
Research progress of glutathione
peroxidase family (GPX) in
redoxidation

Jun Pei1,2, Xingyu Pan3, Guanghui Wei1,2 and Yi Hua1,2*
1Department of Urology, Children’s Hospital Affiliated to Chongqing Medical University, Chongqing,
China, 2Chongqing Key Laboratory of Children Urogenital Development and Tissue Engineering,
Chongqing, China, 3Department of Pediatric Surgrey, Guizhou Provincial People’s Hospital, Guiyang,
China

Maintaining the balance of a cell’s redox function is key to determining cell fate. In
the critical redox system of mammalian cells, glutathione peroxidase (GPX) is the
most prominent family of proteins with a multifaceted function that affects almost
all cellular processes. A total of eight members of the GPX family are currently
found, namely GPX1-GPX8. They have long been used as antioxidant enzymes to
play an important role in combating oxidative stress and maintaining redox
balance. However, each member of the GPX family has a different mechanism
of action and site of action in maintaining redox balance. GPX1-4 and GPX6 use
selenocysteine as the active center to catalyze the reduction of H2O2 or organic
hydroperoxides to water or corresponding alcohols, thereby reducing their
toxicity and maintaining redox balance. In addition to reducing H2O2 and small
molecule hydroperoxides, GPX4 is also capable of reducing complex lipid
compounds. It is the only enzyme in the GPX family that directly reduces and
destroys lipid hydroperoxides. The active sites of GPX5 and GPX7-GPX8 do not
contain selenium cysteine (Secys), but instead, have cysteine residues (Cys) as their
active sites. GPX5 is mainly expressed in epididymal tissue and plays a role in
protecting sperm from oxidative stress. Both enzymes, GPX7 and GPX8, are
located in the endoplasmic reticulum and are necessary enzymes involved in
the oxidative folding of endoplasmic reticulum proteins, and GPX8 also plays an
important role in the regulation of Ca2+ in the endoplasmic reticulum. With an in-
depth understanding of the role of the GPX family members in health and disease
development, redox balance has become the functional core of GPX family, in
order to further clarify the expression and regulatory mechanism of each member
in the redox process, we reviewed GPX family members separately.

KEYWORDS

glutathione peroxidase, redox balance, oxidative stress, inflammation, iron death

1 Introduction

The glutathione peroxidase family (GPX) is a family of antioxidant enzymes that are an
essential class of selenoenzymes in mammals (Zhao et al., 2019). They belong to the same
class of heme-free thiol peroxidases as peroxidases and catalyze the reduction of H2O2 or
organic hydroperoxides to water or corresponding alcohols, thereby mitigating their toxicity
(Zhao et al., 2019). Selenium cysteine (Sec) is the catalytic activity neutral of GPX, and its
activity is closely related to the level of selenium content in the body. There are eight types of
GPX family inmammals (GPX1, GPX2, GPX3, GPX4, GPX5, GPX6, GPX7, GPX8), of which
GPX1-4 and GPX6 of mammals are considered to be selenoproteins containing selenium,
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which have antioxidant functions, and GPX6 is only expressed in the
human body (Brigelius-Flohé and Maiorino, 2013; Barbosa et al.,
2017).

In mammals, GPX works with superoxide dismutase and
catalase to form an enzymatic antioxidant system that reduces
reactive oxygen species (ROS) and limits their toxicity. For
decades, GPX typically uses glutathione (GSH) as a reducing
agent in catalyzing the reduction of H2O2 or organic hydrogen
peroxide to water or corresponding alcohols, respectively (Brigelius-
Flohé and Maiorino, 2013). The presence of sec as a catalytic
component can guarantee a rapid reaction with H2O2 and rapid
reduction by GSH (Handy et al., 2021). GPX-like proteins have been
reported in many species, the importance of Sec has been
recognized, and Sec-based glutathione peroxidase has been
extensively studied in mammals, but they appear to play different
roles in different locations or cells (Handy et al., 2021). GPX1 is
ubiquitous in cytoplasm and mitochondria, formerly known as
cytoplasmic GPX (CGPX), is the first discovered member of the
GPx family, almost all cell mitochondria and cytoplasm can be
detected, it is also one of the most widely expressed and highest
content of selenoproteins in the human body (Alehagen et al., 2021),
its main role is to catalyze glutathione (GSH) to reduce toxic
peroxides in the body, including hydrogen peroxide, cholesterol
peroxide and long-chain fatty acid peroxide (Alehagen et al., 2021;
Handy and Loscalzo, 2022). The GPX2 is mainly expressed in the
gastrointestinal system, including esophageal epithelium, intestinal
epithelial cells, etc., and studies have shown that GPX2 can be used
as the first line of defense against oxidative stress from food or
intestinal flora. Its catalytic substrates include hydrogen peroxide,
tert-butanol peroxide, etc. (Florian et al., 2001). GPX3 is
predominantly present in plasma (Zhao et al., 2019). Its mature
protein is mainly produced by renal tubular epithelial cells and
subsequently secreted into the bloodstream, which may become the
first barrier involved in mediating redox balance (Zhao et al., 2019;
Chang et al., 2020). GPX4 mainly protects cell membranes from
oxidative attack, and studies have pointed out that there are three
different subtypes, namely sperm karyotype, mitochondrial type and
cytoplasmic type, which can catalyze complex lipid hydroperoxides

such as phospholipids, cholesterol, and cholesterol esters in addition
to H2O2 (Bersuker et al., 2019). GPX5 is described in the epididymis
as a secreted protein that contains cysteine (Cys) in the active center
instead of Sec, GPX5 is the first discovered Cys-based superfamily
member, also known as epididymal GPX (EGPX), which has now
been shown to play a role in protecting mouse sperm from hydrogen
peroxide toxicity (Zhang et al., 2008; Luan et al., 2019). In humans,
GPX6 is a selenium protein with Sec as the active center. However, in
rats or mice with Cys as the active center, it is mainly expressed in
olfactory epithelial cells of rats or mice and was previously named
olfactory metabolic protein (OMP) (Brigelius-Flohé and Maiorino,
2013). GPX7 and GPX8 were the last members to be discovered in
mammals based on Cys, and were found to have low glutathione
peroxidase activity. GPX7 may improve non-alcoholic
steatohepatitis by regulating oxidative stress levels (Wei et al.,
2012). GPX8 can inhibit the oxidative stress response of
hepatocellular carcinoma cells (Lee et al., 2021).

A great deal of research on the structure and function of GPX in
mammals has helped us understand the essential functions of this
class of proteins. However, there is currently a lack of systematic
research on the role of the entire GPX family in oxidative stress
responses. To date, few studies have desystematized the role of GPX
in oxidative stress. This study aims to explore the relationship
between GPX and oxidative stress in mammals, and provide new
ideas for alleviating oxidative stress in the future.

