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Abstract. The role of the selenoproteome, which is the 
collection of all proteins containing selenium in an organism, 
in cancer development, growth and progression requires further 
investigation, due to the importance of selenium in both cancer 
and immune system function. Data about the selenoproteome, 
including its differential expression, single nucleotide 
variations, copy number variations, methylation, pathways and 
overall survival (OS) in five leading types of cancer are available 
from the GSCALite website. Subsequent to the analysis of these 
datasets, it was revealed that there was increased expression 
of GPX3 in stomach adenocarcinoma and lung squamous cell 
carcinoma, SELENOV in oesophageal carcinoma, GPX8 and 
GPX4 in colon adenocarcinoma, TXNRD1 and SEPHS1 in 
hepatocellular carcinoma and GPX8 in lung adenocarcinoma 
were associated with poor survival. Decreased gene expression 
of SELENOP was indicated in liver hepatocellular carcinoma 
and GPX3, and SELENOW, SELENOK, SELENBP1 and 
SECISBP2 in lung adenocarcinoma were associated with a 
poor prognosis. OS data suggested that hypermethylation of 
GPX4 in colon adenocarcinoma, GPX8 in lung squamous cell 
carcinoma, GPX1 in stomach adenocarcinoma and GPX3 in 
lung adenocarcinoma was associated with low survival, as 
is hypomethylation of GPX5 in lung adenocarcinoma. The 
selenoproteome is heterogeneous, especially in its effect on the 
OS of patients with cancer. The present study demonstrated 
that the roles of GPX4 in colon adenocarcinoma, SCLY and 
SELENOV in oesophageal carcinoma, SEPHS1 in liver 

hepatocellular carcinoma, SELENOK in lung cancer, as well 
as SELENOM and SELENOW in stomach adenocarcinoma 
requires further research. The present study may lead to the 
identification of novel biomarkers or potential therapeutic 
targets for use in the treatment of cancers, such as colon 
adenocarcinoma, oesophageal carcinoma, liver hepatocellular 
carcinoma, lung cancer and stomach adenocarcinoma.

Introduction

Cancer has become one of the world's major disease burdens. 
Its incidence, and the mortality due to the disease, are 
increasing rapidly. In 2018 the cancer with the highest death 
rate globally was lung cancer for both sexes, followed by 
colorectal cancer, stomach cancer, liver cancer, female breast 
cancer and oesophageal cancer (1,2). Cancer incidence and 
mortality in China are about 50% of those in Asia. The five 
leading types of cancer death of China in 2013, 2015 and 2018 
were lung cancer, liver cancer, stomach cancer, oesophageal 
cancer, and colorectal cancer (3‑5). The main treatments used 
for cancer are surgery, radiotherapy, chemotherapy, targeted 
therapy, and immunotherapy. The genes and proteins which 
are altered in cancer cells, immune cells and other cells in the 
tumour microenvironment can be targeted for treatment (6), 
and the selenoproteome may be targeted in both cancer cells 
and immune cells for therapy, due to the important role of 
selenium in cancer and immunity (7‑10).

It has been demonstrated that selenoproteins, including 
selenoprotein P (SELP, SELENOP), glutathione peroxidases 
(GPX), thioredoxin reductases (TXNRD) and selenoprotein 
F  (SEP15, SELENOF), can regulate tumourigenesis and 
progression through their effects on cancer‑related signalling 
pathways  (11). The relationship between single nucleotide 
polymorphisms in selenoprotein genes and cancer risk has 
been studied for SELENOP and GPX (12), as well as TXNRD, 
selenoprotein N (SEPN1, SELENON), selenoprotein S (VIMP, 
SELENOS), and selenoprotein W (SEPW1, SELENOW) (13). 
It has been suggested that SELENOP is decreased in various 
cancers, except for metastatic melanoma, in which it is 
elevated (11), and low concentrations of SELENOP are related 
to poor survival in renal cancer (14). TXNRD has been shown 
to be overexpressed in aggressive tumours, including breast 
cancer and melanomas (15), but whether there is a relation‑
ship between TXNRD levels and prognosis is unknown. 
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(SELENBP1) and methionine sulfoxide reductase B1 (MSRB1, 
SEPX1, SELENOR) have been observed in human cancers 
and human cancer cell lines, and GPX3 methylation can be a 
tumour biomarker in prostate cancer (16).

