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Purpose: Selenophosphate synthetase 2 (SEPHS2) has been shown to regulate selenoprotein 
biosynthesis by catalyzing the synthesis of active selenium donor selenophosphate. SEPHS2 
influences the survival of tumor cells. However, few studies have explored the expression 
level and prognostic of SEPHS2 in various cancers.
Methods: The expression of SEPHS2 in human tumor tissues and normal adjacent tissues 
was analyzed in The Cancer Genome Atlas (TCGA), Genotype-Tissue Expression (GTEx), 
Human Protein Atlas (HPA), and UALCAN databases. Cox regression analysis and Kaplan– 
Meier curve analysis were performed to analyze the association of SEPHS2 expression with 
the prognosis of cancer patients. The expression and prognosis of SEPHS2 in gliomas were 
further verified using the Chinese Glioma Genome Atlas (CGGA) dataset. The relationship 
between SEPHS2 and immune infiltration, tumor mutational burden (TMB), microsatellite 
instability (MSI), and neoantigens was comprehensively explored using a TCGA cohort. The 
mechanism by which SEPHS2 regulates tumor progression was explored by using the 
STRING database. A nomogram was constructed using the R software to predict the overall 
survival (OS) of patients with brain lower grade glioma (LGG).
Results: SEPHS2 was highly expressed in many cancers including LGG. Its high expression 
was significantly associated with poor OS, disease-free survival (DFS), and progression-free 
survival (PFS). Univariate and multivariate Cox analyses showed that SEPHS2 was an 
independent prognostic factor for LGG. Concordance index and calibration curves revealed 
that the nomogram had good predictive performance (concordance index: 0.791; 95% CI: 
0.732–1). A significant correlation was found between SEPHS2 and immune infiltration, 
TMB, MSI, and tumor neoantigens across diverse cancers. Enrichment analysis showed that 
SEPHS2 may regulate the PPAR signaling pathway.
Conclusion: SEPHS2 expression regulates tumor development and it is a potential treat-
ment target and prognostic biomarker, especially for lower grade glioma.
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Introduction
Cancer is one of the leading causes of death worldwide. The latest global cancer 
statistics released by the International Agency for Research on Cancer (IARC) 
showed that there were approximately 19.3 million new cancer cases and 
10 million deaths worldwide in 2020.1 The increase in global population and 
proportion of aging population has increased the incidence of malignant tumors 
worldwide.2 Malignant tumors rarely show clinical symptoms in the early stage of 
the disease; therefore, early diagnosis is challenging. Gliomas are the most common 
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type of primary brain tumors. According to the histopatho-
logical characteristics, the World Health Organization 
(WHO) divides gliomas into four grades, among which 
grades II and III are brain lower grade glioma (LGG), and 
grades IV is glioblastoma (GBM).3 Clinically, LGG pre-
sents with aggressive growth and tends to progress to 
high-grade glioma in most cases. Since LGG tissues have 
no clear demarcation from normal brain tissues, surgical 
resection of the tumors is challenging. Moreover, standard 
treatments such as radiotherapy and chemotherapy are not 
effective for patients with LGG. Thus, the overall prog-
nosis of LGG is poor. This calls for identification of new 
biomarkers for early diagnosis and treatment of LGG.

Selenium (Se) is one of the essential micronutrients for 
the human body and a component of certain proteins and 
enzymes.4 Se interacts with amino acids to form seleno-
proteins which regulate physiological functions in humans 
and animals.5 So far, 25 types of selenoproteins have been 
identified in humans, including selenophosphate synthe-
tases (SEPHS1-2), glutathione peroxidases (GPX1-4, 
GPX6), iodothyronine deiodinases (DIO1-3) and thiore-
doxin reductases (TXNRD1-3).6 Selenocysteine (Sec) is 
considered the main form of Se in proteins and the active 
center of 25 selenoproteins. Sec insertion is a translation 
process mediated by UGA codons in the coding region of 
selenoprotein mRNA.7 Compounds that reduce Se use 
adenosine triphosphate (ATP) to generate selenium phos-
phate (Sep) under the catalysis of SEPHS2. Active Sep 
reacts with O-phosphoryl-tRNA [Ser]Sec produced under 
the action of O-phosphoseryl-tRNA-Sec kinase (PSTK) 
to generate Sec tRNA [Ser]Sec. Inserting selenocysteine 
into proteins to form selenoprotein requires 
a sec insertion sequence (SECIS) with a specialized stem- 
loop structure located in the 3ʹ untranslated region of 
selenoprotein mRNA and the cooperative action of several 
protein factors including SECIS binding protein 2 (SBP2) 
and sec-specific translation elongation factor (eEFSec).8–10 

SEPHS2 participates in the biosynthesis of selenoproteins, 
and its role is to provide active Se donor Sep for the 
biosynthesis of selenocysteine.11 As a self-regulating fac-
tor, SEPHS2 regulates the production of selenophosphate 
and biosynthesis of selenoproteins.12

Se and selenoprotein have beneficial effects against 
tumors, oxidative stress, viral infection, cardiovascular 
disease, and many other aspects of human physiology. 
Changes in Se levels or expression of selenoproteins influ-
ence the incidence of cancer, the degree of invasion, and 
overall mortality. Previous prospective studies showed that 

a high level of Se was associated with a lower risk of 
colon cancer, liver cancer, prostate cancer, and esophageal 
cancer.13,14 Results from animal model studies have 
demonstrated that Se treatment reduced tumor invasive-
ness and improved clinical symptoms in patients with 
glioblastoma.15,16 It was demonstrated that selenoprotein 
P (SELP, SELENOP), TXNRD, and selenoprotein 
F (SELENOF, SEP15) promoted tumor initiation and 
growth, invasion and metastasis by targeting tumor- 
associated signaling pathways.17 Specific methylation of 
GPX3 has been shown to be a target for early prevention 
and treatment of clear cell renal cell carcinoma.18 

Elsewhere, it has been reported that SEPHS2 plays 
a vital role in the survival of cancer cells.19 Several studies 
have investigated the expression of SEPHS2 in colorectal 
adenoma (CRA), colorectal cancer (CRC), triple-negative 
breast cancer (TNBC), and breast cancer.19–21 However, 
the expression of SEPHS2 in human pan-cancer and its 
potential role has not been explored.

