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Selenium (Se) is an essential micronutrient for mammals, and its deficiency seriously threatens human health. A
series of biofortification strategies have been developed to produce Se-enriched foods for combating Se deficiency.
Although there have been some inconsistent results, extensive evidence has suggested that Se supplementation is
beneficial for preventing and treating several chronic diseases. Understanding the association between Se and
chronic diseases is essential for guiding clinical practice, developing effective public health policies, and ultimately
counteracting health issues associated with Se deficiency. The current review will discuss the food sources of Se,
biofortification strategies, metabolism and biological activities, clinical disorders and dietary reference intakes, as
well as the relationship between Se and health outcomes, especially cardiovascular disease, diabetes, chronic

inflammation, cancer, and fertility.

selenium biofortification chronic diseases baseline selenium status

methylated selenium compounds

| 1. Introduction

Selenium (Se) is essential for the maintained health of mammals, and its deficiency is common and a serious issue
worldwide. The World Health Organization (WHO) shows that there are more than 40 countries and regions
globally that suffer from Se deficiency L. Approximately 51% of the regions in China have soil that is Se deficient
[, Se deficiency is a serious hazard to human health and prone to various chronic diseases, such as Keshan
disease, Kashin-Beck disease, cardiovascular disease (CVD), diabetes, cancer, inflammatory diseases, subfertility,
and viral infections. Therefore, the biofortification strategies to produce Se-enriched foods can help overcome Se
deficiency and improve human health. Ample existing evidence has suggested that Se compounds have a
protective impact against chronic diseases. Several factors affecting the beneficial activities of Se compounds have
been identified, including the baseline Se status, the dosage and forms of Se. A better understanding of the
relationship between Se and chronic diseases will help develop more precise solutions to combat the health

problems caused by Se deficiency.

| 2. Food Sources of Se

2.1. The Overview of Se Contents and Forms in Different Foods
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According to results of the ANIBES (“Anthropometry, Intake, and Energy Balance in Spain”) study in Spain, the
daily Se intake of the whole population is between 14 and 265 pg/day, with a mean level of 75 + 1 ug/day 2.
Cereals and grains were the main contributors (46.5%) to Se intake, while animal foods provided the second
portion of Se. Fish accounted for 16.7%, meat and meat products 14.9%, milk and dairy products 7.2%, and eggs
5%. All these groups provided more than 85% of the Se intake [. Finally, ready-to-eat meals, vegetables, pulses,

fruits, sugars, sweets, and non-alcoholic beverages contributed to a small part of the dietary Se intake.

Generally, the Se concentrations in the different foods followed this descending order: animal-based foods >
vegetables > cereals > fruits. In addition, the Se content in foods depends to a great extent on Se content in the
soil where plants and animals grow. The mean Se content in cereals and animal foods, including meat, fish, milk,
and eggs, respectively, ranges from 0.0021-2.11 mg/kg and 0.0042—-2.46 mg/kg in China [l Vegetables contain a
relatively small amount of Se, and its contents in the edible parts of different vegetables in China range from
0.0008 to 5.37 mg/kg, with a mean of 0.067 mg/kg 2. The Se contents in the different vegetables are in the
descending sequence: cruciferous vegetables > liliaceous vegetables > legumes > solanaceous vegetables > leafy
vegetables. Cruciferous vegetables, garlic, and onions are considered high-Se-accumulating vegetables and can
be Se-enriched from <0.5 mg/kg up to 140-300 mg/kg 2. Brazil nuts rank at the top of ten products containing the
largest quantity of Se !,

The predominant dietary Se forms can be divided into inorganic Se, selenate and selenite, and organic Se,
selenome-thionine (SeMet), selenocysteine (SeCys) and Se-methylselenocysteine (MSeC). For inatance, MSeC is
the main Se form in Se-enriched broccoli, garlic, and onions B8, The predominant species of Se in cereals and
bread are SeMet and SeCys . The percent composition of Se species in Se-enriched wheat grains &, Se-
enriched pork B, and Se yeast has also been identified 19, The chemical structures of these dietary Se

compounds and their percent compositions in Se-enriched foods are summarized in Figure 1.
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Figure 1. Se biofortification strategies, predominant dietary Se forms, and their percent compositions in Se-
enriched foods. Plant-based biofortification mainly consists of (a) genetic biofortification and agronomic
biofortification, including (b) and (c). Genetic biofortification approaches include breeding and genetic engineering,
which can transfer the Se-enriched genes, such as ATP-sulfurylase (APS) and selenocysteine methyltransferase
(SMT), to plants. Different sources of Se are available for feed supplements for domestic animals to produce Se-
biofortified animal foods (d), including inorganic (mainly selenite or selenate), organic (mainly Se yeast), and
nanoforms of Se; Adding Se, such as selenite, to culture media of microbes (e) to manufacture Se-enriched foods,

such as Se yeast.
2.2. Se Biofortification

Considering the large-scale Se deficiency in the world, relying on only a few Se-rich regions to achieve the
enrichment of natural Se resources, it is unable to meet the demand for Se supplementation. Therefore, people
take advantage of a series of biofortification strategies to develop Se-enriched foods. Se biofortification is a
biotechnological strategy that increases the Se content in agricultural products by plant breeding, genetic
engineering, or agronomic practices XX, Generally speaking, plant-based biofortification is the most effective and
commonly used approach, especially in staple crops. In addition, Se-biofortified animal foods produced by animals
fed Se-enriched feed may be another important way to increase dietary Se intake. Microorganisms can also be
biological conversion factors for Se enrichment. Se biofortification not only increases the Se content but also

enhances the nutritional value of foods. The overview of Se biofortification strategies is shown in Figure 1.

2.2.1. Agronomic Biofortification

Agronomic biofortification is to increase the nutrient (such as Se) concentration in the edible parts of main crops via
fertilizers 12, Agronomic biofortification mainly includes Se addition to soil and Se foliar fertilization, while the
fertilizers typically used are selenate- or selenite-based fertilizers. Applied inorganic Se is metabolized to various
organic forms by plants, and the structures and amounts depend on the species of plants, and then these plant Se

metabolites are consumed by humans and animals.

