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Background: Glutathione peroxidase-1 (GPX1) is generally expressed in tissues with high oxygen tension 
such as the kidneys and lungs, and its main function is to degrade reactive oxygen species (ROS) and protect 
cells from oxidative stress. Studies have shown that GPX1 is upregulated in many tumor tissues and is 
closely related to tumor progression and metastasis. This study aimed to explore the possibility of GPX1 as 
a biomarker for kidney chromophobe cell carcinoma (KICH), kidney renal papillary cell carcinoma (KIRP), 
and kidney renal clear cell carcinoma (KIRC).
Methods: The Oncomine and GEPIA databases were used to analyze the GPX1 expression differences 
between tumor and normal tissues, and the UALCAN, GEPIA and DriverDBv3 databases were used to 
perform the survival analyses. The GeneMANIA interactive tool was then used to find the GPX1-related 
protein-protein interaction (PPI). Following this, the LinkedOmics database was used for the enrichment 
analysis of GPX1, and the Timer database was used to estimate the abundance of immune infiltration. 
Finally, quantitative polymerase chain reaction (qPCR) was performed on patient specimens collected in the 
clinic to confirm the database findings.
Results: In our study, we found that the expression of GPX1 in three types of renal cell carcinoma (RCC) 
were upregulated, and the high expression of GXP1 was related to the poor prognosis of patients with KICH 
and KIRC. On the contrary, KIRP patients with a high expression of GPX1 had a better prognosis. In 
addition, GPX1 was related to the abundance of immune cell infiltration. The results of the qPCR analysis 
confirmed that the expression of GPX1 in RCC was increased compared with the control group (P<0.05).
Conclusions: Our results indicate that the expression of GPX1 is related to the prognosis of three types of 
RCC. As such, GPX1 expression could be a reliable diagnostic and prognostic biomarker for RCC and, more 
importantly, may provide a new direction for therapeutic strategies.
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Introduction

Renal cell carcinoma (RCC) is a malignant tumor 
originating from the epithelial system of the renal 
parenchyma. Globally, the incidence of RCC varies greatly 
between countries and regions, with the highest rates in 
North America (11.7 per 100,000) and Western Europe 
(9.8 per 100,000) (1). RCC has a variety of pathological 
types, which differ in histology and genetics. Three of the 
most common types of RCC are kidney chromophobe cell 
carcinoma (KICH), kidney renal papillary cell carcinoma 
(KIRP) and kidney renal clear cell carcinoma (KIRC) (2,3). 
The diagnosis and management of RCC have improved 
significantly in the past decade and many small kidney 
tumors have been accidentally detected during screening. 
However, up to 17% of patients already have distant 
metastases at diagnosis (4). At present, surgery is still the 
main treatment for renal clear cell carcinoma (5). For 
advanced kidney cancer that cannot be surgically removed, 
molecularly targeted therapy can extend the patient’s life, 
but is only effective in 20–40% of cases (6). Therefore, 
there is an urgent need to explore the pathogenesis of RCC 
in order to identify potential biomarkers for the diagnosis, 
treatment and prognosis of the disease.

Glutathione peroxidase-1 (GPX1) is located on 
chromosome 3p21, and the expression product mainly exists 
in tissues with high oxygen tension such as the lungs, liver, 
and kidneys (7). It is one of the most important antioxidant 
enzymes in the human body and plays an important role in 
the degradation of reactive oxygen species (ROS), which 
can protect normal cells from oxidative stress (8,9). Studies 
have also found that tumor cells can produce excess ROS 
through multiple pathways, which could be associated with 
the origin, development and metastasis of tumors (10,11). 
Compared with normal tissues, GPX1 is upregulated in 
some specific cancer tissues. There are also significant 
differences in the expression of GPX1 between different 
tumors. For instance, the GPX1 expression is remarkably 
higher in cervical cancer, gastric cancer, and renal cancer 
than in lung cancer or lymphoma (12). Patients with 
hepatocellular carcinoma with a high expression of GPX1 
have a higher risk of vascular invasion and a lower survival 
rate (13). Similarly, previous studies have found that the 
expression of GPX1promotes tumor proliferation and 
invasion and is increased in head and neck tumors (14). 