This study explored the expression pattern of SEPHS2 
in several cancer types through pan-cancer analysis. The 
association of SEPHS2 with the pathological characteris-
tics of various cancer tissues was explored using RNA 
sequencing (RNA-seq) data retrieved from TCGA and 
GTEx databases. Its prognostic value and association 
with Tumor mutation burden (TMB), microsatellite 
instability (MSI), neoantigens, and immune cell infiltration 
was also explored. A nomogram for predicting the survival 
of patients with LGG was constructed. A workflow of the 
study showing the design and analyses is shown in 
Figure 1.

Methods
Raw Data Collection and Preprocessing
The Cancer Genome Atlas (TCGA) database (http://cancer 
genome.nih.gov) provide more than 2.5 petabytes of gen-
ome, epigenome, transcriptome, and proteome data. From 
the Genomic Data Commons (GDC; https://portal.gdc.can 
cer.gov/) data portal, we downloaded RNA-seq data of 
11,826 tumor samples representing 33 tumor types and 
for 731 adjacent non-tumor samples. To improve accuracy 
of the analysis results, we collected SEPHS2 data of nor-
mal tissue samples from the Genotype-Tissue Expression 
(GTEx) database (https://www.gtexportal.org/home/). In 
addition, clinical data of corresponding patients, including 
age, gender, race, disease stage, and tumor pathological 
stage were downloaded from the GDC data portal. Missing 
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and repeated results were removed from the data. The 
Fragments Per Kilobase Million (FPKM) values was con-
verted into Transcripts Per Kilobase Million (TPM) values 
to allow more direct comparison between samples.

SEPHS2 Expression in Human Tissues, 
Cell Lines
Human Protein Atlas (HPA; Https://www.proteinatlas.org/ 
) database is a comprehensive resource website for explor-
ing the expression and distribution of 16,975 individual 
proteins in all cells, tissues and organs in the human 
body.22 In this study, the HPA database was used to 
explore expression profile of SEPHS2 in normal and neo-
plastic tissues (n = 44). mRNA expression of SEPHS2 in 
normal human cell lines (n = 47) was determined using 
modules of Cell Atlas. In addition, immunohistochemical 
images of SEPHS2 in pan-cancer were obtained from the 

more than 13 million immunohistochemistry (IHC) images 
in the HPA database.

SEPHS2 Expression Profiles in Malignant 
Tumors
Normal tissue samples from the TCGA and GTEX data-
bases were integrated and compared with tumor tissue 
samples to analyze the expression profile of SEPHS2 in 
pan-cancer. Statistical analysis was performed using 
R software v 4.0.3, and two groups of data between 
normal tissue samples and tumor tissue samples were 
compared using the rank sum test. P value < 0.05 was 
considered statistically significant.

The UALCAN data portal (http://ualcan.path.uab.edu/ana 
lysis-prot.html) is a website mainly used for online analytical 
mining of TCGA genomic data. It can be used to analyze 
gene expression at the protein level.23 A dataset retrieved by 

Figure 1 Flowchart presenting the design and analysis process of this study.
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the CPTAC module was used to explore expression profile 
and clinicopathological characteristics of SEPHS2 protein in 
breast cancer (BRCA), ovarian cancer (OV), colon cancer 
(COAD), kidney renal clear cell carcinoma (KIRC), uterine 
corpus endometrial carcinoma (UCEC) and lung adenocarci-
noma (LUAD). Results were presented as a box plot. 
Z-values represented standard deviations (SD) from the med-
ian (M) across samples for a given cancer type.

To explore the relationship between SEPHS2 expres-
sion and clinical characteristics of tumor patients, the 
expression of SEPHS2 in patients with different patholo-
gical stages was determined. “Expression DIY” module in 
GEPIA2 (http://gepia.cancer-pku.cn) was used to map the 
pathological staging plots of different tumor stages (stages 
I, II, III and IV).24 Log2 [TPM +1] transformation was 
performed on expression data and results were presented 
as a violin diagrams.

Survival and Prognosis Analysis
Overall survival (OS) and disease-free survival (DFS) 
analysis of SEPHS2 in 33 types of tumors in TCGA were 
analyzed using the “survival map” module of GEPIA2. 
The median was used as the group cut off, and samples 
were divided into two groups with high and low SEPHS2 
expression. Kaplan–Meier curve analysis was performed 
using the “survival analysis” module of GEPIA2. Log rank 
test was used for hypothesis testing, and the hazard ratio 
(HR) and 95% confidence interval (95% C.I.) were calcu-
lated by Cox regression Model. The significance level was 
set at 0.05. To further explore the prognostic value of 
SEPHS2 expression in patients with different tumor 
types, survival analysis [OS, DFS, progression-free survi-
val (PFS), and disease-specific survival (DSS)] were per-
formed using “ggforest” in the R-package “survminer”.

The Chinese Glioma Genome Atlas (CGGA; http:// 
www.cgga.org.cn/) database contains a comprehensively 
mapped glioma genome of Chinese population by multi- 
group technology and provides nearly 2000 glioma sam-
ples from Chinese cohorts.25 The CGGA database was 
used to explore the relationship between the expression 
level of SEPHS2 and survival in gliomas.

