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Article key issues 

 Selenium plays important roles in medicine, namely: inhibiting angiogenesis, 

controlling proliferation of malignant cells, immune system, thyroid function, 

fertility, as an antagonist of xenobiotics and controlling several diseases 

(Kaschin-Beck, Keshan, cardiovascular, cancer and neurodegenerative diseases). 

 The essentiality or toxicity character is of selenium depends on both, a narrow 

range of concentration and the chemical specie involved. The chemical species 

present in the human body are selenoproteins, selenium containing proteins and 

selenometabolites. 
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 Due to the health benefits of selenium, nutraceuticals and functional foods 

enriched in this element have received considerable attention in recent years. 

 Microbiota colonization is shaped by diet and dietary components, including 

selenium among other trace elements. It has been demonstrated that dietary 

selenium affects the composition and diversity as well as the microbial gut 

colonization, which, in turn, influence the host selenium status and 

selenoproteome expression. 

 The use of ICP-MS allows quantifying selenium at very low detection limits, 

with high tolerance to matrix, large linearity range and multielemental 

capabilities. The ICP-MS can be coupled to different chromatographic systems 

for selenium speciation. 

 IDA can be performed for quantification, with important advantages, namely: (i) 

absence of matrix effects; (ii) absence of instrumental drift; (iii) correction with 

dilution or preconcentration factors is not necessary; (iv) uncertainty only 

depends on the measurement of the relative abundances. 



Insights into cancer and neurodegenerative diseases through 

selenoproteins and the connection with gut microbiota – current 

analytical methodologies  

Abstract 

Introduction: Selenium plays many key roles in health especially in connection 

with cancer and neurodegenerative diseases, among others. However, it needs to 

be appreciated that the essentiality or toxicity action of selenium depends on 

both, a narrow range of concentration and the chemical specie involved. In this 

context, human selenoproteins are essential biomolecules against these disorders, 

mainly due to its antioxidant action. To this end, analytical methodologies may 

allow identifying and quantifying individual selenospecies in human biofluids 

and tissues. 

Areas covered: This review focus on the role of selenoproteins in medicine, with 

special emphasis in cancer and neurodegenerative diseases, considering the 

possible link with gut microbiota. In particular, this article reviews the analytical 

techniques and procedures recently developed for the absolute quantification of 

selenoproteins and selenometabolites in human biofluids and tissues.   

Expert commentary: The beneficial role of selenium in human health has been 

extensively studied and reviewed. However, severe challenges remain that are 

highlighted and discussed in this article; these include: (i) speciation of selenium 

(especially selenoproteins) in cancer and neurodegenerative disease patients; (ii) 

supplementation of selenium in humans using functional foods and 

nutraceuticals; (iii) the link between selenium and selenoproteins expression and 

the gut microbiota and (iv) analytical methods and pitfalls for the absolute 

quantification of selenoproteins and selenometabolites.  

 

 

Keywords: cancer; ICP-MS; metallomics; microbiota; neurodegenerative 

diseases; selenium; selenoproteins; speciation. 



1. Introduction 

Selenium is a well-known essential element which plays key roles in medicine. 

The relationship between Se intake and status is not linear, but approximates more 

closely to a U-shape where adverse effects (e.g. on mortality and prostate cancer) are 

found at low and high Se intake [1]. Moreover, the bioaccessibility, essentiality or 

toxicity character depends not only on its narrow range of required concentration, but 

also on the chemical form. In this sense, there are three types of selenium containing 

biomolecules in the body, namely: (i) selenometabolites or selenospecies of molecular 

mass below 1500 Da (e.g. inorganic selenium, selenoamino acids, methylated 

selenium), (ii) selenium containing proteins, containing selenomethionyl residues (e.g. 

selenoalbumin (SeAlb)) [2] and (iii) selenoproteins, with selenocysteinyl residues 

incorporated by a specific codon and –SeH as the active center (e.g. glutathione 

peroxidase (GPx), selenoprotein P (SELENOP) and other selenoenzymes). Figure 1 

illustrates the selenium metabolism in human body after intake. As can be seen, 

selenocysteine (SeCys) is co-translationally incorporated into certain proteins by an in-

frame opal stop codon (UGA) in combination with specific stem-loop structures within 

the 3´-untranslated region of transcripts and a unique set of accessory factors. This 

aminoacid represents the 21
st
 proteinogenic residue not included in the classical genetic 

code [3]. Selenide is a common intermediate metabolite in the synthesis of 

selenoproteins from inorganic or organic selenium precursors. Selenomethionine 

(SeMet) can be transformed into selenocystathionine and then to SeCys through the 

trans-selenation pathway (cystathionine β-synthase and cystathionine γ-lyase) to be later 

lysed by β-lyase to selenide. At the same time, SeMet can be used for the synthesis of 

selenium containing proteins by methionine-RNAt [4]. There are 25 genes encoding for 

about 25 human selenoproteins, the majority of them without a clear function defined. 

All of the selenoproteins that catalyses redox reactions belong to the family of 



glutathione peroxidases (GPxs) [5], thyroid hormone de-iodinases [6] methionine-R-

sulphoxide reductase [7] and thioredoxin reductase isoenzymes [8]. However, 

antioxidant activities have not yet been demonstrated for all selenoproteins. 

In the bloodstream, selenoprotein P (SELENOP) accounts for the higher content 

of selenium and is a good biomarker of Se status in humans, but extracellular GPx and 

selenoalbumin (SeAlb) can also be used as complementary indicators [9].  

Extracellular GPx (eGPx), which is the form present in plasma accepts both 

thioredoxin and glutathione as a reduction co-substrate. In addition, it is the most 

important selenoenzyme in the detoxification of reactive oxygen species (ROS) 

catalysing the reduction of extracellular hydrogen peroxide and lipid hydroperoxide 

[10]. SELENOP transports selenium from the liver to peripheral [11]. Besides transport, 

this selenoprotein acts as an antioxidant in the extracellular space, located in the 

endothelium, where it is bound to heparin and associated with carbohydrates [12], 

protects plasma proteins against oxidation and nitration [13], protects human astrocytes 

and endothelial cells from oxidative damage [14] and reduces phospholipid 

hydroperoxides by means of gluthathione or thioredoxin co-substrates. 

In general, among the wide range of physiological functions of selenium, 

selenium is well known for its pivotal roles in health, for example in inhibiting 

angiogenesis [15], controlling proliferation of malignant cells [16], enhancing the 

immune response [17], inhibiting the activation of certain transcription factors [18], 

controlling of human Kaschin-Beck disease, Keshan disease, maintaining thyroid 

function, preventing cardiovascular disease, improving fertility, preventing cancer, 

preventing neurodegenerative diseases [1,19], as well as antagonizing the toxicity action 

of several elements being mercury the most known [20]. Table 1 shows the 



selenoproteins determined in biofluids and tissues from cancer and neurodegenerative 

disease patients and model organisms or cells. 

In this review, we discuss the roles of selenium in health, with an especial 

emphasis in cancer and neurodegenerative diseases, as well as its connection with gut 

microbiota. Current analytical approaches to determine chemical species of selenium in 

human biofluids and tissues are also reviewed. 

2. The importance of selenium in nutrition and supplementation 

 

Due to the health benefits of selenium, functional foods containing this element 

(e.g. Saccharomyces cerevisiae yeast (Baker’s yeast)) and nutraceuticals (i.e. 

multivitamins and multimineral preparations containing inorganic Se) have received 

considerable attention in recent years. The selenized yeast (Se yeast) is particularly 

attractive due to its low cost, facility to grow under different conditions and its ability to 

assimilate up to 3000 mg g
−1

 of Se starting from sodium selenite added to the growth 

medium. However, other Se-rich supplements can be proposed, like microalgae [21]. 

