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ABSTRACT

Background. Selenium is an essential trace element that functions as an integral component
of glutathione peroxidase 1, the enzyme encoded by GPXI. This selenium-dependent enzyme
detoxifies hydrogen peroxide, a harmful free radical generated during the neutralization of
other reactive species, and converts it into harmless water. Because the activity of the enzyme
is directly coupled to selenium availability, an insufficient supply of the element limits enzyme
production and allows oxidative stress to rise. This connection establishes selenium as a
determinant of antioxidant capacity and explains why inadequate intake can have adverse
physiological consequences (Jablonska et al.,, 2009; Karunasinghe et al.,, 2011; Combs et al., 2011).

Methods. Peer-reviewed evidence on GPXI-dependent peroxide detoxification, selenium
biology, and the functional consequences of the rs1050450 variant was examined. Emphasis
was placed on studies distinguishing the wild-type from the variant allele, on the relationship
between selenium status and glutathione peroxidase activity across genotypes, and on
intervention trials evaluating whether increased selenium supply can restore enzyme function
where it is genetically constrained (Jablonska et al., 2009; Miller et al., 2012; Donadio et al., 2018).

Results. The literature supports rsl050450 as a functional missense variant in GPXI that
modifies the relationship between selenium status and enzyme activity. The wild-type allele
encodes the more efficient form of the enzyme, whereas the variant allele is associated with
reduced activity and a less effective response of the enzyme to available selenium. Importantly,
intervention data indicate that a higher selenium supply can increase the activity of the
constrained enzyme, with genotype-dependent responses most evident under conditions of
lower selenium availability. These findings identify selenium optimization as the principal
mechanism-based intervention for supporting GPXi-dependent antioxidant defense
(Jablonska et al., 2009; Cominetti et al., 2011; Miller et al., 2012).

Discussion. Because the rs1050450 variant cannot be corrected directly, the most appropriate
strategy is biochemical compensation through adequate selenium supply. Selenium
availability directly determines the efficiency of the selenium-dependent enzyme, and in
carriers of the variant a higher selenium level can enhance enzyme activity and improve




novocenia

protection against free radicals. The most informative findings arise consistently from selenium-
responsive biomarkers and from intervention trials, indicating that selenium status is a key
determinant of how GPXI variation is functionally expressed. These observations provide a
coherent rationale for genotype-informed assessment of selenium requirement (Miller et al,,
2012; Combs et al., 2011; Donadio et al., 2018).

Subjects: Genetics, Oxidative Stress. Keywords: Genetics, Polymorphism, Selenium, Glutathione Peroxidase,
Free Radicals.

INTRODUCTION

Selenium is an essential trace element required for a number of important biological processes, and
one of its central roles is as a structural component of glutathione peroxidase 1, the enzyme encoded
by GPXI. This enzyme provides a specific and indispensable defense against hydrogen peroxide, a
free radical that arises as a by-product of the detoxification of other reactive species. By reducing
hydrogen peroxide to harmless water, glutathione peroxidase 1 prevents the propagation of oxidative
injury to cellular structures. Because selenium occupies the active site of the enzyme, its availability
directly governs how effectively this protective reaction can proceed (Jablonska et al, 2009;
Karunasinghe et al.,, 2011; Donadio et al., 2017).

The dependence of enzyme function on selenium has an important practical consequence: when
selenium supply is inadequate, the body cannot produce sufficient functional enzyme, and the
resulting decline in peroxide detoxification allows oxidative stress to increase. This relationship is one
of the reasons that selenium deficiency can carry negative health implications. The requirement for
selenium, however, is not uniform across individuals, because commmon genetic variation in GPX]
influences how efficiently the available element is translated into enzyme activity (Jablonska et al,
2009; Miller et al., 2012; Combs et al., 2011).

The most extensively studied variant in this context is rs1050450, a missense polymorphism that
modifies the functional performance of the enzyme. Human observational and intervention studies
have shown that this variant alters the relationship between selenium status and glutathione
peroxidase activity, and that the response of the enzyme to selenium supplementation differs
according to genotype. This review therefore examines the physiological role of GPX], the functional
distinction between the wild-type and variant alleles, and the evidence that adequate selenium
supply represents the principal means of supporting enzyme function where it is genetically
constrained (Jablonska et al., 2009; Cominetti et al., 2011; Miller et al., 2012).

SELENIUM-DEPENDENT FUNCTION OF GPXTIN ANTIOXIDANT DEFENSE

GPX1 encodes glutathione peroxidase 1, one of the most extensively characterized selenium-
dependent antioxidant enzymes. Its principal function is the reduction of hydrogen peroxide and
lipid hydroperoxides, using reduced glutathione as the electron donor. Within the broader
antioxidant cascade, hydrogen peroxide is itself produced during the neutralization of other free
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radicals, and glutathione peroxidase 1 ensures that this intermediate is converted into water rather
than persisting to inflict further oxidative damage. Through this reaction, the enzyme protects
proteins, membrane lipids, and nucleic acids from oxidative injury and contributes fundamentally to
cellular redox homeostasis (Jablonska et al,, 2009; Almondes et al., 2018; Donadio et al., 2017).