2 GPX family and oxidative stress

2.1 GPX1

Glutathione peroxidase 1 (GPX1) was first identified in 1957 as a
red blood cell enzyme that protects hemoglobin from oxidative
stress (MILLS, 1957). Subsequent studies have found that the
mineral selenium is essential for GPX1 activity (Seale et al.,
2020). GPX1 is a tetramer that can react with H2O2 and soluble
low-molecular hydroperoxides, but not with more complex lipid
hydroperoxides. During the reduction of peroxidase by mammalian

FIGURE 1
Map of the mechanism of glutathione peroxidase redox pathway.Step ①: Selenol (-Se-) in GPX is oxidized to selenic acid (-Se-OH) by peroxide
(ROOH);Step②: The first GSHmolecule reduces selenic acid (-Se-OH) to form glutathioneated selenol intermediate (-Se-SG) and releases a part of H2O;
Step③: The second GSHmolecule continues to reduce the intermediate (Se-SG) to form oxidized glutathione (GSSG), while the activity of GPX neutrality
returns to selenol (-Se-);Step ④: Oxidized glutathione (GSSG) is degraded to reduced glutathione (GSH) under the action of NADPH-dependent
glutathione reductase (GR), while NADPH loses an electron to NAPD+.Step ⑤: Glucose 6 phosphate (G6P) reduces NAPD+ to NADPH when circulating
under the action of glucose 6 phosphate dehydrogenase (G6PD).
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GPX1, the Sec active site needs to be modified to form an
intermediate stable form (Kraus et al., 1980; Trenz et al., 2021;
Flohé et al., 2022). After the reaction with peroxide, the original
selenol (SE-H) active site is replaced by selenic acid (SE-OH) (Kraus
et al., 1980; Trenz et al., 2021; Flohé et al., 2022). At this time, a GSH
molecule is required to reduce selenic acid to produce
glutathioneated selenol (SE-SG) intermediate (Kraus et al., 1980;
Trenz et al., 2021; Flohé et al., 2022). At the same time, the second
GSHmolecule continues to reduce the SE-SG intermediate, forming
oxidized glutathione (GSSG), and leading to the recovery of the
active site (Kraus et al., 1980; Trenz et al., 2021; Flohé et al., 2022).
The subsequent degradation of GSSG involves the action of
NADPH-dependent glutathione reductase, which in turn
interconnects GSH with the G6PD cycle to form a complete

oxidation-reduction pathway (Kraus et al., 1980; Trenz et al.,
2021; Flohé et al., 2022) (Figure 1). Since GPX1 has a certain
reducing ability to hydroperoxides, it is classified as an oxidative
stressase. GPX1 KO mice developed normally, indicating that the
lack of antioxidant defenses could be compensated for by other
proteins, or that oxidative stress under “normal” conditions did not
cause any harm. Conversely, severe acute oxidative stress killed
GPX1−/− mice, while wild-type mice supplemented with selenium
survived normally. These findings clearly show that GPX1 is
irreplaceable by other selenoproteins in protecting against
systemic oxidative stress, and GPX1 has a significant antioxidant
function in the body (Liu et al., 2021).

On the surface, the mice after GPX1 KO performed normally,
but these mice were susceptible to the production of oxidative
substances, and when stimulated, they were easy to cause harm
to mice and increase oxidative stress in vivo. In many in vivo disease
studies or oxidative stress stimulation models, GPX1 deficiency
enhances cell damage, apoptosis, and even leads to cell death.
For example, in the study of traumatic brain injury in mice, the
lack of GPX1 increased the attack of ROS on hippocampal neurons,
causing damage to post-traumatic memory function (Kim et al.,
2022). In studies of myocardial ischemia-reperfusion injury,
GPX1 KO exacerbated oxidative stress injury during myocardial
ischemia-reperfusion (Lu et al., 2022). In addition, in the study of
oxidative stress injury in cochlear spiral ganglion neuronal cells
(SGNs), it was found that when GPX1 is knocked out, the oxidative
stress damage of SGNs by peroxynitrite is aggravated, resulting in
loss of SGNs and loss of hearing (Wang et al., 2022). All in all, the
lack of GPX1 aggravates the damage caused by oxidative stress to
tissues and organs. On the contrary, increasing the expression of
GPX1 will bring protective effects to the corresponding tissues and
organs. In studies of brain injury models, overexpression of
GPX1 can improve spatial learning ability after brain injury in
young mice compared with wild-type mice, possibly due to
overexpression of GPX1, which reduces oxidative damage in
mice at an early stage (Tsuru-Aoyagi et al., 2009). Similarly,
using a GPX mimic Ebselen alleviates cerebral ischemia perfusion
injury in GPX1−/−deficient mice (Wong et al., 2008). Importantly,
Ebselen mimicked the activity of all selenium-dependent mammal

FIGURE 2
Diagramof theWnt pathwaymechanism.Step①: ROOHoxidizes
NRX on DVL;Step ②: The structure of NRX is changed after oxidation,
releasing DVL;Step ③ After the release of DVL, inhibit β-catenin
degradation and stabilize the expression of β-catenin in the
cytoplasm; Step④: β-catenin enters the nucleus and binds to TCF/LEF
to promote the synthesis of GPX2;Step ⑤: GPX2 is released, ROOH is
cleared, and oxidative stress is reduced.ROOH stands for lipid
peroxide; DVL stands for Disheveled protein;NRX stands for Nuclear
Redox Protein; GPX2 stands for glutathione peroxidase 2.

FIGURE 3
A) represents the statistical chart of the expression level of GPX3 in various tissues and organs under the physiological conditions of mice; (B)
represents the enrichment of GPX3 pathways (NFκB pathway and Caspase pathway) after single-gene GSEA analysis in the renal ischemia-reperfusion
injury model.
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GPXs and affected the redox state. Therefore, its protective effect
overlaps with GPX-1.

Interestingly, we found in our study that GPX1 is not capable of
oxidative stress in all cases. We mentioned that H2O2 acts as an
important signaling molecule in oxidative stress damage, mediating
the oxidative stress response of tissues and organs. However, in
studies of acute lung injury caused by LPS, H2O2 mediates not only
inflammatory damage, but also has anti-inflammatory effects on
neutrophils (Zmijewski et al., 2009). LPS-mediated NFκB activation
and pro-inflammatory cytokine production decreased in neutrophil
NFκB led to a weakened inflammatory response in the acute phase of
mice with acute lung injury, suggesting that H2O2 can inhibit the
acute excessive inflammatory response (Lubos et al., 2010).
Surprisingly, this result was consistent with the results of
GPX1 KO mice compared to WT mice. In GPX1 KO mouse

bronchoalveolar lavage fluid, LPS-mediator levels and
macrophage numbers were lower. At this point,
GPX1 surprisingly appears to enhance the initial inflammatory
response by initiating the production of pro-inflammatory
cytokines to enhance the LPS-induced inflammatory response
(Bozinovski et al., 2012). At the same time, GPX1 KO mouse
endothelial cells show higher adhesion molecule expression in
response to LPS, while GPX-1 high expression mouse endothelial
cells have decreased adhesion molecule expression (Lubos et al.,
2010). This is the opposite of the traditional antioxidant stress effect
of GPX1. No reasonable explanation has been found for these
studies with opposite results. It may be related to the dose of the
toxic drug used or the period of study observation.However, most of
the current research results support the antioxidant stress effect of
GPX1, so GPX1 is an important antioxidant in mammals.