Previous studies have focused primarily on the link between 
a single selenoprotein and a specific cancer risk, including 
changes in gene expression, single nucleotide polymorphisms, 
and methylation. However, the selenoproteome contain 
25 selenoproteins and seven proteins related to selenoprotein 
synthesis, and changes in selenoproteome expression levels 
and methylation, may be valuable for tumour identification and 
prognosis. The Gene Set Cancer Analysis website GSCALite 
(http://bioinfo.life.hust.edu.cn/web/GSCALite/)  (17) is a 
useful resource for the analysis of the roles of selenoproteomes 
in various cancers.

In the present study, GSCALite was used to evaluate 
differential expression and survival analysis of the selenopro‑
teome in the five leading types of cancer. Single Nucleotide 
Variations (SNVs) and overall survival (OS) affected by SNVs 
were analysed. Copy Number Variation (CNV), methylation 
and the relationship between CNV, methylation and gene 
expression, as well as the effects of methylation on OS were 
also studied. Finally, the pathways involved in cancer develop‑
ment, growth, and progression were evaluated.

Materials and methods

Selenoproteome gene set collection. The HUGO Gene 
Nomenclature Committee (HGNC) symbol gene set for 
transcription and translation of selenoprotein was accessed. 
The selenoprotein gene set included iodothyronine deio‑
dinase 1 (DIO1), DIO2, DIO3, GPX1, GPX2, GPX3, GPX4, 
GPX6, SELENOR, SELENOF, selenoprotein H (C11orf31, 
SELENOH), selenoprotein I (EPT1, SELENOI), selenoprotein 
K (SELK, SELENOK), selenoprotein M (SELM, SELENOM), 
SELENON, selenoprotein O (SELO, SELENOO), SELENOP, 
SELENOS, selenoprotein T (SELT, SELENOT), selenopro‑
tein V (SELV, SELENOV), SELENOW, TXNRD1, TXNRD2, 
TXNRD3 and selenophosphate synthetase 2 (SEPHS2). The 
selenoprotein expression‑related gene set included seleno‑
cysteine lyase (SCLY), SEPHS1, SELENBP1, selenocysteine 
insertion sequence‑binding protein 2 (SECISBP2), tRNA sele‑
nocysteine associated protein (SECp43), Sep (O‑phosphoserine) 
tRNA:Sec (selenocysteine) tRNA synthase (SEPSECS) and 
tRNA selenocysteine 1 associated protein 1 (TRNAU1AP). In 
addition, homologues of selenium‑containing GPX, including 
GPX5, GPX7, GPX8, and homologues of SELENOR, such as 
MSRB2 and MSRB3, were also contained in the gene set.

Selenoproteome gene set analysis in cancer. Selenoproteome 
gene set analysis in cancer was performed using the 
GSCALite website. Cancer genomic and normal tissue data 
were downloaded from The Cancer Genome Atlas (TCGA) 
and the Genotype‑Tissue Expression (GTEx) database in the 
GSCALite website. To access these data, we entered the gene 
set into the search box at the top of the web page, then selected 
the databases of colon adenocarcinoma (COAD), oesophageal 
carcinoma (ESCA), liver hepatocellular carcinoma (LIHC), 
lung adenocarcinoma  (LUAD), lung squamous cell carci‑
noma (LUSC) and stomach adenocarcinoma (STAD) from 

TCGA and the normal tissues of colon, oesophagus, liver, 
lung and stomach from GTEx in the left search box. Finally, 
mRNA Expression, SNV, CNV, Methylation, Pathway Activity 
and GTEx Expression were selected in the right search box 
followed by clicking the button Start Gene Set Analysis. A 
detailed description of the method can be seen on the website 
(http://bioinfo.life.hust.edu.cn/web/GSCALite/). For survival 
analysis, the OS in lung and liver were further verified using 
Kaplan-Meier plots (http://kmplot.com/analysis/) (18,19).

Statistical analysis. The differential expression of the sele‑
noproteome was analysed using GSCALite. For mRNA 
Expression, the significant conditions used were fold change 
(FC) >2 and FDR <0.05. For survival analysis, genes with 
a Kaplan‑Meier log-rank test P‑value <0.05 were used. For 
Methylation and Pathway activity, FDR ≤0.05 was considered 
significant.