In summary, the expression level of GPX1 has great 
potential in tumor diagnosis and prognosis evaluation. This 
study analyzed the practical information obtained by the 

correlation between GPX1 expression and the prognosis 
of KICH, KIRP and KIRC through different databases. 
We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1398).

Methods

Gene expression data

Data concerning mRNA expressions of GPX1 between 
tumors and adjacent normal tissues were obtained from 
the Oncomine database (https://www.oncomine.org) and 
the gene expression profiling interactive analysis database 
(GEPIA: http://gepia.cancer-pku.cn/). Oncomine is a cancer 
microarray database and web-based data mining platform 
containing 715 gene expression datasets from 86,733 
clinical cancer specimens and normal control samples (15). 
This study used a P value of 0.01 with a fold change of 
1.5 to screen and display the comparative results of GPX1 
expression in cancer specimens and normal control samples.

GEPIA is an interactive web server that can be customized 
to analyze the RNA sequencing data of 9,736 tumors and 
8,587 normal samples from The Cancer Genome Atlas 
(TCGA) and the Genotype-Tissue Expression (GTEx) 
projects (16). GEPIA was used to find the expression levels 
of GPX1 in 33 tumor types of TCGA with a final focus on 
three RCC subtypes for survival analysis. 

Survival analysis

The University of Alabama Cancer database (UALCAN) 
(http://ualcan.path.uab.edu/) is an interactive web portal 
containing RNA sequences and clinical data from 33 
types of cancers that analyzes the relative expression of 
genes in tumor and normal samples from the TCGA 
database and assesses the impact of gene expression levels 
and clinicopathological features on patient survival (17). 
UALCAN was used to analyze the survival and prognosis of 
RCC patients. Differences in GPX1 expression by gender, 
age, race, tumor stage, tumor grade, nodal metastasis, and 
TP53 mutation status were also analyzed. It should be 
noted that the subgroup analysis of each type of RCC was 
not identical due to sequencing-related issues or incomplete 
information on the available subgroups of tumors in the 
database.

DriverDBv3 (driverdb.tms.cmu.edu.tw/) is a database of 
cancer driver genes, which uses published bioinformatics 

http://dx.doi.org/10.21037/tau-20-1398
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algorithms to identify driver genes and mutations and 
interprets the complex information of cancer omics through 
concise data visualization (18). We used DriverDBv3 
to corroborate the prognostic potential of GPX1 gene 
expression levels in different human cancers. 

Function and pathway enrichment analysis of different 
types of RCC

The LinkedOmics (http://www.linkedomics.org/login.
php) web tool was used to analyze the multi-omics data of 
the three RCCs in TCGA database. TCGA is a publicly 
available portal which provides multi-omics data for all 33 
types of cancer as well as proteomics data based on mass 
spectrometry by the clinical proteomics tumor analysis 
association (CPTAC) (19). The biological processes (BP), 
cellular components (CC), molecular functions (MF), and 
the Kyoto Encyclopedia of Genes and Genome (KEGG) 
pathway of GPX1 were analyzed.

GeneMANIA is an online analytical tool for building 
protein-protein interaction (PPI) networks and predicting 
gene function based on existing genomic and proteomic 
data (20). Its uniqueness in a gene recommendation system 
is that it can infer the most informative interaction networks 
based on a list of queries (21). Using this tool we created a 
visual PPI network of GPX1.