The chemical specie of selenium ingested is very important since they have 

different essentiality character and bioaccessibility. Once ingested, selenomethionine is 

randomly incorporated into proteins at methionine positions [22]. However, as 

discussed below, selenium can only be recognized by the body after selenomethionine 

catabolization to be incorporated into selenoproteins, which explain that experimental 

exposure experiments usually feed this element in the inorganic form [23]. Otherwise, 

experiments reflect both the specific and the highly variable non-specific chemical 

forms of selenium which are difficult to correlate with specific selenium metabolic 

processes.  On the other hand, it is well known that inorganic forms of Se are more 



acutely toxic than organic forms such as selenized yeast, in which SeMet is the main 

specie (54–74%) of the total Se [24]. However, organic forms of Se have been reported 

to be more toxic during long-term consumption due to the rapid incorporation into 

tissue proteins rather than be excreted.  

Dietary Se intakes depend on regional and food variability, but an adequate 

intake (AI) range from 15 µg/day for children (1-3 years) to 70 µg/day for adolescents 

aged 15–17 years and adults [25]. According to Food and Agriculture Organization 

(FAO) and World Health Organization (WHO), the recommended daily allowance 

(RDA) was set at 26 µg/day for women and 34 µg/day for men aged 18–65 years [25]. 

On the other hand, the tolerable upper intake level (UL) for selenium is 300 μg Se/day 

for adults. This value covers selenium intake from all sources of food, including 

supplements [26]. 

Due to the narrow Se concentration range considered beneficial and non-toxic 

[27], the Se bioavailability/bioaccessibility of Se from a food is crucial to guarantee the 

required assimilation [28], since usually only a fraction is absorbed and transformed 

into a biologically available form. Likewise, the upper limit of therapeutic Se dose (0.2 

mg per day) is only a few times less than the potentially toxic dose (0.8–1.0 mg per day) 

[23]. Regarding the assimilation of the element in the body, the Se-bioavailable fraction 

can be considered as the quantity of Se absorbed through the intestinal barrier reaching 

later the systemic circulation. On the other hand, the Se-bioaccessible fraction is the 

quantity of Se that is soluble in the intestine and finally, the Se-bioactive fraction is that 

which is transformed into active selenometabolites [29]. It has been reported that 

organic compounds of Se are more bioavailable than the inorganic forms, and that other 

factors such as total protein, fat and the presence of heavy metals critically affect Se 

bioaccessibility in a food [30]. Likewise, approximately 80% of dietary Se is absorbed, 



although it depends on the type of food consumed, the chemical specie and the Se status 

of the subject [30]. 

3. Selenoproteins in cancer 

 

The anticancer metabolic mechanisms requires sturdy antioxidant systems 

against the progressive cell proliferation to protect normal cells from oxidative stress 

[31]. In this sense, selenium plays important roles in redox regulation suggesting that 

this element have chemopreventive properties inducing apoptosis in malignant cells 

without affecting normal cells [32]. On the other hand, some investigations have 

reported the role of selenium in cancer demonstrating that their supplementation 

decreases the mortality of different types of cancer [33,34] and that the risk of several 

cancers (e.g. lung cancer) decrease in populations with high levels of selenium [35,36]. 

As previously stated, the role of selenium heavily depends on its concentration and 

experiments with cells evidenced that low concentrations are absolutely necessary for 

cell growth, but moderate to high concentrations inhibit it. This inhibiting action is 

tumor-specific and selenium induces apoptosis in malignant cells at concentrations that 

do not affect the viability of normal cells [32]. 

One of the most important actions of several selenoproteins is the antioxidant 

activity to overcome the oxidative damage [37] and sometimes their altered expression 

has been linked to cancer risk [38]. Table 1 shows the selenoproteins determined in 

biofluids and tissues from cancer and neurodegenerative disease patients as well as 

model organisms or cells. Some specific selenoproteins might be involved in 

tumorigenesis, such as SELENOP required for the synthesis of other selenoproteins and 

implicated in selenium transport [39]. Some polymorphisms in SELENOP are 

associated with an increase on cancer susceptibility [40]. On the other hand, several 



studies reported decreased levels of SELENOP in hepatocellular carcinomas, gastric 

adenocarcinomas, colorectal and prostate cancers [41], although their expression does 

not always diminished in all types of cancer as for example in metastatic melanoma in 

which they increased compared to normal melanocytes [42]. Moreover, a decrease in 

the risk of lung cancer has been reported and related to high levels of SELENOP [35].  

The main family of selenoproteins that has been linked to cancer is GPx due to 

its antioxidant activity to overcome the oxidative stress caused by free radicals [37]. 

The family of Gluthathione Peroxidases (GPXs) are the most studied selenoproteins in 

the field of cancer because of their antioxidant capabilities. Among GPXs, GPx3, which 

is expressed in the kidney and secreted to plasma, presents the most specific functions 

as tumor-supressor and their downregulation is associated  with poor prognosis in 

different types of cancer [43]. On the other hand, the overexpression of GPx3 triggers a 

decrease of metastasis in prostate cancer cells [44]. In the same way, the over-

expression of GPx4, located in cellular membranes, decrease cancer growth in 

fibrosarcoma cells [45]. The polymorphisms of GPx have also been studied. For 

example, Moscow et al found an allelic variant of GPx1 gene, that is linked to an 

increase risk of lung cancer [46]. Moreover, the genotypes of GPX1, GPX4, TXNRD2 

and SEP15 as well as total selenium have been associated with a higher risk of lung 

cancer [47]. Other preliminary studies also suggest that genetic variants in some of 

these selenoproteins may affect their function and cancer risk [48], but to date little 

information is available on the extent of genetic variability in selenoproteins with the 

possible impact on cancer risk [47]. In the case of GPx1, it has been suggested that the 

presence of variants affects cancer risk differently [49]. Likewise, the GPx1 allele with 

five Ala repeats is significantly associated with breast cancer risk [50] while 



overexpression of GPx2 gene is associated with increased differentiation and 

proliferation in colorectal cancer [51]. 

On the other hand, Thioredoxin Reductases (TrxR) are important selenoproteins for 

redox homeostasis capable of reducing disufide bonds [41]. The expression of these 

selenoproteins can protect against malignant transformation [52] and inhibit the tumour 

progression and metastasis [41]. TXNRD1 promotes tumour growth, DNA replication, 

and tumorigenicity and its downregulation increases sensitivity of cancer cells to some 

chemotherapy drugs suggesting it potential use as target for anticancer agents [53]. 

Finally, the role of metals in cancer onset and progression is well known [54]. In 

this sense, the antagonistic action of selenium against the toxicity of mercury, arsenic 

and other metals have been described [55].  

4. Selenoproteins in neurodegenerative diseases 

Selenium also plays a key protective role against oxidative stress in 

neurodegenerative diseases. In this sense, it has been demonstrated a negative 

correlation between cognitive impairment, selenium levels and the activity of several 

selenoproteins in Alzheimer disease (AD) patients [56]. In general, the levels of 

selenium have been reported to be diminished in serum and plasma [57–60], while 

increased in brain tissue, with exceptions [61–64]. Selenium decreases with age, which 

can affect the neurological function in the elderly. In fact, a correlation between 

cognitive declination and decreased plasma selenium was found in a longitudinal study 

(subjects 60-71 age) [65], but also between low selenium concentration in nails and 

lower cognitive scores [66]. Moreover, although the level of selenium in brain is low, it 

has been reported that the brain and testes are special organs for the retention of 

selenium because even in the case of selenium deficiency, high level can be found in 

them [67–69]. 



Selenium speciation studies carried out in AD and Mild Cognitive Impairment 

(MCI) humans demonstrated that the total selenium and selenoproteins contents are 

increased in MCI and somewhat decreased in serum samples from AD, while 

selenometabolites are diminished in MCI (0.65-fold) and AD (0.72-fold) [70,71]. This 

fact is in good agreement with numerous studies regarding analysis of total selenium 

and the activity of selenoproteins [56] and may explain the consumption of 

selenometabolites to produce selenoproteins to combat the oxidative stress, almost in 

the first stages of the disease. Moreover, the inter-elements ratios between total 

concentrations, high (HMM) and low molecular mass (LMM) fractions of selenium and 

aluminium, significantly increase in AD patients against healthy controls. The ratio 

between Cu and Se (low molecular mass fraction) also increase in AD against healthy 

controls and decrease between Mn and Se in AD and MCI (total concentrations and low 

molecular mass fractions) against healthy controls. This fact may explain the protective 

effect of selenium against oxidative stress caused by other elements and the 

interconnected homeostasis. In addition, the lowered LMM/TOTAL ratios of selenium 

in AD may be a consequence of a regulatory mechanism to maintain the levels of 

essential selenoproteins by a decrease in the levels of LMM species [70,71]. 