In general, selenate (SeVI) and selenite (SelV) are easily transported through the plant cuticle, and metabolized by
the sulfur assimilatory pathway. Firstly, catalyzed by ATP sulfatase and APS reductase, Se (VI) is reduced to Se
(IV). Then, Se (IV) can be further converted to selenides (Se-Il). Some selenides are metabolized to SeCys by
cysteine synthase, which can be transformed into MSeC or SeMet, under the action of Se-methyltransferase or by

trans-sulfurylase, respectively 9,

Most studies have shown selenate to be more effective than selenite, which may be because plants absorb more
selenate, with the same Se supplementation amount 13, For example, the total Se content in leek plants was 982
+ 159 mg/kg and 104 + 33 mg/kg, respectively, grown on selenate and selenite-fertilized soil, showing a 10-fold
difference 4], The total Se concentration in 50 pM selenate and selenite-treated broccoli sprouts was 179 and 98
mg/kg dry weight, respectively, showing an over 1.8-fold difference 1. Foliar fertilization is more efficient than soil

fertilization (28], For instance, Se content in control lettuce leaves was 46 pg/kg, while treating plants with 100 mg/L

https://encyclopedia.pub/entry/10345 3/21



Selenium and Chronic Diseases | Encyclopedia.pub

Se achieved 784 pg/kg (for soil application), 1708 pg/kg (for foliar application) X7, Moreover, some beneficial
rhizosphere microbes can enhance the soil's Se phytoavailability 18, The addition of beneficial rhizosphere

microbes to soil might help to improve the Se biofortification of crops.
2.2.2. Genetic Biofortification

Genetic biofortification includes classical breeding and modern genomic approaches. The purpose is to select and
develop plant varieties with high Se accumulation capacity according to the difference of Se absorption, which may
be related to the differential expression and affinity for Se over S of root sulfate transporters 2229, Several genes
with positive outcomes for Se biofortification have been targeted by genetic engineering, primarily consisting of
sulfate transporters and S-assimilation enzymes, such as ATP-sulfurylase (APS) and selenocysteine
methyltransferase (SMT), which is also the key enzyme to form MSeC [21l. The APS transgenics contained 2.5-fold
higher shoot Se levels than wild-type Indian mustard 22, The overexpression of SMT in tobacco plants increased
the total Se and MSeC accumulation, and the total Se content in SMT-overexpressing tobacco (~3.8-fold higher)

and control plants were 1.87 mg/kg and 0.49 mg/kg, respectively 23],

2.2.3. Se-Biofortified Agricultural Products

Foliar spray and soil application increased the total and organic Se content in cereals. Furthermore, Se-fortified
cereals present various nutritional benefits, for example, antioxidants, amino acids, phenols, anthocyanins, and
sugars increased 24, The consumption of Se-biofortified wheat products increased Se intake by 12-35 pg/day,
increased glutathione peroxidase activity in the blood, and the concentrations of lipid peroxidation products
decreased in the serum of volunteers 23, Although the statistical significance was not indicated, the risk factors of
CVD improved slightly, with the overall cholesterol decreased by 10.3%, triglycerides decreased by 14.5%, and the
low-density lipoprotein decreased by 15.1% [221[26],

In addition, the researchers also studied the Se fortification of vegetables. Spraying lettuce with Se improved its
growth, antioxidant capacity, Se content and yield quality 2Z. The application of Se significantly increased the
antioxidant capacity, the total phenol, and rosmarinic acid content in basil leaves during harvest 24, The content of
antioxidant flavonoids, naringenin chalcone, and kaempferol increased, and cinnamic acid derivatives decreased in
the Se-biofortified tomatoes [28l. Among the crops that can accumulate Se, the Brassicaceae family has received
more attention since they are Se-hyperaccumulating plants. Se-fortified broccoli showed higher amounts of
phenolic compounds, increased antioxidant and antiproliferative activity, presenting cytocidal activity for a glioma

line, especially the seedlings 22,

The most commonly used Se biofortification technology in fruits was foliar spray. Spraying with Se enhanced the
Se content and the nutritional quality in fruits and their derivates. Fruit Se concentration increased from 0.1 pg/kg
to 242 pg/kg when Se was foliar sprayed at 1.5 mg/L, and meanwhile, the antioxidant enzyme activity, the fruit
quality, and the storability of apples were also markedly amplified 2%, Se nanoparticles (Se NPs), as a foliar spray,
significantly increased the total sugars, phenolic compounds, antioxidants, and anthocyanins in pomegranates 311,

The foliar Se fertilization of olive trees enhanced the Se content and the antioxidant compounds in extra virgin olive
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oil (EVOO), such as chlorophylls, carotenoids, phenols, and SeMet, which increased the oxidative stability and
shelf-life of EVOO [22],

Various experiments have shown that dietary Se supplementation increased the Se concentration in meat and
improved the meat quality, such as enhancing glutathione peroxidase activity and the oxidative stability 23],
preserving its texture and sensory characteristics 34, altering the lipid metabolism, and decreasing the cholesterol
content (23],

Se-enriched foods that rely on microorganisms to transform and produce Se elements include Se-enriched yeast,
Se-enriched edible fungi, and Se-enriched probiotics, which are prepared by adding inorganic Se additives, such
as sodium selenite, to their corresponding media. In addition, Se-enriched yeast and Se-enriched probiotics can be

used for manufacturing food products such as beer, yogurt, or cheese.
2.3. Se Nutritional Fortifiers and Se Fortified Foods

In addition to Se in natural foods, Se can be also used as nutritional food fortifiers in formulating milk powder, rice,
and its products, wheat flour and its products, cereal flour and its products, bread, biscuits, and milk beverages.
The approved forms are sodium selenite, sodium selenate, selenoprotein, Se-enriched edible fungus powder,
MSeC, selenized carrageenan, and Se yeast. There are strict requirements for additive amounts; for example, the

United States Food and Drug Administration (FDA) recommends that the Se level in infant formula is 2—7 ug/100
kcal [28],

3. Se Nutritional Status Assessment, Metabolism,
Bioavailability and Biological Functions

It is a challenging task to evaluate the Se nutritional status. Se exists in multiple locations of the body, including
blood, hair, and nails. Although the Se content in the blood is used as a major biomarker, it only represents short-
term exposure to Se 7. Toenail Se content can reflect long-term external exposures, and compared with
fingernails and hair, the possibility of exposure to external contamination is smaller 8, Therefore, toenails have
more potential for assessing Se’s nutritional status in epidemiologic studies of Se and chronic diseases than other
biomarkers.