RCC tissue specimen and control specimen

The renal specimens of three patients admitted to the First 
Affiliated Hospital of Guangxi Medical University in 2020 
were collected. Two patients underwent nephrectomy for 
RCC, while the third patient had renal atrophy due to 
chronic stone obstruction and underwent nonfunctional 
nephrectomy. This third patient served as the control. 
For each patient’s specimen, a portion of the tissue 
was fixed with formalin and embedded in paraffin for 
immunohistochemical analysis to clarify the pathological 
type of the tumor, and the other remaining portion was 
fixed with RNA preservative and subjected to quantitative 
polymerase chain reaction (qPCR) testing. None of 
the patients had undergone anti-tumor therapy such as 
chemotherapy, radiation therapy, or molecular targeted 
therapy prior to surgery. We obtained signed informed 
consent from all patients. This research was approved by 
the Ethics Committee of the First Affiliated Hospital of 
Guangxi Medical University. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 

in 2013).All procedures performed in this study involving 
human participants were in accordance with the Declaration 
of Helsinki (as revised in 2013).

Quantitative real-time polymerase chain reaction  
(qRT-PCR) analysis

The tissues of the two RCC tumors and the atrophic kidney 
were saved using RNAlater (Thermo Fisher Scientific, 
Waltham, MA, USA) after surgical resection. Total RNA 
was extracted using a Trizol reagent (Thermo Fisher 
Scientific, Waltham, MA, USA), and 2 μg of RNA was 
converted into cDNA using the RevertAid First Strand 
cDNA Synthesis Kit (Thermo Fisher Scientific, Waltham, 
MA, USA). Quantitative PCR was accomplished using the 
FastStart Universal SYBR Green Master (Rox) (Roche, 
Basal, Switzerland) in the ABI PRISM® 7300 real-time 
PCR system (Applied Biosystems, Foster City, CA, USA), 
and glyceraldehyde 3-phosphate dehydrogenase (GADPH) 
was used as an endogenous control. Finally, melting curves 
were used to monitor nonspecific amplifications, and the 
relative expression level was computed using the 2-ΔΔCt 
method. The primer sequences of GPX1 were as follows: 
5'-TATCGAGAATGTGGCGTCCC-3' (forward) and 
5'-TCTTGGCGTTCTCCTGAATGC-3' (reverse).

Immune infiltration level analysis of GPX1 

In order to evaluate the correlat ion between the 
subpopulations of infiltrating immune cells and the GPX1 
expression in the RCC samples, analysis was conducted 
with the tumor immune estimation resource (TIMER: 
https://cistrome.shinyapps.io/timer/), which is a web-based 
tool that uses RNA-Seq expression profiling data to detect 
the infiltration of immune cells in tumor tissues (22). The 
database provides the infiltration of 6 types of immune 
cells (B cells, CD4+ T cells, CD8+ T cells, neutrophils, 
macrophages, and dendritic cells) and evaluates the 
correlation between GPX1 expression and the immune cell 
abundance score with the Spearman correlation coefficient.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 (IBM 
Corporation, Armonk, NY, USA) and GraphPad Prism 8 
(GraphPad Software, La Jolla, CA, USA). Student's t test 
was used to analyze the expression levels of GPX1 mRNA 
in the three patient samples of kidney cancer tissue and 

http://www.linkedomics.org/login.php
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atrophic kidney tissue. The Kaplan-Meier curve was used 
to analyze the relationship between GPX1 expression level 
and overall survival (OS) of RCC. A P value <0.05 was 
considered to be statistically significant.

Results

The expression level of GPX1 in different types of RCC

According to the Oncomine database analysis, the 
expression of GPX1 in RCC and adjacent normal tissues 
was different. The database included a total of 456 
unique analyses including 38 high expressions and five 
low expressions on GPX1. The results indicated that the 
expression of GPX1 in kidney cancer was higher than that 

in normal tissues (Figure 1A).
Further analysis of the expression of GPX1 in three types 

of RCC derived from TCGA and GTEx databases was 
conducted with the GEPIA program. The results suggested 
that the expression of GPX1 in KICH, KIRP, and KIRC 
were higher than that in adjacent normal tissue samples 
(Figure 1B). 