Table 1 shows the selenoproteins determined in biofluids and tissues from 

cancer and neurodegenerative disease patients as well as model organisms or cells. In 

neurodegenerative disease animal models, selenium depletion is associated with 

decreased SELENOP and increased cell loss. This protein and its receptor 

(apolipoprotein E receptor 2, apoER2) are the responsible of the enhanced retention of 

selenium in brain against other organs. In fact, SELENOP uses the same receptor than 

ApoE, whose polymorphisms are a genetic risk of AD [72]. Moreover, selenium 

supplementation in diet have been demonstrated to restore the levels of GPx and 



SELENOP [73] and reduce the Aβ plaque deposition in APP/PS1 mouse brain 

(Transgenic mice expressing human amyloid precursor protein “APP” and human 

presenilin-1 “PS1) [74]. The use of selenium as an antioxidant for reduction of 

oxidative stress in central nervous system and ultimately reduce the effects of AD has 

also been proposed by other authors [75]. In summary, SELENOP affects Aβ and 

hyperphosphorylated tau aggregation, as transport protein provides brain Se for the 

synthesis of antioxidant selenoproteins and possess signalling functions though neuronal 

ApoER2 [76]. 

Other important selenoprotein is SELENOK (11 kDa) which plays an important 

role in promoting the effective Ca
2+

 influx during the activation of immune cells 

[77,78]. Enhancing the migration and phagocytosis of microglial cells is of key 

importance to reduce the risk of neurodegenerative diseases, such as AD and 

Parkinson's disease (PD). A recent study indicate mice SELENOK can enhance the 

migration and phagocytosis of microglial cells [10,78]. 

5. The link between selenium and gut microbiota in medicine 

The human gut microbiome, defined as the repertoire of microorganisms and 

their genomes inhabiting the human gut, is one of the key elements in the interplay 

between diet, including macro and micronutrients, and the host. Gut dysbiosis, an 

altered gut bacterial composition, is associated to both metabolic and inflammatory 

alterations, contributing, among others, to the development and maintenance of obesity 

and type-2 diabetes [79]. One of the mechanisms linking the gut microbiota with locally 

and systemic detrimental health effects is the low-grade inflammation associated to 

impaired intestinal barrier function and also, to the intestinal permeability [80].  

Gut microbiota also have an important role in cancer risk and progression by 

influencing inflammation and genomic stability of host cells through deregulation of 



different signals/pathways [81,82]. Microbial and archaeal composition differ between 

mucosal and fecal samples from colorectal cancer and healthy donors [83], with a 

higher presence of Fusobacterium nucleatum and Enterobacteriaceae and lower 

abundance of butyrate-producing bacteria, including Lachnospiraceae and Clostridium 

genus members in colorectal cancer compared to healthy controls [81,82]. Recently, a 

specific strain from Lachnospiraceae family showed a protective effect against colitis-

associated death when administered to colitis-prone mice, identifying a disease-

modulating microbe by microbe–phenotype triangulation method [84].  

Lifestyle and metabolic diseases are well-known risk factors for colorectal 

cancer, while epidemiological studies demonstrate a link between gastrointestinal 

cancers and environmental factors such as diet. Epidemiological and clinical studies 

indicated that Se deficiency can contribute to the increase of inflammatory bowel 

diseases and cancer [85,86]. The specific link between gut microbiota, selenium status 

and cancer is difficult to establish and likely, multiple mechanisms may be involved in 

the complex interplay between microbiome, diet and human host. It has been 

demonstrated that dietary selenium affects both composition of the intestinal microbiota 

and colonization of the gastrointestinal tract, which, in turn, influence the host selenium 

status and selenoproteome expression [87]. Lower expression of different 

selenoproteins have been described in colorectal adenomas and cancer tissues [88], 

while higher SELENOP concentrations have been associated with a reduction in overall 

mortality from cancer [88].  

Dietary levels of Se in mice affected the gut microbiota composition, with 

increased level of Dorea in Se-deficient mice [89] Increased Dorea abundance has been 

described in cancer patients [90]. Se-supplementation was associated to a decrease in 

Parabacteroides absolute abundance [87]; contrarely, Bifidobacterium, Turicibacter 



and Akkermansia were increased in rodents fed with Se-supplemented diets [89,91], 

being these last genus associated to gut barrier protection, immune modulation, and 

metabolic regulation of the host [92–95]. Susceptibility to intestinal dysfunctions as 

inflammation or pathogen infection may also be enhanced by Se-deficient diets, 

probably through modulation of intestinal barrier function by gut microbiome 

metabolites [89] and alteration of selenoproteins expression as well as other antioxidant 

molecules [96]. 

Gut microbiota is also linked to plasma levels of selenium in mice [96], likely by 

the ability of microbiota to actively take up Se [97], but also by indirect mechanisms 

related to the modulation of the epithelial barrier [98] or by active metabolism of Se and 

Se-compounds [99]. 

Previous studies have shown the ability of Se and selenoproteins to impact 

inflammatory signaling pathways implicated in the pathogenesis of intestinal 

inflammation and cancer. In particular, two transcription factors, nuclear factor-κB (NF-

κB), and peroxisome proliferator activated receptor (PPAR)γ, which are involved in the 

activation of immune cells, and are also implicated in various stages of inflammation 

and resolution, respectively, are impacted by Se status [100]. In fact, Se deficiency and 

inadequate selenoprotein expression impairs innate and adaptive immune responses, and 

especially at colonic level it has been reported an increase of inflammatory cytokines 

[101]. Especially, the effect of the gut microbiota on selenoproteins and other molecules 

linked to the redox homeostasis, and those linked to WNT/β-catenin signalling pathway, 

may have an impact in the regulation of oxidative stress, apoptosis, inflammation and 

immune response, which in turs appear to have a direct influence on cancer risk and 

development [102,103]. 

 



6. Analytical methodologies and pitfalls for selenoproteins determination in 

human biofluids and tissues 

 

Among the human samples in which is possible to analyse selenium, serum is 

the most accessible biofluid as it responds quickly to changes in selenium status 

correlated with its dietary intake or physiological disorders. The concentration of 

selenium in human serum is about 90 ng g
-1

 and the relative abundance of the species is: 

SELENOP>SeAlb>GPx>SeO3
2-

 [104].  

For clinical purposes SELENOP has usually been characterized and quantified 

using antibody-based enzyme immunoassays such as ELISA [68]. However, those 

assays often suffer a lack in selectivity and results are usually affected by high standard 

deviations. On the other hand, it is possible to find in the literature data about enzymatic 

activities of several selenoproteins, but the absolute quantification is rarely reported. 

However, there is a lack of reference analytical methods capable of providing results 

traceable to the international systems of units (SI) for many of these protein biomarkers. 

These methods are of great interest for the development of certified matrix reference 

materials or calibration standards for biological species, which are indeed required for 

the standardization of chemical measurements [105]. For this purpose, undoubtedly, the 

use of inductively coupled plasma mass spectrometry (ICP-MS) allows quantifying 

selenium at very low detection limits, with high tolerance to matrix, large linearity 

range and multielemental capabilities [20,106]. Moreover, isotopic dilution analysis 

(IDA) can be performed for quantification, which has several important advantages, 

namely: (i) absence of matrix effects; (ii) absence of instrumental drift; (iii) correction 

with dilution or preconcentration factors is not necessary; (iv) uncertainty only depends 

on the measurement of the relative abundances [107]. Species-unspecific isotope 



dilution mode (SUID) is especially useful either for untargeted analysis of chemical 

species of an element or when the isotopically labelled specie is not commercially 

available [107]. In the particular case of selenium, the use of ICP-MS with 

reaction/collision cell is highly recommended due to the polyatomic interferences of 

40
Ar

2+
 and 

79
Br

1
H

+ 
on 

80
Se signal, which usually are overcame using hydrogen as 

reaction gas in an octopole reaction system (ORS), especially in human serum samples, 

which contains high levels of bromide [9,108]  

On the other hand, as above stated, the speciation of selenium offers important 

information besides the total concentration measurement. To this end, it is necessary to 

combine orthogonal chromatographic systems with ICP-MS detection and several 

chromatographic methods have been proposed for the separation of selenoproteins in 

human plasma or serum, based on size exclusion chromatography [109] (SEC), anion 

exchange chromatography [108–110] (AEC) and affinity chromatography [108] (AFC). 