Se content in foods does not represent the amount available to organisms, and the absorption of Se from foods
depends on its bioavailability. The chemical form is a vital factor affecting Se bioavailability. Generally, organic Se
compounds are more bioavailable for animals and humans than inorganic species. As for inorganic Se, selenite is
more largely transformed into organic metabolites than selenate 2. SeCys and MSeC are more easily digested by

the gastrointestinal tract than SeMet 49, Moreover, Se in plant foods is more bioavailable than Se in animal foods
a1,

The metabolism of Se in the human organism is shown in Figure 2. The predominant Se species in food can be

divided into inorganic Se, selenate, and selenite, and organic Se, including SeMet and SeCys. All these forms of
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Se can be metabolized to hydrogen selenide (H,Se), which is involved in the selenoprotein synthesis and
methylation excretion of Se [4l42l43] SeMet can participate in synthesizing general proteins instead of methionine
or being converted into SeCys via trans-sulfurization. SeCys can be transformed into H,Se by B-lyase. Inorganic
Se can be converted to H,Se through reductive metabolism. H,Se can be converted into Selenocysteinyl-tRNA, a
crucial transport RNA, to synthesize selenoproteins. When the intake of Se exceeds the need for selenoprotein
synthesis (higher than nutritional requirements), H,Se is methylated to methylselenol, a key anti-cancer metabolite.
With higher intake levels, methylselenol is methylated to dimethylselenide and trimethylselonium ion, which are
excreted via respiration and urine, respectively. H,Se can also be converted into selenosugars for excretion via
urine. Different from the Se compounds mentioned above, MSeC can be directly metabolized into methylselenol by
B-lyase 4. Exogenous methylseleninic acid (MSeA) can be directly reduced by thioredoxin reductase (TXNRD) to
methylselenol. Therefore, at supra-nutritional levels (higher than nutritional requirements), MSeC and MSeA are

more promising anti-cancer agents.
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Figure 2. Se metabolism. Most dietary Se can be metabolized to H,Se, further involved in the synthesis of
selenoproteins and methylated excretion. Methylselenol is a critical Se metabolite for anticancer activity. Se-
methylselenocysteine and synthetic methylseleninic acid can be directly converted into methylselenol and bypass
the H,Se pool. Based on Nicastro and Dunn, 2013 42,

Se exerts various biological functions primarily via selenoproteins, especially selenoenzymes, such as regulating
thyroid hormone metabolism, antioxidant system, oxidative metabolism, and immune system. The antioxidant

properties of selenoproteins are mainly due to some selenoenzymes, such as glutathione peroxidases (GPXs),
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which catalyze reducing hydrogen peroxide, phospholipid peroxides, and lipid peroxides into harmless water and
alcohols, protecting cells from oxidation damage. SeCys is considered the 21st amino acid participating in
ribosome-mediated protein synthesis, and it is also an integral part of selenoprotein activity. The UGA codon
mediates the specific incorporation of SeCys into selenoproteins 44, Currently, about 25 selenoproteins have been
found in mammals and humans 43I, Of these, the functions of some are clearly characterized, such as GPXs,
TXNRDs, iodothyronine deiodinases (DIOs), methionine sulfoxide reductase B1 (MSRB1), and selenophosphate
synthetase 2 (SEPHS2). The functionality of some non-enzyme members is also gradually better understood
(48] Table 1 lists the mammalian selenoproteins, tissue distribution, and localization, as well as their functions. The

selenoproteins are designated according to the official nomenclature 44,

Table 1. Mammalian selenoproteins with characterized functions. Based on Labunskyy et al., 2014; Davis et al.,
2012; Avery and Hoffmann, 2018; Gladyshev et al., 2016 [44145][46][47]

Selenoprotein Tissue Localization Functions
(Abbreviation) Distribution 2
Glutathione peroxidase 1 Blood, kidney, liver, Cytosol Reduces cellular H,O, and lipid
(GPX1) placenta peroxides
Glutathione peroxidase 2 Gastrointestinal Cytosol Reduces peroxide in the gut
(GPX2) tract, liver,
mammary
Glutathione peroxidase 3 Epididymis, kidney, Plasma Reduces peroxide in blood
(GPX3) plasma
Glutathione peroxidase 4 Liver, testis Cytosol; Reduces phospholipid peroxide
(GPX4) mitochondria;
nucleus

(testis-specific)

Glutathione peroxidase 6 Embryos, olfactory Cytosol Reduces cellular H,0, in the
(GPX®6) epithelium olfactory epithelium
Thioredoxin reductase 1 Heart, kidney, liver Cytosol Regenerates reduced thioredoxin
(TXNRD1)
Thioredoxin reductase 2 Adrenal gland, heart, Cytosol Catalyzes a variety of reactions,

(TXNRD2)

Thioredoxin reductase 3

kidney, liver

Testis, heart, kidney,

Mitochondria

specific for thioredoxin and
glutaredoxin systems

Reduces the oxidized form of

(TXNRD3) liver thioredoxin and glutaredoxin 2
lodothyronine deiodinase  Kidney, liver, thyroid Plasma Important for systemic active thyroid
1 (DIO1) membrane hormone levels
lodothyronine deiodinase Brain, brown Endothelial Important for local active thyroid
2 (D102) adipose tissue, reticulum hormone levels
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Selenoprotein
(Abbreviation)

lodothyronine deiodinase

3 (DIO3)

Methionine sulfoxide

reductase B1 (MSRB1)

Selenophosphate

synthetase 2 (SEPHS2)

Selenoprotein F
(SELENOF)

Selenoprotein H
(SELENOH)

Selenoprotein |
(SELENOI)

Selenoprotein K
(SELENOK)
Selenoprotein M

(SELENOM)

Selenoprotein N

Tissue
Distribution 2
pituitary

Brain, placenta, skin

Liver, kidney

Kidney, liver, testis

Liver, prostate

Unknown P

Unknown P

Unknown ?