What distinguishes this enzyme from many other antioxidant proteins is its strict dependence on
selenium. Selenium is incorporated directly into the active site of the enzyme, so that the amount of
functional enzyme the body can produce is governed by the amount of selenium available. When
selenium is plentiful, the enzyme is produced in sufficient quantity to detoxify hydrogen peroxide
effectively; when selenium is scarce, enzyme production falls and the cell's defense against this
particular free radical is weakened. Selenium availability is therefore not merely a general nutritional
factor but a direct and rate-limiting determinant of this branch of antioxidant defense (Jablonska et
al,, 2009; Karunasinghe et al., 2011; Combs et al., 2011).

FUNCTIONAL SIGNIFICANCE OF THE GPX1 RS1050450 VARIANT

The rs1050450 polymorphism is a missense variant in GPX1 that is best understood as a functional
modifier rather than a complete loss-of-function change. It does not abolish enzyme expression;
instead, it alters the efficiency with which available selenium is translated into glutathione peroxidase
activity. The wild-type allele encodes the more efficient form of the enzyme, which responds robustly
to selenium and sustains effective peroxide detoxification. The variant allele, by contrast, is associated
with reduced enzyme activity and a weaker response to a given level of selenium, so that protection
against hydrogen peroxide is established more slowly and less completely (Jablonska et al.,, 2009;
Miller et al., 2012; Donadio et al., 2018).

This functional difference is graded and context dependent. Human studies have shown that the
relationship between selenium status and enzyme activity varies by genotype, and that genotype-
dependent effects on oxidative-stress markers and redox balance become most evident under
conditions of lower selenium availability or increased oxidative challenge. These observations
support the interpretation that the variant reduces antioxidant reserve rather than creating an
entirely inactive enzyme system, and that its consequences depend substantially on the prevailing
selenium supply (Karunasinghe et al., 2011; Combs et al., 2011; Almondes et al., 2018).

The physiological implication is that carriers of the variant allele are less able to neutralize hydrogen
peroxide at a normal level of selenium intake, and therefore require a higher selenium supply to
achieve comparable enzyme activity. Because hydrogen peroxide is continuously generated during
the detoxification of other free radicals, even a modest reduction in this protective capacity can, over
time, permit a greater accumulation of oxidative damage. This establishes rsl050450 as a
determinant of individual selenium requirement and of resilience to free-radical-mediated injury
(Jablonska et al.,, 2009; Cominetti et al., 2011; Donadio et al., 2018).
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SELENIUM AS A MECHANISM-BASED STRATEGY FOR SUPPORTING GPXT-
DEPENDENT DEFENSE

Because the rs1050450 variant cannot be corrected directly, the appropriate strategy is to optimize
the functional performance of the enzyme through the supply of its essential cofactor. Selenium is
the principal mechanism-based intervention in this setting, since glutathione peroxidase 1 is a
selenium-dependent enzyme whose activity is directly linked to selenium availability. The biological
rationale is specific rather than general: selenium does not act here as a broad antioxidant but as the
indispensable component that enables this enzyme to reduce hydrogen peroxide to water
(Cominetti et al., 2011; Miller et al., 2012; Donadio et al., 2018).

The central observation supporting this strategy is that a higher selenium supply can increase the
activity of the constrained enzyme. Human supplementation studies, including trials using selenium-
rich dietary sources, have shown that improved selenium intake favorably influences biomarkers of
selenium status and glutathione peroxidase activity, and that the magnitude of this response is
modified by genotype and by baseline selenium status. Genotype-dependent responses are most
evident when selenium supply is low, indicating that adequate selenium is particularly important for
carriers of the variant allele, in whom the enzyme is already functionally constrained (Cominetti et al.,
2011; Miller et al., 2012; Combs et al., 2011).

Taken together, these findings identify selenium sufficiency as a key determinant of redox resilience
in the context of GPXT variation. Where the variant allele reduces the responsiveness of the enzyme,
a higher selenium level can restore enzyme activity toward normal and thereby improve protection
against hydrogen peroxide. Selenium must be obtained through the diet or through
supplementation, since the body can neither synthesize the element nor absorb it through the skin,
making dietary intake the sole route by which this defense can be supported (Karunasinghe et al.,
2011; Donadio et al., 2017, Combs et al., 2011).