FIGURE 4
GPX4modulates the mechanism of iron death.Steps①-②: After the cystine outside the cell enters the cell, it is rapidly converted to cysteine for the
synthesis of glutathione (GSH). Step ③: GPX4 converts reduced glutathione (GSH) to oxidized glutathione (GSSG) while reducing toxic lipid peroxide
(R-OOH) to non-toxic alcohol (R-OH). Steps④-⑤: Inhibit the production of reactive oxygen species and organize the occurrence of ferrozoticosis, on
the contrary, when the activity of GPX4 is reduced, it will promote the formation of ROS and induce the occurrence of ferrozoosis; Steps⑥-⑧: The
circulating Fe3+ enters the cell via transferrin and is reduced to Fe2+, which when Fe2+ is excessive, can lead to the accumulation of ROS and induce the
occurrence of ferrozoticosis.

FIGURE 5
Pat plot of the chaperone proteins GRP78 and PDI versus GPX7. H2O2 catalyzes the formation of disulfide bonds between Cys57 and Cys86 on
GPX7, prompts the transformation of GPX7 from reduced to oxidized form, and then oxidized GPX7 promotes the formation of disulfide bonds between
Cys41 and Cys420 (Cys53 and Cys56) on GRP78 (PDI) and enhances the activity of GRP78(PDI) protein.
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2.2 GPX2

Glutathione peroxidase 2 (GPX2) is mainly expressed in the
gastrointestinal system, including the intestinal epithelium,
esophageal epithelial cells, etc., and can also be detected in the
human liver (Esworthy et al., 2022). Therefore, it is also named GI-
GPX or GPX-GI. GPX2 protein concentrations are highest at the
bottom of the crypt and then gradually descend to the top of the

colonic crypt or small intestinal villi (Florian et al., 2001). Since the
base of the crypt is not the preferred site for absorption, blocking
H2O2 uptake is difficult to make the main function of GPX2. Due to
the peculiarities of the expression location of GPX2, it is considered
the first barrier for mammals to prevent the absorption of
hydroperoxides produced by food.Studies have found that the
expression level of selenoprotein in mammals is not balanced
with the supply of selenium. When selenium is reduced, some

FIGURE 6
Diagram of the Rro1/GPX7/PDI protein folding mechanism. Steps ①-②: H2O2 converts reduced GPX7 into oxidized GPX7 and releases a subset of
H2O; Steps③-④: Oxidized GPX7 can promote the formation of disulfide bonds on PDI, convert reduced PDI into oxidized PDI, and enhance the activity
of PDI; Step⑤:P during the oxidation of DI, GPX7 is re-transformed from oxidized form to reduced form; Steps (6)–(8): The reduced PDI can be oxidized
by endoplasmic reticulum oxidized protein 1 (Ero1) to convert to oxidized PDI, while transferring 2 electrons to O2, thereby forming H2O2, which
again participates in the oxidation process of GPX7. GPX7Red stands for reduced glutathione peroxidase 7; GPX7Oxl stands for oxidized glutathione
peroxidase 7; PDIRed stands for reduced protein disulfide isomerase enzyme; PDIOxl stands for oxidized protein disulfide isomerase enzyme; ERO1 stands
for endoplasmic reticulum redox protein 1.

FIGURE 7
Diagram of protein oxidative folding-Nrf2-ER calcium axis mechanism. Step ①: Release of H2O2 during protein oxidative folding (see Figure 6 for
details of protein oxidative folding); Step ②: Nrf2 and Keap1 complexes dissociate under H2O2 stimulation to release Nrf2; Steps ③-④: Nrf2 enters the
nucleus and binds to antioxidant response elements (ARE) to stimulate the release of downstream antioxidant GPX8; Step⑤: GPX8 interacts with SERCA
to regulate Ca2+ in the endoplasmic reticulum.
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selenoproteins in the body quickly disappear (low grades), while
others can continue to be synthesized even when selenium levels are
reduced (high grades) (Banning et al., 2008b). The RNA of low-
grade selenoproteins degrades rapidly during selenium deficiency,
while the RNA of high-grade selenoprotein remains stable, resulting
in increased selenium reuse and faster resynthesis of selenoproteins
(Banning et al., 2008b).In the GPX family with Sec as the active
center, GPX2 has the highest rating, followed by GPX4, GPX3 and
GPX1 (Banning et al., 2008b). This result was confirmed in a study

on the mouse colon, where only GPX1 and GPX3 RNA decreased,
while the RNA of GPX2 and GPX4 remained stable when mice were
deficient in selenium (Kipp, 2017). Therefore, based on the ranking
in the hierarchy can be inferred that the functions of GPX2 may be
more important than those of other GPXs.

GPX2 was the first selenoprotein identified as a target of theWnt
pathway, and its promoter contains five β-catenin/TCF binding sites
(TBE) (Li et al., 2020). The Wnt pathway controls the expression of
genes required by stem cells to proliferate in the crypt floor region,

FIGURE 8
Classification of GPX and redox reactions. GPX1-4 and GPX6 reduce H2O2 with the assistance of glutathione (GSH), and whether GPX6 passes
through this pathway remains to be further studied. GPX5 requires the reduction of H2O2 with the assistance of TRX. GPX7 and GPX8 require the
reduction of H2O2 through the protein oxidative folding process with the participation of the chaperone protein PDI. The detailed process is described in
this article.

TABLE 1 GPX family structural characteristics.

GPX type Revitalization center Human expression (YES/NO) Structure Primary substrate Expression sites

GPX1 Sec YES Tetramer H2O2 Cytoplasm Mitochondria

Hydroperoxides

GPX2 Sec YES Tetramer Hydroperoxides Gastrointestinal tract

GPX3 Sec YES Tetramer H2O2 Renal Plasma

Hydroperoxides

GPX4 Sec YES Monomer H2O2 Testicles

Hydroperoxides

Lipid peroxides

GPX5 Cys NO Tetramer H2O2 Epididymis

GPX6 Sec(Human) YES Tetramer YES H2O2 Tetramer Olfactory organs H2O2

Cys(Rats and mice)