Brain

Brain, heart, liver,

Localization

Plasma
membrane

Cytosol

Cytosol

Endoplasmic

reticulum (ER)

Nucleus

Membrane

ER membrane

ER

ER membrane

Functions

Inactivates thyroid hormone

Reduces methionine-
R-sulfoxide residues in proteins to
methionine

Synthesis of selenophosphate

Involved in protein folding

Involved in redox sensing and

transcription

Involved in phospholipid
biosynthesis

Modulates Ca?* influx that affects
immune cell function; component

of ER-associated degradation

Protein folding in ER

Proper muscle development

(SELENON) muscle

Selenoprotein O Unknown P Mitochondria Unknown ©
(SELENOO)

Selenoprotein P Liver, plasma Plasma Se transport and antioxidant
(SELENOP) function

Selenoprotein S Unknown ° ER membrane Involved in ER-associated
(SELENOS) degradation

Selenoprotein T Unknown ° ER and Golgi Involved in redox regulation and cell
(SELENOT) anchorage

Selenoprotein V Testes Cytosol Unknown ©
(SELENOV)

Selenoprotein W Brain, muscle, testes Cytosol Necessary for muscle function L
(SELENOW) . Liang,

L. OTITIIHULIT UIDSUINUUUILL T UIT CHHTITOT TIHIVIHULLITLITIHIL allu 1w ICIaLIUIIDIII}J VVILIT T1JULliatll IICC[ILh:A

review. Environ. Int. 2018, 112, 294-309.

2. Olza, J.; Aranceta-Bartrina, J.; Gonzalez-Gross, M.; Ortega, R.M.; Serra-Majem, L.; Varela-
Moreiras, G.; Gil, A. Reported Dietary Intake and Food Sources of Zinc, Selenium, and Vitamins
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on crop nutritional quality. Front. Plant Sci. 2015, 6, 280.
The thyroid gland contains the highest amount of Se among all tissues. Thyroid tissues express a number of

20| M roHaWRERch akedy XN, TRIHE MR Bids EARIAIpGyhe FRERAD BRYICIMAdiRtiaROtaBHRIREM
and'@nsgeme/ediandnustard overexpressing ATP sulfurylase or cystathionine-gamma-synthase. Int.

J. Phytoremediat. 2004, 6, 111-118.
A ERERTRIIAE T L08R elfBBI M 22 RS Renshgl e vt (aRg Rirsy ooeinice
PR .%%"8 I S
tha&&&eﬂfheﬁﬁfsfs‘l16Several studles have already demonstrated the benefits of Se supplementatlon on
autoimmune thyroid disorders. A systematic review and meta-analysis of 16 controlled trials showed that Se
24 PR DR siRERnky: EalOE HhyRidMatiahisodPRINC A5 BalienBASRP cArbhic PRENRENTR ithyroiditis
(641 Pridete2nc @R knfrroi®alibafribsdiab & Wraiiinayred9R PB G eridRR BiRiosHECaHO DY HAR R¥men
posiiGeNgFr acRUHCRLRIRHR OTIhaashics CRERIBRENS R REECYbsIn ARG - tRBR (h8ithc8R0FPS D) and
perﬂ%ﬁéﬁlﬂr(ﬂgaothyroidism 631 A prospective, randomized, placebo-controlled study suggested that SeMet

2%IPPIRIENPEONEPAMK AL ARG & 9na0M6PAE MNSIBPRBHRINY PEHREHIRAHERACNG. E59505R bR Zrjynd
hyRogsetitis Behefs erarhBatticraies rdeaicednremier itk Sasahonotg e sistrlepsdemonsivaied that
Se%ﬁg%@pg@t@@?rw@gyg/_d@gbduring pregnancy and after delivery reduced autoantibody titer during

pregnancy and postpartum thyr0|d|t|s recurrence &7, Se is also effective in Graves’ disease; Se administration

S|grl1\#ecarr1]ﬂy n’nprcbve thUrg R/ lefe UteYd c-)ré)u ar |nv0 vgrlr%]r% mn%loig\ﬁgac %Ieogrgaégggwtoqr Iecégegsaenlgl

patish&CHf mn'éf"Er'é'\Vethé‘rS‘.t%‘B&lh'?/'(@?t%esp?Q“Fé%%%%h"&&?&%%n&f]ﬂf EHaR & AN RIRR S aves

ophtﬁgl\ﬁeorf)tell Ve el:s\)l?ﬁ)/pl) emenl oanovgi%ely lrjge(’j\lH clzr%‘l%hg?br cﬁf?er t%yrmd phenotypes. More solid clinical
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28tidrinceineliyditedRezisasonse, Be Riesel|By, ih ;thalar gisoideSelenysind=arechmentrizathaite héfeidentify
indiQdadityvehndcSineHrafie fafnB asiblugaveentkintsba6d), {8y, id6thnce, on individual Se status or genetic profile

[69]
28. 'Schiavon, M.; Dall’Acqua, S.; Mietto, A.; Pilon-Smits, E.A.H.; Sambo, P.; Masi, A.; Malagoli, M.

4.35 e RPSHICIEEUeAH mMIRstigR<hemical Composition and Antioxidant Constituents of Tomato
(Solanum lycopersicon L.). J. Agric. Food Chem. 2013, 61, 10542—10554.

