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The overexpression of GPX8 is
correlated with poor prognosis
in GBM patients
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and Lina Zhang**

Departments of Laboratory Diagnosis, Daqing Oilfield General Hospital, Daging, China, ?Departments
of Laboratory Diagnosis, The Second Affiliated Hospital of Jiamusi University, Jiamusi, China,
SDepartments of Laboratory Diagnosis, The Fifth Affiliated Hospital of Harbin Medical University,
Daging, China, *Harbin Medical University (Daging), Daging, China

Glutathione peroxidase 8 (GPX8), located in the endoplasmic reticulum, is
associated with poor prognosis in several cancers. However, the expression
and functions of GPX8 in cancers remain unclear. The purpose of this study
was to explore the expression and functions of GPX8 in glioblastoma (GBM).
We obtained expression data of GPX8 by accessing the TCGA, CGGA,
GEPIA, and TIMER2.0 databases and validated them using western blot and
immunohistochemistry. The Kaplan—Meier overall survival curve and Cox
regression model were used to evaluate the prognostic value of GPX8 in
glioma patients. Gene ontology (GO) and function enrichment analysis were
used to investigate the potential function of GPX8 in GBM. Correlation analysis
was used to clarify the role of GPX8 in proneural-mesenchymal transition
(PMT). We studied the correlation between GPX8 expression and GBM
immune infiltration by accessing cBioPortal and TIMER2.0 databases. Here,
we demonstrated that GPX8 was significantly upregulated in GBM, and was
associated with IDH-wildtype and mesenchymal subtype with poor prognosis.
Survival analysis results indicated that GPX8 is an independent prognostic
factor for overall survival (OS) in all WHO-grade glioma patients. Through the
functional studies, we found that high expression of GPX8 correlated with
mesenchymal signature and negatively correlated with proneural signature,
indicating that GPX8 might promote PMT in GBM. Finally, based on
correlation analysis, we found that the expression of GPX8 was associated
with immune infiltration and the IL1/MYD88/IRAK/NF-«xB pathway in GBM.
Our results show that GPX8 is a key factor affecting the prognosis of GBM
patients, and its targeting has the potential to provide a novel therapeutic
approach.
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Introduction

Glioma is the most common primary brain tumor, and about
100,000 people are diagnosed worldwide each year. High
mortality and recurrence rate are well-known features of
glioma (Bray et al, 2018). Glioblastoma (GBM) is a highly
malignant glioma classified by the World Health Organization
(WHO) as grade IV (Louis et al., 2016). The median survival time
of GBM patients remains less than 2 years, and the 5-year
survival rate remains less than 7% (Molinaro et al., 2019).
During the course of the disease, GBM patients are often
accompanied by malignant complications such as epilepsy and
cerebral edema, which seriously affect the patient’s ability to live
and have a devastating impact on their family. Despite the
continuous development of various therapy methods such as
surgery, chemotherapy, radiotherapy, and immunotherapy, they
can only improve the survival of patients to a limited extent.
In addition, GBM is characterized by extensive genetic
heterogeneity, and some targeted therapies for traditional
molecules, such as inhibition of EGFR and PI3K, do not
benefit clinical GBM patients (Stupp et al., 2005; McNamara
etal, 2014; Li et al., 2016; Westphal et al., 2017). Thus, exploring
new therapeutic targets may provide new insights into GBM
targeted therapy.

Glutathione peroxidase (GPx) combines with glutathione to
decompose peroxides into alcohols (Tosatto et al.,, 2008), and
plays an antioxidant function by removing reactive oxygen
species (ROS) deposited in
Maiorino, 2013). In addition to their antioxidant activity, GPx
proteins also have significant effects on important physiological

cells (Brigelius-Flohé and

processes such as material metabolism and signal transduction
(Peng et al., 2014; Guerriero et al., 2015; Milonski et al., 2015;
Mrowicka et al.,, 2015; Huang et al,, 2017). GPX8 is a type II
transmembrane protein, which is the last confirmed member of
the GPx family and has high sequence similarity with GPX7
(Brigelius-Flohé and Maiorino, 2013). GPX8 has multifarious
functions in the body, which have been illustrated in recent
studies. For example, GPX8 protects against endotoxic shock
(Hsu et al,, 2020), regulates oxidative stress during pregnancy
(Mihalik et al., 2020), and maintains microsomal membrane
lipid homeostasis in HELA cells (Bosello-Travain et al., 2020). In
addition, GPX8 has also been found to promote tumor
progression through multiple important pathways, such as
Wnt and JAK/STAT3 (Chen et al.,, 2020; Khatib et al., 2020;
Zhang et al., 2020). However, the tumor biological function of
GPX8 remains unclear, especially in GBM.

In a recent study, the GBM subtypes were observed to
transition from proneural to mesenchymal (Klughammer
et al, 2018), resulting in increased tumor invasion and
significantly reduced survival (Wu et al,, 2020). Mesenchymal
is the most aggressive subtype of GBM (Wang et al, 2019),
and proneural-mesenchymal transition (PMT) can occur in
GBM patients following drug therapy and radiotherapy
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(Segerman et al, 2016). Similar to epithelial-mesenchymal
transition (EMT), the molecular mechanisms driving PMT
elaborated the downregulation of CDHI1 together with other
proneural markers and upregulation of mesenchymal markers
such as CDH2 (Fedele et al., 2019). Changes in cell phenotypes
can affect sensitivity to radiotherapy and chemotherapy, which
may be detrimental to some targeted therapies. Consequently,
PMT can have significant effects on GBM patients and, as such,
requires further exploration.

Here, we revealed the overexpression of GPX8 in GBM
compared with normal brain samples, which has not been
reported before. In addition, the upregulation of GPX8 was
correlated with poor prognosis in high-grade glioma (HGG)
patients. We further elucidated the potential mechanism of
GPX8 involvement in GBM progression. At present, further
laboratory studies are needed to explore the function of
GPX8. However, our findings provide novel evidence for the
involvement of GPX8 in the malignancy of GBM.

Materials and methods
Glioma and normal tissue samples

Central nervous system (CNS) tissue microarray was
purchased from Zhongke Guanghua Intelligent Biotechnology
Co., Ltd. The
contained 39 samples, including 8 samples with WHO grade I

(https://www.bioaitech.com/). microarray
astrocytoma, 7 samples with WHO grade II astrocytoma,
11 samples with WHO grade III anaplastic astrocytoma,
6 samples with GBM, and 7 normal samples. Public or patient
involvement in this study was not required as the samples were
retrieved from Zhongke Guanghua Intelligent Biotechnology Co.,
Ltd. (Xi’an, China).

