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Selenium and cancer risk and prognosis research progress

LIU Min, BU Dandan, QTAN Xu’
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[Abstract] Selenium is an essential trace nutrient for the human body, playing a crucial role in maintaining redox homeostasis
immune function, and cellular homeostasis. With the rapid development and interdisciplinary convergence of nutritional epidemiology ,
tumor biology, and bioinorganic chemistry, the potential role of selenium in tumorigenesis, progression, and prognosis has garnered
increasing attention. Extensive epidemiological ; animal experimental, and clinical intervention studies indicate that selenium metabolic
homeostasis or dietary intake levels are closely associated with the risk of developing various cancers, disease progression, and patient
prognosis. However, results vary across different populations, tumor types, and study designs, exhibiting dose-dependent effects, tumor
specificity, and individual heterogeneity. This systematic review summarizes recent epidemiological and clinical research progress on
selenium and common tumors, and summarizes the relationship between selenium exposure levels and tumor incidence risk and
prognosis in different tumor types. It aims to provide theoretical reference for the scientific application of selenium in tumor prevention
and treatment, and to provide theoretical basis for future large-scale population and clinical intervention studies.
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Selenium from food and supplements is absorbed in the intestines and distributed throughout the circulatory system primarily bound to SELENOP.
The liver plays a key role in regulating selenium metabolism and the availability of selenoproteins for synthesis. Selenium-dependent enzymes, such as
GPX and TXNRD, contribute to antioxidant defense and redox homeostasis, while TDI regulates thyroid hormone metabolism. Through these mecha-
nisms, selenium status may influence susceptibility to oxidative stress-related cancers. Selenium is ultimately excreted via the kidneys and respiratory
tract to maintain physiological balance.
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Figure 1 Schematic diagram of selenium intake, absorption, and metabolic processes in the human body
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The primary biological functions of selenoproteins and their related physiological effects

Main function

Application/Mechanism/Physiological role

Table 1

Name Symbol
Glutathione peroxidase 1 GPX1
Glutathione peroxidase 2 GPX2
Glutathione peroxidase 3 GPX3
Glutathione peroxidase 4 GPX4
Glutathione peroxidase 6 GPX6
Thioredoxin reductase 1 TXNRDI1
Thioredoxin reductase 2~ TXNRD2

Removes intracellular H,0,
and small - molecule perox-
ides; maintains redox homeo-
stasis

Antioxidant defense in intes-

tinal epithelium

Antioxidant enzyme in body

fluids and plasma

Eliminates membrane phos-
pholipid peroxides; suppress-

es lipid peroxidation

Antioxidant function (tissue -

specific)

Maintains the reduced state
of the cellular thioredoxin
system

Mitochondrial redox homeo-

stasis regulation

Reduces ROS via glutathione - dependent antioxidant reac-
tions; protective in the cardiovascular system, pancreatic f3-
cells, and nervous system; closely associated with oxidative
stress-related disease risk

Maintains intestinal mucosal barrier function and limits in-
flammation-related ROS production; involved in inflammatory
bowel disease and colorectal carcinogenesis

Serves as a circulating antioxidant defense and biomarker of
selenium nutritional status; associated with cardiovascular
disease, chronic inflammation, and myocardial fibrosis

Core executor of ferroptosis inhibition; maintains membrane
stability by blocking polyunsaturated fatty acid-phospholipid
peroxidation; closely related to neurodegenerative diseases,
myocardial injury, and tumor drug resistance

Function not fully elucidated; may participate in local oxida-
tive stress regulation; associated with nervous system homeo-
stasis and degenerative changes

Regulates redox signaling, DNA synthesis, and protein re-
pair; plays a key role in tumorigenesis and ferroptosis resis-
tance

Protects mitochondrial function; regulates energy metabolism
and apoptosis; associated with cardiovascular disease and

metabolic disorders
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Name Symbol Main function Application/Mechanism/Physiological role

Thioredoxin reductase 3~ TXNRD3 Links the thioredoxin and Involved in sperm maturation and reproductive function; also
GSH systems; antioxidant reg- regulates inflammation and intestinal homeostasis
ulation

Type 1 iodothyronine DIO1 Activates thyroid hormone by Regulates peripheral thyroid hormone levels; involved in basal

deiodinase converting T, to active T; metabolism and thyroid homeostasis

Type II iodothyronine DIO, Local T; generation Regulates thyroid hormone signaling in brain, bone, and mus-

Deiodinase cle; influences development and energy metabolism

Type I iodothyronine DIO3 Inactivates Ts Prevents excessive thyroid hormone action during fetal develop-

Deiodinase ment and stress conditions

Methionine sulfoxide re- MSRB1  Repairs oxidized methionine Maintains protein structure and functional stability; involved

ductase B1 residues in immune regulation and antioxidant defense

Selenophosphate synthe- SEPHS2  Selenocysteine precursor syn- Key enzyme in the biosynthesis of all selenoproteins; central

tase 2 thesis node in selenium biology

Selenoprotein P SELENOP  Selenium transport and anti- Major plasma selenium carrier; regulates selenium supply to
oxidant function the brain and testes; associated with glucose metabolism, in-

sulin resistance, and cardiovascular health

Selenoprotein F SELENOF ER protein folding quality Involved in ER stress and unfolded protein response; plays
control roles in tumorigenesis and immune regulation

Selenoprotein H SELENOH Redox signaling and cell cy- Influences cell proliferation, differentiation, and antioxidant
cle regulation responses

Selenoprotein [ SELENOI  Phospholipid synthesis and Important for nervous system development and maintenance
membrane homeostasis of cellular membrane structure

Selenoprotein K SELENOK ER calcium homeostasis and Regulates Ca’* flux and immune cell activation; involved in
immune signaling inflammatory responses

Selenoprotein M SELENOM Energy metabolism and calci- Associated with metabolic homeostasis, neuroprotection, and
um signaling regulation cognitive function

Selenoprotein N SELENON Muscle ER stability Mutations cause inherited myopathies; closely related to mus-

cle development and contractile function

Selenoprotein O SELENOO Mitochondrial - related func- May participate in stress signaling and tumor-associated meta-
tions (to be clarified) bolic processes

Selenoprotein S SELENOS ER stress and inflammation Involved in ER -associated degradation and immune-inflam-
regulation matory responses

Selenoprotein T SELENOT Neural and metabolic homeo- Plays roles in neurodevelopment, energy metabolism, and ER
stasis function maintenance

Selenoprotein V SELENOV  Reproduction - and metabo- Mainly expressed in reproductive tissues; involved in glucose
lism-related functions and lipid metabolism

Selenoprotein W SELENOW  Antioxidant and muscle func- Maintains muscle and bone homeostasis; associated with mo-

tion

tor function and bone remodeling

H,0,: hydrogen peroxide; ROS: reactive oxygen species; GSH: glutathione; T3: triiodothyronine; Ts: thyroxine; ER: endoplasmic reticulum.
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