Epidemiological data suggest that Se deficiency is positiv'IK related to the prevalence of atherosclerosis,
pr

e
a0, AR, ks e Canain. Rz - chiSaSiwarz. Kii legQton i Morzele, o

diso: G A (R S Al T o S g IRl {Bras iR,
[E].ollz%ﬁggr%%Ilcga!::%?)stglé)l];%rﬂg\e/g é’%g\k/]vns ?Ag{] 'Itng]é llzsoacl)nCl ir%be?srg 'rglga'oﬁs}]?pobe?th]éEZ%% levels and inflammatory
3thvizd Haseas &/ BM) edhladinG . Cdnniaiseas & aki iy denstive fie tti Wibicar cap i atiosf aitle & otiurol e emate.
Furdresedesilahdoendoy tficdiverhavel disot deratibygtrasidtéranieof ‘Stasksvipiedligistsiragpieat inflaghmation
andstesaged JeSibiellab bdrAgrittaPip 9D, S 49p@db@ntation increased body weight, colon length, and the
SYRSMER ISR RRBBAUB FrIRIE GRS IR tepstarLelist LR s BT a
B 8RS BITREA SR TR GHTE SRR S IGHSEE SA0RTRE ielq hiP ighlpe”
anirgtall'amggt.elégfl.Z%igai,fiizini %s§89§%%{15 between the Se status and incidence or severity of asthma have not
been consistently demonstrated in human studies. As with the epidemiological data, the results of intervention
3duhsRaltn &R B deR ReMAisiHY efiasy Qfes Pdap JRedHNiakionNATBEGAnF e @ HeA orBUSHIR)lioDasthma
hasAREHbR JheeSeEniugeuRPirsesialarintrastrnlive frendiodyrianmmdIdiaBilgesting
thatYBaIRStdA dpian @pbmanalipvials depeipteriRefiriensy fdtests: ikdrntudréars Sci. 2018, 9.

33. Markovié, R.: Ciri¢, J.; Staréevié, M.; Sefer, D.; Balti¢, M.Z. Effects of selenium source and level in

Se deficiency has, been associated with the pathogenicity of several viruses. In addition, several selenoproteins,
gle{ on @iu%%hlone peroxidase achtﬁehss%e seVenlum |skr|buﬁon, an grth perrormance In

including GP TX t j in diff t vi licati tt . Finally, the S
inc [L)joll?ﬁry. ,&(rﬁr%n ea’l\{ﬁ[&fég.eﬁgv.oféaf/S?q_gT,]a%éa—nﬁg.e in different virus replication patterns. Finally, the Se
nutritional status of the host may also lead to the transformation of the virus genome from benign or low pathogenic

3. Mgk IMRACEEAQFRUI G Mie feRUIARNIS-ifo RE IRV iFere: SUPBISHRRIRN WG SBISNIWR FPPIAMANREAN
ratd0aRhiAILALL. BiPtecnel BBk &iigat2fabRfchBds was enhanced 27, which has been proved for

3 Ingstyiueaza yips hiPR A AR ek IR B 1Y B P HEMARE “Borrea, L.B. Effects of copper
and selenium supplementation on per-formance and lipid metabolism in confined brangus bulls.

Th%glci%e_l Aclj)sr?rnaqlclliéuj. JRF}%%O%C(ICQ&L%}%%,Sﬁggu—sé% ZIhreatens human health globally. Recent studies have

revealed the potential role of Se in COVID-19 prevention and treatment. A Se deficiency is evident in COVID-19

atefNGitibcBe YaNGRRREIRNIRZ:tons WhItaG G Mis SplenldpritREHIIGRN RoRhIRfaRIerRUaSalOfsm
COYRL UM JRN $BaRET SORAIT Bl R haBet8eBNARIE in Germany showed that the serum level of Se
2 RARECINdy: Ngher BTaaRples ToMmettrWiNgiCRK AR AR FUFRERS R HINLAR S viNaTE A3 ABRINe!
retrﬁaeétigeﬁ,@lﬁsﬁeg_ls?gggt,egr’ng@g_g@y. the recovery rate from COVID-19 had a significantly positive

association with hair Se levels in patients in China 1. The ecological study demonstrated that intake levels of Se
38 GUISLLR7 ROVEASE i FRrIPT BN mE AR BN 8 Bl e AL A% BAl0n) aNP¥ERim se
trardSSIS R A LRG0 tdin BUDCZAIZANS it RO e R e RN Ms RIS A POTeZ: B ACERAI Zovip-10
231 DA R 2 X RRSKER A8 &SRR LA tace, MPIAR N BV IR a6t 0018 dh B ffiate the
3IPUrze NGOMIRID Bh Bilzer ElinkaldlialF arkrreaaiad D R, the; @aelive] StedubbSelay Fh/SoRmatnm
Bioaccessibility and Speciation in Selenium-Enriched Lettuce: Investigation of the
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on Eelwmmaomipoadititohibsraie chakkeunlur \dityanisirsalatedpliur axbE2ige stixtibitsingrdwiciidiraethsioND-19
actiBpliCviGPeiSideAg®. Food Chem. 2017, 65, 3031-3038.

40 .AHeahckiui, G.; Li, H.; Guo, Y. Selenium biofortification in Hericium erinaceus (Lion’s Mane

mushroom) and its in vitro bio-acces-sibility. Food Chem. 2020, 331, 127287.

4.4.1. Human Studies on Se and Cancer o S o
41. Pyrzynska, K.; Sentkowska, A. Selenium in plant foods: Speciation analysis, bioavailability, and

. futersicbigicting eiss pasBiéarkposiirder fzmoedrdsk Nutr. 2021, 61, 1340-1352.