Immunohistochemistry

First, the tissue microarray was dewaxed, rehydrated, and
incubated in a peroxidase blocker to block the activity of
endogenous peroxidase in the samples. Then, the microarray
was heated with sodium citrate buffer for 15 min to repair the
antigen. The nonspecific reaction of samples was blocked with
goat serum and incubated with primary antibody GPX8 (Abcam,
ab183664, Rabbit polyclonal, 1:500) at 4°C overnight. After the
microarray was rewarmed at 37°C for 45 min, the biotin-avidin
system was used for detection. Microarray was stained with
hematoxylin and then differentiated using hydrochloric acid
and alcohol. Finally, the sections were dehydrated, sealed with
neutral resin after drying, and photographed with a microscope.
Immunohistochemical staining intensity score was detected by
Image] package IHC profiler, as high positive +4, positive +3, low
positive +2, and negative +1.
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Cell culture

GBM cell lines U251, U87, and A172 were purchased from
the National Collection of Authenticated Cell Culture https://
www.cellbank.org.cn/), and cultured in DMEM (Hyclone)
supplemented with 10% fetal bovine serum. The normal
astrocytes cell line SVG pl2 was purchased from American
Type Culture Collection (ATCC, https://www.atcc.org/) and
cultured in EMEM (ATCC) supplemented with 10% fetal
bovine serum. Penicillin streptomycin was supplemented to
the culture medium of all cell lines, and mycoplasma was
detected regularly. All cell lines were grown in 5% CO,-95%
0, at 37°C, and were cultured for more than 6 months after receipt.

Western blotting

Proteins were extracted with RIPA lysis buffer, and BCA
protein analysis was used to detect the protein concentration
according to the instructions. After gel electrophoresis, the
blotting was transferred to a nitrocellulose membrane and
blocked with 5% skim milk at RT for 1h. Primary anti-GPX8
antibodies (1:500, 24 kDa) and B-actin (1:2000, 42 kDa) were
incubated overnight at 4°C. The second antibody was labeled with
horseradish peroxidase, and blotting bands were visualized using
ECL. Images were acquired with iBright 1500 (Thermo Fisher
Scientific) and detected by gray level using the Image] software.

Immune infiltration analysis

The Tumor Immune Estimation Resource (TIMER2.0,
http://timer.comp-genomics.org/) database is dedicated to the
molecular characterization of tumor immune interactions,
projecting immune cell infiltration subpopulations from more
than 10,000 tumor samples from 32 types of cancer (Li et al.,
2017). We mainly explored the expression of GPX8 in several
cancers and further analyzed the correlation of GPX8 with the
infiltration of immune cells including CD4"* T cells, CD8" T cells,
B cells, monocytes, macrophages, myeloid dendritic cells, NK
cells, neutrophils, and tumor-associated fibroblasts in GBM.

The TISIDB (http://cis.hku.hk/TISIDB/index.php) database
integrates oncoimmunology data from multiple cancers, allowing
researchers to explore the functions of specific genes in
tumor-immune interactions (Ru et al.,, 2019). The mRNA co-
expression data of GPX8 with MHC genes, immunoinhibitors, and
immunostimulators were obtained from the TISIDB database.

GEPIA database analysis

The GEPIA (http://gepia.cancer-pku.cn/) database contains
RNA sequencing data from large databases such as GTEx,
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providing a new platform for users to conduct data mining
and explore gene functions (Tang et al., 2017). The expression
data of GPX8 in 31 cancers compared with normal tissues was
downloaded from the GEPIA database. The transcript level of
GPX8 in GBM and low-grade glioma (LGG) was ascertained by
the GEPIA database.

TCGA database

The Cancer Genome Atlas (TCGA, https://portal.gdc.cancer.
gov) database has been collecting molecular and clinical data for
more than 33 different types of cancer since 2016, making it the
largest human cancer molecular database to date (Weinstein et al,,
2013). We used the R (3.7.2) package DESeq2 to compare the
expression data (TCGA-GBM, HTSeq-counts) between GBM and
normal tissues. The differential gene thresholds for volcano plot
were |log2FC| > 3 and adjusted p < 0.01. Moreover, the R package
corrplot was used to analyze the association between GPX8 and
PMT markers.

The Gene Expression Omnibus

The GEO database (https://www.ncbi.nlm.nih.gov/geo/) was
built by NCBI to provide access to freely distributed microarray
and transcriptomic data from other original studies (Barrett et al.,
2013). GEO2R was used to analyze GSE67089 transcriptome data
online, and by comparing GBM mesenchymal cells and GBM
proneural cells, we obtained differentially expressed genes.

The Chinese Glioma Genome Atlas

The CGGA (http://www.cgga.org.cn/) database collected and
analyzed more than 2,000 glioma samples from all over China,
providing users with download channels for single-cell
sequencing, whole-genome sequencing, mRNA sequencing,
and other datasets of glioma samples (Zhao et al., 2021). The
mRNAseq 693 dataset consisting of 693 glioma tissues, including
443 LGG and 149 HGG samples, was downloaded from the
CGGA database. Furthermore, the gene correlation analysis in
GBM was performed using the “Correlation” module.

The cBioPortal for Cancer Genomics

The cBioPortal for Cancer Genomics (http://cbioportal.org/)
is a large cancer genomics project data integration database
developed by the Memorial Sloan-Kettering Cancer Center
that currently provides the public with large-scale data
processing and statistical analysis at the protein to gene level
(Cerami et al, 2012). cBioPortal was used to explore the
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co-expression genes of GPX8 in three glioma datasets and
analyze the correlation between GPX8 and related genes in GBM.

Enrichment analysis

The Metascape (https://metascape.org/) database utilizes
40 independent biological knowledge bases to systematically
explain known pathways and complexes involved in genes,
providing comprehensive gene annotations and resource
analysis for scientific research (Zhou et al.,, 2019). GO analysis
and functional enrichment analysis of GPX8 co-expression genes
were performed by using Metascape. Gene sets with a minimum
enrichment >1.5 and p < 0.01 were considered significant
enrichment.

Gene set enrichment analysis (GSEA) was developed by the
Massachusetts Institute of Technology to analyze the correlation
between gene expression changes and predetermined gene sets
(Subramanian et al., 2005). GSEA was used to explore the
enrichment of GPX8 in the gene sets of the PMT process, and
normalized enrichment score (NES) was used to quantify the
degree of enrichment.

Statistical analysis

o Log2-transformation was used to normalize the mRNA
expression data. The comparison of data between two
groups was performed by the t-test and Wilcoxon,
and the comparison of data greater than or equal to
three groups was performed by one-way analysis of
variance (ANOVA). The log-rank test was used to
evaluate differences in event time distribution between
GPX8 expression groups. The correlation between two
variables was evaluated by Pearson’s test or Spearman’s
test. The Cox regression model was used to evaluate the
predictive efficiency of GPX8 expression and other
clinicopathological factors as independent risk factors.
R software (3.7.2) and SPSS 25 software were used for
statistical analysis. All of the aforementioned statistical
tests were considered significant when p < 0.05.