However, due to the poor resolution of SEC, precision of the quantitative results for 

selenoproteins are not good and usually overlapping is present in the obtained 

chromatogram [109,111,112]. Although, AEC provides good recoveries of analytes, 

chromatographic resolution is neither acceptable [108]. Moreover, when AFC is used, 

the weakly-retained eGPx co-elutes with non-target matrix components and 

selenometabolites, which cause difficulties for the accurate quantification of the 

different selenium species. To overcome this problem, a column switching method 

based on the use of in series three dimensional chromatography: size exclusion, affinity 

and anion exchange high performance liquid chromatography (3D/SE-AF-AEC-HPLC), 

using different columns of each type and hyphenated to inductively coupled plasma-

(quadrupole) mass spectrometry (ICP-qMS) was proposed for the absolute and accurate 

quantification of eGPx, SELENOP, SelenoAlb and Selenometabolites [104]. This 



method was satisfactory applied to human serum [20] and mice organs and serum [113]. 

Of course, the combination of inorganic (ICP-MS) and organic mass spectrometry, 

especially using high resolution spectrometers (e.g. quadrupole time of flight, Orbitrap) 

is of great interest for the unequivocal identification of selenium containing species. 

Recently, an interesting method has also been proposed for the accurate quantification 

of SELENOP in plasma using isotopically enriched selenopeptides and species specific 

isotopic dilution with HPLC coupled to ICP-MS/MS [105]. 

In general, the analysis of selenoproteins in cancer patients is scarce, but 

published papers describes the use of inmunoassays [35,114–116]. Concretely, 

techniques such as radioinmmunoassay [115], inmmunolunometric sandwich assay 

[117], Enzyme-Linked ImmunoSorbent Assay (ELISA) [35] and colorimetric enzyme-

linked immonoassay [116] have been used to determine the concentration of SELENOP 

in lung [35] breast [115], colorectal [116] and prostate cancers [117]. 

 

7. Expert opinion and five-year view 

 

Although the key roles of selenium are well known, there is a lack of 

information about the function of many of the selenoproteins. The main chemical 

species of selenium involved in medicine are selenoproteins, selenium containing 

proteins and selenometabolites. However, the function of many selenoproteins is still 

unknown, and for this reason, an effort should be performed in this sense especially 

conditioned to the development of new analytical methodologies and protocols. In this 

context, new analytical methods and procedures are completely necessary for the 

development of certified matrix reference materials or calibration standards for these 

protein biomarkers. In this way, advanced analytical approaches based on the use of 



highly sensitive and selective techniques are claimed, as well as multifaceted 

instrumental couplings for the comprehensive analysis of the human selenoproteome 

and selenometabolome in complex biological samples. To this end the coupling of a 

highly sensitive detector such as ICP-MS to different orthogonal chromatographic 

systems allows the absolute quantification of selenoproteins and selenometabolites in 

human tissues and biofluids at very low levels and with high reliability, especially when 

isotopic dilution analysis is used. However, the methodology may be adapted to each 

particular sample for the absolute quantification of the present individual selenospecies 

(e.g. serum, biopsy, bronchoalveolar lavage fluid, urine, etc), but also to the disorder 

under study. For this purpose, an especial effort should be performed first on the correct 

identification of the main selenospecies involved in the disease and the used biosample. 

For example, the main selenospecies in human serum are 

SELENOP>SelenoAlb>GPx>inorganic selenium [104]. Therefore, studies related with 

the absolute quantification of this selenoproteins in human serum from cancer or 

neurodegenerative disorder patients are a very interesting challenge. In this sense, 

selenospecies could be used as biomarkers in medicine. 

 On the other hand, the essentiality or toxicity action of selenium strongly 

depends on both, a narrow range of concentration and the chemical specie involved. 

Therefore, the relation between selenium intake and status is not linear, but is a U-shape 

with adverse effects found at low and high Se intake. For this reason, the 

supplementation using functional foods enriched in selenium or nutraceuticals should be 

carried out in view of these facts and considering also the bioavailability and bioactivity 

of species. From our point of view, supplementation with selenium (e.g. formula milk 

for infants, pills for nutritional purposes or used during pregnancy, etc) should be 

carried out with very special care, regarding the doses and the chemical species used. 



Therefore, studies related with the biological function and 

bioaccessibility/bioavailability/bioactivity of selenoproteins and selenometabolites in 

different functional foods enriched in selenium and nutraceuticals are highly 

recommended. Then, experiments using model organisms (mammals) or cell cultures 

supplemented with selenospecies is a key goal. In this last case, it is important to 

consider that selenium is a well known antagonist of several xenobiotics, for example 

against mercury toxicity, which was first reported in 1967 following an experiment with 

rats exposed to mercury chloride and selenite. Humans, and in general living organisms 

incorporate elements and their species together from the environment and diet and 

numerous antagonistic and synergistic interactions take place as have been described 

[55]. Therefore, the metabolism of trace elements, and in particular for selenium, cannot 

be considered in isolation and multielemental determinations are strongly 

recommended. 

 On the other hand, in the particular case of cancer research and carcinogenesis, 

there are two different points of view to explain the role of metals in the organism, 

considering them as a cause or as an effect. The first one, is supported by the fact that 

the natural chemical form and concentration of elements are disturbed during cancer 

onset and progression. The second one considers that the carcinogenic process is a 

consequence of their high exposure. If selenium acts as an antagonist against the toxic 

action of metals or the cancer onset by altering the selenoproteome expression, then 

selenoproteins and selenometabolites could be potential biomarkers of cancer and in 

turn of other diseases. For this reason, studies about the levels and chemical forms of 

selenium in human biofluids and tissues from patients at different stages are 

recommended.  



Recent studies demonstrate that the brain-gut microbiota axis is thought to be on 

the basis of several disorders (allergies, intestinal inflammatory problems, diabetes, 

obesity and also neurological and cognitive disorders). Furthermore, as described 

previously, the influence of gut microbiota on the status of selenium and the expression 

of selenoproteins has been demonstrated. However, these studies focus on 

determinations of the enzymatic activity, but the absolute quantification of low 

molecular mass selenium species (inorganic selenium, selenomethionine, selenocystine, 

etc) and selenoproteins, their distribution and concentration have not been studied in 

connection with the gut microbiota. Moreover, although there are studies that establish a 

relation between the oral exposure of metals and gut microbiota in mice [89], and that 

the later acts as a barrier against chronic exposure to heavy metals [118] there are not 

previous studies with “chemical cocktails” of elements which includes selenium to deep 

insight into the global goal in the microbiota nor the antagonisms of selenium through 

the later.   

 

Acknowledgements 

 

This work was supported by the projects CTM2015-67902-C2-1-P and PG2018-

096608-B-C21 from the Spanish Ministry of Economy and Competitiveness 

(MINECO), and by projects P12-FQM-0442 from the Regional Ministry of Economy, 

Innovation, Science and Employment (Andalusian Government, Spain). Finally, authors 

are grateful to FEDER (European Community) for financial support, Grant UNHU13-

1E-1611. 

 

 



References 

Papers of special interest have been highlighted as either of interest (•) or of 

considerable interest (••) to readers. 

1.  Rayman MP. Selenium and human health. Lancet. 2012;379:1256–1268. 

•• A comprehensive review about the U-shaped link between selenium and human health. 

2.  Lobinski R, Edmonds JS, Suzuki KT, et al. Species-selective determination of 

selenium compounds in biological materials (Technical Report). Pure Appl. 

Chem. 2007;72:447–461. 

3. Hatfield DL, Gladyshev VN. How selenium has altered our understanding of the 

genetic code. Mol. Cell. Biol. 2002;22:3565–3576.  