Results

Selenoproteome mRNA and survival. Selenoproteome 
expression levels in the normal tissues were analysed. The 
results shown in Fig. S1 suggested that the expression of the 
selenoproteome was tissue specific. The three most highly 
expressed genes in the colon were GPX3, SELENBP1 and 
SELENOW; in the oesophagus they were GPX3, SELENOM 
and SELENOW; in the liver were GPX3, GPX2 and GPX1; 
in the lung were GPX3, GPX1 and GPX4; and in the stomach 
were GPX3, GPX2 and SELENOM. The differing expression 
levels of selenoproteins between normal tissues and tumours 
were analysed (Fig. 1A), and it was found that the expression 
levels of GPX8, DIO2, GPX2, SELENOI and SCLY were 
significantly increased, while those of SELENOW, DIO1, 
SELENBP1, MSRB3 and GPX3 were significantly decreased 
in colon adenocarcinoma. In oesophageal carcinoma, the only 
gene with increased expression was SCLY, and the only gene 
with decreased expression was GPX3. In liver hepatocel‑
lular carcinoma, the genes with increased expression were 
GPX8, DIO2, TXNRD1, GPX7, TRNAU1AP, SELENON and 
SELENOM, while the genes with decreased expression were 
SEPSECS, SELENOP and DIO1. In stomach adenocarcinoma, 
no genes had increased expression levels, and the expression 
of SELENOM, SELENOW, SELENBP1, MSRB3 and GPX3 
was significantly decreased. In lung adenocarcinoma and lung 
squamous cell carcinoma, the genes with increased expression 
were GPX8, DIO2, TXNRD1, GPX7, GPX2 and SELENOI; the 
genes with decreased expression were SELENOP, SELENBP1, 
MSRB3 and GPX3. SEPX1 and SEPHS2 had increased 
expression in lung adenocarcinoma, SEPHS1, SELENOV and 
SELENOO were increased in lung squamous cell carcinoma, 
and DIO3 was decreased in lung adenocarcinoma, Levels of 
GPX5, GPX1 and DIO1 were decreased in lung squamous 
cell carcinoma. Expression survival analysis (Fig. 1B) showed 
that the GPX3, which had an increased level of expression in 
stomach adenocarcinoma and lung squamous cell carcinoma, 
SELENOV in oesophageal carcinoma, GPX8 and GPX4 
in colon adenocarcinoma, TXNRD1 and SEPHS1 in liver 
hepatocellular carcinoma and GPX8 in lung adenocarcinoma 
were associated with poor survival. The genes with decreased 
expression: SELENOP in liver hepatocellular carcinoma 
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Figure 1. The differential selenoproteome between (A) normal tissues and tumors, and (B) the expression survival analysis in COAD, ESCA, LIHC, LUAD, 
LUSC and STAD. The selenoproteome expression levels and survival analysis in the five leading types of cancer death were performed using GSCALite, and 
the results with significant differences were presented in the figures. Blue and red represent lower expression and higher expression, respectively, in (A) blue 
and red indicates the worse of the low or high expression in the cancer types. The size dot indicates the significance. COAD, colon adenocarcinoma; ESCA, 
oesophageal carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; STAD, stomach adeno‑
carcinoma.
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and GPX3, and SELENOW, SELENOK, SELENBP1 and 
SECISBP2 in lung adenocarcinoma had a poor prognosis. 
OS in lung and liver cancer supported these findings, and 
are shown in Figs. S2 and S3. The expression of SELENOM 
was significantly increased in liver hepatocellular carcinoma, 
while it was significantly decreased in stomach adenocarci‑
noma. GPX3 expression was significantly decreased in lung 
adenocarcinoma, lung squamous cell carcinoma and stomach 
adenocarcinoma. However, lower expression of GPX3 in lung 
adenocarcinoma and the high expression of GPX3 in lung 
squamous cell carcinoma and stomach adenocarcinoma had 
a poor prognosis.

Single nucleotide variations in the selenoproteome and 
survival. Fig. 2 show that the SNV frequency of the sele‑
noproteome was 69.05% (270 of 391 tumours). The top 10 
mutated genes were SELENOP, DIO2, SECISBP2, TXNRD1, 
DIO3, SELENOO, SELENBP1, GPX5, GPX6 and SEPHS1, 
and the most frequent type of SNV was a missense mutation. 
The SNV frequency of the selenoproteome was increased in 
oesophageal carcinoma, liver hepatocellular carcinoma, colon 
adenocarcinoma, stomach adenocarcinoma, lung squamous 
cell carcinoma and lung adenocarcinoma. SNV survival 
analysis found no significant difference between mutated and 
non‑mutated genes.