Results
Differential expression of GPX8 in cancers

To evaluate the expression of GPX8 in different cancers, pan-
cancer analysis was derived from TCGA by accessing the
TIMER2.0 database. The analysis revealed that GPX8 was
upregulated in breast, cholangio, colorectal, esophagus, kidney,
liver, lung, stomach, and brain cancers compared with
normal tissues 1A). In addition,

homologous (Figure
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GPX8 was downregulated in kidney chromophobe, prostate
adenocarcinoma, thyroid carcinoma, and uterine corpus
endometrial carcinoma.

Moreover, we analyzed the expression of GPX8 in several
cancers using the GEPIA database. According to the result,
GPX8 was upregulated in the kidney, cholangio, lymph gland,
esophagus, brain, pancreas, skin, stomach, and thymus cancers
and downregulated in acute myeloid leukemia (Figure 1B).
Combining the results of the two databases showed that
GPX8 was upregulated in a variety of cancers including
kidney (except chromophobe), stomach, esophagus, cholangio,
and brain.

GPX8 was highly expressed in human GBM

To explore the function of GPX8 in GBM, the most
aggressive malignancies of the central nervous system, we
accessed the TCGA database to obtain the mRNA expression
data of GBM and normal brain tissues. Next, we performed
differentially expressed genes (DEGs) on the TCGA data by using
the R package DESeq2, the DEGs results showed that 577 genes
were upregulated and 839 genes were downregulated, with
GPX8 (log2FC = 4.879635261, p = 4.17e-17) being one of the
most significantly upregulated genes in GBM (Figure 2A).
Subsequently, in order to further explore the function of
GPX8, we obtained the mRNA expression data of GPX8 in
glioma by accessing CGGA and TCGA databases. Noticeably,
the mRNA expression of GPX8 was correlated with glioma WHO
grade (Figure 2B upper panel). Moreover, in both of TCGA and
CGGA datasets, GPX8 had higher expression in IDH-wildtype
gliomas (Figure 2B lower panel).

We then explored the protein levels of GPX8 in glioma
specimens. GPX8 showed higher expression in tumors than in
normal brain tissues, especially in HGG (Figure 2C). We also
performed a western blot for GPX8 expression in GBM cell lines
and normal astrocyte cell lines. GPX8 was overexpressed in GBM
cell lines compared with normal astrocyte cell lines (Figure 2D).
Collectively, these results suggest that the expression of GPX8 may
be associated with the malignant progression of glioma.

The upregulation of GPX8 correlated with
poor prognosis in gliomas

After showing the expression of GPX8 in gliomas, we are
interested in GPX8 affecting the clinical outcome in glioma
patients. We queried TCGA and CGGA datasets, and found
that the expression of GPX8 was associated with poor prognosis
in WHO grade I, Ill, and IV glioma patients, as shown in
Figure 3A. Moreover, the upregulation of GPX8 in both
primary and recurrent gliomas affected the prognosis of
patients (Supplementary Figure SI).
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FIGURE 1

MRNA expression of GPX8 in various cancers accessing TIMER and GEPIA databases. (A) mRNA expression of GPX8 in cancers and homologous
normal tissues from the TIMER2.0 database. (B) mRNA expression data of GPX8 about cancers and homologous normal tissues were obtained from

the GEPIA database.*p < 0.05, **p < 0.01, and ***p < 0.001.

To further verify the prognostic efficacy of GPX8 for glioma
patients, ROC analysis was performed on TCGA and CGGA
data. The 1-year, 3-year, and 5-year AUC of TCGA time-
dependent ROC were 0.85, 0.89, and 0.80 (Figure 3B), and
those of CGGA were 0.71, 0.74, and 0.75 (Figure 3C),
respectively. Furthermore, univariate and multivariate Cox
analyses were performed on the CGGA OS data of HGG
patients. As shown in Figure 3D, the univariate analysis
showed that GPX8 (HR = 3.038, p < 0.001), age (HR = 1.586,
p < 0.001), IDH-mutation (HR = 0.325, p < 0.001), 1p19q co-
deletion (HR = 0.282, p < 0.001), and MGMT promoter
methylation (HR = 0.786, p =
factors for OS of the HGG. Similarly, the multivariate analysis
showed that GPX8 (HR = 1.651, p = 0.001), age (HR = 1.427,p =

0.029) are the prognostic
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0.004), IDH-mutation (HR = 0.556, p < 0.001), and 1p19q co-
deletion (HR = 0.432, p < 0.001) are the prognostic factors for OS
of the HGG patients. Collectively, these results indicated that
GPX8 is an independent prognostic factor for the OS of glioma
patients.

GPX8 correlated with the PMT process
of GBM

To further evaluate the role of GPX8 in the malignancy of
GBM, we obtained GPX8 expression-related genes from three
datasets by accessing the cBioPortal database. Combining the
results of the three datasets, we finally identified 60 genes related
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FIGURE 3

Correlation analysis between GPX8 and prognosis of glioma patients. (A) Kaplan—Meier overall survival plot showing survival rates for all WHO-
grade glioma patients with GPX8 low expression (blue), and high expression (red) in TCGA and CGGA datasets. (B,C) Time-dependent ROC analysis
showing the prognostic efficacy of GPX8 for glioma patients in TCGA and CGGA datasets. (D) Forest plot for univariate and multivariate Cox analysis

of CGGA data.

Frontiers in Genetics

07

frontiersin.org


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.898204

Li et al. 10.3389/fgene.2022.898204

B Gene Ontology
15m m MF

cBioPortal

TCGA
Firehose Legacy

535 Co-expression Genes

Molecular Functions Cellular Components Biological Processes
D
GBM-MES ()
GBM-PN °
Breast cancer °
count
RB1 ° .6
. 09
Naive vs memory CD4 T cells ° P
Pancreatic cancer ° : }g
| | Breast cancer ductal invasive { o ~logl0(p)
Liver cancer subclass ° 20
COVID19{ e 15
10
MYC - 5
CD4 T cells VS B2-Beells 1 ¢

0 15 20 25 30

[ Cell—cell adhesion B Membrane raft O Calcium-dependent protein bind[_]Regulation of cytoskeleton organization

[ Cell adhesion molecule binding[T] Learning [CIRuffle [[JPostive regulation of cellular component biogene
] Enzyme inhibitor activity [] Signaling adaptor activity []Regulation of protein polymeri [EMidbody

[ Negative regulation of respons [l Glycosaminoglycan binding [Jl] Growth factor binding [l Perinuclear region of cytoplasma

[l Brain development [ Extrinsic component of plasma ] Coated vesicle membrane [ Postive regulation of cell motility

FIGURE 4
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Screening condition is cor > |0.500| and p < 0.05. (B) GO analysis of GPX8 and related genes using the Metascape database (p < 0.05). (C) Chord plot
of the GO analysis. Colors specify different biological processes. (D) Function enrichment analysis of GPX8 and related genes using the Metascape

database.
to GPX8 expression in GBM (Figure 4A) and validated those Furthermore, function enrichment analysis revealed GPX8 to be
genes using the CGGA dataset (Table 1). Next, GO analysis was significantly associated with the mesenchymal GBM and
performed on the data that showed significant enrichment in proneural GBM (Figure 4D). These results suggest that
common biological processes related to EMT (Figures 4B,C). GPX8 may impact the progression of GBM by promoting PMT.
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TABLE 1 Correlation analysis of GPX8 and related genes in primary
GBM samples (n = 140) from the CGGA database.