42. Nicastro, H.L.; Dunn, B.K. Selenium and Prostate Cancer Prevention; Insights from the Selenium
Many epld_emlo_lo%cal studies analyzed the association between Se exposure and cancer risk, but the results have
and Vitamin E Cancer Prevention Trial (SELECT). Nutrients 2013, 5, 1122—1148.
not been consistent. Several epidemiological studies have shown that there is a negative correlation between Se

48posurk aBtiaer o sodiengnCe; Deng ift;rirter, ditedBasiands Mue. Sareanakeoieoreviestioategaearel
metaitBgsederninofiRER, pesteSIohindl Taata chliomisasi@ntbohalwag s hNsérufopneei2 Gk6a 68, tderdall. Se
4%"83%%@%‘/;?,‘39}% e Rl st &ﬁ%%%/rsh“é‘\% ?ﬁﬂﬁeée‘i%?loohﬁr% &i58nghIgReHAT ??é‘t%%é"‘;?sd &fgptate cancer,

butF;h)r/WSal% IBﬁEEQIgRtgledso. H{}S?&If)ﬁg@lzﬁf&?b 4t?l.a}(:\i&;e_r7c/z;v./n'cer, and skin cancer . Several observational
longitudinal studies showed that the risk for site-specific stomach, colorectal, lung, breast, bladder, and prostate

ARrRAIS e EeHIRiéh WG o BRIGNARIQIBING BB (ARGEN BFGYS BH A ARE thvRSVEN Ullowever,

a s?&é%a&?re@ﬁ?éf epidemiological studies showed that Se exposure was associated with a possible higher risk
4% k& RRPYYerarRRamA, B - Selenium, Selenoproteins, and Immunity. Nutrients 2018, 10, 1203.

Ade (Bla0YSHAEM GBI AT N dFres BRIRo NMrkieBrigeliya-freke. Rsh Bittiorghes-Rs f3HElveR dssdeRiSRM when
plafrArs&r@RtARG RntGhAY AR beikeRRrads Mndeld RAHANAREIRIN SFeBR ARGt e iRiRbing
proQQ@ma%,%g@kd%égééﬁ%ﬂgpe% with a low plasma Se status, <120 ng/mL. Above 160 ng/mL, the cancer-

ABOlgeive . eRQE B : ikelurig, dnigiste rivieh thetHieko Rb\RERASH WP &R T 63RREF 0RTRYaNE R8SENdeAYliRygh some
obqwéepﬁ}ﬁgﬁ{gqi%@w@ﬁﬁ%%j_n;r/’egs’ezg_d@tipnship between Se exposure and the risk of certain types of

cancers, they cannot be considered evidence of a causal relationship and display many limitations, including

AR R M St 2R S it ST R T ot B Re DitaMat FRE A S Vhiididardit ngt Stoppe. C-

Selenium and Its Supplementation in Cardiovascular Disease—What do We Know? Nutrients
In %9&@0;7,, ﬁ%ﬁgé%%r carcinoma patients undergoing liver transplantation (LT) displayed a notable Se

SeRlizieaRY, a0 BRISEIUTHRS DIgRSHY SYVEBIE G "B AYRI T areieVase HaF §i Seas s VRIBER4HaY §i%'S
magiep b sperii Bbsclivatiting suralederatienasyiveecesmsieacenae *Bur. J. Clin. Nutr. 2015, 70,

162-169.
¢ Human intervention studies with Se

51. Jenkins, D.J.; Spence, J.D.; Giovannucci, E.L.; Kim, Y.-l.; Josse, R.; Vieth, R.; Mejia, S.B.;
RCYWgaslesiind: th&lishpa&. pSabysrhligastiidb. ot @ln&uppie mesrtad vitamioaskiehiesnads Tae Cviklan
Gehtevardiomant Neatone nitedvéhtorCollaiGanaiotegodd) THat2héOeddS&hncer mortality was significantly

SRS ILATNISP Al AR PR SEIRIETE AR S SUPSVRAGRefE, 31 VRl e
SURRISTIRARLEC .85 SR RSIRTIReG AR (IR HSHEB VD SRR ST RSN uRe! g Ailisan
impgghgai%%en@% %Q%%H%%%SS?I é?lIfrlﬁﬂlt'?rﬁfﬂ_%?ﬁllcﬁraﬂgn—qiS@ﬂ led to a significant decline in the total cancer
mortality, overall cancer incidence, and incidences of lung, colorectal, and prostate cancers 22, The NPCT also

suggested that the incidence of prostate cancer (PCa) decreased significantly only among the subjects with low
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SdrideBagevelt)(Iphansgon) Rindjibenstedt hb. rifossucAon Drabigtin, withCéyllisarast Sarcomotiatifyions
(>1an@ Ngbetrni¥shl-proBNP reduced after combined selenium and coenzyme Q10 supplementation: A

5-year prospective randomized double-blind place-bo-controlled trial among elderly Swedish

Foligiinshiel WP G TCaargidss 20 PRasw 1l ¢igverl 1ids against prostate and lung cancer was carried out in North

America, including SELECT, SW0OG9917 24 ECOG NBT [23, and ECOG5597 [28l. The primary en((ijoint of all

4. Al n, U.; Al r,J.; A h lementatiop with Selenium an nzyme Q1
5these(_:‘trrllgl1 eis’c%ﬁcerel)é%lr(]j%%de‘,] butar?grge’c\)]f ﬂ%gpnps oW t}%t gfqicagy g‘eseeM%t o Sdeg/ggst. Y %c, f%_llow-up

R rdi lar Mortality in Elderly with L lenium . ndary Anal f
anal %gS: %?SSEI?E%TVS%%?\I/_JIQg tlhalg é%é%[lnplémde%f tig\ﬂipnc(r;?a%vsgsg ﬁlleurllsk %*aﬁ%%-évgleg%adgn%ng ?n%ﬁlﬁvﬁhaé
ndom r .
highearl Seostalt%esq‘ﬁ I'I' Ice:aSe alr?d CeL[gco&l\éSeﬁgegT:rlial’ f%un that selenized yeast supplementation (200 ug/day)

