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Abstract. Objective: To analyze the relationship between VTCNI and brain Low-Grade Glioma (LGG) using bioinformatics
methods, and to explore the potential prognostic value and underlying therapeutic mechanisms of VTCNI1 in LGG. Methods:
Forest plots and Kaplan-Meier curves were used to examine the relationship between VTCN1 expression and patient prognosis
in various cancers. Kaplan-Meier survival analysis, univariate and multivariate Cox regression analyses were employed for
survival analysis. Based on the results of multivariate Cox proportional hazards analysis, a nomogram and a calibration plot were
constructed to predict the X-year overall recurrence rate. The TIMER database was used to analyze the expression profile of
VTCNI1 and the abundance of immune infiltration in pan-cancer. Mutation analysis and ferroptosis-related gene analysis were
performed using data from The Cancer Genome Atlas (TCGA) database. The UALCAN database was used to analyze VTCN1
expression levels. The GEPIA2 database was used to analyze gene correlations. Spearman correlation analysis was applied to
explore the relationship between VTCNI and signaling pathways. The CCLE database was used to investigate VTCNI
expression in different cell lines. Results: High VTCNI1 expression affects the cell cycle, apoptosis, and oxidative stress through
DNAJCI12 and TEF, and influences iron homeostasis through NCOA4, thereby participating in the occurrence and development
of LGG. In addition, high Tumor Mutational Brden (TMB) and infiltration of relevant immune cells may also play important
roles. Conclusion: VTCNI1 may serve as a potential target for survival prediction and treatment in brain low-grade glioma.
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1. Introduction

Glioma is the most common type of intracranial malignant tumor. The World Health Organization (WHO) classifies gliomas into
four grades, with malignancy increasing with grade [1], and classifies grade I and II gliomas as Low-Grade Gliomas (LGG).
LGG exhibits malignant biological characteristics such as invasive growth and resistance to radiotherapy and chemotherapy, and
has a tendency to progress to high-grade gliomas [2]. Meanwhile, the therapeutic effect of LGG is quite promising; therefore, the
discovery of new biomarkers and early diagnosis are particularly important.

The protein encoded by the VTCNI gene belongs to the B7 co-stimulatory protein family. When present on the surface of
antigen-presenting cells and tumor cells, it interacts with ligands on the surface of T cells, and inhibits T cell-mediated cellular
immunity by suppressing the proliferation of activated T cells, the production of cytokines, and the differentiation of effector T
cells [3]. When expressed on the surface of tumor-associated macrophages, it plays an important role in inhibiting tumor-
associated antigen-specific T cell immunity together with regulatory T cells [4]. Studies have shown that high levels of VTCNI1-
encoded protein are associated with the progression of cancers such as breast cancer [5-7], pancreatic cancer [8-10], and cervical
cancer [11, 12]; however, relevant research on VTCNI in LGG [13] needs further expansion.

In this study, the regulatory functions and molecular mechanisms of VTCNI in LGG were thoroughly investigated using
cancer datasets, and potential collaborative activities that may be used to promote immunotherapy were predicted, providing new
directions and strategies for the clinical treatment of LGG.
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2. Materials and methods
2.1. Prognostic analysis

Forest plots and Kaplan-Meier curves were used to examine the relationship between VTCN1 expression and patient prognosis
in 33 types of cancers, including Overall Survival (OS), Disease-Free Survival (DFS), Ddisease-Specific Survival (DSS), and
Progression-Free Survival (PFS). Univariate survival analysis was used to calculate Hazard Ratios (HRs) and 95% Cnfidence
Intervals (ClIs).

2.2. Prognostic model

RNA-seq data and corresponding clinical information of LGG were obtained from The Cancer Genome Atlas (TCGA) dataset
(https://portal.gdc.com). First, univariate and multivariate Cox regression analyses were performed, and forest plots were
generated using the "forestplot" package to display each variable (P value, HR, and 95% CI). Based on the results of multivariate
Cox proportional hazards analysis, a nomogram was constructed using the "rms" package to predict the X-year overall
recurrence rate. The nomogram provides a graphical representation of these factors, and the prognostic risk of individual patients
can be calculated based on the points associated with each risk factor.

2.3. Tumor Immune Estimation Resource (TIMER)

The TIMER database (https://cistrome.shinyapps.io/timer/) was used to analyze the expression profile of VTCNI1 and the
abundance of immune infiltration in pan-cancer. The gene expression level was represented by log. TPM values.