Gene Cor p Gene Cor P

COPZ2 0.568 2.07e-10  LRRC4 -0.626  7.56e-13
TUBIAC 0.547 594e-28  XRXN2 -0.457  84le-07
ANXA2 0.804 32le-25  ATATI1 -0.311  1.18-03
DPF1 -0455  9.68e-07  MASTI -0.598  1.25e-11
PODXL2 -0.524  7.99e-09  DPYD 0.730 6.52e-19
GNG4 -0417  8.87e-06  OLIGI -0.591  2.46e-11
SRPX2 0.772 3.18e-22  CRMPI -0.368  1.06e-04
PPIC 0.755 935e-21  NCAMI -0.493  7.83e-08
TNR -0.549  1.09e-09  TRIM67 -0.505  3.40e-08
FSTL1 0.778 1.00e-22  ANXA4 0.486 1.26e-07
CAST 0.685 525e-16  IQGAPI 0.681 9.49¢-16
PDXP -0.660  146e-14  CTTNBP2 -0.512  1.98e-18
ARHGAP33 ~ -0341  342e-04  CLIC1 0.724 1.68¢-18
PPMIE -0.193  4.70e-02  ADD2 -0.383  5.08e-05
GDAPILI -0.551  899%e-10  CASPS8 0.596 1.59-11
CTIF -0498  5.58e-08  ELAVL3 -0.314  1.06e-03
CALU 0.676 197e-15  SEC24D 0.633 351e-13
TNFAIPS 0.727 1.19-18  PHACTR3 -0.736  2.35e-19
TAFA5 -0.609  7.78e-10  FAMI14Al 0.683 8.10e-13
$1004 0.638 191e-13  S100Al1l 0.604 7.09e-12
ASICI -0491  9.30e-08  CADM2 -0.494  7.38-08
ARVCF 0.256 7.98e-03  CAVIN1 0.816 3.0le-21
NRXN1 -0.512  2.0le-08  S100A10 0.606 5.74e-12
FNDC3B 0.701 6.1le-17  SHCI 0.698 8.57e-17
ALG2 0.567 234e-10  LTBP2 0.675 2.22e-15
ARHGAP18 0711 145e-17  SEZ6L -0.567  2.33e-10
MCFD2 0.350 233e-04  CLIP3 -0.661  1.00e-11
TRADD 0.430 4.12e-06  ARHGAP29 0539 2.54e-09
ELAVL4 -0.511  211e-08  TTBKI -0.473  3.08e-07
CLASP2 -0439  2.56e-06  GNS 0.440 2.34e-06

To elucidate the function of GPX8 in PMT process, we
explored the mRNA expression of GPX8 in GBM subtypes,
which showed that the expression of GPX8 in mesenchymal
subtype was higher than that in the proneural subtype and
classical subtype (Figure 5A). Next, GEO2R analysis was
performed on the GSE67089 dataset to compare DEGs
between mesenchymal glioblastoma stem cells (GSCs) and
GSCs. we found that GPX8 was
upregulated in mesenchymal GSCs (log2FC = 2.05896662,
log2Exp = 6.845, and p = 5.63e-05), as shown in Figure 5B.
Furthermore, GSEA was further used to analyze mesenchymal
and proneural signatures based on the TCGA-GBM dataset (n =
152). As Figure 5C upper panel shows, the gene signature of

proneural Similarly,

mesenchymal was enriched in GPX8 high expression GBM
compared with GPX8 low expression GBM (NES = 1.7318096,
p < 0.01, and FDR <0.01). In contrast, the upregulation of

Frontiers in Genetics

09

10.3389/fgene.2022.898204

GPX8 in GBM was negatively correlated with proneural
signature enrichment (NES = -1.5921776, p < 0.05, and
FDR <0.05), as shown in Figure 5C lower panel. We then
examined the correlation of GPX8 with mesenchymal and
152).
GPX8 was positively correlated with the expression of
mesenchymal markers MET (cor = 0.33), VIM (cor = 0.38),
CHI3L1 (cor = 0.49), CD44 (cor = 0.40), IL4R (cor = 0.36),
SERPINEI (cor = 0.34), RELB (cor =
correlated with the expression of proneural markers OLIG2

proneural markers using TCGA-GBM datasets (n =

0.52), and negatively

(cor = —0.68), SOX2 (cor = —0.45), CDH1 (cor = -0.45),
ASCL1 (cor = —0.59), BACN (cor = —0.64), and NKX2-2
(cor = -0.56), all p < 0.001 (Figure 5D). Based on these

results, it is clear that GPX8 plays a pivotal role in the
development of PMT.

Correlation of GPX8 with immune
infiltration in GBM

Relationship of GPX8 mRNA expression with immune
markers in GBM was accessed using correlation analysis from
the cBioPortal database. GPX8 mRNA expression was weakly
(cor <0.2) correlated with B-cell marker CD79B and moderately
(0.2 < cor <0.4) correlated with CD8* T-cell marker CD8B, CD4"
T-cell marker CD4, T-cell marker CD3D, macrophage marker
CD68, ARGI, and neutrophil marker ITGAM (Figure 6A).
GPX8 mRNA
correlated with monocyte marker CD14, dendritic-cell marker
NRP1, natural killer cell marker B3GAT1, neutrophil marker
CCR7, and tumor-associated fibroblast marker FAP (Figure 6A).
In addition, to further clarify tumor immune function of GPXS8,

Meanwhile, expression was significantly

we then analyzed the correlation between GPX8 mRNA
expression and levels of immune cell infiltration in GBM
using the TIMER2.0 database. The result showed that
GPX8 expression was positively correlated with infiltration of
CD8" T cells (rho = 0.237, p = 5.29¢-03), CD4" T cells (rho =
0.224, p = 2.54e-03), monocytes (rho = 0.349, p = 2.87¢-05),
neutrophils (rho = 0.222, p = 9.23e-03), myeloid dendritic
cells (rho = 0.352, p = 2.51e-05), macrophages (rho = 0.173,
p = 3.91e-02), and tumor-associated fibroblasts (rho = 0.582, p =
4.80e-14), and negatively correlated with plasma cell
(rtho = -0292, p = 5.44e-04) in the GBM
microenvironment (Figure 6B).