5&d Alethagesmt the Aaseti recpdohan st oolpke dia sgisnciea s Bub ftioo peqpitire aoedr & ceroddsSdd dyel 86 among
partitipanention adithreebadenomad®®o-en-zyme Q10 combined: Results from a 4-year prospective

randomized double-blind placebo-controlled trial among elderly Swedish citizens. Biofactors 2015,
Maje1 rgegpngdor the failure of these studies were associated with the baseline Se levels of subjects, the dose

levels and forms of Se supplementation. The baseline Se levels of subjects for these newer trials were higher than

56. Alehagen, U.; Aaseth, J.; Alexandey, J.. Johansson, P.; Larsson, A. Supplemental selenium and
in NPCT, g%/\/ehr?ch prevente peofﬂe )§rom J r“|]vmg agcﬂtsl'oneﬂ bene %s ﬁom Se SUBBIIementaﬁ'on. In a'émtlon, cell

coenzyme Q10 reduce glycation alo ith cardiovascular mortality in an elderly population with
culture and animal models |ogr}6t support tﬂg (ygse anddforms of Se selected for human SmYCQI tPlaIIs. In prostate

low selenjum status—A four-year, prospective, ran-dom-ised, double-blind plagcebo-controlled trial
cancer C(S,s, 1 0—§0|\%/‘| uclj\/l Ig_eMeZtO S nngetf?o suppress growth and induce apoptosg % guc% a hig Ieve\ of
ed. blo.

. Trace Elem. , 61, 126541, L :
oraT]supp ement Epose cannot be ac%Qeved. SeMet %Id not have an inhibitory effect against human PCa xenografts

5¥0Balakumar, P.; Maung-U, K.; Jagadeesh, G. Prevalence and prevention of cardiovascular disease

and diabetes mellitus. Pharmacol. Res. 2016, 113, 600-609.

In summary, aIthouE'h the results of RCTs so far are inconsistent and the protective effect of Se against cancer is

58, Steinbrenner, H.; Speckmann, B.; Pinto, A.; Sies, H. High selenium intake and increased djabetes
still uncertain, e;t was Peveamg that subjr(]acts with a Iowagseﬁne ée status could advantage *rom Se

rifk: Ex eriment%l evidenc%for interr}rc])lay tb%tween selenium and carbohgdrate metaholism. J. Clin.
supplementation. To determine the outcorne "o € on cancer prevention, moré extensive clinica trials are

iochem. Nutr. 2010, 48, 40-45. . .
necessary. The A‘jose an chemlceg form of Se, the baseline Se level of the subjects, and cancer type/grade are all
Sehpdramg faéteks; rvlateg), 1. thBe ivgeictbf feprizahteZeng, C. Association between serum selenium level

and type 2 diabetes mellitus: A non-linear dose—response meta-analysis of observational studies.
4.4F\?Utlr3(?(ﬂwga![§tggbes on the Anticarcinogenic Effects of Different Forms of Se

60. SeRliNg &6, edinirah aria. RemeasiiaiRm, ket Dwsianed RSe.; eevieism wiginsan Glirecthaianess
methyseteafie fshiRit Reig efidEnEfteaefabAgirien SR @it SepplawRmMetitIRor eHBSRGRIZREdHPUIh
the tipeeraph Freaey e eloniRe arRiRAG Niekise VR AN oaTc B87, 217-223.

hskoRmAmse Akrd {RaFreih {FR8 82 R0 FbulC i Sis HRATPESN M BN RieFRNEB-The:
msMNasidfickMo FEFA9eroMby HBHURSmift: &l ALERGHObRIIENUMARM MEAEYR BRIk nou
MSBEORIRLGAD SR A GRS AR e liE P RIFSL AR Y P dmCARCRBAIEY BRERR (ks model in
raté@ﬁ@@A%Mﬁ%Qegeé%dgl%_sgldependent inhibition of human PCa xenograft growth, and both were
ERORAARARRNISe ANk eie FPL Moty wifisarlyiverused Wpenotentavetd monr Al aké an dang
cargpamac b RalrVesril. %&ﬁtz@ig}%%gﬁﬂf@gﬂ(yre, MSeA inhibited cancer cell growth and induced

apoptosis more effectively than MSeC in cell culture models 19, That may due to the B-lyase present in the
63. Wu, Q.; Ralygnan, M.P.; Lv, H.: Cui, B.; %ao, C.. ([‘,hen, P, ang, G.; Zhang, Z; Peng X.; Li, H.:
intestine, iver, Ki ne¥, mammary gland, and other animal tissuses , and’ MSeC may 'not’be m&tabolized into

%t F\I. Lo .POEU ation Selenium Status Is Associated with Increased Prevalence of Thyroid
methylselenol in vitro.

Disease. J. Clin. Endocrinol. Metab. 2015, 100, 4037—-4047.
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6de Whchraanreteniirdinergkdtds Bomismaans-danttegedis, SeSdte zignifiSanlgl@inibirtd ramSigrrtipeadbal

carR@duresrah\goist i ukp anpiressirgevelsriaigatigntssisith Clutivaiing ttei mmune shkimai 848 Bllurium-Se
narBysateciatiaRestiewnplaeM etadicaadyisisiidny reichR2 6126 dr6Bb~EG&R™ lung cancer xenografts 1981, |n
Sy R AL RO TSP AR SR S RIS BN e PURL S Bl gfanircantly
Iowg[l %ir%orlr?m‘(l:et m%ii g%egggegmotg.nmbtplgtg%!i.c'ﬁbl[lgc’%]?BS’%;ﬁgrjﬂ].ed malt inhibited the angiogenesis of
hepatocarcinoma [£98],

66. Negro, R.; Greco, G.; Mangieri, T.; Pezzarossa, A.; Dazzi, D.; Hassan, H. The Influence of

4.43% Bassitle Meshanistns for AnticarcinoggnicAstiansi@bR&nant Women with Thyroid

A bgt?erp )r%lgc Sﬁé#é%%r&telpsotgrlﬁ?ﬁg%ﬁrl{g 'b%réﬂgr%clzgﬂé e&gagridz r%(c))IYécg%’r %azrggtglo%%% will provide an in-depth

Gokrbpantiow soi, £851yiokp th el rbby el ofedtini Gl Daitoatil Des@raop nEw Ciodi[22 Borsing, MerReticone ot the
effdetsnnaBalaghinCampagna sGrinedriade Sel Eijuma Supplementation in the management of thyroid
autoimmunity during pregnancy: Results of the “SERENA study”, a randomized, double-blind,

placebo-controlled trial. Endocrine 2019, 66, 5_%550.
| AKT,ERKI112
68. Marcocci, C.; Kahaly, G.J.; Krassas, G .buBartdterdaMe-1 Prummel, M.; Stahl, M.; Altea, M.A.;
Nardi, M.; Pitz, S.; Boboridis, K.; et al. _ Course of Mild Graves’ Orbitopathy. N.