The clinical prognostic value of GPX1 in different types  
of RCC 

In order to explore the correlation between the expression 
level of GPX1 and prognosis in RCC, the GEPIA, 
UALCAN, and DriverDBv3 databases were used to perform 

Figure 1 Differences in the expression of GPX1 in 33 types of cancer in TCGA. (A) The comparison of GPX1 expression in different 
tumor tissues and normal tissues based on the Oncomine database. (B) In the analysis based on the GEPIA database, the difference in GPX1 
expression levels between different types of tumor tissues and corresponding normal tissues. GPX1, glutathione peroxidase-1. 

A B
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the survival analysis based on the RNA sequencing data in 
TCGA. The results in the GEPIA database demonstrated 
that a high GPX1 expression was associated with a better 
overall survival (OS) prognosis in KIRP (P=0.023, HR =0.48) 
and a poorer OS in KICH (P=0.022, HR =7.9) (Figure 2).  
The DriverDBv3 database was used to further identify the 
potential value of GPX1 in assessing the prognosis of RCC 
(Figure 3). In KIRP, a high GPX1 expression was associated 

with a better OS (P=0.0229, HR =0.461), which was 
consistent with the results obtained in the GEPIA database. 
Conversely, the high expression of GPX1 in KIRC was 
associated with a poorer prognosis (P=0.0158, HR =1.7).

Lastly, the UALCAN database was also used for survival 
analysis (Figure 4). The results indicated that a high 
expression of GPX1 was associated with a poorer prognosis 
in KICH (P=0.012), which was consistent with the results 

Figure 2 The survival analysis of high and low expression of GPX1 among the different types of RCC via the GEPIA database. (A) The 
survival analysis of KICH (n=64); the relationship between the expression level of GPX1 and the OS of KICH. Low expression of GPX1 
was associated with better prognosis (P=0.022, HR =7.9). (B) The survival analysis of KIRP (n=282); high expression of GPX1 was associated 
with longer OS in KIRP (P=0.023, HR =0.48). OS, overall survival; GPX1, glutathione peroxidase-1; KICH, kidney chromophobe; KIRP, 
kidney renal papillary cell carcinoma.

Figure 3 Data analysis of the DriverDBv3 database indicating the role of GPX1 in predicting the prognosis of RCC. (A)The survival 
analysis of KIRC (n=528); KIRC patients with low expression of GPX1 had longer OS than patients with high expression of GPX1 (P=0.0158, 
HR =1.7). (B) The survival analysis of KIRP (n=285) obtained consistent results with the GEPIA database (P=0.0229, HR =0.461). GPX1, 
glutathione peroxidase-1; KIRP, kidney renal papillary cell carcinoma; KIRC, kidney renal clear cell carcinoma.

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

P=0.0158
HR=1.7

P=0.0229
HR=0.461

High (n=264)

Low (n=264)

High (n=142)

Low (n=143)

0  10  20  30  40  50  60 0  10  20  30  40  50  60
Months Months

A B

A BOverall survival

Low GPX1 TPM
High GPX1 TPM

Logrank P=0.022
 HR(high) =7.9
P(HR) =0.053

n(high) =32
n(low) =32

Low GPX1 TPM
High GPX1 TPM

Logrank P=0.023
 HR(high) =0.48

P(HR) =0.026
n(high) =141
n(low) =141

Months Months

0  50    100 150 0  50   100    150 200

Overall survival

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

P
er

ce
nt

 s
ur

vi
va

l

P
er

ce
nt

 s
ur

vi
va

l



2742 Chen et al. The potential of GPX1 as a prognostic marker of renal cell carcinoma

  Transl Androl Urol 2020;9(6):2737-2750 | http://dx.doi.org/10.21037/tau-20-1398© Translational Andrology and Urology. All rights reserved.

in GEPIA. In KIRC patients, a high expression of GPX1 
was associated with a poorer prognosis (P=0.036), which 
was also in agreement with the results obtained in the 
driverDBV3 database.