Relationship Between SEPHS2 Expression 
and Genetic Mutation
TMB is the total number of mutations per million bases 
(mut/Mb) in the genomic coding region of tumor cells.26 

A high TMB is associated with higher neoantigen loads, 

implying that more T cells, tumor-targeted immune 
response are activated, and sensitivity of patients to 
respond to immune checkpoint blockade increases.27 MSI 
is a phenomenon of base pair insertion or loss in the 
microsatellite region due to defect in the mismatch repair 
system.28 R-package was used to explore the relationship 
between SEPHS2 expression and MSI, TMB and neoanti-
gens in different types of cancers. The three datasets were 
tested by rank sum test unless otherwise stated. The results 
are presented by lollipop plot and Scatter density plot. 
P values < 0.05 were considered statistically significant.

Correlation Between SEPHS2 Expression 
and Immune Infiltration
Immuneeconv is an R-package that integrates six major 
immune evaluation algorithms including TIMER, 
CIBERSORT, QUANTISEQ, XCELL, MCPCOUNTER 
and EPIC, and estimates immune cell components in tumor 
tissues using RNA-seq data.29. Immunedeconv R package is 
available in github (https://github.com/icbi-lab/immunede 
conv). The EPIC algorithm is used to identify non- 
characteristic cells and the different mRNA content in each 
cell type, and it is widely used in most solid tumors.30 

Correlation between infiltration ratios of six immune cells 
(including B cell, Endothelial cell, Macrophage, NK cell, 
CD4+T cell, and CD8+T cell) and SEPHS2 expression were 
analyzed using EPIC’s algorithm and the results were pre-
sented as heatmaps. TIMER 2.0 (http://timer.cistrome.org/) is 
an interactive web tool that uses RNA-Seq data to determine 
infiltration level of different immune cells in 10,897 tumors 
from 32 tumor types.31 The “Immune-gene” module in 
TIMER was used to explore correlation between SEPHS2 
expression and cancer-associated fibroblasts (CAFs) infiltra-
tion level in TCGA dataset using four deconvolution algo-
rithms including TIDE, XCELL, MCPCOUNTER, and 
EPIC. P < 0.05 was considered statistically significant.

Enrichment Analysis
STRING (https://string-db.org/) is an interactive web ser-
ver for study of protein–protein interactions, covering 
5090 organisms and 24.6 million proteins, with compre-
hensive and diverse benchmark data sources.32 STRING 
was used to obtain the required SEPHS2-integrated pro-
teins in human body. Active interaction sources were set to 
experiments with a minimum required interaction score of 
low confidence (0.150) and a maximum number of inter-
actors not more than 50 in the first shell. GEPIA2 was 
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used to identify the top 100 SEPHS2 similar genes in 
human tumor tissues based on Pearson’s correlation coef-
ficient (PCC). The top five genes with the largest PCC 
were selected to construct scatterplots to explore the cor-
relation between SEPHS2 expression levels and these 
genes. The SEPHS2-integrated proteins and SEPHS2 simi-
lar genes were combined to make up SEPHS2-related 
protein patterns. Enrichment analysis by Gene Ontology 
(GO) and Kyoto encyclopedia of genes and genes (KEGG) 
were conducted based on SEPHS2-related protein patterns. 
The false discovery rate (FDR)-corrected P value < 0.05 of 
each term was considered statistically significant. GO 
enrichment analysis included Biological Process (BP), 
Cellular Component (CC), and Molecular Function (MF). 
The top 10 terms of GO and KEGG enrichment results 
based on FDR values were selected and a bubble chart was 
generated using R package v 4.0.3.

Construction and Validation of 
Nomogram for LGG
Univariate and multivariate Cox regression analysis were 
used to identify independent prognostic parameters for 
LGG patients to further explore association between expres-
sion of SEPHS2 in LGG and tumor progression. 
A nomogram was constructed using ‘rms’ R package based 
on the confirmed multivariate regression analysis results. The 
nomogram was used to predict the OS of LGG patients. 
Concordance index (C-index) and calibration plots were 
used to estimate and verify the nomogram, respectively. 
The value of the C-index ranged from 0.5 to 1. A C-index 
closer to 1, indicates that the forecasting model is good.

Results
SEPHS2 Expression in Human Tissues and 
Cell Lines
The tissue atlas and pathology atlas of HPA database were 
used to explore expression profiles of SEPHS2 (at mRNA 
and protein levels) in human tissues. Analysis showed that 
SEPHS2 mRNA and protein were widely expressed in 
various normal tissues of the human body (Figure 2A 
and B). At the protein level, the expression analysis of 
SEPHS2 in different histopathological tissues showed that 
SEPHS2 was moderately or lowly expressed in most can-
cer tissues such as thyroid cancer, colorectal cancer, mel-
anoma, and gastric cancer (Figure 2C). IHC analysis 
showed that SEPHS2 protein is down-regulated in cancers, 
such as colorectal cancer, liver cancer, breast cancer, 

prostate cancer, and lung cancer (Figure 2D–H). Low 
expression level was also observed in normal colon tissue 
(Figure 2I). Detailed on IHC results are presented in 
Table 1. SEPHS2 mRNA expression was enriched mostly 
in HMC-1, THP-1 and Hep-G2 cell lines (Figure 3A). 
Immunofluorescent staining images showed that SEPHS2 
was mainly localized in the nucleoplasm in human HEK 
293, MCF7 and U-2 OS cell lines (Figure 3B–D).