TABLE 1 — REPRESENTATIVE STUDIES RELEVANT TO GPX1 RS1050450, SELENIUM
RESPONSIVENESS, AND PEROXIDE DETOXIFICATION

STUDY (AUTHOR, DESIGN - POPULATION - SNP PRIMARY OUTCOME / KEY FINDINGS
YEAR)

Jablonska et al., Design: Human observational Demonstrated that the relationship
2009 genotype—-phenotype association between plasma selenium
study. concentration and glutathione
Population: Adult human peroxidase activity differed by
participants of Polish origin. genotype, supporting a functional
SNP: GPX]1 Prol98Leu (rs1050450). effect of the variant on selenium-

dependent enzyme activity.
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STUDY (AUTHOR, DESIGN - POPULATION - SNP PRIMARY OUTCOME / KEY FINDINGS
YEAR)

Karunasinghe et
al., 201

Cominetti et al,,
2011

Miller et al., 2012

Combs et al., 2011

Almondes et al.,
2018

Design: Cross-sectional molecular
epidemiologic study.

Population: 503 healthy men from
Auckland, New Zealand.

SNP: GPX1 Prol98Leu (rs1050450).

Design: Nutritional intervention /
nutrigenetic study.

Population: Obese women
supplemented with selenium-rich
Brazil nuts.

SNP: GPX1 Prol98Leu (rs1050450).

Design: Randomized controlled
selenium-supplementation trial.
Population: Healthy adults and
patients with coronary artery
disease, New Zealand.

SNP: GPX1 Pro200Leu (rs1050450).

Design: Year-long randomized
selenomethionine-supplementation
trial.

Population: 261 healthy American
adults.

SNP: GPX1 rs1050450.

Design: Cross-sectional molecular
epidemiologic study.

Population: 343 healthy Brazilian
adults.

SNP: GPX1 Prol98Leu (rs1050450).

Reported associations between
selenium status, oxidative-stress
markers, and selenoprotein
genotype, with the wild-type allele
showing the stronger correlation
between selenium and enzyme
activity.

Found that increased selenium
intake raised enzyme activity across
genotypes, while reductions in DNA
damage were greatest in wild-type
carriers, linking the variant to
differential redox outcomes.

Showed that selenium
supplementation increased
glutathione peroxidase activity, with
a genotype-dependent effect most
apparent at low baseline selenium,
indicating context-dependent
selenium responsiveness.

Demonstrated genotype-
dependent differences in the
response of selenium biomarkers to
supplementation, supporting an
influence of the variant on selenium
utilization.

Showed that redox balance was
associated with the variant and with
selenium status, with the variant
allele linked to a less favorable
antioxidant phenotype.
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STUDY (AUTHOR, DESIGN - POPULATION - SNP PRIMARY OUTCOME / KEY FINDINGS
YEAR)

Donadio et al., Design: Interventional nutrigenetic Found that the response of

2018 trial (the SU.BRA.NUT study). glutathione peroxidase activity and
Population: 130 healthy Brazilian gene expression to selenium
adults supplemented with Brazil supplementation differed by
nuts. genotype, reinforcing selenium
SNP: GPX] rs1050450. status as a determinant of how the

variant is expressed.

CONCLUSION

The available evidence identifies GPX1 as a central component of selenium-dependent defense
against free radicals and supports rs1050450 as a functional modifier of antioxidant capacity rather
than a loss-of-function variant. By influencing how efficiently available selenium is translated into
glutathione peroxidase activity, this polymorphism contributes to interindividual variation in the
ability to detoxify hydrogen peroxide and, consequently, in resilience to oxidative injury. The wild-
type allele supports robust, selenium-responsive enzyme activity, whereas the variant allele is
associated with reduced activity and a heightened requirement for selenium (Jablonska et al., 2009;
Karunasinghe et al,, 2011; Alimondes et al., 2018).

Within this framework, selenium emerges as the principal mechanism-based intervention because
it directly supplies the cofactor on which the affected enzyme depends. Human supplementation
studies indicate that a higher selenium level can increase the activity of the constrained enzyme,
with genotype-dependent responses most evident under conditions of low selenium availability. The
biological consequences of the variant are therefore best understood as context dependent, with
selenium status acting as a major determinant of how the polymorphism is functionally expressed.
Rather than implying a fixed outcome, the variant modifies the efficiency of peroxide detoxification
and the individual requirement for selenium (Miller et al., 2012; Combs et al., 2011; Donadio et al., 2018).

From a translational perspective, these observations support the integration of genotype-informed
assessment of selenium requirement into strategies aimed at preserving redox balance. Because
selenium can be obtained only through the diet or supplementation, ensuring adequate intake is
the practical means by which this branch of antioxidant defense can be supported, particularly in
carriers of the variant allele whose enzyme function is otherwise constrained. This interpretation
provides a coherent biological basis for individualized selenium recommendations within preventive
strategies against free-radical-mediated damage (Cominetti et al., 2011; Donadio et al., 2017, Combs
et al,, 2011).
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