4.  Suzuki KT. Metabolomics of Selenium: Se Metabolites Based on Speciation 

Studies. J. Heal. Sci. 2005;51:107–114. 

5.  Arthur JR. The glutathione peroxidases. Cell. Mol. Life Sci. 2000;57:1825–1835.  

6.  Köhrle J. The selenoenzyme family of deiodinase isozymes controls local thyroid 

hormone availability. Rev Endocr Metab Disord. 2000;1:49–58. 

7.  Moskovitz J, Requena J, Stadtman ER, et al. Purification and characterization of 

methionine sulfoxide reductases from mouse and Staphylococcus aureus and 

their substrate stereospecificity. Biochem. Biophys. Res. Commun. 2002;290:62–

65. 

8.  Huang J, Zhong L. Thioredoxin reductase. Adv. Top. Sci. Technol. China. 

Springer; 2012. p. 41–64. 

9.  Jitaru P, Goenaga-Infante H, Vaslin-Reimann S, et al. A systematic approach to 

the accurate quantification of selenium in serum selenoalbumin by HPLC-ICP-

MS. Anal. Chim. Acta. 2010;657:100–107. 

10.  Björnstedt M, Xue J, Huang W, et al. The thioredoxin and glutaredoxin systems 

are efficient electron donors to human plasma glutathione peroxidase. J. Biol. 

Chem. 1994;269:29382–29384. 

11.  Hill KE, Wu S, Motley AK, et al. Production of selenoprotein P (Sepp1) by 

hepatocytes is central to selenium homeostasis. J. Biol. Chem. 2012;287:40414–



40424. 

12.  Burk RF, Hill KE, Motley AK. Selenoprotein metabolism and function: evidence 

for more than one function for selenoprotein P. J. Nutr. 2003;133:1517S-20S.  

13.  Arteel GE, Mostert V, Oubrahim H, et al. Protection by selenoprotein P in human 

plasma against peroxynitrite-mediated oxidation and nitration. Biol Chem  

1998;379:1201–1205.  

14.  Steinbrenner H, Alili L, Bilgic E, et al. Involvement of selenoprotein P in 

protection of human astrocytes from oxidative damage. Free Radic. Biol. Med. 

2006;40:1513–1523. 

15.  Combs GF, Clark LC, Turnbull BW. An analysis of cancer prevention by 

selenium. BioFactors. IOS Press; 2001. p. 153–159. 

16.  Menter DG, Sabichi AL, Lippman SM. Selenium effects on prostate cell growth. 

Cancer Epidemiol. Biomarkers Prev. 2000;9:1171–1182. 

17.  Baum MK, Miguez-Burbano MJ, Campa A, et al. Selenium and Interleukins in 

Persons Infected with Human Immunodeficiency Virus Type 1. J. Infect. Dis. 

2002;182:S69–S73. 

18.  Oppenheimer SJ. Iron-deficiency anemia: reexamining the nature and magnitude 

of the public health problem. Summary: implications for research and programs. 

J. Nutr. 2001;131:616S–635S. 

19.  LV J.,Meng X.,Huan F. CC. The effect of selenium on human health and diseases 

and the scientifically supplementation of selenium to human bodiesitle. J. 

Liaoning Univ. Natural Sci. Ed. 2016;45:155–168. 

20.  García-Barrera T, Gómez-Ariza JL, González-Fernández M, et al. Biological 

responses related to agonistic, antagonistic and synergistic interactions of 

chemical species. Anal. Bioanal. Chem. 2012;403(8):2237–2253. 

21.  Gómez-Jacinto V, García-Barrera T, Garbayo I, et al. Metallomic study of 

selenium biomolecules metabolized by the microalgae Chlorella sorkiniana in the 

biotechnological production of functional foods enriched in selenium. Pure Appl. 

Chem. 2012;84:269–280. 

22.  Burk RF, Hill KE, Motley AK. Plasma selenium in specific and non-specific 



forms. BioFactors. IOS Press; 2001;14:107–114. DOI:10.1002/biof.5520140115 

23. García-Sevillano MA, García-Barrera T, Navarro F, et al. Cadmium toxicity in 

Mus musculus mice based on a metallomic study. Antagonistic interaction 

between Se and Cd in the bloodstream. Metallomics. 2014;6:672–681. 

24.  Rayman MP. The use of high-selenium yeast to raise selenium status: how does it 

measure up? Br. J. Nutr. 2004;92:557–573. 

25. Scientific Opinion on Dietary Reference Values for iron. EFSA J. 2015;13:4254. 

26.  EFSA. Tolerable Upper Intake Levels Scientific Committee on Food Scientific 

Panel on Dietetic Products, Nutrition and Allergies. Sci. Comm. Food Sci. Panel 

Diet. Prod. Nutr. Allerg. 2006. 

27.  Chauhan R, Awasthi S, Srivastava S, et al. Understanding selenium metabolism 

in plants and its role as a beneficial element. Crit. Rev. Environ. Sci. Technol.. 

2019;49:1937–1958.  

28.  Lavu RVS, Van De Wiele T, Pratti VL, et al. Selenium bioaccessibility in 

stomach, small intestine and colon: Comparison between pure Se compounds, 

Se-enriched food crops and food supplements. Food Chem. 2016;197:382–387. 

29.  Thiry C, Ruttens A, De Temmerman L, et al. Current knowledge in species-

related bioavailability of selenium in food. Food Chem. 2012;130:767–784.  

30. Pedrero Z, Madrid Y. Novel approaches for selenium speciation in foodstuffs and 

biological specimens: A review. Anal. Chim. Acta. 2009;634(2):135–152. 

31.  Tsuji PA, Carlson BA, Lee BJ, et al. Interplay of selenoproteins and different 

antioxidant systems in various cancers. Selenium Its Mol. Biol. Role Hum. Heal. 

Fourth Ed. Springer International Publishing; 2016. p. 441–449. 

32.  Björnstedt M, Fernandes AP. Selenium in the prevention of human cancers. 

EPMA J. 2010;1(3):389–395. 

33.  Clark LC, Combs GF, Turnbull BW, et al. Effects of selenium supplementation 

for cancer prevention in patients with carcinoma of the skin. A randomized 

controlled trial. Nutritional Prevention of Cancer Study Group. JAMA  

1996;276:1957–1963.  

34.  Vinceti M, Filippini T, Del Giovane C, et al. Selenium for preventing cancer 



(Review). Cochrane database Syst. Rev. 2015;Art. No.: CD005195. 

35.  Epplein M, Burk RF, Cai Q, et al. A prospective study of plasma selenoprotein P 

and lung cancer risk among low-income adults. Cancer Epidemiol. Biomarkers 

Prev. 2014;23:1238–1244. 

36.  Pietrzak S, Wójcik J, Scott RJ, et al. Influence of the selenium level on overall 

survival in lung cancer. J. Trace Elem. Med. Biol. 2019;56:46–51.  

37.  J.Nève. Methods in determination of selenium states. J. Trace Elem. Electrolytes 

Health Dis. 1991;5:1–17. 

38.  Steinbrenner H, Sies H. Protection against reactive oxygen species by 

selenoproteins. Biochim. Biophys. Acta - Gen. Subj. 2009;1790:1478–1485. 

39.  Shetty SP, Copeland PR. The Selenium Transport Protein, Selenoprotein P, 

Requires Coding Sequence Determinants to Promote Efficient Selenocysteine 

Incorporation. J. Mol. Biol. 2018;430:5217–5232. 

40.  Chen Q-C, Ding X-L, Zhu S-F, et al. Common SEP15 polymorphisms and 

susceptibility to cancer: a systematic review and meta-analysis. Transl. Cancer 

Res. 2017;6:886–893. 

41.  Short SP, Williams CS. Selenoproteins in Tumorigenesis and Cancer 

Progression. Adv. Cancer Res. Academic Press Inc.; 2017. p. 49–83. 

42.  Hassona Y, Cirillo N, Lim KP, et al. Progression of genotype-specific oral cancer 

leads to senescence of cancer-associated fibroblasts and is mediated by oxidative 

stress and TGF-β. Carcinogenesis. 2013;34:1286–1295. 