SEPHS2 Expression Levels in Human 
Malignant Tumors
Expression of SEPHS2 mRNA in normal tissues and differ-
ent types of tumor tissues was compared using the TCGA 
database and the GTEx database (Figure 4). Analysis 
showed significant differences in expression between adja-
cent normal tissues and tumor tissues except for 3 types of 
tumors (P < 0.001). These findings show that SEPHS2 is 
abnormally over-expressed in most malignant tumors. 
SEPHS2 was highly expressed in 22 tumor types including 
adrenocortical carcinoma (ACC), bladder urothelial carci-
noma (BLCA), breast invasive carcinoma (BRCA), glioblas-
toma multiforme (GBM), brain lower grade glioma (LGG). 
On the contrary, SEPHS2 was down-regulated in KIRC and 
kidney renal papillary cell carcinoma (KIRP). In addition, 
analysis of the CGGA database, showed that mRNA expres-
sion levels of SEPHS2 increased with the gliomas grading, 
and its expression level in GBM was higher than that of 
LGG. Analysis using the CPTAC database showed signifi-
cantly higher expression levels of SEPHS2 protein in the 
tumor tissues of UCEC, LUAD compared with normal 
tissues (Figure 5A, P < 0.001). Expression level of 
SEPHS2 in COAD and KIRC tumor tissues was signifi-
cantly lower compared with that in normal tissues 
(Figure 5A, P < 0.001). Analysis of the relationship between 
SEPHS2 expression and the pathological stages in tumor 
patients was explored using the “Pathological Staging 
Chart” module in GEPIA2. Analysis showed that SEPHS2 
expression was associated with five tumor pathological 
stages, including esophageal carcinoma (ESCA), KIRC, 
KIRP, testicular germ cell tumors (TGCT), and thyroid 
carcinoma (THCA), but not with the other tumors analyzed 
(Figure 5B, P < 0.05).

Relationship Between SEPHS2 Protein 
and Clinicopathological Characteristics
To explore the correlation between SEPHS2 protein 
expression levels and age, gender, ethnicity, clinical 
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stages, clinicopathological features analysis was per-
formed based on six different tumor datasets from 
UALCAN database. Analysis showed that expression of 
SEPHS2 protein was significantly higher in the fourth 
stage of OV, the first stage of UCEC, and the third stage 
of LUAD compared with adjacent normal tissues 
(Figure 6A). Further analysis showed that SEPHS2 protein 
expression varied in different ethnic groups, age groups 

and sex groups. Expression of SEPHS2 protein in OV, 
COAD, UCEC, KIRC, and LUAD was significantly cor-
related with the patient’s race. Caucasian patients showed 
highest SEPHS2 expression in OV, UCEC, and LUAD 
(Figure 6B). SEPHS2 protein was significantly expressed 
in all pathological stages of OV, UCEC, and LUAD 
(Figure 6C). In LUAD, significant differences were 
observed in gender, with males having significantly higher 

Figure 2 Expression of SEPHS2 in tumor tissues and normal adjacent tissues. (A) SEPHS2 mRNA expression derived from various normal tissues. (B) Expression levels of 
SEPHS2 protein in different human normal tissues. (C) Expression of SEPHS2 protein in tumor tissues from 20 types of cancers. (D–I) Immunohistochemical images of 
SEPHS2 protein expression in colorectal cancer, breast cancer, prostate cancer, lung cancer, and liver cancer tissues, and normal colon tissue.

Table 1 Clinical Information of the Subjects and Immunohistochemistry (IHC) Results

Protein Tissue Histological Type Age Gender Location Quantity Intensity

SEPHS2 Colon Adenocarcinoma 83 Male Nuclear >75% Moderate

SEPHS2 Breast Duct carcinoma 55 Female Nuclear >75% Weak
SEPHS2 Prostate Adenocarcinoma 68 Male Nuclear 75%-25% Weak

SEPHS2 Lung Squamous cell carcinoma 63 Female Nuclear 75%-25% Weak

SEPHS2 Liver Carcinoma 55 Male Cytoplasmic/membranous nuclear >75% Moderate
SEPHS2 Colon Endothelial cells 47 Male Cytoplasmic/membranous 75%-25% Weak

Glandular cells Cytoplasmic/membranous nuclear >75% Weak
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SEPHS2 protein expression levels compared with females 
(Figure 6D).

Prognostic Potential of SEPHS2 in Human 
Malignant Tumors
The relationship between SEPHS2 and the prognosis of 
different types of tumors was explored using TCGA data-
base (Figure 7). Kaplan–Meier plots showed that expres-
sion of SEPHS2 is associated with prognosis in several 
types of tumors. Increased expression of SEPHS2 was 
correlated with a poor clinical outcome (OS) in LGG (P 
= 3.00×10−6), LUAD (P = 0.039) and UVM (P = 0.025) 
(Figure 7A). Furthermore, DFS analysis showed that high 
expression of SEPHS2 was associated with a poor prog-
nosis for LGG (P = 2.50×10−4), whereas low expression of 
SEPHS2 was correlated with poor OS and DFS prognosis 
for KIRC (OS, P = 3.50×10−7; DFS, P = 3.80×10−4, 
Figure 7A and B). These findings indicated that SEPHS2 
overexpression was a risk factor for poor prognosis of OS 

and DFS in LGG patients, and a favorable factor for 
a better prognosis in KIRC patients.