GPX7 Cys NO Monomer H2O2 Endoplasmic reticulum

GPX8 Cys NO Monomer H2O2 Endoplasmic reticulum

Frontiers in Pharmacology frontiersin.org06

Pei et al. 10.3389/fphar.2023.1147414

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1147414


which is the basic process for maintaining mucosal homeostasis.
Colocalization of the Wnt pathway and GPX2, as well as the
regulation of GPX2 through Wnt signaling, suggest that
GPX2 plays a role in the continuous self-renewal of the intestinal
epithelium and thus in the homeostasis of the intestinal mucosa
(Pérez et al., 2017). We mentioned in our previous description that
thiol oxidation is a common denominator in transcriptional
regulation in the GPX family. Inflammatory cells transmit signals
by releasing oxidative substances to stimulate the production of
ROS. In the Wnt pathway, the key step of the Wnt pathway is the
binding of the Wnt protein to the Frizzled receptor, and the nuclear
redox protein (NRX) blocks Disheveled (DVL) and plays a negative
regulatory role in the Wnt pathway (Yu et al., 2021). When NRX is
oxidized by NADPH oxidase 1 (NOX1)-derived H2O2 or lipid
peroxide (ROOH), DVL is released and inhibits glycogen
synthesis kinase 3 (GSK3) in the β-catenin degradation complex,
thereby stabilizing the β-catenin in the cytoplasm and partially β
entering the nucleus to activate the target gene GPX2 by correlation
with the TCF/LEF transcription factor family (Kipp et al., 2012)
(Figure 2). The upregulation of GPX2 leads to the clearance of H2O2,
the inhibition of apoptosis, and the weakening of oxidative stress. By
removing hydroperoxides, GPX2 enhances the activity of the WNT
pathway in the feedback loop. These effects of GPX2 have been
demonstrated in oxidative stress injury studies of metastasis and
apoptosis in cervical cancer (Wang et al., 2019).

The effects of GPX2 on oxidative stress are currently widely
demonstrated.In the inflammatory response of bifidobacteria
attenuating intestinal epithelial cells, upregulation of GPX2 can
reduce oxidative stress and reduce the release of inflammatory
factors (Ehrlich et al., 2020). At the same time, it has also been
shown that GPX2 alleviates the apoptosis response of MCF7 cells to
oxidative stress (Yan and Chen, 2006).Therefore, GPX2 is believed
to have the effect of oxidative stress and reducing the inflammatory
response.The inhibitory effect of GPX2 on oxidative stress is a key
link in inhibiting tumor development.Therefore, the antioxidant
function of GPX2 may provide an early defense against the
development of colon cancer.In studies on human colon cancer
cells, GPX2 prevents inflammatory factor-driven carcinogenic
processes by inhibiting the expression of COX-2 and mPGES-1
in human colon cancer cells and reducing inappropriate responses
to inflammatory stimuli (Banning et al., 2008a).The anti-
inflammatory effect of GPX2 is confirmed in a study of the
induction of inflammation-associated colon cancer in WT and
GPX2 KO mice under AOM/DSS combined with different
selenium content (Brigelius-Flohé and Kipp, 2012).The
inflammatory response of GPX2 KO mice was generally heavier,
especially in the moderate selenium deficiency group.In adequate
selenium content, inflammation and tumor cell production are
reduced (Brigelius-Flohé and Kipp, 2012).However, it is
interesting to note that the tumor volume in GPX2 KO mice is
smaller compared to WT mice, which proves that GPX2 supports
the growth of tumor cells, which has been confirmed in studies in
which GPX2 inhibits the metastasis and invasion of HT-29
adenocarcinoma cells (Banning et al., 2008b).This may be related
to the anti-apoptosis effect of GPX2, and inhibition of apoptosis may
also explain why tumors in WT cells grow better than those in
GPX2 KO cells (Brigelius-Flohé and Kipp, 2012).In conclusion,
GPX2 is a protective enzyme with oxidative stress and reduces

inflammatory response, and its prominent role in inflammation
seems to be prevention.Thus, GPX2 can stop tumorigenesis but
support the growth of tumors that have already occurred.Therefore,
the gain or loss of increased GPX2 expression mainly depends on the
current state of the tumor and the stage of the tumor.

2.3 GPX3

Glutathione peroxidase 3 (GPX3) is a tetramer, containing two
of the four arginines bound to GSH, Arg103 and 185 (Aumann et al.,
1997).Extracellular GPX3, also known as GSHPX, is a selenoprotein
with antioxidant potential. In all reported GPX families, the tetramer
GPX3 eliminates all complex hydroperoxides, circulates in plasma in
addition to its roles in cytoplasmic and mitochondria, and is a major
ROS scavenger in plasma (Nirgude and Choudhary, 2021). The level
of GPX3 can be measured using plasma, making it a useful
prognostic and diagnostic biomarker. GPX3 mRNA is present in
renal proximal tubular epithelial cells, and GPX3 may have specific
antioxidant functions in the renal tubules or extracellular spaces due
to the higher concentration of GSH in the kidneys. Approximately
70 percent of GPX3 is secreted by the basolateral membrane of renal
proximal convoluted tubule (PCT) cells and into plasma through the
basilar artery (Zhao et al., 2019; Nirgude and Choudhary, 2021).
GPX3 is present not only on the surface of plasma and mucous
membranes, protecting epithelial cells from oxidative damage. A
major extracellular enzyme, GPX3, is also found in the cytoplasm
and plasma membranes of the mammalian kidney, epididymis,
heart, lung, liver, brain, adipose tissue, mammary gland, and
gastrointestinal tract (Nirgude and Choudhary, 2021). Thus,
kidney-derived GPX3 can be transported to other tissues and
bound to the basement membrane. A special case is an
epididymal tissue, which synthesizes GPX3 and releases it into a
cavity, where sperm storage takes place (Burk et al., 2011). The lack
of selenium in the body can significantly reduce the expression of
GPX3. Therefore, GPX3 is believed to play a vital role in oxidative
stress and reducing the inflammatory response.