43.  Falck E, Karlsson S, Carlsson J, et al. Loss of glutathione peroxidase 3 

expression is correlated with epigenetic mechanisms in endometrial 

adenocarcinoma. Cancer Cell Int. 2010;10:1–9. 

44.  Yu YP, Yu G, Tseng G, et al. Glutathione peroxidase 3, deleted or methylated in 

prostate cancer, suppresses prostate cancer growth and metastasis. Cancer Res. 

2007;67:8043–8050. 

45.  Heirman I, Ginneberge D, Brigelius-Flohé R, et al. Blocking tumor cell 

eicosanoid synthesis by GPx4 impedes tumor growth and malignancy. Free 

Radic. Biol. Med. 2006;40:285–294. 



46.  Moscow JA, Schmidt L, Ingram DT, et al. Loss of heterozygosity of the human 

cytosolic glutathione peroxidase I gene in lung cancer. Carcinogenesis. 

1994;15:2769–2773. 

•• The auhors demonstrated the existence of three GPX1 alleles characterized by the 

number of alanines which produced a heterozygote frequency of 70% in normal and 

cancer patients. 

47.  Jaworska K, Gupta S, Durda K, et al. A Low Selenium Level Is Associated with 

Lung and Laryngeal Cancers. PLoS One. 2013;8. DOI: 

10.1371/journal.pone.0059051. 

48.  Peters U, Chatterjee N, Hayes RB, et al. Variation in the selenoenzyme genes and 

risk of advanced distal colorectal adenoma. Cancer Epidemiol. Biomarkers Prev. 

2008;17:1144–1154. 

49.  Bera S, Weinberg F, Ekoue DN, et al. Natural allelic variations in glutathione 

peroxidase-1 affect its subcellular localization and function. Cancer Res. 

2014;74:5118–5126. 

50.  GPX1 glutathione peroxidase 1 [Homo sapiens (human)] [Internet]. 2019.[Cited 

2019Aug.08].Availablefrom:https://www.ncbi.nlm.nih.gov/gene?Db=gene&Cmd

=ShowDetailView&TermToSearch=2876. 

51. GPX2 glutathione peroxidase 2 [Homo Sapiens (human)] [Internet].[Cited 2019 

Aug.08].Available from: https://www.ncbi.nlm.nih.gov/gene/2877. 

52.  Moos PJ, Edes K, Cassidy P, et al. Electrophilic prostaglandins and lipid 

aldehydes repress redox-sensitive transcription factors p53 and hypoxia-inducible 

factor by impairing the selenoprotein thioredoxin reductase. J. Biol. Chem. 

2003;278:745–750. 

53.  Fu B, Meng W, Zeng X, et al. TXNRD1 Is an Unfavorable Prognostic Factor for 

Patients with Hepatocellular Carcinoma. Biomed Res. Int. 2017. DOI: 

10.1155/2017/4698167. 

54.  Callejón-Leblic B, Arias-Borrego A, Pereira-Vega A, et al. The metallome of 

lung cancer and its potential use as biomarker. Int. J. Mol. Sci. 2019;20. DOI: 

10.3390/ijms20030778. 

https://dx.doi.org/10.1155/2017/4698167
https://dx.doi.org/10.3390/ijms20030778


•• This review focuses on the critical role of selenium and metals in lung cancer and the 

analytical techniques to determine ratios between metals, to obtain classification profiles, 

and finally to define the metallome of lung cancer. 

55.  Rodríguez-Moro G, Ramírez-Acosta S, Arias-Borrego A, et al. Environmental 

Metallomics. In: Arruda MAZ, editor. Met. Sci. Biometals. Cham: Springer 

International Publishing; 2018. p. 39–66.  

56.  Loef M, Schrauzer GN, Walach H. Selenium and alzheimer’s disease: A 

systematic review. J. Alzheimer’s Dis. IOS Press; 2011. p. 81–104. 

57.  Vural H, Demirin H, Kara Y, et al. Alterations of plasma magnesium, copper, 

zinc, iron and selenium concentrations and some related erythrocyte antioxidant 

enzyme activities in patients with Alzheimer’s disease. J. Trace Elem. Med. Biol. 

2010;24:169–173. 

58. Smorgon C, Mari E, Atti AR, et al. Trace elements and cognitive impairment: An 

elderly cohort study. Arch. Gerontol. Geriatr. 2004;38:393–402. 

59.  Cardoso BR, Ong TP, Jacob-Filho W, et al. Nutritional status of selenium in 

Alzheimer’s disease patients. Br. J. Nutr. 2010;103:803–806. 

60. Giacoppo S, Galuppo M, Calabrò RS, et al. Heavy Metals and Neurodegenerative 

Diseases: An Observational Study. Biol. Trace Elem. Res. 2014;161:151–160. 

61.  Cornett CR, Markesbery WR, Ehmann WD. Imbalances of trace elements related 

to oxidative damage in Alzheimer’s disease brain. Neurotoxicology. 

1998;19:339–345.  

62.  Cutts DA, Maguire RP, Stedman JD, et al. A comparative study in Alzheimer’s 

and normal brains of trace element distribution using PIXE and INA analyses and 

glucose metabolism by positron emission tomography. Biol. Trace Elem. Res. 

Humana Press; 1999. p. 541–549. 

63.  Stedman JD, Spyrou NM. Elemental analysis of the frontal lobe of “normal” 

brain tissue and that affected by Alzheimer’s disease. J. Radioanal. Nucl. Chem. 

1997;217:163–166. 

64.  Leite REP, Jacob-Filho W, Saiki M, et al. Determination of trace elements in 

human brain tissues using neutron activation analysis. J. Radioanal. Nucl. Chem. 



2008;278:581–584. 

65.  Akbaraly NT, Hininger-Favier I, Carrière I, et al. Plasma selenium over time and 

cognitive decline in the elderly. Epidemiology. 2007;18:52–58. 

66.  Gao S, Jin Y, Hall KS, et al. Selenium level and cognitive function in rural 

elderly Chinese. Am. J. Epidemiol. 2007;165:955–965. 

67.  Schweizer U, Schomburg L, Savaskan NE. The neurobiology of selenium: 

lessons from transgenic mice. J. Nutr. 2004;134:707–710.  

68.  Schweizer U, Bräuer AU, Köhrle J, et al. Selenium and brain function: A poorly 

recognized liaison. Brain Res. Rev. 2004;45:164–178. 

69.  Nakayama A, Hill KE, Austin LM, et al. All Regions of Mouse Brain Are 

Dependent on Selenoprotein P for Maintenance of Selenium. J. Nutr. 

2018;137:690–693. 

70.  González-Domínguez R, García-Barrera T, Gómez-Ariza JL. Homeostasis of 

metals in the progression of Alzheimer’s disease. BioMetals. 2014;27:539–549. 

71.  González-Domínguez R, García-Barrera T, Gómez-Ariza JL. Characterization of 

metal profiles in serum during the progression of Alzheimer’s disease. 

Metallomics. 2014;6:292–300. 

72.  Muñoz-Gutiérrez JF, Pierlé SA, Schneider DA, et al. Transcriptomic 

determinants of scrapie prion propagation in cultured ovine microglia. PLoS One. 

2016;11. DOI: 10.1371/journal.pone.0147727 

73.  Burk RF, Hill KE, Motley AK, et al. Selenoprotein P and apolipoprotein e 

receptor-2 interact at the blood-brain barrier and also within the brain to maintain 

an essential selenium pool that protects against neurodegeneration. FASEB J. 

2014;28:3579–3588. 

           •• This paper demonstrated that Sepp1 and apoER2 interact both at the blood-brain 

barrier and within the brain to supply neurons with selenium which might explain the 

better retention of selenium by brain than by other tissues. 

74.  Lovell MA, Xiong S, Lyubartseva G, et al. Organoselenium (Sel-Plex diet) 

decreases amyloid burden and RNA and DNA oxidative damage in APP/PS1 

mice. Free Radic. Biol. Med. 2009;46:1527–1533. 

75.  Iqbal J, Zhang K, Jin N, et al. Selenium positively affects the proteome of 3 × 



Tg-AD mice cortex by altering the expression of various key proteins: unveiling 

the mechanistic role of selenium in AD prevention. J. Neurosci. Res. 