2.4. Mutation analysis

RNA-seq data and corresponding clinical information of LGG were obtained from The Cancer Genome Atlas (TCGA) database
(https://portal.gdc.com). Tumor Mutational Burden (TMB) was obtained from the article The Immune Landscape of Cancer
published by Vesteinn Thorsson et al. in 2018; Microsatellite Instability (MSI) was obtained from the article Landscape of
Microsatellite Instability Across 39 Cancer Types published by Russell Bonneville et al. in 2017. Statistical analysis was
performed using R software v4.0.3. The rank-sum test was used to compare two groups of data, and P < 0.05 was considered
statistically significant.

2.5. UALCAN

The UALCAN database (http://ualcan.path.uab.edu/analysis.html) was used to detect the expression level of VTCNI1 between
different cancers and their corresponding adjacent normal tissues. The Student's t-test was used to determine the significance of
differences, and P < 0.05 was considered statistically significant.

2.6. GEPIA2

The GEPIA2 database (http://gepia2.cancer-pku.cn/#index) was used to detect the correlation between VTCNI1 and related
genes. The Student's t-test was used to determine the significance of differences, and P < 0.05 was considered statistically
significant.

2.7. Ferroptosis

RNA-seq data and corresponding clinical information of LGG were obtained from The Cancer Genome Atlas (TCGA) dataset
(https://portal.gdc.com). Ferroptosis-related genes were obtained from the systematic analysis of ferroptosis abnormalities and
functions in cancer. By collecting the expression levels of 24 ferroptosis-related genes, differential analysis of ferroptosis was
performed among different samples.

2.8. Pathway correlation
Gene sets involved in relevant pathways were collected (DOI: 10.3390/cancers12071788). According to the ssGSEA (single-

sample Gene Set Enrichment Analysis) algorithm, the enrichment score of each sample in each pathway was calculated
sequentially, thereby obtaining the association between LGG samples and pathways. By calculating the correlation between gene
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expression and pathway scores, the relationship between VTCNI1 and pathways was finally obtained by analyzing the correlation
between VTCNI and pathway scores using Spearman correlation analysis.

2.9. CCLE database

The gene expression matrix of LGG cell lines was obtained from the CCLE (Cancer Cell Line Encyclopedia) database
(https://portals.broadinstitute.org/ccle/about). The expression level of VTCNI in the same tumor was observed to obtain the
expression status of this gene in different cell lines.

3. Results
3.1. Relationship between VTCN1 expression level and survival prognosis of glioma

Univariate Cox analysis of VTCNI for OS, DFS, DSS, and PFS in multiple tumors showed that VTCN1 may act as a protective
factor affecting the prognosis of brain low-grade glioma (all P < 0.05; see Figure 1). Kaplan-Meier survival curve analysis
showed that patients were divided into high-expression and low-expression groups based on the median VITCNI expression
level. The results indicated that the median overall survival of the high VTCNI1 expression group was significantly longer than
that of the low-expression group (P < 0.01, HR = 0.552, 95%CI = 0.385-0.79; Figure 2).
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Figure 1. Univariate COX analysis of VTCNI1 expression level and survival prognosis in multiple tumors. A: Univariate COX
analysis of VTCNI expression level and OS in multiple tumors. B: Univariate COX analysis of VTCN1 expression level and
DFS in multiple tumors. C: Univariate COX analysis of VTCN1 expression level and DSS in multiple tumors. D: Univariate
COX analysis of VTCN1 expression level and PFS in multiple tumors.
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Figure 2. Kaplan-Meier survival curves of VTCNI in LGG. A: The relationship between gene expression and survival time as
well as survival status in TCGA data. B: KM survival curve of the gene in TCGA data. C: ROC curves and AUC values of the
gene at different time points.

3.2. Study on VTCNI gene correlation

To explore how VTCNI affects the prognosis of LGG, batch survival analysis was performed on data from samples with high
VTCNI expression. Based on the expression level of each individual gene, univariate Cox analysis was used to evaluate the
prognostic significance and analyze prognostic differences, and the top 20 most significant protective factors were obtained
(Figure 3A). Subsequently, predictive multivariate Cox analysis (Figure 3B) and construction of a prognostic model (Figures 3C
and 3D) were performed. The results showed that in LGG, when VTCNI1 was highly expressed, DNAJC12 ( P < 0.05, HR (high
group) = 0.09998, 95%CI = 0.01558-0.64138) and TEF (P < 0.05, high group (HR) = 0.25888, 95%CI = 0.06737-0.99482) were
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also protective factors. We believe that TEF and DNAJCI12 may be involved in the process by which VTCNI affects the
prognosis of LGG.
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Figure 3. Study on VTCNI1 gene correlation. A: Univariate COX analysis of LGG samples with high VTCNI1 expression. B:
Multivariate COX analysis of LGG samples with high VTCNI1 expression. C: Nomogram of the prognostic model for predicting
X-year overall recurrence rate. D: Calibration plot of the prognostic model for predicting X-year overall recurrence rate.