GPX3 is not characteristic in transcriptional regulation, and the
upregulation of GPX3 expression under inflammatory conditions is
thought to be due to oxidative stress. GPX3, similar to GPX1, is
located at a low level of the selenoprotein level and is sensitive to
selenium content in the body, so it is often used as a biological
marker to measure selenium content in the body. GPX3 can use
glutathione as an excellent substrate to participate in the redox
reactions involved in glutathione and NADPH (Figure 1). GPX3 is a
typical N-terminal pilot sequence, but lacks endoplasmic reticulum
(ER) preserved signal. This suggests that GPX3 is not reserved across
the ER. In recent years, the role of GPX3 in oxidative stress has been
reported, for example: GPX3 can inhibit the expression of HIF1-α by
regulating ROS, thereby inhibiting the growth of melanoma cells (Yi
et al., 2019). In the peroxisome proliferator-activated receptor γ
(PPARγ)-induced COPD model, upregulation of GPX3 expression
can reduce lung tissue damage caused by oxidative stress (Reddy
et al., 2018). In addition to an increase in inflammation levels, the
number of tumor cells also increased in the number of tumor cells
after GPX3 KO during the development of colitis-related cancers
(Barrett et al., 2013). This may be related to GPX3’s inhibition of
oxidative stress and apoptosis levels.
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As mentioned earlier, the vast majority of GPX3 is secreted by
the renal proximal convoluted tubules, so we speculate that the
kidney may be a highly expressed organ of GPX3, and to test our
hypothesis, we analyzed the GSE111159 dataset (This dataset mainly
detects the gene sequencing of 10 tissues and organs of mouse
kidney, liver, brain, lung, thymus, muscle, spleen, stomach, heart
and testicle under physiological conditions to understand the gene
expression of each tissue and organ) in the GEO database (Gene
Expression Omnibus, http://www.ncbi.nlm.nih.gov/geo). We found
that GPX3 had the highest level of expression in kidney tissue under
mouse physiology (Figure 3A), which is consistent with the results of
the analysis by Kim et al. (Kim et al., 2018). At the same time, we also
performed single-gene GSEA analysis of GPX3 in the
GSE148420 dataset (dataset of gene expression differences before
and after renal ischemia-reperfusion). We found that GPX3 inhibits
oxidative stress-related pathways (NFκB pathway) and apoptosis-
related pathways (Caspase pathway) (Figure 3B), which is consistent
with our previous results. At the same time, in our previous study on
the protective effect of Ebselen on renal ischemia-reperfusion injury,
we found that the expression level of GPX3 in renal tissues decreased
after renal IRI, and when the level of GPX3 increased after the use of
Ebselen, the pathological damage of renal histologic damage was
alleviated, and we speculated that GPX3 may play an important role
in the oxidative stress response of renal ischemia-reperfusion injury
(Wu et al., 2022). In cisplatin-induced renal injury, MicroRNA-483-
5p can induce the expression of GPX3 to weaken the oxidative stress
response, thereby playing a protective role in renal injury (Xia et al.,
2022). However, the relevant mechanism of GPX3 kidney injury is
still unclear. Therefore, combined with the antioxidant stress effect
of GPX3 and its high expression in kidney tissue, it may provide new
therapeutic targets for studying kidney damage in the future.

2.4 GPX4

Glutathione peroxidase 4 (GPX4) is a membrane-associated
phospholipid hydroperoxidase and the only enzyme in the GPX
family that directly reduces and destroys lipid hydroperoxides,
GPX4 is characterized early and characterizes as the lipid
peroxidation inhibitory protein PIP, mainly due to its unique
ability (Jia et al., 2020). In addition to H2O2 and small molecule
hydroperoxides, it is also capable of reducing complex lipid
compounds such as phospholipids, cholesterol and cholesterol
lipid hydroperoxides. It is recognized as the key to destroying
fatty acid hydroperoxides (Jia et al., 2020). GPX4 exists in the
form of a monomer, and its activity is better than that of
GPX1 when the selenium content in the body is low (Banning
et al., 2008b). GPX4 has been found to have three different forms of
isoforms, namely mitochondrial type (MGPX4), cytoplasmic form
(CGPX4), and sperm karyotype (SNGPX4) (Bersuker et al., 2019).
The GPX4 gene consists of 7 exons and 6 introns. In studies of
different animal models, there are also significant differences in the
distribution of GPX4. CGPX4 is ubiquitous in cells, while
MGPX4 and SNGPX4 are mainly expressed in the testis and only
a small amount in other tissues (Bersuker et al., 2019). The amount
of GPX4 protein in tissues does not accurately reflect its activity
distribution. This may reflect specific Se-dependent cellular
functions, or differences in the levels of factors that activate

GPX4. The activation-inactivation mechanism of GPX4 is
currently unknown, but high activity evidence on differentiated
spermatogenic cell membranes suggests that there may be some link
between cell differentiation and peroxide levels.

Ferrozois, a new form of regulation of cell death, is primarily
attributed to cellular lipid peroxidation (LPO) due to insufficient or
absent GPX4 activity, ultimately causing cell death (Forcina and
Dixon, 2019). There appears to be some close association between
the antioxidant effects of GPX4 and ferrozois. Iron death has also
become one of the hot issues in the current research on the
development of diseases. The interaction between ferrozois and
GPX4 has been elaborated in detail, and we will only give a brief
overview here. GPX4 converts reduced glutathione (GSH) to
oxidized glutathione (GSSG) and reduces toxic lipid peroxides
(R-OOH) to corresponding alcohols (R-OH) or free hydrogen
peroxide (H2O2) to water (Ingold et al., 2018; Forcina and
Dixon, 2019; Ursini and Maiorino, 2020). The Xc-System is an
important antioxidant system consisting of glycosylated heavy chain
SLC3A2 and non-glycosylated SLC7A11. With their assistance,
cystine is absorbed into cells and rapidly reduced to cysteine,
participating in the synthesis of intracellular GSH (Ingold et al.,
2018; Ursini and Maiorino, 2020) (Figure 4). Inhibition of the Xc-
system determines the decrease in GSH levels, which indirectly leads
to the inactivation of GPX4 and the onset of ferroptosis (Ingold et al.,
2018; Ursini and Maiorino, 2020). Normal iron is essential for the
survival of living organisms and is an essential element in many
biological processes. Circulating Fe3+ enters cells with the assistance
of transferrin and subsequently converts to Fe2+ (Ingold et al., 2018).
However, when intracellular iron ions are overloaded, Fe2+ can
catalyze the generation of metabolically toxic reactive oxygen
species and phospholipid peroxide through the Fenton reaction,
leading to cell damage or death (Ingold et al., 2018) (Figure 4).
Therefore, the uptake, release, storage and transport of iron ions in
cells are all important factors affecting iron death. Inhibition of the
Xc-system, inactivation of GPX4 and overloading of iron ions are
the three most critical factors leading to ferroptosis. These factors
have been confirmed in studies. In the study of glioblastoma,
RSL3 inhibits the activity of GPX4, drives the occurrence of
ferrozois and induces oxidative death of glioblastoma cells,
providing new therapeutic ideas for glioblastoma (Li et al., 2021).
Prominin2 is a protein related to the regulation of lipid dynamics,
which can promote the formation of ferritin-containing
multivesicular bodies (MVB) and exosomes, transport iron out of
cells, and inhibit ferroptosis. Play an important role in the
ferroptosis resistance of cancer cells (Brown et al., 2019). In
studies of myocardial ischemia-reperfusion injury, naringenin can
provide a protective effect on oxidative stress damage caused by
myocardial ischemia-reperfusion by modulating the Xc-system and
inhibiting iron death (Xu et al., 2021).

In addition to the iron death we mentioned above, GPX4 also
plays an important role in the process of sexual maturation in males.
Spermatozoa have the highest selenium content in mammalian
tissues, and the need for selenium increases at the onset of
spermatogenesis (Wang et al., 2021). An inadequate selenium
supply impairs the synthesis of the mitochondrial envelope of
sperm, which affects sperm motility and may lead to infertility
(Wang et al., 2021). Selenium supplementation in infertile men has
been found to increase selenium concentrations in semen and
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improve sperm motility (Su et al., 2021). Nevertheless, SNGPX4 KO
mice have normal survival and fertility. Morphologically, no
significant abnormalities were seen in the testes and spermatozoa
of mice after SNGPX4 KO (Gharagozloo et al., 2016). However,
sperm from the head and tail of the epididymis in SNGPX4 KOmice
are more prone to decline than WT mice at various stages of
epididymis maturation, suggesting that SNGPX4 plays an
important role in stabilizing the structural integrity of sperm
chromatin (Gharagozloo et al., 2016). In short, as an important
antioxidant enzyme in mammals, GPX4’s role in the oxidative stress
response cannot be ignored.