infiltration

Moreover, we comprehensively elucidated the correlation of
GPX8 and the immune molecules in GBM by using TISIDB and
MHC molecules,
immunostimulators, and IL1 pathway-related molecules were

cBioportal databases. immunoinhibitors,
assessed. Our results showed that the mRNA expression of
GPX8 was positively correlated with MHC molecules except
HLA-DOB, HLA-DQA2, and TAP2 7A).
Furthermore, GPX8 was positively correlated with almost all

for (Figure

immunoinhibitors, but negatively correlated with VTCNI,
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Upregulation of GPX8 was associated with the development of PMT. (A) The mRNA expression of GPX8 according to GBM subtypes in the
TCGA-GBM set (n = 150). (B) Expression of GPX8 in GSC samples of the GSE67089 dataset. Red plot specifies upregulated genes, blue plot
specifies downregulated genes. (C) GSEA plots showed that the mRNA expression of GPX8 was associated with the mesenchymal and
proneural signatures. (D) Correlation analysis of mMRNA expression of GPX8 and PMT-related gene markers in TCGA-GBM sets (n = 152).
The size of the square shows the p-value, and the color intensity of each square represents the correlation coefficient. *p < 0.05, **p < 0.01, and
***p < 0.001.

ADORAZ2A, and CD160 (Figure 7B). As shown in Figure 7C, we
also found that GPX8 had a positive relationship with most of the
immunostimulators. Notably, except for no relation with IL33,
IL18BP, IL36A, IL37, IRAK1, and RELA, the mRNA expression
of GPX8 was significantly positively correlated with almost all
and MYD88-IRAK-NF-kB axis
(Figure 7D). Based on the TCGA-GBM dataset, we further

IL1

families
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explored the expression of immune checkpoints, including
PDCD1, PDCDI1LG2, CD274, CTAL4, HAVCR2, and LAG3,
and found that PDCDILG2 (p < 0.0001), CD274 (p = 0.0011),
and CTLA4 (p = 0.011) were upregulated in GBM patients with a
higher expression of GPX8 (Figure 7E). Collectively, our findings
revealed that GPX8 plays a pivotal role in the immune infiltration
of the GBM tumor microenvironment.
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FIGURE 6

Correlation analysis of GPX8 mRNA expression with immune infiltration based on cBioPortal and TIMER2.0 databases. (A) Correlation between

GPX8 and immune cell markers based on the cBioPortal database. (B) Correlation between GPX8 mRNA expression and immune cells infiltration
accessing the TIMER2.0 database.
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Results of analysis between the expression of GPX8 and immune markers. Co-expression of GPX8 with (A) MHC molecules, (B)
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Discussion

GBM, a heterogeneous disease, is the most common
primary solid brain cancer (Brennan et al., 2013). GBM
cells invaded adjacent brain tissues, resulting in tumor
recurrence and therapy resistance, but metastasis rarely
occurred (Romo et al., 2019). In addition to its unique
cell the
contains a variety of nonneoplastic cell subgroups, which

tumor subgroups, GBM microenvironment
interact with other cells in complicated ways, forming an
ecological environment that affects the growth of GBM
(Chen and Hambardzumyan, 2018). Investigating the
molecular mechanism of the interaction between different
cell subgroups in GBM has significant implications for
therapy.

Among the molecular types of GBM, the proneural type
commonly exhibits the amplification of PDGFRA loci, and
the mesenchymal type is characterized by NF1 mutation
(Neftel et 2019). GBM

recurrence were correlated with the transition of cells to

al., therapy resistance and
mesenchymal phenotype (Li et al., 2017). This transition
seems to be achieved by molecular interactions between
different cell phenotypes. For example, malic enzyme 2
(ME2) inhibited OLIG2

upregulated mesenchymal markers to drive PMT (Yang

the proneural marker and
et al., 2021). Interestingly, a recent study showed that
ASCL1 the
phenotype of tumor cells by inhibiting the expression of
mesenchymal marker NDRG1 (Narayanan et al., 2019). The

transition was correlated with the plasticity of GBM cells.

proneural marker maintained proneural

GPX8 was described as similar to the known mesenchymal
markers (Shaul et al., 2016). Our data showed that GPX8 was
enriched in EMT-related progressions such as regulation of
cytoskeleton organization and cell adhesion molecule
binding (Yilmaz and Christofori, 2009; Wang et al., 2018).
Furthermore, we found that GPX8 expression was positively
correlated with mesenchymal markers and negatively
correlated with proneural markers (Figure 5D). These data
that GPX8
malignancy by driving PMT. The direct evidence showing
GPX8 was involved in PMT is still absent, but our study
The phenotypes
vulnerability has significant effects on the progression
of GBM.

Immunotherapy, the crucial part of clinical tumor therapy,

suggest overexpression promoted GBM

provides valuable clues. transition

has the potential to conquer GBM. The blood-brain barrier
(BBB) and cellular heterogeneity were the main obstacles to
immunotherapy for GBM (Jackson et al., 2019). BBB intercepts
hydrophilic molecules and reduces the immune response of
CNS (Bauer et al., 2014). The GBM microenvironment contains
some nonneoplastic cells from the immune system. These
nonneoplastic cells secreted cytokines that inhibited immune
responses and promoted the progression of GBM (Chen and
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Hambardzumyan, 2018). It has been reported that GPXS,
expressed in macrophages, may be involved in immune
(Hsu et 2020).
performed to explore the connections between GPX8 and

defense al., Correlation analysis was
immune markers. Our data demonstrated that GPX8 was
correlated with mRNA expression of immune markers of
CD8" T cells (CD8B), CD4" T cells (CD4), T cells (CD3D),
macrophages (CD68 and ARG1), neutrophils (ITGAM and
CCR7), dendritic cells (NRP1), NK cells (B3GAT1), and
(FAP). the

expression of GPX8 was associated with the infiltration of

tumor-associated  fibroblasts Meanwhile,
CD8" T cells, tumor-associated fibroblasts, plasma cells,
macrophages, myeloid dendritic cells, neutrophils, and CD4"
T cells in the GBM microenvironment, but not with NK cells.
Moreover, we also found that the expression of MHC
molecules, immunoinhibitors, and immunostimulators were
correlated with GPX8 in GBM (Figures 7A-C). These results
suggest that GPX8 may inhibit tumor immune response by
recruiting immune cell infiltration.

IL1 family members are key molecules mediating adaptive
and innate immunity, and they signal via the MyD88-IRAK-
NF«kB pathway (O’Neill, 2002). IL1 can recruit immune cell
the
(Mantovani et al, 2018), and targeting IL1 may benefit

infiltrates to reshape tumor microenvironment

some clinical cancer patients (Hong et al.,, 2014). Here, we
the
connections between GPX8 and ILI-related molecules. In

performed a correlation analysis to investigate
GBM samples, GPX8 was correlated with the expression of
IL1A, IL1B, IL1R1, IL18, IL18R1, IL36B, IL36G, IL36RN,
MYD88, IRAK2, IRAK3, IRAK4, NFKB1, NFKB2,
RELB, as shown in Figure 7D.