2018;96:1798–1815. 

76. Solovyev N, Drobyshev E, Bjørklund G, et al. Selenium, selenoprotein P, and 

Alzheimer’s disease: is there a link? Free Radic. Biol. Med. Elsevier Inc.; 2018. 

p. 124–133. 

•• The review focuses on recent research on the possible role of SELENOP in Alzheimer 

Disease pathology, the effects of Se supplementation and the interaction with redox-active 

metals and misfolded proteins. 

77.  Verma S, Hoffmann FW, Kumar M, et al. Selenoprotein K Knockout Mice 

Exhibit Deficient Calcium Flux in Immune Cells and Impaired Immune 

Responses. J. Immunol. 2011;186:2127–2137. 

78.  Meng XL, Chen CL, Liu YY, et al. Selenoprotein SELENOK Enhances the 

Migration and Phagocytosis of Microglial Cells by Increasing the Cytosolic Free 

Ca 2+ Level Resulted from the Up-Regulation of IP 3 R. Neuroscience. 

2019;406:38–49. 

79.  Sircana A, Framarin L, Leone N, et al. Altered Gut Microbiota in Type 2 

Diabetes: Just a Coincidence? Curr. Diab. Rep. Current Medicine Group LLC 1; 

2018. DOI:10.1007/s11892-018-1057-6. 

80.  Allin KH, Nielsen T, Pedersen O. Mechanisms in endocrinology: Gut microbiota 

in patients with type 2 diabetes mellitus. Eur. J. Endocrinol. BioScientifica Ltd.; 

2015. p. R167–R177. 

81.  Rea D, Coppola G, Palma G, et al. Microbiota effects on cancer: from risks to 

therapies. Oncotarget. 2018;9. DOI: 10.18632/oncotarget.24681. 

82.  Vivarelli S, Salemi R, Candido S, et al. Gut Microbiota and Cancer: From 

Pathogenesis to Therapy. Cancers (Basel). 2019;11:38. 

83.  Mira-Pascual L, Cabrera-Rubio R, Ocon S, et al. Microbial mucosal colonic 

shifts associated with the development of colorectal cancer reveal the presence of 

different bacterial and archaeal biomarkers. J. Gastroenterol. 2014;50:167–179. 

84.  Surana NK, Kasper DL. Moving beyond microbiome-wide associations to causal 



microbe identification. Nature. 2017;552:244–247. 

85.  Jacobs E.T., Jiang R., Alberts D., et al. Selenium and Colorectal Adenoma: 

Results of a Pooled Analysis. J. Natl. Cancer I. 2004;96:1669−1675. 

86.  Speckmann B, Steinbrenner H. Selenium and Selenoproteins in Inflammatory 

Bowel Diseases and Experimental Colitis. Inflamm. Bowel Dis. 2014;20: 

1110−1119. 

87.  Kasaikina M V., Kravtsova MA, Lee BC, et al. Dietary selenium affects host 

selenoproteome expression by influencing the gut microbiota. FASEB J. 

2011;25:2492–2499. 

•• This paper demonstrated that dietary selenium affects both composition of the intestinal 

microbiota and colonization of the gastrointestinal tract, which, in turn, influence the host 

selenium status and selenoproteome expression 

88.  Hughes DJ, Fedirko V, Jenab M, et al. Selenium status is associated with 

colorectal cancer risk in the European prospective investigation of cancer and 

nutrition cohort. Int. J. Cancer. 2015;136:1149–1161. 

89.  Zhai Q, Cen S, Li P, et al. Effects of Dietary Selenium Supplementation on 

Intestinal Barrier and Immune Responses Associated with Its Modulation of Gut 

Microbiota. Environ. Sci. Technol. Lett. 2018;512:724-730. 

90. Hibberd AA, Lyra A, Ouwehand AC, et al. Intestinal microbiota is altered in 

patients with colon cancer and modified by probiotic intervention. BMJ Open 

Gastroenterol. 2017;4.DOI:10.1136/bmjgast-2017-000145 

91.  Taussig D, Combs Jr G. Conditional effect of selenium on the mammalian hind 

gut microbiota. FASEB J. 2015;29:759-762.  

92. Derrien M, Belzer C, de Vos WM. Akkermansia muciniphila and its role in 

regulating host functions. Microb. Pathog. Academic Press; 2017. p. 171–181. 

93. Plovier H, Everard A, Druart C, et al. A purified membrane protein from 

Akkermansia muciniphila or the pasteurized bacterium improves metabolism in 

obese and diabetic mice. Nat. Med. 2017;23:107–113. 

94.  Presley LL, Wei B, Braun J, et al. Bacteria associated with immunoregulatory 

cells in mice. Appl. Environ. Microbiol. 2010;76:936–941. 



95.  Liu W, Crott JW, Lyu L, et al. Diet-and genetically-induced obesity produces 

alterations in the microbiome, inflammation and Wnt pathway in the intestine of 

Apc +/1638N mice: Comparisons and contrasts. J. Cancer. 2016;7:1780–1790. 

96.  Hrdina J, Banning A, Kipp A, et al. The gastrointestinal microbiota affects the 

selenium status and selenoprotein expression in mice. J. Nutr. Biochem. 

2009;20:638–648. 

97.  Kim J, Combs GF. Effects of selenium on colonic fermentation in the rat. Biol. 

Trace Elem. Res. 1997;56:215–224. 

98.  Takiishi T, Fenero CIM, Câmara NOS. Intestinal barrier and gut microbiota: 

Shaping our immune responses throughout life. Tissue Barriers. 2017.DOI: 

10.1080/21688370.2017.1373208 

99.  Krittaphol W, McDowell A, Thomson CD, et al. Biotransformation of L-

Selenomethionine and selenite in rat gut contents. Biol. Trace Elem. Res. 

2011;139:188–196. 

100.  Nettleford S, Prabhu K. Selenium and Selenoproteins in Gut Inflammation—A 

Review. Antioxidants. 2018;7:36. 

101.  Hoffmann PR. An emerging picture of the biological roles of selenoprotein K. 

Selenium Its Mol. Biol. Role Hum. Heal. Springer New York; 2012. p. 335–344. 

102.  Peters KM, Carlson BA, Gladyshev VN, et al. Selenoproteins in colon cancer. 

Free Radic. Biol. Med. Elsevier Inc.; 2018. p. 14–25. 

103.  Barrett CW, Reddy VK, Short SP, et al. Selenoprotein P influences colitis-

induced tumorigenesis by mediating stemness and oxidative damage. J. Clin. 

Invest. 2015;125:2646–2660. 

104.  García-Sevillano MA, García-Barrera T, Gómez-Ariza JL. Development of a 

new column switching method for simultaneous speciation of selenometabolites 

and selenoproteins in human serum. J. Chromatogr. A. 2013;1318:171–179. 

•• The paper describes the first method for the simultaneous absolute quantification of 

selenoproteins and selenometabolites in human biofluids. 

105.  Deitrich CL, Cuello-Nunez S, Kmiotek D, et al. Accurate Quantification of 

Selenoprotein P (SEPP 1 ) in Plasma Using Isotopically Enriched Seleno-



peptides and Species-Specific Isotope Dilution with HPLC Coupled to ICP-

MS/MS. Anal. Chem. 2016;88:6357–6365. 

          •• A systematic approach to the accurate quantitation of plasma SEPP1 very powerful for 

the certification of reference materials and the provision of reference values to clinical 

measurements and clinical trials. 

106.  Sariego Muñiz C, Marchante-Gayón JM, García Alonso JI, et al. Multi-elemental 

trace analysis of human serum by double-focusing ICP-MS. J. Anal. At. 

Spectrom. 1999;14:193–198. 

107. Rodríguez-González P, Marchante-Gayón JM, García Alonso JI, et al. Isotope 

dilution analysis for elemental speciation: A tutorial review. Spectrochim. Acta - 

Part B At. Spectrosc. 2005;60:151–207. 

108.  Hinojosa Reyes L, Marchante-Gayón JM, García Alonso JI, et al. Quantitative 

speciation of selenium in human serum by affinity chromatography coupled to 

post-column isotope dilution analysis ICP-MS. J. Anal. At. Spectrom. 