2.5 GPX5

Glutathione peroxidase 5 (GPX5), an epididymis-specifically
expressed selenium-free antioxidant enzyme, was first isolated
and identified in the epididymal tissues of mice (Taylor et al.,
2013). GPX5 is an unusual member of the mammalian GPX
family because, unlike the well-known mammalian GPX1-4, it
does not contain selenosylcysteine (Secys) at its active site, but
instead has cysteine residues (Cys) as its active site (Taylor et al.,
2013). The epididymis is where sperm matures, transports, and
stores. ROS is a product of cellular redox metabolism, and moderate
amounts of ROS in the epididymis can play a role in sperm
maturation and capacitation by regulating cAMP levels (Luan
et al., 2019). Spermatozoa are particularly susceptible to increased
ROS levels because their membranes contain more polyunsaturated
fatty acids, which are extremely sensitive to peroxide reactions. Since
sperm contain only a small amount of cytoplasmic antioxidants,
most of the cytoplasm has been shed. Therefore, they rely on
protecting antioxidant substances synthesized and secreted by
epididymal epithelial cells, including glutathione peroxidase 5
(GPX5) (Taylor et al., 2013). Therefore, the balance between ROS
production and antioxidant substances in the epididymis is essential
for sperm development andmaturation. In studies of oxidative stress
in epididymal epididymal cells in goats, miR-542-3p mRNA can
downregulate the expression of GPX5, thereby aggravating oxidative
damage in epididymal epididymal cells (Yang et al., 2022). In the
study of the protective effect of trehalose on oxidative stress damage
in sheep epididymal epididymal cells, it was again found that the
upregulation of GPX5 plays a key role (Luan et al., 2021). It can be
seen that GPX5 is essential in regulating oxidative stress damage in
the epididymis and protecting sperm maturation, which is of great
significance in maintaining the reproductive ability of mammals.

During epididymis transport, spermatozoa are vulnerable to
intracellular and extracellular ROS attacks and rely on antioxidant
scavengers synthesized by the epididymis for protection. GPX5 plays
an important role as part of this protection system. GPX5 is
synthesized primarily by epididymal head epithelial cells and
secreted into the epididymal cavity to compensate for a
deficiency of antioxidant enzymes in immature sperm (Lahti
et al., 2001). The concentration of GSH in the head is
significantly higher than in the tail, and there is a clear parallel
relationship between the GSH concentration and the content of
GPX5, which makes the regulation of oxidants by GPX5 possible
(Seligman et al., 2005). In studies of GPX5 knockout mice, we
deduced that GPX5 is a way to maintain the integrity of sperm DNA

function by removing excess H2O2, and these mice did not exhibit
significant defects in the epididymis and sperm cells (Chabory et al.,
2009). In addition, in GPX5 KOmale mice, fertility is not affected at
a young age. However, mating WT female mice with 1-year-old
GPX5 KO male mice found a higher incidence of offspring
miscarriage and developmental malformations, which are related
to oxidative stress damage in sperm (Chabory et al., 2009). In the
study of SNGPX4 and GPX5 dual knockout (DKO) mice, when the
double gene knockout occurred, the mice showed abnormalities in
the sperm nucleus structure. An increase in the activity of H2O2

scavengers was detected (Noblanc et al., 2012), proving that after
SNGPX4 and GPX5 double knockouts, the epididymal tissues of
mice produced oxidative stress responses, indicating that
SNGPX4 and GPX5 play a role in maintaining the normal
structure of the sperm nucleus in the epididymal tissue (Noblanc
et al., 2012). Similarly, resistance to oxidative attack increased after
overexpression of GPX5 in CHO-K1 cells, and GPX5 overexpressing
cells reduced lipid peroxidation levels and downstream DNA
damage marker 8-OXODG levels compared to control cells
(Taylor et al., 2013). In GPX5-gene KO mice, sperm DNA
damage is significantly increased, while an 8-weeks pretreatment
of GPX5 KO mice using antioxidants completely protects sperm
DNA from oxidative stress damage (Gharagozloo et al., 2016). In
summary, GPX5, as an antioxidant enzyme highly expressed in
epididymal tissues, plays an important role in maintaining the
microenvironment of the epididymis, protecting sperm from
oxidative stress, and maintaining the integrity of DNA structure.

2.6 GPX6

Glutathione peroxidase 6 (GPX6), also known as olfactory organ
glutathione peroxidase (Brigelius-Flohé and Maiorino, 2013), is a
closely homologous protein with GPX3. Compared with other GPX
family members, the expression of GPX6 is specific, and in the
human body it is a selenoprotein with selenocysteine (Secys) as the
active center (Brigelius-Flohé and Maiorino, 2013); However, in
other rodents or mammals, selenocysteine cannot be synthesized
due to the lack of selenocysteine insertion sequences in related genes,
and it is a non-selenium protein replaced by cysteine (Cys)
(Brigelius-Flohé and Maiorino, 2013). Similar to GPX3, it is also
a protein expressed in tetramer form.

It is believed that GPX6 is mainly expressed in embryonic and
olfactory organ epithelial cells, and may be involved in the
transmission and degradation of odor-related signals. However,
there are no relevant studies to confirm it. So far, GPX6 has not
been purified and kinetic analysis results are unavailable, resulting in
minimal understanding of GPX6. However, in a recent study on the
inhibition of Hepa1-6 cell proliferation induced by oxidative stress,
we found that increased expression of GPX6 protein may play a role
in inhibiting oxidative stress (Tan et al., 2022). Furthermore, in the
study of the neuroprotective effect of mesenchymal stem cells on the
regulation of oxidative stress on retinal nerves, it was also found that
the expression of GPX6 was upregulated (Usategui-Martín et al.,
2022). The upregulation of GPX6 expression found in these two
studies suggests that its upregulation may have some antioxidant
effects. However, there are no relevant research reports on the
mechanism of action of GPX6, which may be related to the
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oxidative stress response involved in glutathione. Further studies
may be needed to reveal the function and mechanism of GPX6.