Cox regression model was used to further explore the 
effect of SEPHS2 on survival outcomes (OS, PFS, DFS, 
DSS) of patients with different types of tumors. Analysis 
showed that up-regulated expression of SEPHS2 was 
associated with poor OS in acute myeloid leukemia 
(LAML), LGG and uveal melanoma (UVM) 
(Figure 8A). On the contrary, increased SEPHS2 expres-
sion predicted good OS in KIRC and lung squamous cell 
carcinoma (LUSC) (Figure 8A). Further analysis showed 
that SEPHS2 over-expression was predicted poor DFS of 
patients with LGG, pheochromocytoma and paragan-
glioma (PCPG), prostate adenocarcinoma (PRAD), thy-
moma (THYM), uterine carcinosarcoma (UCS), and 
UVM, and was correlated with poor PFS of LGG, 
READ, UVM patients (Figure 8B and C). Over- 
expression of SEPHS2 predicted good DFS and PFS in 
KIRC. Analysis of the relationship between SEPHS2 and 
DSS in cancer patients showed that high expression 

Figure 3 SEPHS2 expression profiles in human cell lines. (A) SEPHS2 expression levels across 69 different cell lines. (B–D) Immunofluorescence staining image of SEPHS2 in 
cell lines.
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levels of SEPHS2 were correlated with poor prognosis in 
COAD, KIRP, PRAD, and UCS, and better prognosis in 
READ (Figure 8D). Integration the results of Kaplan– 
Meier survival curves and Cox regression forest plots 
showed that SEPHS2 was significantly correlated with 
OS, DFS, and PFS in KIRC, LGG, and UVM patients. 
However, the sample size of KIRC and UVM was small, 

therefore, further studies should explore the prognostic 
value of SEPHS2 in LGG. To further confirm these 
results, glioma dataset was downloaded from CGGA 
database. The cohort included 144 LGG cases and 84 
GBM cases. In general, consistent with the findings 
obtained in the TCGA database, high expression of 
SEPHS2 predicted worse outcomes in gliomas patients.

Figure 4 Expression levels of SEPHS2 in tumor and normal tissues from TCGA and GTEx databases (**P < 0.01, ***P < 0.001).

Figure 5 SEPHS2 expression profiles across diverse cancer types and pathological stages (***P < 0.001). (A) Comparison of the expression status of SEPHS2 protein in 
tumors and normal tissues in six cancer types using the CPTAC database. (B) Expression of SEPHS2 in different cancer types at various stages of pathology based on the 
TCGA database.
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Relationships Between SEPHS2 and 
Neoantigens, TMB, MSI
TMB and MSI are implicated in occurrence and develop-
ment of tumors. Association of SEPHS2 expression with 
TMB and MSI across different types of tumors is pre-
sented in Figure 9A and B. Analysis showed that 
SEPHS2 expression was positively correlated with TMB 
in 19 tumor types including cholangiocarcinoma (CHOL), 
lymphoid Neoplasm Diffuse Large B-cell Lymphoma 
(DLBC), pancreatic adenocarcinoma (PAAD), LGG, and 
KIRC. On the other hand, increased SEPHS2 expression 
was negatively correlated with TMB in 13 types of tumors, 
including THYM, COAD, and UVM (Figure 9A). 
SEPHS2 expression was associated with MSI in 33 
tumor types (Figure 9B). High expression of SEPHS2 
was positively correlated with MSI in 22 types of tumors, 
including CHOL, ACC, KIRC, UVM, and KIRP. On the 
other hand, SEPHS2 expression was negatively correlated 
with MSI in 11 tumor types, including OV, stomach ade-
nocarcinoma (STAD), mesothelioma (MESO) and LGG. 
Notably, the CHOL cohort had the highest correlation 
coefficients with either TMB or MSI, followed by LGG 
and KIRC cohorts compared with other cancer types.

Neoantigens are only expressed on the tumor cell sur-
face which has a high degree of immunogenicity. Previous 

studies report that neoantigens play important roles in 
antitumor immune response and the effectiveness of 
checkpoint blockade immunotherapies.33 The association 
between SEPHS2 expression and neoantigens in different 
types of tumor was explored. Analysis showed significant 
correlation between SEPHS2 expression and neoantigens 
in COAD, KIRC, and skin cutaneous melanoma (SKCM). 
In COAD and SKCM, SEPHS2 expression was signifi-
cantly and negatively correlated with neoantigens. On the 
contrary, the neoantigens in KIRC were positively corre-
lated with the expression level of SEPHS2 (Figure 9C).

Relationship Between SEPHS2 Expression 
and Immune Infiltration
The tumor microenvironment affects initiation and pro-
gression of malignant tumors and plays a pivotal role in 
clinical therapy. Therefore, the correlation between 
SEPHS2 and immune components was explored in this 
study. In this study, the EPIC algorithm was used to 
explore the correlation between SEPHS2 and immune 
cell infiltration. Association between SEPHS2 expression 
and abundance of immunocyte infiltration varied signifi-
cantly among cancer types. Expression of SEPHS2 was 
positively correlated with infiltration levels of CD4+T cell 
in 11 tumor types, CD8+T cell in 10 tumor types, endothe-
lial cell in 5 tumor types, macrophages in 3 tumor types, 

Figure 6 Relationship between SEPHS2 protein expression level and clinicohistopathological features. (A) Correlations between expression profiles of SEPHS2 protein and 
tumor stages. (B) Correlations between SEPHS2 protein profiles and the patient’s race. (C) Relationships between SEPHS2 protein profiles and the patient’s age. (D) 
Associations between SEPHS2 protein profiles and the patient’s gender.
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and B cell only in UVM. In addition, the infiltration level 
of NK cell was negatively correlated with the expression 
of SEPHS2 in BRCA, COAD, KIRC, KIRP, SKCM, 
THCA, and THCA. Notably, immune infiltrating levels 
in KICH, LGG, and UVM were showed highest positive 
correlation with SEPHS2 expression, whereas immune 
infiltrating levels in BRCA, LUAD, THCA, and THYM 
were the most significantly negatively correlated with 
SEPHS2 expression (Figure 10A).

