
Immunity Enhanced by Trace Elements

Selenium in the Immune System1,2

John R. Arthur,*3 Roderick C. McKenziey and Geoffrey J. Beckett**

*Division of Cellular Integrity, Rowett Research Institute, Bucksburn, Aberdeen AB21 9SB and
Departments of yDermatology and **Clinical Biochemistry, University of Edinburgh,
Edinburgh EH3 9YW, U.K.

ABSTRACT Selenium as an essential component of selenocysteine-containing protein is involved in most aspects
of cell biochemistry and function. As such, there is much potential for selenium to influence the immune system. For
example, the antioxidant glutathione peroxidases are likely to protect neutrophils from oxygen-derived radicals that are
produced to kill ingested foreign organisms. When the functions of all selenoproteins are described, only then will it be
possible to fully understand their role in maintaining optimal immune function. J. Nutr. 133: 1457S–1459S, 2003.

KEY WORDS: � selenium � immunity � neutrophils

Selenium is essential for the efficient and effective operation
of many aspects of the immune system in both animals and
humans. Immunity and the immune system are a very complex
collection of processes that act together to protect organisms
against attacks by pathogens and malignancy. Many immune
functions involve inflammatory mechanisms that when un-
controlled may be implicated in the pathogenesis of conditions
such as coronary heart disease, cancer, immunity and
rheumatoid arthritis. The cellular biochemistry of selenium is
also a complex system that involves the expression of a wide
range of selenium-containing proteins many of which remain to
be characterized (1,2). Selenium is found in varying quantities
in the rocks and soils of different regions of the world. In these
areas, this is reflected in the differing amounts of selenium in
forage crops and diets and in the animals and humans that
consume locally produced foods. There is much debate as to
whether the modification of selenium status of humans can be
associated with an altered incidence and/or increased suscep-
tibility to many diseases. There is no doubt, however, that low

dietary intakes of selenium and consequent deficiencies in farm
animals can result in a wide range of diseases that are often
associated with a concurrent vitamin E deficiency (3,4). Many
of these conditions have been reproduced experimentally in
farm animals and rodent models. Such experiments were often
carried out to try and understand the mechanism whereby lack
of selenium was involved in the pathogenesis of diseases. Thus,
the association of selenium deficiency with vitamin E deficiency
led to hypotheses that relied on oxidant/antioxidant processes
(5). The antioxidant effects of selenium were suggested to be
mediated through the glutathione peroxidases (GPx)4 that
removed potentially damaging lipid hydroperoxides and
hydrogen peroxide. At least five of these peroxidases have
now been identified as operating in different cell and tissue
compartments (6,7). Thus, selenium can act as an antioxidant
in the extracellular space, the cell cytosol, in association with
cell membranes and specifically in the gastrointestinal tract, all
with potential to influence immune processes. Additionally,
thioredoxin reductases that contain selenium may also act as
antioxidants (8).

Other selenoproteins are involved in many other aspects of
cell metabolism, which increases the potential for recognition
of adverse effects of selenium over and above those caused by
antioxidant systems. More than 20 selenoproteins have been
characterized by purification, cloning, recombinant expression
and prediction of function using bioinformatic techniques. In
total, 25 genes that code for selenoproteins have been detected
in the human genome. Thus, several of the . 30 proteins that
are labeled by 75Se in animals and cells must be due to
alternative splicing (1,2,9). As well as GPx, selenoenzymes
form families of three thioredoxin reductases and three
iodothyronine deiodinases. These give selenium essential
functions in redox control of many metabolic functions in cells
(in particular transcription factors) as well as in thyroid
hormone metabolism. Other selenoproteins that may have
antioxidant functions are selenoproteins P and W. With re-

1 Published in a supplement to The Journal of Nutrition. Presented as part of
the 11th meeting of the international organization, ‘‘Trace Elements in Man and
Animals (TEMA),’’ in Berkeley, California, June 2–6, 2002. This meeting was
supported by grants from the National Institutes of Health and the U.S. Department
of Agriculture and by donations from Akzo Nobel Chemicals, Singapore; California
Dried Plum Board, California; Cattlemen’s Beef Board and National Cattlemen’s
Beef Association, Colorado; GlaxoSmithKline, New Jersey; International Atomic
Energy Agency, Austria; International Copper Association, New York; International
Life Sciences Institute Research Foundation, Washington, D.C.; International Zinc
Association, Belgium; Mead Johnson Nutritionals, Indiana; Minute Maid Company,
Texas; Perrier Vittel Water Institute, France; U.S. Borax, Inc., California; USDA/
ARS Western Human Nutrition Research Center, California and Wyeth-Ayerst
Global Pharmaceuticals, Pennsylvania. Guest editors for the supplement
publication were Janet C. King, USDA/ARS WHNRC and the University of
California at Davis; Lindsay H. Allen, University of California at Davis; James R.
Coughlin, Coughlin & Associates, Newport Coast, California; K. Michael
Hambidge, University of Colorado, Denver; Carl L. Keen, University of California
at Davis; Bo L. Lönnerdal, University of California at Davis and Robert B. Rucker,
University of California at Davis.