Copy number variation of the selenoproteome. The results 
shown in Fig. 3A suggested that the CNV was very different for 
each gene in each type of cancer. The main type of CNV was 

heterozygous amplification and deletion, and only a few genes, 
such as SELENOP and SELENBP1, had a low frequency of 
heterozygous deletion. The genes with homozygous amplifi‑
cation were SELENOT in oesophageal carcinoma and lung 
squamous cell carcinoma; SELENOP and SELENBP1 in liver 
hepatocellular carcinoma, lung squamous cell carcinoma and 
lung adenocarcinoma; and SELENOV in lung squamous cell 
carcinoma. There were no homozygous deletions (Fig. 3B). 
Pearson correlation showed a strong correlation between CNV 
and SELENOT, SELENOV mRNA RSEM in oesophageal 
carcinoma and lung squamous cell carcinoma, and a poor 
correlation for SELENOP and SELENBP1 (Fig. 3C).

Methylation of the selenoproteome and survival. Fig. 4A shows 
that the methylation of the selenoproteome in different tumours 
was highly heterogeneous. There were more hypermethylated 
than hypomethylated genes in lung squamous cell carcinoma 
and oesophageal carcinoma, and there were more hypometh‑
ylated than hypermethylated genes in colon adenocarcinoma, 
liver hepatocellular carcinoma and lung adenocarcinoma. 
There was no differential methylation in stomach adeno‑
carcinoma. The Spearman correlation coefficient indicated 
that most of the genes were negatively correlated, and only 
SELENOP in liver hepatocellular carcinoma and stomach 
adenocarcinoma, and SECISBP2 in lung adenocarcinoma 
showed a positive correlation between methylation and gene 
expression (Fig. 4B). OS analysis suggested that hypermeth‑
ylation of GPX4 in colon adenocarcinoma, GPX8 in lung 
squamous cell carcinoma, GPX1 in stomach adenocarcinoma 

Figure 2. The SNV of selenoproteome in COAD, ESCA, LIHC, LUAD, LUSC and STAD. The SNV of selenoproteome in the five leading types of cancer 
associated mortality were performed using GSCALite, and the top ten genes and the SNV type were presented in the figure. COAD, colon adenocarcinoma; 
ESCA, oesophageal carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; STAD, stomach 
adenocarcinoma.
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Figure 3. (A and B) The CNV of selenoproteome and (C) the correlation between CNV and mRNA RSEM. The CNV of selenoproteome and the correlation 
between CNV and mRNA RSEM in the five leading types of cancer associated mortality were performed using GSCALite, the size dot indicates the frequency 
of CNV in (A) and (B), and the brightness of red indicates the strength of the correlation between CNV and mRNA RSEM. COAD, colon adenocarcinoma; 
ESCA, oesophageal carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; STAD, stomach 
adenocarcinoma.
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Figure 4. The differential methylation of selenoproteome between (A) normal tissues and tumors and (B) the correlation between methylation and gene expression, 
as well as (C) the overall survival between hypermethylation and hypomethylation. The methylation of selenoproteome and survival, as well as the correlation 
between methylation and gene expression, in the five leading types of cancer associated mortality were performed using GSCALite. The blue indicates the 
hypomethylation and the red indicates the hypermethylation in  (A). Blue and red represent negative correlation and positive correlation respectively in (B). Blue 
indicates a higher hypermethylated survival rate and red indicates a lower hypermethylated survival rate in (C). COAD, colon adenocarcinoma; ESCA, oesopha‑
geal carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; STAD, stomach adenocarcinoma.
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and GPX3 in lung adenocarcinoma had poor prognosis, and 
hypomethylation of GPX5 in lung adenocarcinoma had poor 
prognosis (Fig. 4C). GPX5 and GPX8, which were associated 
with OS are not selenoproteins. The selenoproteins, GPX1 and 
GPX3 had lower expression levels in cancer tissues, and GPX4 
showed no change.