2.7 GPX7

Glutathione peroxidase 7 (GPX7) is a non-selenocysteine active
neutral antioxidant enzyme in mammals, also known as non-selenium
cysteine phGPX (NPGPX) due to its homology to phospholipid
peroxide GPX (phGPX = GPX4) (Chen et al., 2016). However,
unlike GPX4, GPX7 does not contain a GSH-binding domain, and
when expressed and purified in E. coli, there is little GPX activity (Lénon
et al., 2020). The mammalian GPX7 gene contains 3 exons, encodes
187 amino acids, and has a predicted molecular weight of 22 kDa.
GPX7 has two unique endoplasmic reticulum secreted proteins, the
N-terminal endoplasmic reticulum signaling peptides (HGPX7 and
MGPX7) and the C-terminal atypical KDEL sequence (endoplasmic
reticulum recovery signaling) (Raykhel et al., 2007). Although most
GPX7 is found in the endoplasmic reticulum, it also appears to be
expressed in other cells.WhenN-terminal signaling is cut, GPX7 can be
transferred from the endoplasmic reticulum to the Golgi apparatus
along the secretory pathway (Yoboue et al., 2017). As a non-selenium
cysteine-containing GPX, GPX7 encodes cysteine (Cys57 and Cys86) at
its catalytic site. Under the ROS stimulation, the thin-sophisticated
moiety (-SH) of cysteine residues is oxidized to form reversible
intramolecular disulfide bonds (R-S-S-R) and sulfinyl groups
(R-SOH), or irreversible sulfinic acids (R-SO2H) and sulfonic acids
(R-SO3H) (Kanemura et al., 2020). In studies of non-alcoholic
steatohepatitis due to oxidative stress, overexpression of GPX7 in
LX-2 cells will result in inhibition of ROS production and a
decrease in the expression of profibrotic and pro-inflammatory
genes (Kim et al., 2020). However, knocking down GPX7 in LX-2
cells increases the synthesis of profibrotic and pro-inflammatory genes
and collagen (Kim et al., 2020). It can be seen that GPX7 plays an
important role in oxidative stress and reducing the inflammatory
responses in tissues and organs.

As we mentioned earlier, GPX7 does not contain domains bound
to GSH, so it cannot participate in redox reactions with GSH as a
substrate like other GPX family members. However, in response to
oxidative stress, GPX7 can promote stress signal transduction and
release through interaction with corresponding targeted proteins. The
most important are the 78 kDa glucose regulatory protein (GRP78)
and protein disulfide isomerase (PDI). GRP78, also known as
immunoglobulin heavy chain binding protein (BIP), is one of the
main chaperone proteins in the endoplasmic reticulum (ER) (Wei
et al., 2012). ER is a center for the biosynthesis of extracellular and
organelle proteins. Under unfolded protein stress conditions,
GRP78 binds to unfolded or misfolded proteins and subsequently
activates downstream ER stress sensors, including IRE1, PERK, and
ATF6, to trigger a response to unfolded proteins (Yoboue et al., 2017),

(Wei et al., 2012). The unfolded protein reaction will weaken
weakened translation, upregulation of chaperone proteins, and
degradation of misfolded proteins. In order to be successfully
synthesized in ER, the chaperone GRP78 is induced and activated
to promote the refolding process of misfolded proteins (Yoboue et al.,
2017), (Wei et al., 2012). GPX7 can transmit oxidative stress signals by
forming disulfide bonds between its catalytic sites Cys57 and
Cys86 residues, and this oxidized form of GPX7 can bind to each

other with GRP78 and form covalent bond intermediates between
Cys86 of GPX7 and Cys41/Cys420 of GRP78 (Nguyen et al., 2011;
Wei et al., 2012) (Figure 5). Subsequently, the formation of disulfide
bonds between Cys41 and Cys420 of GRP78 enhances its chaperone
protein activity (Nguyen et al., 2011; Wei et al., 2012) (Figure 5). Loss
of GPX7 in animals leads to an enhancement of systemic oxidative
stress (Wei et al., 2012). Therefore, GPX7 can maintain physiological
homeostasis by enhancing the activity of GRP78 chaperone protein.

The primary source of ROS in the endoplasmic reticulum is the
formation of intramolecular disulfide bonds during the maturation
of many secreted proteins and membrane proteins. This process
requires the involvement of protein disulfide isomerase (PDI), ER
redox protein 1 (ERO1), and GRP78 chaperone protein. The ERO1-
PDI axis is thought to be the main pathway for disulfide bond
formation in ER (Wang et al., 2014). ERO1 plays a vital role in the
ER redox process and rapidly converts its activity to maintain a
balanced redox environment, thereby facilitating the smooth process
of protein folding (Bosello-Travain et al., 2013;Wang et al., 2014). In
an oxidative ER environment, activated ERO1 generates disulfide
bonds by consuming O2 in the presence of flavin cofactors, which
are then passed to the protein for folding via PDI (Bosello-Travain
et al., 2013; Wang et al., 2014). GPX7 can utilize the H2O2 produced
by Ero1 to accelerate the oxidative folding process of proteins
in vitro and in vivo (Bosello-Travain et al., 2013; Wang et al.,
2014) (Figure 6). GPx7 likes to interact with the domain of PDI,
and intramolecular cooperation between the two redox-active sites
of PDI increases the activity of the Ero1α/GPx7/PDI triplet, thereby
promoting protein folding mechanisms (Bosello-Travain et al.,
2013; Wang et al., 2014) (Figure 6). Although the knockout of
GPX7 does not lead to the direct death of mice, the production of
excess reactive oxygen species leads to incorrect oxidative
modification of proteins and irreversible changes in function,
resulting in various diseases.

In summary, GPX7 is an essential sensor for oxidative stress and
endoplasmic reticulum stress (Chen et al., 2016). The redox form of
GPX7 is determined by the redox state of the cell. When oxidative
stress occurs in cells, GPX7 is activated and transfers disulfide bonds
to specific proteins, increasing protein activity in response to
oxidative stress. For example, it promotes protein folding in the
ER by regulating the expression of chaperone proteins such as
GRP78 and PDI. Therefore, the increase in the activity and
quantity of GPX7 is critical for the body’s oxidative stress
response. GPX7 still has a unique role in maintaining redox
homeostasis despite being different from other GPX in response
to oxidative stress.

2.8 GPX8

Glutathione peroxidase 8 (GPX8) is a type II transmembrane
protein with rare structural features that consists of 209 amino acids
(Yoboue et al., 2017). GPX8 is similar to GPX7 because both have
low glutathione peroxidase (GSH) activity, mainly due to the lack of
domains bound to GSH. At the same time, it has a similar function
to GPX7, which can increase the PDI activity of ER redox protein 1
(ERO1), promote the oxidative folding of endoplasmic reticulum
proteins, and reduce oxidative stress (Raykhel et al., 2007). However,
unlike GPX7, which is a transmembrane protein that contains a
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C-terminal KEDL endoplasmic reticulum localization sequence and
a highly conserved N-terminal transmembrane domain (TMD)
(Yoboue et al., 2017). It has been proposed that overexpression
of GPX8 reduces Ca2+ storage and histamine-induced Ca2+ release in
the endoplasmic reticulum (Yoboue et al., 2017); In HeLa cells,
GPX8 is enriched in mitochondria-associated membranes (MAMs),
a critical integrating center for calcium, lipid metabolism, and redox
signaling homeostasis. When GPX8 is overexpressed, it leads to a
decrease in Ca2+ levels in the endoplasmic reticulum (Yoboue et al.,
2017). Conversely, when GPX8 is silenced, the histamine-induced
release of Ca2+ from the endoplasmic reticulum tomitochondria and
cytoplasm is increased (Yoboue et al., 2017). The regulatory effect of
GPX8 on Ca2+ may be related to the inositol 1,4,5-triphosphate
receptor (IP3R) effect, and the transmembrane domain (TMD) of
GPX8 is thought to play a key role in the regulation of Ca2+ signaling
(Yoboue et al., 2017). Therefore, GPX8 not only participates in the
folding of proteins in the endoplasmic reticulum, exerts the role of
oxidative stress, but also participates in the regulation of Ca2+ in the
endoplasmic reticulum.