To our knowledge, this is the first study to explore the
biological function of GPX8 in GBM. GPX8 has received
extensive attention recently, especially in cancer research
(Zhang et al., 2020; Chen et al., 2020; Khatib et al., 2020),

but its function remains unclear. Our study shows that the

and

mRNA and protein expression of GPX8 were upregulated in
glioma. Notably, the expression of GPX8 in HGG was
significantly higher than that in LGG suggesting that
malignant progression of glioma was correlated with
GPX8 overexpression. In addition, GPX8 overexpression
was associated with poor prognosis in patients with
primary or recurrent gliomas, as shown in Supplementary
Figure S1. Finally, we demonstrated that GPX8 is a potential
target for immunotherapy and participates in GBM phenotype
transition.

Data availability statement
The original contributions presented in the study are

included in the article/Supplementary Material; further inquiries
can be directed to the corresponding authors.

frontiersin.org


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.898204

Li et al.

Author contributions

SL and XJ designed and completed the experiments. LZ and
YC applied for funding and revised the manuscript. MG and YZ
provided technical support. The first draft was composed by SL.
All authors of the list have read the final manuscript and
approved for publication.

Funding

This work was supported by Heilongjiang Provincial Nature
Science Foundation of China, LH2021H022.

Acknowledgments

We are very grateful to Daqing Oilfield General
Hospital for their kind
Meanwhile, we would like to thank the co-authors for
their efforts.

support to this work.

References

Barrett, T., Wilhite, S. E., Ledoux, P., Evangelista, C., Kim, I. F., Tomashevsky, M.,
etal. (2013). NCBI GEO: archive for functional genomics data sets—update. Nucleic
Acids Res. 41, D991-D995. doi:10.1093/nar/gks1193

Bauer, H. C,, Krizbai, I. A., Bauer, H., and Traweger, A. (2014). “You shall not
pass”—tight junctions of the blood brain barrier. Front. Neurosci. 8, 392. doi:10.
3389/fnins.2014.00392

Bray, F., Ferlay, J., Soerjomataram, L, Siegel, R. L., Torre, L. A,, Jemal, A, et al.
(2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. Ca. Cancer J. Clin. 68 (6),
394-424. doi:10.3322/caac.21492

Brennan, C. W., Verhaak, R. G., McKenna, A., Campos, B., Noushmehr, H., Salama,
S. R, et al. (2013). The somatic genomic landscape of glioblastoma. Cell 155 (2),
462-477. doi:10.1016/j.cell.2013.09.034

Brigelius-Flohé, R., and Maiorino, M. (2013). Glutathione peroxidases. Biochim.
Biophys. Acta 1830 (5), 3289-3303. doi:10.1016/j.bbagen.2012.11.020

Bosello-Travain, V., Miotto, G., Vu¢kovi¢, A. M., Cozza, G., Roveri, A., Toppo, S.,
et al. (2020). Lack of glutathione peroxidase-8 in the ER impacts on lipid
composition of HeLa cells microsomal membranes. Free Radic. Biol. Med. 147,
80-89. doi:10.1016/j.freeradbiomed.2019.12.010

Cerami, E., Gao, J., Dogrusoz, U., Gross, B. E., Sumer, S. O., Aksoy, B. A, et al.
(2012). The cBio cancer genomics portal: an open platform for exploring
multidimensional cancer genomics data. Cancer Discov. 2 (5), 401-404. doi:10.
1158/2159-8290.CD-12-0095

Chen, H., Xu, L, Shan, Z. L, Chen, S, and Hu, H. (2020). GPX8 is
transcriptionally regulated by FOXCI1 and promotes the growth of gastric
cancer cells through activating the Wnt signaling pathway. Cancer Cell Int. 20
(1), 596. doi:10.1186/512935-020-01692-z

Chen, Z., and Hambardzumyan, D. (2018). Immune microenvironment in
glioblastoma subtypes. Front. Immunol. 9, 1004. doi:10.3389/fimmu.2018.
01004

Fedele, M., Cerchia, L., Pegoraro, S., Sgarra, R., and Manfioletti, G. (2019).
Proneural-mesenchymal transition: phenotypic plasticity to acquire
multitherapy resistance in glioblastoma. Int. J. Mol. Sci. 20 (11), 2746. doi:10.
3390/ijms20112746

Guerriero, E., Capone, F., Accardo, M., Sorice, A., Costantini, M., Colonna, G.,
et al. (2015). GPX4 and GPX7 over-expression in human hepatocellular carcinoma
tissues. Eur. . Histochem. 59 (4), 2540. doi:10.4081/ejh.2015.2540

Frontiers in Genetics

10.3389/fgene.2022.898204

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors, and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fgene.
2022.898204/full#supplementary-material

Hong, D. S, Hui, D., Bruera, E., Janku, F., Naing, A., Falchook, G. S, et al. (2014).
MABpI, a first-in-class true human antibody targeting interleukin-1a in refractory
cancers: an open-label, phase 1 dose-escalation and expansion study. Lancet. Oncol.
15 (6), 656-666. doi:10.1016/S1470-2045(14)70155-X

Hsu, J. L., Chou, J. W., Chen, T. F., Hsu, J. T, Su, F. Y., Lan, J. L., et al. (2020).
Glutathione peroxidase 8 negatively regulates caspase-4/11 to protect against colitis.
EMBO Mol. Med. 12 (1), €9386. doi:10.15252/emmm.201809386

Huang, H., Zhang, W, Pan, Y., Gao, Y., Deng, L, Li, F, et al. (2017). YAP
suppresses lung squamous cell carcinoma progression via deregulation of the
DNp63-GPX2 axis and ROS accumulation. Cancer Res. 77 (21), 5769-5781.
doi:10.1158/0008-5472.CAN-17-0449

Jackson, C. M., Choi, J., and Lim, M. (2019). Mechanisms of immunotherapy
resistance: lessons from glioblastoma. Nat. Immunol. 20 (9), 1100-1109. doi:10.
1038/541590-019-0433-y

Khatib, A, Solaimuthu, B., Yosef, M. B., Rmaileh, A. A., Tanna, M., Oren, G, et al.
(2020). The glutathione peroxidase 8 (GPX8)/IL-6/STAT3 axis is essential in
maintaining an aggressive breast cancer phenotype. Proc. Natl. Acad. Sci. U. S.
A. 117 (35), 21420-21431. doi:10.1073/pnas.2010275117