Pathway activity. The pathway activity shown in Fig.  5A 
suggested that there were 24 genes involved in tumour‑related 
signalling pathways. For GPX3, the expression level of which 
was decreased in cancer, the main pathways were apoptosis 
inhibition, cell cycle inhibition, DNA damage response inhi‑
bition, EMT activation, and RTK activation. For TXNRD1, 
which was increased in some cancers, the main pathways were 
apoptosis activation, cell cycle activation, and DNA damage 
response activation. The relationship network between the 
13  survival‑related genes, SELENOM, which is increased 
in liver hepatocellular carcinoma and decreased in stomach 
adenocarcinoma, and pathways in the five leading types of 
cancer death, was evaluated. The results shown in Fig. 5B 
revealed that GPX3 was not involved in the tumour‑related 
signalling pathways of oesophageal carcinoma, and TXNRD 
was not involved in the tumour‑related signalling pathways 
of colon adenocarcinoma, stomach adenocarcinoma or 
liver hepatocellular carcinoma. In colon adenocarcinoma, 
GPX4 was not involved in any of the tumour‑related signal‑
ling pathways, and GPX8 was involved in the activation of 
EMT; in oesophageal carcinoma, neither reduced GPX3 

or the survival‑related SELENOV genes were involved in 
tumour‑related signalling pathways; in liver hepatocellular 
carcinoma, only one survival‑related gene, SELENOP, was 
involved in HormoneAR and RTK activation; for lung squa‑
mous cell carcinoma, both GPX3 and GPX8 were involved in 
EMT activation; for lung adenocarcinoma, survival‑related 
genes were involved in RAS/MAPK, RTK, EMT and 
PI3K/AKT activation, as well as apoptosis inhibition; and 
in stomach adenocarcinoma, survival‑related genes were 
involved in PI3K/AKT activation and HormoneAR inhibition.

Discussion

In the present study a global analysis of differential expression, 
SNV, CNV, methylation and pathways in the selenoproteomes 
of the five leading types of cancer death was performed 
using GSCALite. The selenoproteomes were highly hetero‑
geneous, especially with respect to the effect on the OS of 
cancer patients, although some genes performed the same 
role in different tumours. To better understand the role of the 
selenoproteome in the development, growth, and progression 
of different tumours, we discuss the potential relationships 
between the selenoproteome and cancer, one by one.

In this study, it was found that the expression levels of GPX8, 
DIO2, GPX2, SELENOI and SCLY were significantly increased, 
and those of SELENOW, DIO1, SELENBP1, MSRB3 and 
GPX3 were significantly decreased in colon adenocarcinoma. 
Previously, TXNRD1, GPX1 and GPX4 have been found to be 

Figure 5. (A) The pathways involved in cancer development, growth and progression of selenoproteome, and (B) cancer pathway analysis of overall survival 
related selenoproteome in COAD, ESCA, LIHC, LUAD, LUSC and STAD. The cancer pathway of selenoproteome in the five leading types of cancer associ‑
ated mortality were performed using GSCALite. The luminance of red and blue represents the degree of activation and inhibition of related pathways, 
respectively, in (A). The solid line indicates that the pathway is activated, the dotted line indicates that the pathway is inhibited, and different colors represent 
different cancers in (B). COAD, colon adenocarcinoma; ESCA, oesophageal carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; 
LUSC, lung squamous cell carcinoma; STAD, stomach adenocarcinoma.
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significantly increased compared with corresponding normal 
tissues in 32 colon adenocarcinoma patients from Germany (20), 
and the mRNA and protein levels of TXNRD were increased 
several fold in 50% (5/10) of colon adenocarcinoma patients (21). 
A study in Japan showed that GPX1, GPX3 and SELENOP 
were decreased and GPX2 was increased in colorectal cancer 
(CRC) (22). A study reviewed by Peters et al found that the 
redox homeostasis related selenoproteins GPX1‑4, TXNRD1, 
SELENOF and SELENOP, and the WNT/β‑catenin signalling 
pathway associated selenoproteins DIO3, GPX2, TXNRD3 and 
SELENOP may effect CRC risk and development (23). To the 
best of our knowledge, there are many selenoproteins whose 
roles in CRC are unknown (23). These observations indicate 
that the selenoproteomes which exhibited significant changes 
in this study are a promising research target, which should 
have high priority. Of particular interest are genes associated 
with survival, such as GPX4 and GPX8. Although there was no 
observed relationship between SNV and colorectal cancer/colon 
adenocarcinoma risk based on big genomic data (24), the SNV 
of GPX1, GPX2, GPX4, TXNRD1, TXNRD2, TXNRD3, 
SELENOF, SELENOP, SELENOS and SELENOW have been 
well studied in CRC, and the SNV of SELENOP and SELENOS 
had a strong effect on CRC risk (23‑25). For colon adenocarci‑
noma, the top eight potential risk selenoprotein‑related genes for 
SNV analysis were SELENOP, TXNRD1, DIO3, SELENOO, 
SEPHS1, SCLY, TXNRD2 and SELENOI (Fig.  S4). The 
results of methylation analysis showed no difference in GPX4 
methylation between tumour and normal samples, but the 
hypermethylation of GPX4 in colon adenocarcinoma was 
associated with poor survival. There was a negative correlation 
between GPX4 methylation and expression. Ferroptosis, which 
can be regulated by GPX4, has great prospects for application 
in tumour immunotherapy (26) and tumour death (27), and 
might play important roles in colon adenocarcinoma develop‑
ment, growth and progression due to the potential correlation 
between higher GPX4 and lower survival. Although GPX4 
was not involved in the tumour‑related signalling pathways, we 
hypothesized that higher GPX4 expression inhibits tumour cell 
ferroptosis, while GPX8 activates EMT, so patients with higher 
GPX4 and GPX8 have poor survival.