Taken together, these results suggest that GPX1 has 
potential value in predicting the prognosis of RCC.

Expression of GPX1 in different subgroups of RCC 

The subgroup analysis of RCC using three different 
pathological types to explore the relationship between 
GPX1 expression and different clinical characteristics was 
performed with the UALCAN database. The expression 
of GPX1 was grouped according to gender, age, race, 
clinical stage, and lymph node metastasis. In addition, 
TP53 mutation groups and tumor grade groups were 
established for KICH and KIRC, respectively (Figure 5). 
Results indicated that the expression level of GPX1 varied 
according to the patients’ clinical characteristics, which also 
demonstrates the potential of GPX1 to act as a biomarker 
for RCC patients.

Analysis of the PPI network of GPX1

The results showed that the related genes interacting 
with the protein encoded by GPX1 were mainly involved 
in peroxidase activity, glutathione peroxidase activity, 
oxidoreductase activity, and antioxidant activity (Figure 6). 

Functional enrichment of GPX1 in different types of RCC

The enrichment of functions in three different types of 
RCC were conducted by LinkedOmics, and showed similar 
results (Figure 7). In KICH, GPX1 was mainly enriched 
in the biological process of protein localization in the 
endoplasmic reticulum, and participated in the composition 
of the respiratory chain, the activity of oxidoreductase, 
and the glycosphingolipid metabolic pathway. In KIRC, 
GPX1 was mainly enriched in the translational elongation 
phase, the mitochondrial protein complex, the structural 
constituent of ribosome, and the hippo signaling pathway. 
In KIRP, the functional enrichment of GPX1 was similar to 
that in KIRC, and was mainly enriched in the mitochondrial 
respiratory chain complex assembly, the composition of the 
respiratory chain, and the ribosomal pathway. 

Analysis of the relationship between RCC and the 
abundance of immune infiltration based on the Timer 
database

TIMER was used to analyze the relationship between the 
expression of GPX1 and the abundance of various RCC 
immune infiltrations (Figure 8). The results showed that 
in KICH, the expression level of GPX1 was negatively 
correlated with the infiltration abundance of CD8+ T 
cells (r=−0.382, P=1.70e-03) and neutrophil (r=−0.27, 
P=2.97e-02). In KIRC, there was a positive correlation 
between the expression level of GPX1 and the infiltration 

Figure 4 The survival analysis of high and low expression of GPX1 in different types of RCC based on the UALCAN database analysis. (A) 
The survival analysis of renal chromophobe cell carcinoma (n=55); low GPX1 expression was associated with better OS in KICH patients 
(P=0.012). (B) The survival analysis of renal clear cell carcinoma (n=531); KIRC patients with low GPX1 expression had a better prognosis 
(P=0.0036). GPX1, glutathione peroxidase-1; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma.
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Figure 5 Boxplots of GPX1 expression in subgroups of three types of RCC. (A) The differences in GPX1 expression by gender, age, race, 
tumor stage, nodal metastasis, and TP53 mutation in KICH. (B) The differences in GPX1 expression by gender, age, race, tumor stage, 
nodal metastasis and tumor grade in KIRC. (C) The differences in GPX1 expression by gender, age, race, tumor stage, and nodal metastasis 
in KIRP. (*P<0.05, **P<0.01). GPX1, glutathione peroxidase-1; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; 
KIRP, kidney renal papillary cell carcinoma.
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abundance of B cells (r=0.099, P=3.45e-02), macrophages 
(r=0.175, P=1.94e-04), and dendritic cells (r=0.187, 
P=6.14e-05). In KIRP, there was a positive correlation 
between the expression level of GPX1 and the abundance 
of CD8+ T cells (r=0.163, P=8.66e−03), CD4+ T cells 
(r=0.368, P=1.13e−09), macrophages (r=0.325, P=1.50e−07), 
neutrophils (r=0.13, P=3.76e−02), and dendritic cells 
(r=0.286, P=3.28e−06). 

