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A B S T R A C T   

Heteroatom-tagged proteomics allows the absolute quantification of selenoproteins using the heteroatom as a 
“tag” into a selective and sensitive atomic detector instead of a molecular one. Using this analytical method, 
about 90% of total selenium in human serum/plasma can be measured as selenoproteins and total selenome
tabolites and thus, the status of selenium can be determined. Herein, we determined the absolute concentration 
of selenoproteins in human serum patients with lung cancer (LC) and chronic obstructive pulmonary disease 
(COPD), a competing cause of morbidity and mortality in smokers as well as an independent risk factor for LC. 
We conducted an observational study of 154 human serum samples obtained from LC and COPD patients with 
varying severity of disease, including COPD patients who developed LC during follow-up and healthy controls 
(HC). Using heteroatom-tagged proteomics, we determined extracellular glutathione peroxidase (eGPx), sele
noprotein P (SELENOP), and selenoalbumin (SeAlb). Associations between selenoproteins were also studied as 
potential biomarkers of disease. The concentration of eGPx was significantly higher in the all-inclusive COPD 
cohort compared to HC, COPD patients with LC, or those with mild obstructive lung disease, while SELENOP 
concentration was significantly decreased in LC patients compared to HC and COPD. We found an inverse 
correlation between SELENOP and SeAlb in HC, but also in LC patients, and especially in patients with COPD and 
LC. Moreover, we found that eGPx and selenometabolite concentrations were positively associated with LC 
human serum. Selenoprotein concentrations were altered in COPD and LC when compared to healthy controls 
suggesting a potential role of the selenoproteome in the diagnosis and/or treatment of these tobacco-related 
diseases.   

1. Introduction 

The combination of inductively coupled plasma (ICP) ionization 
source and mass spectrometry (MS) has become a powerful tool for 
detecting and measuring any “heteroatoms” that occur naturally in 
proteins, including metals, semimetals, or biologically significant non
metals like sulfur or phosphorus. By using high performance liquid 
chromatography (HPLC) or capillary electrophoresis (CE), hyphenated 
ICP-MS can identify chemical species and metalloproteins by utilizing 
the heteroatom in the biomolecule as a “tag” (heteroatom-tagged pro
teomics) determining the metal-containing molecule by the measure
ment of the element [1]. This technique allows the absolute 
quantification of the biomolecule without protein standards only 
considering the number of heteroatoms in the molecule (e.g. human 
selenoprotein P has 10 selenium atoms) [2]. This is of significant 
importance as protein standards are often not readily accessible, and the 
purity evaluation process can prove to be challenging. The hyphenated 
ICP-MS approach is notably more sensitive than conventional proteomic 
methods such as Western blot analysis, which relies on an antibody that 
attaches to the protein, providing only a relative quantification or 
quantitative polymerase chain reaction in real-time (qPCR), which 
solely determines the amount of a gene expressed through transcript 
copy number [3]. Moreover, Enzyme-Linked Immunosorbent Assay 
(ELISA) allows for absolute quantification, but the antigen must be well 
known (purified and isolated), and the precision and accuracy are poor 
and far from that of hyphenated ICP-MS [4]. 

Heteroatom-tagged proteomics has the potential to be a powerful 
tool for precise quantification of metalloproteins and identification of 
biomarkers for disease. Herein, we have developed a heteroatom-tagged 
proteomics method that examines the role of selenoproteins in two 
related diseases, such as Lung Cancer (LC) and Chronic Obstructive 
Pulmonary Disease (COPD). 

LC is the leading cause of cancer deaths worldwide [5] while COPD is 
a competing cause of morbidity and mortality in smokers as well as an 
independent risk factor for LC, representing a major public health 
challenge. The burden of both diseases will likely rise in the coming 
decades. LC is a multifaceted disease in which elements, metabolites, 
selenoproteins, and even gut microbiota may have a significant role [6]. 
Certain elements have been linked to cancer progression [7–9] and 
metastasis [10,11] and their levels are significantly altered in LC human 
biofluids [12–15]. Selenium, for example, plays an essential role in 
inhibiting angiogenesis [16], improving the immune response [17], 
regulating the proliferation of cells [18] and antagonizing certain toxins 
[19]. In addition, selenium, as a key constituent of selenoproteins, has 