The TIMER 2.0 interactive web tool, was used to 
explore the density of CAFS infiltration in diverse cancers 
based on EPIC, MCPCOUNTER, XCELL, and TIDE 
algorithms. The relationship between CAFS infiltration 
and expression of SEPHS2 was also explored 
(Figure 10B). Analyses indicated that SEPHS2 expression 
was negatively correlated with the abundance of CAFs 
infiltration across most tumor types, with highest correla-
tion shown in KIRC and THCA. However, expression of 
SEPHS2 in head and neck squamous cell carcinoma 
(HNSC), and HNSC-HPV- showed a significant positive 

correlation with CAFs. These findings indicated that 
SEPHS2 plays an important role in immuno-oncological 
effects.

Enrichment Analysis
PPI network based on 130 SEPHS2-related partners were 
constructed (Figure 11A). Analysis showed that CLIC3, 
UBA2, LAGE3, UMPS and PLA2G12b interacted with 
SEPHS2. UMPS and PLA2G12B were also connected 
with several other proteins and played important roles in 
the PPI, implying UMPS and PLA2G12B may have key 
potential interaction associations with SEPHS2 proteins in 
tumor occurrence. The top five genes related to SEPHS2 in 
human cancers were identified. Analysis showed a positive 
correlation of all the five genes with SEPHS2 expression 
levels, namely ABCC6 (PCC = 0.56), CERS2 (PCC = 0.5), 
BPHL (PCC = 0.49), XYLB (PCC = 0.49), and MTHFS 
(PCC = 0.49) (Figure 11B). GO enrichment analysis 
showed that SEPHS2-related patterns mainly participated 
in metabolic and catabolic biological processes 

Figure 7 Kaplan-Meier survival plots analysis of high and low expression of SEPHS2 in different cancers types. (A) Overall survival of KIRC, LGG, LUAD, and UVM patients. 
(B) Disease free survival of KIRC and LGG patients.
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(Figure 11C). KEGG pathways analysis showed that most 
of the terms were mainly involved in signaling pathways 
related to metabolic activities, including metabolic path-
ways, Fatty acid degradation pathway, valine, leucine and 
isoleucine degradation pathway, and PPAR signaling path-
way (Figure 11C).

Determination of Prognostic Factors for 
LGG and Development of Nomogram 
Model
Survival prognosis analysis, immune infiltration, and 
genetic mutation analysis, showed a correlation between 

Figure 8 Forest plot showing correlations between SEPHS2 expression and OS (A), DFS (B), PFS (C), DSS (D) in patients with different tumor types. OS, overall survival; 
DFS, disease free survival, PFS, progression free survival, DSS, disease specific survival. P value > 0.05 was considered insignificant. 
Abbreviations: CI, confidence interval; HR, hazard ratio.

Figure 9 Spearman correlation analysis of SEPHS2 expression in multiple cancer types from TCGA database with tumor mutational burden (TMB), microsatellite instability 
(MSI) and Neoantigen. (A and B) Association of SEPHS2 expression in tumors with TMB and MSI (The size of each dot is proportional to the Spearman correlation 
coefficient. Larger dot, indicates greater correlation coefficient. Different colors in the figure represent significance of the P value, colors from red to blue represent large to 
small significance). (C) SEPHS2 expression in KIRC, COAD, and SKCM was correlated with neoantigens. P value < 0.05 was considered statistically significant.
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SEPHS2 and different cancer types. LGG and SEPHS2 
showed a significant relationship. A Nomogram model 
was developed and validated to further determine the 
value of SEPHS2 mRNA expression levels on the clinical 
prognosis of LGG patients. Univariate and multivariate 
Cox regression analysis were performed to determine the 
independent prognostic factors of LGG patients, using the 
TCGA cohort. Univariate Cox regression analysis showed 
that age, grade, SEPHS2, and radiation therapy were cor-
related with OS (P < 0.01, Figure 12A). Age, SEPHS2, 
and grade were identified as independent prognostic fac-
tors for LGG using multivariate Cox regression analysis (P 
< 0.01, Figure 12B). The identified independent prognostic 
risk parameters were used to construct a nomogram for 
predicting 1-year, 2-year, 3-year, and 5-year OS in LGG 
patients to further verify the correlation between SEPHS2 
mRNA expression and cancer occurrence (Figure 12C). 
The C-index of the nomogram was 0.791, indicating that 

the model had a high prediction accuracy. Integrated cali-
bration curves showed that the predicted survival outcome 
of LGG nomogram had a good match to the observed 
actual survival outcome, especially in the 3-year and 
5-year survival (Figure 12D). These findings showed that 
the nomogram model performed well in predicting overall 
survival of LGG patients.

Discussion
SEPHS2 plays a crucial role in selenoprotein biosynthetic 
pathway and its main function is synthesis of active Se 
donor Sep. Recent in vivo studies and bioinformatics 
studies explored differences in the expression levels of 
SEPHS2 between normal tissues and specific tumor types 
such as gastric cancer34 and lung adenocarcinoma.35 

However, SEPHS2 expression in other cancers and its 
regulatory mechanism has not been fully explored, and 
analysis from pan-cancer perspective has not been 

Figure 10 Relationship between SEPHS2 expression levels and tumor immune infiltration. (A) Association heatmap of immune cell infiltration based on EPIC algorithm 
showing the correlation between SEPHS2 expression and immune cells in 33 different cancer types (*P < 0.05, **P < 0.01, ***P < 0.001). (B) Correlation between SEPHS2 
expression with the level of CAFs infiltration of 33 different tumor types.
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reported. Therefore, in the present study, multiple online 
public databases were used to comprehensively explore 
expression pattern of SEPHS2 in pan-cancer, and its prog-
nostic and the therapeutic significance.