2 J. R. Arthur’s laboratory is funded by The Scottish Executive Environment
and Rural Affairs Department (SEERAD).

3 To whom correspondence should be addressed. Email: j.arthur@rri.sari.
ac.uk. 4 Abbreviation used: GPx1, cytosolic glutathione peroxidase.

0022-3166/03 $3.00 � 2003 American Society for Nutritional Sciences.

1457S

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article-abstract/133/5/1457S/4558526 by guest on 22 April 2020



spect to immune function, there is also a specific 15-kDa sele-
noprotein that has been identified in T cells, although its exact
function is unknown. Another selenium-containing protein
is selenophosphate synthetase, which catalyzes the production
of selenophosphate. This selenophosphate is an essential in-
organic precursor for the synthesis of selenocysteine from serine
during selenoprotein synthesis. The families of selenoproteins
that are discussed above are candidates for the involvement of
selenium in the immune system. Details of these and other
selenoproteins are discussed in several reviews (1,2,6,9,10).

Thus, via the selenoproteins, selenium can influence three
broad areas of cell function through antioxidant activities,
thyroid hormone metabolism and regulation of the activity of
redox-active proteins (10). All of these general effects on me-
tabolism can be associated with more specific processes that will
affect the immune system. Clearly, therefore, the influence of
selenium on the immune system is multifactorial, and particular
circumstances determine which systems are affected.

Selenium and the immune system

Dietary selenium is essential for an optimum immune re-
sponse, although the mechanisms of this requirement are not
always fully understood. Selenium influences both the innate,
‘‘nonadaptive’’ and the acquired, ‘‘adaptive’’ immune systems
(3,11,12–17). The innate immune system includes barriers to
infection and nonspecific effector cells such as macrophages.
Both the T and B lymphocytes form the major effector cells
of the acquired system that mature with exposure to immune
challenges. Selenium-deficient lymphocytes are less able to
proliferate in response to mitogen, and in macrophages, leu-
kotriene B4 synthesis, which is essential for neutrophil
chemotaxis, is impaired by this deficiency. These processes
can be improved by selenium supplementation. The humoral
system is also affected by selenium deficiency; for example, IgM,
IgG and IgA titers are decreased in rats, and IgG and IgM titers
are decreased in humans. In endothelial cells from asthmatics,
there is a marked selenium deficiency that results in an increase
in expression of adhesion molecules, which causes greater
adhesion of neutrophils. These and many other effects of sele-
nium on the immune system have been reviewed in recent
publications (3,11,12–17), and here we consider only some
effects on neutrophil function in more detail.

Selenium and neutrophil function

One of the most widely investigated associations between
selenium and the immune system is the effect of the mi-
cronutrient on neutrophil function. Neutrophils produce su-
peroxide-derived radicals to take part in killing of microbes.
This type of process is a balance between the production of
sufficient radicals to kill invading organisms and the systems
that protect the neutrophils themselves from the radicals.
Thus, although selenium deficiency does not affect neutrophil
numbers in a range of species, certain aspects of their function
are defective (3). Neutrophils from selenium-deficient mice,
rats and cattle are able to ingest pathogens in vitro but are less
able to kill them than are neutrophils from selenium-sufficient
animals (18). This defective function has been associated with
decreased cytosolic GPx (GPx1) activity in the neutrophils,
which allows the free radicals that are produced in the re-
spiratory burst to kill the neutrophils themselves. Examination
of the rate of radical production in stimulated neutrophils from
mice supports this hypothesis (Table 1). The initial rate of
reduction of cytochrome c by neutrophils stimulated with
phorbol myristate acetate was the same in selenium-deficient

mice or mice repleted by IP injection with between 2.5 and
1,000 mg of selenium/kg bodyweight. However, only the
neutrophils from the selenium-repleted animals were able to
continue producing the radicals for . 10 and # 45 min. The
ability to continue to produce radicals depends on increased
selenium status and GPx activity in the neutrophils (Fig. 1).
Neutrophil candidacidal activity had a biphasic pattern. At
very low doses of selenium given to deficient mice, candidacidal
activity increased from ;9 to 14%. Additional selenium
supplementation did not increase this activity until much
higher doses were given, which also correlated with changes in
the GPx activity (Fig. 1). The conclusions from these studies
are that there is more than one selenium-dependent function or
intracellular compartment that regulates the ability of immune
cells to kill ingested organisms. Part of this is due to GPx1
activity. Additional work is required to determine whether the
initial changes in candidacidal activity are dependent on
phospholipid hydroperoxide GPx activity and a specific pool of
GPx1 or cytosolic or mitochondrial thioredoxin reductase.