2003;18:1210–1216. 

109.  Palacios Ò, Ruiz Encinar J, Schaumlöffel D, et al. Fractionation of selenium-

containing proteins in serum by multiaffinity liquid chromatography before size-

exclusion chromatography-ICPMS. Anal. Bioanal. Chem. 2006;384:1276–1283. 

110. Xu M, Yang L, Wang Q. Quantification of selenium-tagged proteins in human 

plasma using species-unspecific isotope dilution ICP-DRC-qMS coupled on-line 

with anion exchange chromatography. J. Anal. At. Spectrom. 2008;23:1545–

1549. 

111.  Palacios Ò, Lobinski R. Investigation of the stability of selenoproteins during 

storage of human serum by size-exclusion LC-ICP-MS. Talanta. 2007;71:1813–

1816. 

112.  Suzuki Y, Sakai T, Furuta N. Isolation of Selenoprotein-P and Determination of 

Se Concentration Incorporated in Proteins in Human and Mouse Plasma by 

Tandem Heparin Affinity and Size-exclusion Column HPLC-ICPMS. Anal. Sci. 

2012;28:221. 

113.  García-Sevillano MA, García-Barrera T, Gómez-Ariza JL. Application of 

metallomic and metabolomic approaches in exposure experiments on laboratory 



mice for environmental metal toxicity assessment. Metallomics. 2014;6:237–248. 

114.  Steinbrecher A, Méplan C, Hesketh J, et al. Effects of selenium status and 

polymorphisms in selenoprotein genes on prostate cancer risk in a prospective 

study of European men. Cancer Epidemiol. Biomarkers Prev. 2010;19:2958–

2968. 

115.  Breedlove HA, Smith AM, Burk RF, et al. Serum selenium measurements in 

women with early-stage breast cancer with and without chemotherapy-induced 

ovarian failure. Breast Cancer Res. Treat. 2006;97:225–230. 

116.  Hughes DJ, Kunická T, Schomburg L, et al. Expression of selenoprotein genes 

and association with selenium status in colorectal adenoma and colorectal cancer. 

Nutrients. 2018;10.DOI:10.3390/nu10111812. 

117.  Meyer HA, Hollenbach B, Stephan C, et al. Reduced serum selenoprotein P 

concentrations in German prostate cancer patients. Cancer Epidemiol. 

Biomarkers Prev. 2009;18:2386–2390. 

118.  Collado MC, Rautava S, Isolauri E, et al. Gut microbiota: A source of novel tools 

to reduce the risk of human disease? Pediatr. Res. Nature Publishing Group; 

2015. p. 182–188. 

119. Murawaki Y, Tsuchiya H, Kanbe T, et al. Aberrant expression of selenoproteins 

in the progression of colorectal cancer. Cancer Lett. 2008;259:218–230. 

120.  Saga Y, Ohwada M, Suzuki M, et al. Glutathione peroxidase 3 is a candidate 

mechanism of anticancer drug resistance of ovarian clear cell adenocarcinoma. 

Oncol Rep. 2008;20:1299-1303. 

121.  Penney KL, Sinnott JA, Tyekucheva S, et al. Association of prostate cancer risk 

variants with gene expression in normal and tumor tissue. Cancer Epidemiol. 

Biomarkers Prev. 2015;24:255–260. 

122.  Johnson KJ, Cullen J, Barnholtz-Sloan JS, et al. Childhood brain tumor 

epidemiology: A brain tumor epidemiology consortium review. Cancer 

Epidemiol. Biomarkers Prev. American Association for Cancer Research Inc.; 

2014. p. 2716–2736. 

123.  Hughes DJ, Duarte-Salles T, Hybsier S, et al. Prediagnostic selenium status and 

hepatobiliary cancer risk in the European Prospective Investigation into Cancer 



and Nutrition cohort. Am. J. Clin. Nutr. 2016;104:406–414. 

124.  Wang Q, Gong L, Dong R, et al. Tissue microarray assessment of selenoprotein P 

expression in gastric adenocarcinoma. J. Int. Med. Res. 2009;37:169–174. 

125.  Al-Taie OH, Uceyler N, Eußner U, et al. Expression profiling and genetic 

alterations of the selenoproteins GI-GPx and SePP in colorectal carcinogenesis. 

Nutr. Cancer. 2004;48:6–14. 

126.  Calvo A, Xiao N, Kang J, et al. Alterations in gene expression profiles during 

prostate cancer progression: Functional correlations to tumorigenicity and down-

regulation of selenoprotein-P in mouse and human tumors. Cancer Res. 

2002;62:5325–5335. 

127. Vinceti M, Michalke B, Malagoli C, et al. Selenium and selenium species in the 

etiology of Alzheimer’s dementia: The potential for bias of the case-control study 

design. J. Trace Elem. Med. Biol. 2019;53:154–162. 

128.  Wang C, Chen P, He X, et al. Direct interaction between selenoprotein R and 

Aβ42. Biochem. Biophys. Res. Commun. 2017;489:509–514. 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 1. Selenium metabolism in human body after intake. 

 

 

  



Selenoproteins Disease Organism and sample Analytical Method Reference 

Cancer 

GPx1 

Colorectal Cancer Human tissue Immunohistochemistry [119] 

Lung Cancer Carcinoma Cells PCR assay [46] 

Lung Cancer Human Blood PCR assay [47] 

Laryngeal Cancer Human Blood PCR assay [47] 

GPx2 

Colorectal Cancer Human tissue Immunohistochemistry [119] 

Renal Cancer Carcinoma Cells PCR assay [46] 

GPx3 

Colorectal Cancer Human tissue Immunohistochemistry [119] 

Endometrial carcinoma Rat  endometrial carcinoma cell PCR assay [43] 

Endometrial carcinoma Human  endometrial carcinoma cell PCR assay [43] 

Prostate Cancer Human prostate cancer cells Immunohistochemistry [120] 



Melanoma Murine tumor cells PCR assay [45]  

GPx4 

Fibrosarcoma Murine tumor cells PCR assay 

[45] 

 

Lung Cancer Human Blood PCR assay [47] 

Laryngeal Cancer Human Blood PCR assay [47] 

SELENOP 

Prostate Cancer Human prostate  tissue Hapmap databse [121] 

Lung Cancer Human Blood PCR assay [47] 

Laryngeal Cancer Human Blood PCR assay [47] 

Lung Cancer Human Blood ELISA [122] 

Hepatocellular carcinome Human serum ELISA [56,123]  

Gastric adenocaarcinome Human Gastric adenocarcinoma tissue Immunohistochemistry [124] 



Colorectal Cancer Human colon mucosa PCR assay [125] 

Prostate Cancer Murine prostate cancer cells ELISA [126] 

Colorectal Cancer Human tissue Immunohistochemistry [119]  

TRx Colorectal Cancer Human tissue Immunohistochemistry [119] 

TXNRD2 

Lung Cancer Human Blood PCR assay [47] 

Laryngeal Cancer Human Blood PCR assay [47] 

     
Neurodegenerative disease 

GPX3 

Alzheimer Human Celebrospinal fluid ICP-DRC-MS [127] 

MCI Human Celebrospinal fluid ICP-DRC-MS [127] 

SeAlb 

Alzheimer Human Celebrospinal fluid ICP-DRC-MS [127] 

MCI Human Celebrospinal fluid ICP-DRC-MS [127] 

SELENOK Alzheimer Mouse BV2 microglial  cells PCR assay [78] 



Parkinson Mouse BV2 microglial  cells PCR assay [78] 

SELENOP 

Alzheimer Human Celebrospinal fluid ICP-DRC-MS [127] 

MCI Human Celebrospinal fluid ICP-DRC-MS [127] 

SELENOR 

Alzheimer Human Celebrospinal fluid FRET analysis [128] 

MCI Human Celebrospinal fluid FRET analysis [128] 

TXNRD 

Alzheimer Human Celebrospinal fluid ICP-DRC-MS [127] 

MCI Human Celebrospinal fluid ICP-DRC-MS [127] 

Table 1. Selenoproteins determined in biofluids and tissues from cancer and neurodegenerative disease patients and model organisms or cells. 

 