Engl. J. Med. 20}],526 LT::;'::EI:::

. Cetl cycle arests
69. Winther, K.H.; 'éiﬁaﬁm J.; Us,£. Selenium in thyroide%'(Sil"ders—

essential knowledq
ATGH, ATG
70. Prabhu, K.SM&! x &

71. K.udva, Ai'ﬁ;'éx%.haﬁlf\n; : ; eleniumjand infla 'Pﬁmﬁﬂhl Physiol.
Liver Physiol.14@i5, 3 : | uPA

72. Kaushal, N.; Kudva, A.K.; Patterson, A.nnett, M.J.; Desai, D.; Amin, S.; Carlson,

B.A.; Cantorna, M.T.; Prabhu, K.S. Crucial Ré#%‘l}gfﬁﬂ/lacrophage Selenoproteins in Experimental
Colitis. J. Immunol. 2014, 193, 3683-3692. T

- | VEGF
| HIF-1a
| integrin i3

73. Saxena, A.; Fayad, R.; Kaur, K.; Truman, S%;P r'é'énﬁlj.; Carson, J.A.; Chanda, A. Dietary selenium

Figtrd 8 h SRR RS P UL MG BOaIREL e it fianafoatign Ragosd RRIoR SR8l AN lce
apo%ltggighgéll chljéza? ]asr;r’eé 5,7_ir%(13|gi't angiogenesis, invasion and metastasis, potentiate anti-tumor immunity,

TainMilese DINA Frosaygd epatd oficthernaiRrdRhadie FadleledtSekupiuesintheflantnogtoresegtmiAiitesFogen
recépiie (e siedmanizm snesd Thter afien ticoChspestimitiessd ArtdositaereRedox Signal. 2012, 16, 705—

743.
Apoptosis induction is a mechanism mediating the anticancer activity of Se. MSeA exposure caused caspase-

7n5w'e£j\fgtrét8 rz];l’poRdeéigl %ﬁﬁlﬂﬂ%’ r'?uﬁa? %Iggigé]?s?\r/]v i&s Warg%s'éﬂo%ka'taé%p\ivimeade'crze%]é%d ’?f)%bgg%]r)glgtion of Protein
7einaeiBr{ABTVanViexirgcelyl@ heaidated KinasedvateR K12 leRiupe)chisteindpredadas Sad Mirtidsieetitation
and\haisimstsraedigteti lg@p®sbis in LNCaP human PCa cells [111] MSeA can also enhance the apoptosis induced
by chemotherapeutic drugs or biologics in various cancer cell types through inhibition of suryvival molegules such as
7% Harthill, M. ﬁ_g]wew: MICFOtillléill_’llﬁﬁ‘lt Selenium Deficiency Influences Evolution of Some Viral

survivin, Bel-xL 124! and Mcl-1 . MSeA ex&osure caused a profound G1 arrest in DU145 cells, which was
Infectious Diseases. Biol. Trace Element Res. 2011, 143, 1325-1336.
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T&sBohian ovithNvheridiaeti, & prvesiomiat, 02.7kip £ etach h 2 cip e léHiumh biafortificadiornindhepRhsia entiayoptosis

andStaibsi@nof chibesideatfon heskthy vivonanerudtionhétrataed LOZ0e i@ @4ye@701, increased levels
. . _ . . . . [&]

ﬂpéé‘éphaﬂQ.FnJ%‘W%lt %\'ﬁ‘é"ﬁ'&‘ﬁ%%&"ﬁk‘éﬁé”‘%ﬁﬁ{“amin C, Vitamin D, and Selenium in the Immune

stem. against COVIP-19. Molecules 2020, 25, 5346. :
Angsltygenesis (T:’s a baSCI:C and necessary component of tumor growth, development and metastasis. MSeA reduced

80e ¥agbisndane)Pof edbaraRAdoBelinl QoBedticod (VEBE)Ke 20vad. cSedvart) Ik ardackigted the growth of
xenBeein 85, WS ddiegmannthd. reizstdic sirahdS#PchneIBeficienayds Byssoeiated stity ModaktinRiskle
facfoonu QWD SndN ittrieowe 2020, 1#gBBIBEGF and glucose transporter 1 (GLUT1) 7. MSeA inhibited
ST IARENE'T LY, B BT "R e SR R M M R BT R E N P orar e nd of
Integri fidm star Rk PRI SIS BPERRNIBNTL TALES MetpiapLotginass -4 (MME;Y) 55959 e
extriaﬁsLyj_lirztgsFrix and basement membrane 119 correlated with tumor invasion and metastasis. The urokinase

plasminogen activator (UPA) system plays a role in the invasion and metastasis of cancer cells. Dietary

8ifpRImeeaten watlRideA RRIGt L \sfeHiiRss Riateafiizridanas: InfinaRe:oBNBtHIIRNG #Mbiting the uPA
syshiHiriganet 6drRCiAogBrsaR UM WadLtaVhRLKS Ranserin Ry eetis Nidieris-2P8 L xpression
of MVIB52, MMP-9, and uPA (1211,

83. Heller, R.A.; Sun, Q.; Hackler, J.; Seelig, J.; Seibert, L.; Cherkezov, A.; Minich, W.B.; Seemann,
Se et RS Ry IR ote L I Y SR DGR DD £6 b S g e an
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