tumor cells
exploit this mechanism to evade immune surveillance. The efficacy of ICIs remains limited in a subset of patients, an
outcome closely associated with biomarker expression levels, including programmed death ligand-1 (PD-L1), tumor
TMB, and MSI. In this study, we observed a positive correlation between BTN3A3 expression and multiple immune
checkpoints, suggesting that elevated BTN3A3 expression may predict improved response to ICls.

Multivariate Cox analysis identified BTN3A3 expression and metastasis as independent prognostic factors for OS in
SARC patients. To our knowledge, no predictive nomogram incorporating both BTN3A3 expression and clinical
variables has been reported for SARC. Using the TCGA dataset, we developed a prognostic nomogram that integrates
clinical parameters and BTN3A3 expression to estimate individual mortality risk and inform treatment strategies.

Recent advances in deep learning have introduced powerful computational frameworks for gene expression analysis
beyond traditional statistical and machine learning approaches. Generative Adversarial Networks (GANs), for instance,
have emerged as promising tools for capturing complex, non-linear patterns in high-dimensional transcriptomic data,
enabling the generation of synthetic gene expression profiles and the identification of latent biological features that
conventional methods may overlook. We recognize that integrating GAN-based feature extraction or adversarial training
strategies could further enhance the discovery of robust BTN3A3-associated biomarker signatures. Future work will
explore the incorporation of these advanced computational pipelines to validate and extend our current findings. The lack
of bootstrap validation is also a limitation; Future studies should include bootstrap or external validation to confirm these
findings. The TCGA sarcoma cohort comprises multiple histologic subtypes with distinct immune landscapes. Previous
studies have demonstrated that dedifferentiated liposarcoma and undifferentiated pleomorphic sarcoma exhibit “immune-
hot” phenotypes with higher T-cell infiltration, while well-differentiated liposarcoma and synovial sarcoma tend to be
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“immune-cold”. We acknowledge that BTN3A3 expression may vary across these subtypes, and our findings primarily
reflect the aggregated cohort. Future subtype-specific analyses are warranted.

In summary, our findings indicate that elevated BTN3A3 expression in SARC is associated with improved patient
outcomes and serves as an independent favorable prognostic factor for overall survival. Furthermore, BTN3A3 expres-
sion correlates significantly with immune infiltration, suggesting its involvement in tumor progression and malignant
behavior. Cancer treatment is moving quickly toward personalized and precision strategies, especially those that target
the immune microenvironment. It is important to use multidisciplinary strategies like combining immunotherapy with
metabolic reprogramming or leveraging big data biomarker discovery in the analyze. This study will help BTN3A3 fit
into this future landscape. These results support the potential utility of BTN3A3 as a prognostic biomarker in SARC.
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