Verification of the expression difference of GPX1 in RCC 
and normal tissues

A total of two patients with KICH and one patient with 
renal atrophy were included as the experimental group and 
the control group, respectively. The patient characteristics 
are shown in Table 1. The qPCR results showed that the 
expression of GPX1 in the tumor tissues of the two RCC 
patients was higher than that of the control group, and the 
difference was statistically significant (P<0.05) (Figure 9).

Discussion

RCC is the most common upper urinary tract malignant 
tumor in the urinary system, accounting for 2% of adult 
malignant tumors. In China, the incidence of RCC ranks 
second among urinary system tumors. Likewise, 73,820 
RCCs were diagnosed in the United States in 2019, and 
approximately 15,000 deaths from RCC were recorded (23).  
With the continuing improvement in diagnosis and 
treatment, the 5-year survival rate of RCC has reached 74%, 
and only 12% of patients have advanced metastases (24).  
Early monitoring is the key to improving patient survival 
and prognosis. However, most types of RCC are not 
responsive to radiotherapy or chemotherapy. Apart from 
surgery, it is difficult to achieve good therapeutic outcomes 
with existing treatment modalities. Therefore, the search 
for sensitive biomarkers and specific therapeutic targets 
to provide personalized treatment options has important 
clinical significance for improving the RCC survival rate.

The protein encoded by GPX1 belongs to the 

Figure 6 The protein-protein interaction network of GPX1 established by GeneMANIA. The different colors show the networks between 
GPX1 and other proteins, and the functions of these proteins were also predicted. GPX1, glutathione peroxidase-1.
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glutathione peroxidase family and is generally distributed 
in the mitochondria and cytoplasm of cells (25). A number 
of researchers have shown that GPX1 has opposite effects 
in different tumors, and previous studies have reported 
that overexpression of GPX1 can inhibit the growth of 
pancreatic cancer cell lines (26). It has also been confirmed 
that GPX1 can reduce oxidative DNA mutations, and 
prevent the malignant change in tissues in the initial stage 
of the disease (27). Inversely, some studies have suggested 
that a high expression of GPX1 can lead to proliferation 
and invasion of cancer cells and induce cisplatin resistance 
in esophageal squamous cell carcinoma (28). 

This study also found a similar conclusion through 
data mining. When GPX1 was highly expressed in KIRC 
and KICH, the OS of patients was worse than that in low 
expression cases, whereas in KIRP, the high expression 
of GPX1 heralded a better OS, and this conclusion 
was mutually confirmed across different databases. We 

also identified a relationship between the expression of 
GPX1 and the clinical characteristics of RCC patients. 
Unexpectedly, we found that the expression of GPX1 in 
stage 4 KICH was significantly higher than that in stages 1 
and 2 (P<0.05). Similar results were also shown in KIRC. 
The expression of GPX1 in KIRC patients with stage N1 
was also higher than that of patients with stage N0 (P<0.05), 
and the expression in patients with tumor grade 4 was 
higher than that of other grades. These results undoubtedly 
confirm that GPX1 can be used as a prognostic biomarker 
as well as a diagnostic biomarker for RCC. Interestingly, 
KIRP showed the opposite result. The expression of GPX1 
in KIRP patients with stage N1 was lower than that of 
patients with stage N0 (P<0.05), and the expression of 
patients with tumor grade 3 was lower than that of patients 
with grades 1 and 2 (P<0.05). This was in accordance with 
the survival analysis finding that KIRP with a high GPX1 
expression had a better prognosis. We speculated that 
GPX1 may play a role in inhibiting tumor progression  
in KIRP.