Selenium, neutrophil function and cell metabolism?

It must be emphasized that the data shown in Table 1 and
Figure 1 were obtained using in vitro cultures of neutrophils.
Their function in vivo might also be modulated by other factors
including thyroid hormone metabolism, which is impaired in
selenium deficiency. Hypothyroidism has adverse effects on
immune function; it generally impairs the ability of neutrophils
to respond to a challenge or to foreign organisms. Stress may
influence thyroid function through suppression of thyroid
hormone metabolism. Thymus contains type 2 iodothyronine
deiodinase activity, which is generally confined to tissues that
require local production of triiodothyronine from thyroxine for
optimal activity (19). Any impairment of type 2 deiodinase
activity in selenium deficiency could have effects on the
immune system through suboptimal development and function
of thymic cells. As well as killing invading pathogenic bacteria

TABLE 1

Superoxide production by mouse neutrophils1

Selenium, mg of
selenium/kg

DOptical density � min�1 � 10�6 cells Duration of
cytochrome c

body wt 10–30 min #10 min reduction, min

0 0.081 6 0.010 0 , 10
2.5 0.069 6 0.013 0 , 10
6 0.076 6 0.008 0 , 10
8 0.084 6 0.012 0.005 6 0.003 , 10
10 0.080 6 0.016 0.007 6 0.003 , 12
20 0.072 6 0.009 0.007 6 0.001 , 15
50 0.074 6 0.014 0.012 6 0.001 , 30
100 0.071 6 0.008 0.024 6 0.001 . 45
200 0.091 6 0.010 0.028 6 0.006 . 45
500 0.081 6 0.013 0.024 6 0.005 . 45
750 0.073 6 0.011 0.028 6 0.003 . 45
1,000 0.080 6 0.013 0.032 6 0.003 . 45
Se-supplemented
control

0.083 6 0.010 0.045 6 0.002 . 45

1 Mice were made selenium deficient and then repleted with
selenium as described in Figure 1. Five days after treatment, neutrophils
were obtained from the peritoneal cavity of the animals and incubated in
a balanced salt solution and their superoxide dismutase-sensitive ability
to reduce cytochrome c DOD 550 nm in response to stimulation with
phorbol myristate acetate (1 mg of phorbol myristate acetate/mL in 10 mL
of DMSO per 3-mL incubation) was determined (18). Results are means
6 SEM; 5–7 animals per group.
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and fungi, selenium is also essential for other aspects of cell-
mediated immunity. This includes removal of viruses and
destruction of neoplastic cells. Possible mediators of these
selenium functions are the GPx, although this cannot all be
directly related to protection against peroxides (13,14).
Equally, however, the GPx and perhaps the thioredoxin
reductases may influence eicosanoid metabolism to modulate
inflammation and chemotactically active compounds. Fatty
acids of the (n-3) and (n-6) series act as substrates for the
lipoxygenase and cyclooxygenase pathways; the former give rise
to the leukotrienes, which are proinflammatory and the latter
the prostaglandins and thromboxanes (13,20). Selenium
deficiency can favor the formation of proinflammatory
compounds that would predispose toward diseases such as
heart disease and cancer.

Adequate dietary selenium is essential for the activity of
virtually all arms of the immune system. It is particularly
significant that supplemental selenium can improve immune
function in British individuals who consume diets that are
considered adequate by World Health Organization (WHO)
criteria but do not meet the British Recommended Daily Intake
(21).
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FIGURE 1 Cytosolic glutatione peroxidase (GPx1) activity and
candidacidal activity in neutrophils from selenium-deficient mice treated
for 5 d with different doses of selenium. Mice were made selenium
deficient using the protocols and diet described previously (18) and
where indicated were treated with selenium as sodium selenite in 0.9%
NaCl by intraperitoneal injection. Five days after treatment, neutrophils
were obtained from the peritoneal cavity of the animals and incubated in
a balanced salt solution and their candidacidal activity was determined
(18). Increases in activities in groups treated with. 10 mg of selenium/kg
body wt were statistically significant with P , 0.05 or better (ANOVA and
test of least-significant difference). Results are means 6 SEM for 5–7
animals group.
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