SEPHS2 participates in the biosynthesis of selenopro-
teins. The selenoprotein synthesis involves decoding, 
recoding, and binding of se to polypeptide chains through 
the UGA codon. Studies have shown that in addition to 
SEPHS2, other proteins such as, SBP2, eEFSec, eukaryo-
tic initiation factor 4a3 (eIF4a3), Ribosomal protein L30 
(L30), 43-kDa RNA-binding protein (SECp43), nucleolin, 
and soluble liver antigen protein (SLA) are involved in 
selenoprotein biosynthesis.8,36 SBP2, nucleolin, and 
eIF4a3 are regulators of selenoprotein synthesis. UGA 
usually exists as a stop codon, and in selenoprotein synth-
esis, the SECIS element interprets the stop codon and 
converts it into selenocysteine. SBP2 is a key factor in 
the translation of selenoproteins. It can recognize and bind 
to SECIS elements, interact with elongation factors 
eEFSec, and bind stably to ribosomes.37 Aside from inter-
acting with SBP2, the main function of EFSec is 

regulating trafficking of the SEC tRNA [Ser]Sec to the 
ribosomal “A” site.38 The exact role of L30, Secp43, and 
SLA in the synthesis of selenoprotein is still unclear, and 
further research is awaited.39

Expression of SEPHS2 does not exhibit tissue specifi-
city in normal tissues, thus providing a pathologic basis for 
the study of the effect of this gene on various tumors. 
Several studies have explored association between 
SEPHS2 expression and tumors.34,35 Expression of 
SEPHS2 mRNA and protein across different tumor tissues 
was investigated using data available in different data-
bases. Analysis showed that SEPHS2 expression was up- 
regulated in 22 tumors including ACC, BRCA, LGG, and 
LUAD. Carlisle et al reported that SEPHS2 protein was 
up-regulated in human breast-cancer tissues compared 
with normal breast tissue.19 In addition, SEPHS2 is over- 
expressed in triple-negative breast cancer (TNBC) tissues, 
one of the subtypes of breast cancer. Notably, gene expres-
sion level in TNBC tissues was positively correlated with 
the malignant grade of the tumor, compared with normal 
breast tissue.21 A previous study reported that SEPHS2 is 

Figure 11 Expression and functional enrichment of SEPHS2-related patterns across different cancer types. (A) Protein–Protein Interaction network for SEPHS2 established 
using STRING database. (B) Scatter plot representation of the top five genes significantly related to SEPHS2. (C) GO and KEGG pathways were enriched in SEPHS2-related 
patterns. (The X-axis represents the gene ratio, and the Y-axis represents enriched terms. The four shapes: circle, triangle, cross, and square represent BP, CC, MF, KEGG 
respectively. The size of the graph shapes shows the levels of enrichment of SEPHS2 related-genes in a specific pathway.).
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up-regulated in LUAD.35 The findings from these studies 
were consistent with the findings of the current study that 
SEPHS2 is over-expressed in breast cancer tissue and lung 
adenocarcinoma tissue. Analysis using the CPTAC data-
base showed that SEPHS2 protein was highly expressed in 
UCEC, and LUAD, but was down-regulated in COAD and 
KIRC. Moreover, analysis using ULCAN database showed 
that age, gender, and race of cancer patients were corre-
lated with the expression levels of SEPHS2. In summary, 
these findings indicated that SEPHS2 expression across 
different tumor types was tissue-specific due to various 
clinicopathological features.

Furthermore, analysis showed that SEPHS2 expression 
was correlated with individual cancer stages. Cancer sta-
ging helps to determine the severity of cancer. Analysis 
using ULCAN database showed that expression of 
SEPHS2 was up-regulated in OV, KIRC, LUAD, and 
UCEC in each cancer stage compared with normal tissues. 

These findings indicated that SEPHS2 expression is sig-
nificantly correlated with the severity of cancer. 
Furthermore, Kaplan–Meier curves and Cox regression 
forest plots showed that high expression level of 
SEPHS2 in LGG patients was correlated with poor prog-
nosis, as shown by OS, DFS, and PFS. A nomogram 
model was developed to further explore the role of 
SEPHS2 in prognosis of LGG patients. Cox regression 
analysis showed that SEPHS2 was an independent prog-
nostic parameter for LGG patients. Analysis of nomogram 
and calibration plots showed that SEPHS2 accurately pre-
dicts the overall survival of LGG patients. This nomogram 
can help clinicians and LGG patients to make more accu-
rate survival prognostic judgments, and it is valuable for 
choosing better clinical treatment options. These results 
indicate that SEPHS2 is a potential prognosis factor for the 
LGG. In addition, LGG progresses to GBM following 
inactivation of tumor suppressor genes, mutations (such 

Figure 12 A prognostic nomogram model using independent prognostic factors Univariate (A) and multivariate Cox proportional hazards regression analysis (B) of 
clinicopathological parameters of overall survival using the TCGA cohort. (C) Nomogram for predicting the 1-year, 2-year, 3-year, 5-year overall survival rate of LGG 
patients. (D) External calibration plots of the prognostic nomogram for the overall survival of LGG patients.
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as PTEN), oncogene amplification (such as EGFR), and 
abnormal regulation of the cell cycle.40 Nevertheless, we 
did not find any statistical significance of SEPHS2 expres-
sion on the survival of patients with GBM in the TCGA 
cohort. We speculate that the reason may be related to the 
pathological features of GBM and the complicated mole-
cular mechanism. Tumor necrosis and microvascular pro-
liferation are prominent features of GBM.41 GBM exhibits 
a high degree of intra-tumor heterogeneity and plasticity at 
the cytopathological characteristics, as well as a high 
degree of invasion and diffusion of tumor cells, which 
together make it difficult to treat.42 The prognosis of 
GBM patients is extremely poor, and the median survival 
time of GBM patients receiving standard treatment is only 
12–15 months.40,41 Recent evidence from clinical trials 
shows that targeted therapy does not improve prognosis 
of patients with GBM.43