In recent years, the relationship between immune 
response and tumor prognosis has received increasing 
research attention (29,30). In this study, TIMER was used 
to analyze the correlation between GPX1 and 6 immune-
infiltrating cells in RCC. We observed that the expression 
of GPX1 and CD8+T cells showed a moderately negative 
correlation in KICH, but a positive correlation in KIRP, 
which was consistent with the results found in other  
studies (31). High levels of activated CD8+T cells were 
associated with a better prognosis in various tumors (32,33). 
The relationship between the expression level of GPX1 
and the infiltration of CD8+T cells may explain why the 
high expression of GPX1 causes the contrast in prognosis 
for KICH and KIRP patients. It is possible that cytotoxic 
CD8+T cells can target and kill tumor cells and may play 
a role in the inhibition of tumor growth. In addition, 
the increase in CD4+ T cells was associated with better 
outcomes in certain cancers (34). Infiltrating CD4 + T 
cells can participate in the TGFβ1/YBX1/HIF2α signaling 

Figure 9 The expression of GPX1 in KIRC evaluated by qPCR. 
Compared to normal kidney tissues, the expression of GPX1 
in KIRC was significantly high (*P<0.05, **P<0.01). GPX1, 
glutathione peroxidase-1; KIRC, kidney renal clear cell carcinoma.

Table 1 Patient characteristics 

Patients Gender Age Tumor size Location of tumor T stage N stage M stage Pathological type

Patient 1 Male 65 4.1×4.3×3.7 Left T1b N0 M0 KIRC

Patient 2 Female 49 6.3×5.8×4.9 Right T1b N0 M0 KIRC

Patient 3 Male 41 – – – – – Atrophic kidney

KIRC, kidney renal clear cell carcinoma.
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pathway to inhibit RCC cell proliferation (35). In this study, 
GPX1 showed a moderate positive correlation with CD4+ 
T cells in KIRP, and we tentatively proposed that GPX1 
may be correlated with the TGFβ1/YBX1/HIF2α signaling 
pathway. Nevertheless, further studies are required to 
confirm this conclusion.

GPX4 is a member of the GPX family. The cystine/
glutamate antiporter system consisting of SLC3A2 and 
SLC7A11 translocates cystine into the cell and then 
synthesizes GPX4 by the glutamate cysteine ligase action. 
Previous studies have found that SLC7A11 is highly 
expressed in a variety of tumors, and increases cystine 
transport and intracellular synthesis of GPX4, which 
thus avoids ferroptosis due to excessive cellular ROS 
accumulation causing the tumor development (36). Our 
research found an interaction between GPX1 and GPX4 
in the PPI network, including physical connection and co-
expression. Therefore, GPX1 may also be involved in this 
process.

The functional enrichment analysis showed that, in 
the three RCC subtypes, GPX1 was enriched in the 
hippo signaling pathway, the inactivation of its upstream 
regulatory molecules can lead to tumor development. The 
relationship between RCC and the hippo signaling pathway 
has also been reported in recent studies and suggests 
new approaches for the clinical treatment of RCC (37). 
We therefore speculate that during tumor progression, 
these upstream regulatory molecules affecting the Hippo 
signaling pathway may also be involved in influencing 
GPX1 expression, thus promoting tumor development. 
This conjecture still needs to be confirmed by further 
experiments.

Conclusions

In  th is  s tudy,  we performed a  mult id imensional 
bioinformatics analysis of the expression and prognostic 
value of GPX1 in three types of RCC. In addition, clinical 
samples were collected for testing to further validate 
the results obtained in the data analysis. Our study 
demonstrated the relationship between GPX1 and RCC 
prognosis, and further explored the role of GPX1 in RCC 
through its functional enrichment, protein interaction 
network, and immune infiltration. More importantly, 
these findings provide a theoretical basis for GPX1 to 
be considered as a potential diagnostic and prognostic 
biomarker for RCC.
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