Klughammer, J., Kiesel, B., Roetzer, T., Fortelny, N., Nemc, A., Nenning, K. H,,
et al. (2018). The DNA methylation landscape of glioblastoma disease progression
shows extensive heterogeneity in time and space. Nat. Med. 24 (10), 1611-1624.
doi:10.1038/541591-018-0156-x

Li, T., Fan, ], Wang, B., Traugh, N, Chen, Q,, Liu, J. S., et al. (2017). Timer: a web

server for comprehensive analysis of tumor-infiltrating immune cells. Cancer Res.
77 (21), €108-€110. doi:10.1158/0008-5472.CAN-17-0307

Li, X., Wu, C., Chen, N., Gu, H., Yen, A., Cao, L., et al. (2016). PI3K/Akt/mTOR
signaling pathway and targeted therapy for glioblastoma. Oncotarget 7 (22),
33440-33450. doi:10.18632/oncotarget.7961

Louis, D. N, Perry, A., Reifenberger, G., Von Deimling, A., Figarella-Branger, D.,
Cavenee, W. K., et al. (2016). The 2016 World Health organization classification of

tumors of the central nervous system: a summary. Acta Neuropathol. 131 (6),
803-820. doi:10.1007/s00401-016-1545-1

Mantovani, A., Barajon, I, and Garlanda, C. (2018). IL-1 and IL-1 regulatory
pathways in cancer progression and therapy. Immunol. Rev. 281 (1), 57-61. doi:10.
1111/imr.12614

McNamara, M. G,, Lwin, Z,, Jiang, H., Chung, C,, Millar, B. A,, Sahgal, A, et al.
(2014). Conditional probability of survival and post-progression survival in patients

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fgene.2022.898204/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2022.898204/full#supplementary-material
https://doi.org/10.1093/nar/gks1193
https://doi.org/10.3389/fnins.2014.00392
https://doi.org/10.3389/fnins.2014.00392
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.cell.2013.09.034
https://doi.org/10.1016/j.bbagen.2012.11.020
https://doi.org/10.1016/j.freeradbiomed.2019.12.010
https://doi.org/10.1158/2159-8290.CD-12-0095
https://doi.org/10.1158/2159-8290.CD-12-0095
https://doi.org/10.1186/s12935-020-01692-z
https://doi.org/10.3389/fimmu.2018.01004
https://doi.org/10.3389/fimmu.2018.01004
https://doi.org/10.3390/ijms20112746
https://doi.org/10.3390/ijms20112746
https://doi.org/10.4081/ejh.2015.2540
https://doi.org/10.1016/S1470-2045(14)70155-X
https://doi.org/10.15252/emmm.201809386
https://doi.org/10.1158/0008-5472.CAN-17-0449
https://doi.org/10.1038/s41590-019-0433-y
https://doi.org/10.1038/s41590-019-0433-y
https://doi.org/10.1073/pnas.2010275117
https://doi.org/10.1038/s41591-018-0156-x
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://doi.org/10.18632/oncotarget.7961
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1111/imr.12614
https://doi.org/10.1111/imr.12614
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.898204

Li et al.

with glioblastoma in the temozolomide treatment era. J. Neurooncol. 117 (1),
153-160. doi:10.1007/s11060-014-1368-7

Mihalik, J., Krehelova, A., Kovaiikovd, V., Solér, P., Domordkovd, I., Pavliuk-
Karachevtseva, A., et al. (2020). GPx8 expression in rat oocytes, embryos, and
female genital organs during preimplantation period of pregnancy. Int. J. Mol. Sci.
21 (17), 6313. doi:10.3390/ijms21176313

Milonski, J., Zielinska-Blizniewska, H., Olszewski, J., Majsterek, L., and Mrowicka,
M. (2015). DNA damage and oxidant-antioxidant status in blood of patients with
head and neck cancer. DNA Cell Biol. 34 (3), 213-219. doi:10.1089/dna.2014.2706

Molinaro, A. M., Taylor, J. W., Wiencke, J. K., and Wrensch, M. R. (2019).
Genetic and molecular epidemiology of adult diffuse glioma. Nat. Rev. Neurol. 15
(7), 405-417. doi:10.1038/s41582-019-0220-2

Mrowicka, M., Zielinska-Blizniewska, H., Pietkiewicz, P., Olszewski, J., and
Majsterek, I. (2015). Evaluation of selected indicators of antioxidant status in
patients with head and neck cancer. Otolaryngol. Pol. 69 (5), 44-50. doi:10.5604/
00306657.1163579

Narayanan, A., Gagliardi, F., Gallotti, A. L., Mazzoleni, S., Cominelli, M.,
Fagnocchi, L., et al. (2019). The proneural gene ASCL1 governs the
transcriptional subgroup affiliation in glioblastoma stem cells by directly
repressing the mesenchymal gene NDRGI. Cell Death Differ. 26 (9), 1813-1831.
doi:10.1038/s41418-018-0248-7

Neftel, C,, Laffy, J., Filbin, M. G., Hara, T., Shore, M. E., Rahme, G. ., et al. (2019).
An integrative model of cellular states, plasticity, and genetics for glioblastoma. Cell
178 (4), 835-849. doi:10.1016/j.cell.2019.06.024

O’Neill, L. A. J. (2002). Signal transduction pathways activated by the IL-1
receptor/toll-like receptor superfamily. Curr. Top. Microbiol. Immunol. 270, 47-61.

Peng, D. F., Hu, T. L., Soutto, M., Belkhiri, A., and El-Rifai, W. (2014). Loss
of glutathione peroxidase 7 promotes TNF-a-induced NF-kB activation in
Barrett’s carcinogenesis. Carcinogenesis 35 (7), 1620-1628. doi:10.1093/
carcin/bgu083

Romo, C. G., Palsgrove, D. N,, Sivakumar, A., Elledge, C. R., Kleinberg, L. R.,
Chaichana, K. L, et al. (2019). Widely metastatic IDH1-mutant glioblastoma with
oligodendroglial features and atypical molecular findings: a case report and review
of current challenges in molecular diagnostics. Diagn. Pathol. 14 (1), 16. doi:10.
1186/513000-019-0793-5

Ru, B, Wong, C. N, Tong, Y., Zhong, J. Y., Zhong, S. S. W., Wu, W. C,, et al.
(2019). Tisidb: an integrated repository portal for tumor-immune system
interactions. Bioinformatics 35 (20), 4200-4202. doi:10.1093/bioinformatics/btz210

Segerman, A., Niklasson, M., Haglund, C., Bergstrém, T., Jarvius, M., Xie, Y., et al.
(2016). Clonal variation in drug and radiation response among glioma-initiating
cells is linked to proneural-mesenchymal transition. Cell Rep. 17 (11), 2994-3009.
doi:10.1016/j.celrep.2016.11.056

Shaul, Y. D., Yuan, B., Thiru, P., Nutter-Upham, A., McCallum, S,
Lanzkron, C., et al. (2016). Merav: a tool for comparing gene expression
across human tissues and cell types. Nucleic Acids Res. 44 (D1), D560-D566.
do0i:10.1093/nar/gkv1337