In oesophageal carcinoma, levels of SCLY were increased 
and those of GPX3 were decreased. The survival related gene 
was SELENOV, which is associated with a low survival rate at 
high levels, and there were no genes identified as being involved 
in any relationship between methylation and OS. In a study 
of oesophageal squamous cell carcinoma (ESCC) in China, 
it was found that the mRNA and protein levels of GPX2 were 
significantly increased compared with normal tissue, and lack 
of GPX2 expression was associated with poor prognosis (28). 
The expression of SELENBP1 was significantly decreased in 
oesophageal adenocarcinoma (EA) in the USA (29). It was 
suggested that there was a positive correlation between plasma 
SELENOP and EA risk, and there were no genetic variants 
related to EA risk (30). There was no relationship observed 
between selenium and Barrett's oesophagus in a study by 
Steevens  et  al  (31). In this study, GPX3 and SELENOV 
did not appear to be involved in tumour‑related signalling 
pathways. The potential risk of SCLY, which is involved in 
energy metabolism and therefore essential for tumour develop‑
ment (32), needs more research.

In liver hepatocellular carcinoma, the present study 
found that the levels of GPX8, DIO2, TXNRD1, GPX7, 
TRNAU1AP, SELENON and SELENOM were increased; 
and those of SEPSECS, SELENOP and DIO1 were decreased. 
SELENOP mRNA was consistently significantly decreased 
in hepatocellular carcinoma (HCC) in a study conducted in 
Xi'an, China (33), and TXNRD1 expression level was also 
increased in data from the GEO and TCGA databases (34). 
TXNRD1 mRNA was significantly increased in HCC patients 
from Hong Kong (35), Zhengzhou (34), Chongqing (36,37), 
and Guangzhou (38), China. High levels of TXNRD1 were 
associated with poor prognosis  (34‑38), and Auranofin, a 
TXNRD1 inhibitor, was shown to inhibit tumour growth in a 
mouse model, and in HCC cells (35‑37). SELENOP also plays 
an important role in HCC development (39), and low levels of 
SELENOP were associated with poor prognosis (39‑41). In this 
study, it was also demonstrated that higher levels of TXNRD1 
and SEPHS1, as well as lower levels of SELENOP, were asso‑
ciated with poor prognosis. It was shown that SELENOP and 
SELENBP1 had homozygous mutations, and there were no 
genes involved in a relationship between methylation and OS. 
The expression levels of TXNRD1, SELENOP and SELENBP1 
were associated with hypomethylation. Previously, it was 
suggested that SELENBP1 is downregulated in HCC (42) and 
is correlated with tumour prognosis (43). SELENOM, which 
is upregulated in HCC cells, may also be involved in HCC 
development (44), through apoptosis, the cell cycle, and EMT 
pathways. These results indicate that changes in the selenopro‑
teome in liver hepatocellular carcinoma should be the subject 
of more attention. In particular, high expression of SEPHS1 
can reduce redox damage and promote cell proliferation (45), 
leading to a poor prognosis for the patients.