Studies have found that there may be a link between the oxidative
folding function of proteins in the endoplasmic reticulum and the
regulatory function of Ca2+. H2O2 produced during the oxidative
folding of endoplasmic reticulum proteins has been found to regulate
the signal transduction process of nuclear factor E2-related factor 2
(Nrf2), which in turn regulates the expression of downstream
glutathione peroxidase 8 (GPX8), which in turn can participate in
ER calcium regulation through endoplasmic reticulum calcium
ATPase (SERCA) (Granatiero et al., 2019) (Figure 7). These
findings tightly link ROS and Nrf2 to ER oxidative protein folding
and calcium signaling, establishing a regulatory mechanism for
protein oxidative folding-Nrf2-ER calcium axis (Figure 7). This
mechanism was also confirmed in subsequent studies. H2O2

signaling leads to the release of Nrf2 from complexes with Kelch-
like ECH-associated protein 1 (Keap1) and ubiquitin ligase Cullin
3 and into the nucleus, where it binds to antioxidant response
elements (ARE) and activates the expression of its target gene
GPX8, which in turn regulates the expression of ER calcium by
regulating SERCA (Granatiero et al., 2019). When HeLa cells are
treated with Ero1 inhibitor (EN460), ER oxidative protein folding is
impaired, reducing H2O2 signaling and inhibiting Nrf2 translocation
to the nucleus, resulting in a decrease in GPX8, resulting in increased
ER calcium content and signaling (Granatiero et al., 2019). To further
confirm Nrf2’s involvement in the ER calcium regulation process via
GPX8, in the same study, after silencing Nrf2 in HeLa cells,
GPX8 mRNA and protein levels also decreased, resulting in
elevated ER and cytosolic calcium levels at rest and increased
histamine-induced ER calcium release (Granatiero et al., 2019).
The importance of oxidized protein folding-Nrf2-ER calcium axis
regulation mechanisms has also been found in cell culture models of
familial amyotrophic lateral sclerosis (ALS) with superoxide
dismutase (SOD1)-muted (Tokuda et al., 2019).

In summary, the antioxidant stress of GPX8 is not only related to
the oxidative folding of endoplasmic reticulum proteins, but also
may play a vital role in regulating endoplasmic reticulum Ca2+. This
also provides new ideas for the treatment of oxidative stress.
However, there are few studies on the function of GPX8, and
further research is needed to clarify the function and mechanism
of GPX8 in the future.

3 Conclusion

Reactive oxygen species (ROS) is an umbrella term that contains
oxygen radicals and non-radical compounds such as hydrogen
peroxide (H2O2), hydroxyl radicals, lipid radicals, and
(phosphorus) lipid hydroperoxides (Liu et al., 2022). ROS has
long been recognized as a harmful substance, and its excessive
accumulation will cause the release of inflammatory factors,
enhance the adhesion of inflammatory factors to endothelial cells,
and promote apoptosis and even cause cell death (Forrester et al.,
2018). The glutathione peroxidase (GPX) family is one of the main
enzymes that protects cells from oxidative stress. In general, GPX
exerts the role of oxidative stress by catalyzing the reduction of H2O2

and organic hydroperoxides to water and corresponding alcohols,
respectively.

The GPX family contains eight members (GPX1-GPX8), of
which GPX1-GPX4 and GPX6 (human) members have an active
center of selenocysteine, which is an important selenoprotein in
mammals (Table 1); The active centers of GPX5, GPX7 and
GPX8 are mainly cysteine. GPX1-4 and GPX6 are neutral to
selenocysteine, so they can mediate redox reactions by interacting
with GSH (Figures 1, 8). Among them, GPX4 is a membrane-
associated phospholipid hydroperoxidase, and it is also the only
enzyme in the GPX family that directly reduces and destroys lipid
hydroperoxides, which can reduce complex lipid compounds in
addition to reducing H2O2 and small molecule hydroperoxides; It is
therefore recognized as a critical enzyme for destroying fatty acid
hydroperoxides. In addition, GPX4 is also crucial in mediating the
process of ferrozois, and the reduction of GPX4 activity has been
found to promote the progression of ferrozoosis. GPX5 does not
contain selenium cysteine (Secys) at its active site, but instead uses
cysteine residues (Cys) as its active site. As an antioxidant enzyme
with high expression in epididymal tissues, GPX5 plays an
important role in maintaining the microenvironment of the
epididymis, protecting sperm from oxidative stress, and
maintaining the integrity of DNA structure. GPX7 and
GPX8 also have cysteine as their active site and low glutathione
peroxidase (GSH) activity, mainly due to the lack of domains bound
to GSH. They were initially defined as secretory GPX, but later
studies have shown that both enzymes are localized to the
endoplasmic reticulum and are necessary enzymes involved in
the oxidative folding of endoplasmic reticulum proteins
(Figure 8). At the same time, GPX8 also plays a vital important
role in endoplasmic reticulum Ca2+ regulation.

4 Prospect

In-depth study of GPX family members has helped to
discover not only the function of individual GPXs, but also
the function of hydroperoxides as mediators in redox
regulation. In addition to the role mentioned above in the
process of oxidative stress, the GPX family also plays a unique
role in tumor development (Laribi et al., 2021), viral infection
(Strycharz-Dudziak et al., 2020), obesity (Gusti et al., 2021),
apoptosis (Rusetskaya et al., 2019), signal transduction, and
inflammation (Rusetskaya et al., 2019). However, how to give
full play to the highly specific functions of GPX family members
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is currently a huge challenge. Due to differences in their
distribution in tissues or cells and differences in known
substrates, it is not known whether GPX family members can
complement each other. At present, many studies have found
that the supplementation of organic selenium compounds can
improve the activity of GPX family members and enhance
antioxidant effects (Mamgain et al., 2022). With the
development of technology, the synthesis of different types of
organic selenium compounds will greatly enhance the role of
GPX family members. However, further research is needed to
fully exploit the role of GPX. Therefore, the synthesis of new
organoselenium compounds in the future provides new options
for fully utilizing the functions of GPX family members. At the
same time, targeting them in the future may lead to new
treatment options for patients with associated diseases.
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