These findings indicated that the expression of 
SEPHS2 is related to the occurrence and development of 
many kinds of tumors, especially LGG. Evidence shows 
that SEPHS2 affects the development of drug-resistance in 
glioma stem cells and is closely related to the survival of 
glioma stem cells.16 A bioinformatics study showed that 
expression level of GPX1 is related to the prognosis of 
patients with glioma.44 In LGG, we found that SEPHS2 
expression was negatively correlated with five selenopro-
tein genes (GPX3, SELENOK, SELENOO, TXNRD2, and 
TXNRD3) expression, which suggested that SEPHS2 
might have antagonistic effects with these genes. 
However, SEPHS2 expression was positively correlated 
with nine genes (DIO2, GPX2, SELENOF, SELENOH, 
SELENOI, SELENOM, SELENON, SELENOT, and 
TXNRD1) expression, which indicated that SEPHS2 have 
potential synergistic effects with these genes.

Previous studies report that TMB levels affect the 
response rate of immunotherapy.45 Tumor mutation bur-
den-high (TMB-H) is associated with improved OS in 
patients receiving immunocheckpoint inhibitors (ICI) for 
various types of cancer.46 Moreover, TMB is significantly 
correlated with tumor neoantigen loads, and high non- 
synonymous mutant expression promotes production of 
neoantigens, activates more tumor-targeted immune 
responses, and increases patient response rates to immu-
nosuppressive therapy.27 Neoantigens are potential targets 
for tumor immunotherapy and can be used to predict 
efficacy of immunotherapy approaches such as PD-1 
inhibitors.47,48 MSI is a predictor of efficacy of immu-
notherapy for advanced solid tumors.49 MSI phenotype 

determines the efficacy of immunocheckpoint inhibitors, 
and not the specific solid tumor type. The PD-1 inhibitor 
Pembrolizumab was approved by the Food and Drug 
Administration (FDA) in 2020 as a first-line treatment 
for advanced MSH-H metastatic colorectal cancer.50 

TMB, MSI and neoantigens play important roles in the 
salvage therapy of cancer patients, therefore, in this study 
association between TMB, MSI, and neoantigens and the 
expression of SEPHS2 in cancer patients was explored. 
Spearman correlation analysis showed that the TMB level 
in 19 tumors types and MSI level in 22 tumors types were 
positively correlated with SEPHS2 expression. In addition, 
SEPHS2 expression was significantly correlated with the 
neoantigens of the three tumor types. These findings imply 
that tumor patients with up-regulated SEPHS2 expression 
and elevated TMB or MSI may exhibit better therapeutic 
effects after treatment with immune checkpoint blockade 
(ICB) thus prolonging their survival. In summary, these 
findings showed the correlation between SEPHS2 expres-
sion and tumor immunotherapy, and that TMB, MSI and 
neoantigens are potential predictive biomarkers for deter-
mining efficacy of immunotherapy.

Selenoprotein enhance immune system functions by 
regulating, the migration and proliferation of immune 
cells, and the secretion of inflammation-related cytokines. 
Previous studies have shown that the expression of sele-
noprotein regulates M1 macrophages, affects the cytotoxic 
activities of NK cells, and affects the proliferation of 
T cells.51 SEPHS2 is one of the enzymatic selenoproteins 
that regulate immune cell function.52 Cancer-associated 
fibroblasts, which are highly heterogeneous in the tumor 
microenvironment, inhibit immune cells and regulate pro-
liferation and metastasis of tumor cells indirectly or 
directly.53 In this study, we found that SEPHS2 expression 
was positively correlated with immune infiltration level of 
CD8 + T cells, CD4 + T cells, NK cells, macrophages, 
endothelial cells and B cells in LGG. In addition, SEPHS2 
was significantly negatively correlated with CAFS in 
KIRC. These findings indicate that abnormal expression 
of SEPHS2 may affect immune responses and tumor 
immune microenvironment.

Previous studies have reported that peroxisome prolif-
erator-activated receptors (PPAR) subtypes are involved in 
lipid metabolism and affect the occurrence and development 
of tumors.54,55 Consistent with previous studies, enrichment 
analysis of SEPHS2-related patterns showed that PPAR 
signaling pathway was enriched in different cancer types 
in the present study. Recent studies have reported that 
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selenoproteins modify the mode of action of PPAR-γ.56,57 

Se deficiency inhibits PPAR-γ activity, promotes nuclear 
factor-κB (NF-κB) activation in tumor cells, and increases 
tumor invasiveness and immunosuppression.58 As men-
tioned earlier, SEPHS2 is a selenoprotein that is required 
for the synthesis of selenoproteins. It is reasonable to spec-
ulate that SEPHS2 modify tumor progression by regulating 
PPAR signaling pathway.

This study had a few limitations. First, the sample size 
of mRNA expression data of some tumor types was too 
small, which makes it difficult to determine the role of 
SEPHS2 in these tumors. For example, the sample size of 
CHOL normal tissue was 9, and the sample size of tumor 
tissue was 36. Second, the results of this study were based 
on analyses of public databases which not been verified 
using in vivo or in vitro experiments. Therefore, there is 
need to verify these findings through experimental studies 
or clinical studies using large samples to further explore 
the mechanism of SEPHS2 in tumor development and its 
clinical value.

Conclusion
High expression of SEPHS2 is associated with poor prog-
nosis of LGG patients and is an independent predictor of 
LGG. In addition, expression of SEPHS2 is related to 
immune infiltration and immunotherapy markers (TMB, 
MSI, neoantigens). SEPHS2 may influence occurrence 
and development of tumors through the PPAR signaling 
pathway. These findings demonstrate that SEPHS2 may be 
a potential prognostic biomarker and treatment target 
for LGG.
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