For lung cancer, the question of whether mutations in the 
GPX1 gene are associated with lung cancer risk is difficult 
to answer, due to differences in factors such as age, popu‑
lation, and lifestyle  (46). In the present study, GPX1 was 
significantly decreased in lung squamous cell carcinoma, 
but was unchanged in lung adenocarcinoma. Lower levels of 
SELENOP were associated with higher lung cancer risk among 
Black patients in the south‑eastern USA (47), and SELENOP 
was also decreased in Polish patients (48). SELENOP was 
consistently decreased in both lung squamous cell carcinoma 
and lung adenocarcinoma in this study. Lower levels of 
GPX3, SELENOW, SELENOK, SELENBP1 and SECISBP2 
in lung adenocarcinoma were associated with poor survival, 
while high levels of GPX3 in lung squamous cell carcinoma 
were associated with poor survival, possibly related to EMT 
activation. Recently, it was shown that GPX3 can inhibit the 
proliferation of lung cancer cells (49), and GPX3 levels, which 
can be regulated by methylation, were lower in lung cancer 
patients (50,51). In this study, hypermethylation of GPX3 can 
inhibit GPX3 expression in lung adenocarcinoma, while there 
was no difference in methylation between lung squamous cell 
carcinoma and normal tissue. OS analysis showed that GPX3 
hypermethylation and GPX5 hypomethylation in lung adeno‑
carcinoma, and GPX8 hypermethylation in lung squamous cell 
carcinoma were associated with poor survival. More studies 
are needed to uncover the role of GPX3, including its expres‑
sion levels and methylation status, in the development of lung 
squamous cell carcinoma and lung adenocarcinoma. It has 
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also been demonstrated that low levels of SELENBP1 were 
associated with poor survival in lung adenocarcinoma (52), 
SELENOK may regulate the growth and migration of lung 
cancer through calcium ions (53), SELENOW may have anti‑
oxidant activity in lung cancer (54), and SECISBP2 appears to 
be associated with the prognosis of the whole cancer popula‑
tion (55). We think the role of SELENOK in lung cancer is 
worth further study, due to its important role in the immune 
system and cancer (56).

For stomach adenocarcinoma, unlike the other four types 
of cancer, there were no significantly upregulated seleno‑
protein genes. The downregulated genes were SELENOM, 
SELENOW, SELENBP1, MSRB3 and GPX3. High levels 
of GPX3 and GPX1 hypermethylation were associated with 
poor survival. It has been suggested that hypermethylation of 
GPX1 and GPX3 resulted in decreased mRNA expression of 
GPX1 and GPX3 in gastric cancer cells, and downregulation 
of GPX1 expression due to hypermethylation was related to 
poor survival in cancer patients from Korea. Downregulation 
of GPX3 has been associated with advanced gastric cancer 
and lymph node metastasis, but no correlation with survival 
was found  (57). Another study demonstrated that down‑
regulation of GPX3 due to hypermethylation was related to 
lymph node metastasis, while the overexpression of GPX3 in 
gastric cancer cells did not inhibit cell growth but did inhibit 
cell migration (58). High levels of GPX3 expression associ‑
ated with poor survival in stomach adenocarcinoma may act 
through PI3K/AKT activation. Recently, it was shown that 
SELENOM and SELENOW were significantly decreased 
in gastric cancer in Harbin, China (59). Downregulation of 
SELENBP1 and associated poor survival were also observed 
in stomach adenocarcinoma in Wuhan, China (60). In this 
study, decreased levels of SELENBP1 and GPX3 were corre‑
lated with hypermethylation of the two genes, but the effects 
upon the levels of SELENOM and SELENOW were unclear. 
Although levels of SELENOP were lower in stomach adeno‑
carcinoma, and were associated with the degree of stomach 
adenocarcinoma differentiation (61), the roles of SELENOM 
and SELENOW in stomach adenocarcinoma development 
needs further research.

In conclusion, we conducted a preliminary analysis of 
the differences in expression of the selenoproteome in five 
cancers, together with a comprehensive analysis of the 
effects of SNV, CNV, methylation and cancer pathways 
on gene expression. The effects of gene expression and 
methylation of the selenoproteome on survival were inves‑
tigated. In the context of previous research, we concluded 
that the roles of GPX4 in colon adenocarcinoma, SCLY 
and SELENOV in oesophageal carcinoma, SEPHS1 in liver 
hepatocellular carcinoma, SELENOK in lung cancer, and 
SELENOM and SELENOW in stomach adenocarcinoma 
need further research. This study provides a valuable basis 
for the comprehensive understanding of the role of the sele‑
noproteome in the development of cancer, and may lead to 
the identification of new biomarkers or potential therapeutic 
targets for cancer.
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