3.3. Analysis of VTCNI1 expression and immune cell infiltration

Due to the different relationships between VICNI1 and immune responses, the TIMER database was used to analyze the
relationship between VTCN1 expression and the infiltration levels of 38 immune cell subtypes. The results showed that in LGG,
VTCNI1 was negatively correlated with plasma B cells, mast cells, CD4* Thl T cells, CD4" Th2 T cells, naive CD8" T cells, and
gamma delta T cells, and positively correlated with common lymphoid progenitors, hematopoietic stem cells, macrophages, M2
macrophages, non-regulatory CD4" T cells, natural killer (NK) T cells, and regulatory T cells (Tregs) (Figure 4).

Figure 4. The correlation between VTCNI expression and 38 immune cell subtypes with infiltration in LGG.
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TMB and MSI are two emerging biomarkers associated with immune therapy response. As one of the immune checkpoints, it
is necessary to explore the relationship between VTCNI1 expression and the two immune regulators TMB and MSI. The results
showed that the expression level of VTCNI was significantly correlated with TMB in LGG (Figure 5).
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Figure S. The relationship between VTCNI expression and two immune regulators (TMB and MSI)
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3.4. Analysis of VTCNI1 expression and ferroptosis-related genes
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Figure 6-A.Differential analysis of the expression levels between VTCN1 expression and ferroptosis-related genes in LGG
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Figure 6-B. Prognostic analysis of ferroptosis-related genes in LGG  Figure 6-C. Correlation analysis between VTCN1 and
ferroptosis-related genes

Ferroptosis is associated with various metabolic disorders such as iron metabolism, lipid metabolism, and antioxidant
metabolism. To explore whether VTCNI1 expression is associated with ferroptosis in LGG, LGG samples were divided into high
VTCNI expression group, low VTCNI expression group, and combined with the normal group to perform differential analysis
on the expression levels of 24 ferroptosis-related genes (Figure 6A). The results showed that 22 genes (CDKNI1A, HSPAS,
EMC2, SLC7A11, NFE2L2, MTI1G, HSPB1, GPX4, FANCD2, CISDI, FDFT1, SLC1AS5, SAT1, TFRC, RPL8, NCOAA4,
LPCAT3, GLS2, DPP4, CS, ALOX15, ACSL4) showed significant differences. Prognostic analysis of these 22 genes identified 4
genes (GLS2, NCOA4, FDFTI, CISD1) that had a positive impact on prognosis (Figure 7). Finally, combined with correlation
analysis, genes positively correlated with VTCN1 were screened out (Figure 7). The results showed that the NCOA4 gene had
significant differences between the high and low VTCNI1 expression groups, and high NCOA4 expression was associated with
higher overall survival rate of LGG; meanwhile, NCOA4 was positively correlated with VTCNI1. In conclusion, we predict that
NCOAA4 plays a role by influencing ferroptosis in the process of VTCNI1 affecting LGG.
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Figure 7. The expression of VTCNI1 in various LGG cell lines

3.5. Expression of VTCNI1 in various LGG cell lines

The expression of VTCNI1 in various LGG cell lines was predicted based on the CCLE database (Figure 8). VTCNI1 expression
was the highest in KNS-41 cells, which is suitable for constructing knockout/knockdown models. VTCN1 expression was the
lowest in G1-1 cells, which is suitable for constructing VTCN1 overexpression models, providing a direction for further
verifying the mechanism by which VTCNI1 regulates cancer progression in LGG.
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Figure 8. The correlation between VTCNI and various pathways
3.6. Correlation between VTCNI1 and various pathways
The correlation between VTCNI and various pathways in LGG was predicted based on enrichment scores. The results showed

that VTCN1 had the most significant positive correlation with MYC targets and the most significant negative correlation with
Reactive Oxygen Species (ROS), providing bioinformatics prediction information for further research on the mechanism.

4. Discussion

As one of the immune checkpoints, VTCNI1 is a hot topic in recent tumor immunotherapy. Previous studies have suggested that
VTCNI acts as a risk factor for glioma and provides a target for glioma immunotherapy [14, 15]. Due to the low early diagnosis