Frontiers in Genetics

15

10.3389/fgene.2022.898204

Stupp, R., Mason, W. P., Van Den Bent, M. J., Weller, M., Fisher, B., Taphoorn, M.
J., et al. (2005). Radiotherapy plus concomitant and adjuvant temozolomide for
glioblastoma. N. Engl. J. Med. 352 (10), 987-996. doi:10.1056/NEJMo0a043330

Subramanian, A., Tamayo, P., Mootha, V. K., Mukherjee, S., Ebert, B. L., Gillette,
M. A, et al. (2005). Gene set enrichment analysis: a knowledge-based approach for
interpreting genome-wide expression profiles. Proc. Natl. Acad. Sci. U. S. A. 102
(43), 15545-15550. doi:10.1073/pnas.0506580102

Tang, Z., Li, C,, Kang, B., Gao, G,, Li, C., Zhang, Z., et al. (2017). Gepia: a web
server for cancer and normal gene expression profiling and interactive analyses.
Nucleic Acids Res. 45 (W1), W98-W102. doi:10.1093/nar/gkx247

Tosatto, S. C., Bosello, V., Fogolari, F., Mauri, P., Roveri, A., Toppo, S., et al.
(2008). The catalytic site of glutathione peroxidases. Antioxid. Redox Signal. 10 (9),
1515-1526. doi:10.1089/ars.2008.2055

Wang, L., Babikir, H., Miiller, S., Yagnik, G., Shamardani, K., Catalan, F., et al.
(2019). The phenotypes of proliferating glioblastoma cells reside on a single axis of
variation. Cancer Discov. 9 (12), 1708-1719. doi:10.1158/2159-8290.CD-19-0329

Wang, M. H,, Sun, R,, Zhou, X. M., Zhang, M. Y., Lu, J. B, Yang, Y., et al. (2018).
Epithelial cell adhesion molecule overexpression regulates epithelial-mesenchymal
transition, stemness and metastasis of nasopharyngeal carcinoma cells via the
PTEN/AKT/mTOR pathway. Cell Death Dis. 9 (1), 2. doi:10.1038/541419-017-
0013-8

Weinstein, J. N., Collisson, E. A., Mills, G. B., Shaw, K. R., Ozenberger, B. A.,
Ellrott, K., et al. (2013). The cancer genome atlas pan-cancer analysis project. Nat.
Genet. 45 (10), 1113-1120. doi:10.1038/ng.2764

Westphal, M., Maire, C. L., and Lamszus, K. (2017). EGFR as a target for
glioblastoma treatment: an unfulfilled promise. CNS Drugs 31 (9), 723-735.
doi:10.1007/s40263-017-0456-6

Wu, Y., Fletcher, M, Gu, Z,, Wang, Q., Costa, B., Bertoni, A, et al. (2020). Glioblastoma
epigenome profiling identifies SOX10 as a master regulator of molecular tumour subtype.
Nat. Commun. 11 (1), 6434. doi:10.1038/s41467-020-20225-w

Yang, M., Chen, X, Zhang, J., Xiong, E., Wang, Q., Fang, W, et al. (2021).
ME2 promotes proneural-mesenchymal transition and lipogenesis in glioblastoma.
Front. Oncol. 11, 715593. doi:10.3389/fonc.2021.715593

Yilmaz, M., and Christofori, G. (2009). EMT, the cytoskeleton, and cancer cell
invasion. Cancer Metastasis Rev. 28 (1), 15-33. d0i:10.1007/s10555-008-9169-0

Zhang, J., Liu, Y., Guo, Y., and Zhao, Q. (2020). GPX8 promotes migration and
invasion by regulating epithelial characteristics in non-small cell lung cancer.
Thorac. Cancer 11 (11), 3299-3308. doi:10.1111/1759-7714.13671

Zhao, Z., Zhang, K. N., Wang, Q,, Li, G., Zeng, F., Zhang, Y., et al. (2021). Chinese
glioma genome atlas (CGGA): a comprehensive resource with functional genomic
data from Chinese glioma patients. Genomics, Proteomics Bioinforma. 19 (1), 1-12.
doi:10.1016/j.gpb.2020.10.005

Zhou, Y., Zhou, B., Pache, L., Chang, M., Khodabakhshi, A. H., Tanaseichuk, O.,
et al. (2019). Metascape provides a biologist-oriented resource for the analysis of
systems-level datasets. Nat. Commun. 10 (1), 1523. doi:10.1038/s41467-019-
09234-6

frontiersin.org


https://doi.org/10.1007/s11060-014-1368-7
https://doi.org/10.3390/ijms21176313
https://doi.org/10.1089/dna.2014.2706
https://doi.org/10.1038/s41582-019-0220-2
https://doi.org/10.5604/00306657.1163579
https://doi.org/10.5604/00306657.1163579
https://doi.org/10.1038/s41418-018-0248-7
https://doi.org/10.1016/j.cell.2019.06.024
https://doi.org/10.1093/carcin/bgu083
https://doi.org/10.1093/carcin/bgu083
https://doi.org/10.1186/s13000-019-0793-5
https://doi.org/10.1186/s13000-019-0793-5
https://doi.org/10.1093/bioinformatics/btz210
https://doi.org/10.1016/j.celrep.2016.11.056
https://doi.org/10.1093/nar/gkv1337
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1093/nar/gkx247
https://doi.org/10.1089/ars.2008.2055
https://doi.org/10.1158/2159-8290.CD-19-0329
https://doi.org/10.1038/s41419-017-0013-8
https://doi.org/10.1038/s41419-017-0013-8
https://doi.org/10.1038/ng.2764
https://doi.org/10.1007/s40263-017-0456-6
https://doi.org/10.1038/s41467-020-20225-w
https://doi.org/10.3389/fonc.2021.715593
https://doi.org/10.1007/s10555-008-9169-0
https://doi.org/10.1111/1759-7714.13671
https://doi.org/10.1016/j.gpb.2020.10.005
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1038/s41467-019-09234-6
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.898204

	The overexpression of GPX8 is correlated with poor prognosis in GBM patients
	Introduction
	Materials and methods
	Glioma and normal tissue samples
	Immunohistochemistry
	Cell culture
	Western blotting
	Immune infiltration analysis
	GEPIA database analysis
	TCGA database
	The Gene Expression Omnibus
	The Chinese Glioma Genome Atlas
	The cBioPortal for Cancer Genomics
	Enrichment analysis
	Statistical analysis

	Results
	Differential expression of GPX8 in cancers
	GPX8 was highly expressed in human GBM
	The upregulation of GPX8 correlated with poor prognosis in gliomas
	GPX8 correlated with the PMT process of GBM
	Correlation of GPX8 with immune infiltration in GBM

	Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