been extensively studied in LC due to its antioxidant character and 
chemopreventive role providing benefits for treatment as a dietary 
supplement [20,21]. In human serum, there exist four distinct types of 
selenoproteins. These include specific selenocysteine-containing sele
noproteins such as glutathione peroxidase, which make up roughly 
15–20 % of total selenium, as well as selenoprotein P, which accounts for 
over half of total selenium. In addition, there is selenoalbumin, which 
makes up approximately 15–20 % of total selenium a non-specifically 
incorporated selenium that replaces sulfur in amino acids like methio
nine [22,23]. 

The levels of selenoproteins and selenometabolites in LC human 
serum were suggested to be significantly altered in previous studies 
[21,24]. However, limited evidence has been reported on the absolute 
quantification of selenoproteins in LC [25–27] especially in COPD. 
Furthermore, we analyzed the selenoprotein profile of individuals 
afflicted with varying degrees of COPD, including those who developed 
LC during the study, in comparison to healthy subjects. Our objective 
was to identify potential alterations in the selenoproteins profiles that 
could potentially serve as biomarkers for these correlated ailments. 

2. Methods 

2.1. Study participants and study design 

In our effort to identify changes in the concentration of selenopro
teins associated with LC and COPD, we determined the concentrations of 
three selenoproteins (eGPx, SELENOP, and SeAlb) and the total amount 
of selenometabolites in 156 human serum samples obtained from 29 
patients with LC, 71 with COPD, and 56 healthy controls (HC). The 
COPD cohort was subdivided according to disease severity as follows: 
COPD patients who developed LC during follow-up (COPD-LC, n = 16), 
very severe COPD (COPD-vs, n = 21), severe COPD (COPD-s, n = 10), 
moderate COPD (COPD-mo, n = 10) and mild COPD (COPD-mi, n = 33). 

COPD History Assessment in SpaiN (CHAIN) is a multicenter, 
observational study of prospective cohorts derived from 36 Spanish 
hospitals. The recruitment period began on January 15, 2010, and is 
ongoing (Clinical Trials.gov: identifier NCT01122758). All participants 
signed the informed consent approved by the ethics committees of the 
participating centers (Hospital Universitario la Candelaria, Tenerife; 
Spain; IRB No. 258/2009). The cohort is active and has a follow-up of 
more than 10 years period with complete office visits every 12 months 
and telephone interviews every 6 months to evaluate exacerbations and 
the vital state of the subjects. The data analyzed in this study were 
collected from the date of recruitment until May 2015. The data were 
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anonymized with hierarchical access control to ensure data security. At 
each annual visit, information was collected on: (i) clinical aspects 
(socio-economic situation, anthropometric data, comorbidities, smok
ing, respiratory symptoms, exacerbations, quality of life, anxiety- 
depression scale, daily life activities, treatments); (ii) respiratory func
tion (spirometry, blood gases, hyperinflation, diffusion, respiratory 
pressures); (iii) BODE index (main study variable); (iv) peripheral 
muscle function, and (v) blood work-up (including IgE and cardiovas
cular risk factors). In addition, a serum bank was created for the future 
determination of biomarkers, and part of the analyzed samples in this 
study were taken. The rest of the samples were collected at the pulmo
nary department of the Juan Ramón Jiménez Hospital of Huelva, Spain 
from 2018 until 2020. 

Blood samples were obtained by venipuncture of the antecubital 
region using BD Vacutainer SST II tubes with gel separator and advanced 
vacuum system. Then, the serum was cooled and protected from light for 
retracting the clot (t = 30 min). After centrifugation (2000 g, 10 min) 
serum samples were frozen at − 80 ◦C and stored. The study was per
formed following the principles contained in the Declaration of Helsinki 
and approved by the Ethics Committee of the regional Andalusian 
Government (Ethical code num. 1898-N-21). 

Patient data were anonymized in a database with a hierarchical 
control to guarantee secure information access. Clinical parameters such 
as age, gender, LC or COPD stage, smoking habit, and comorbidities are 
shown in Table 1. 

3. Heteroatom-tagged proteomics for selenoproteins 
quantification in human serum 

The standardless absolute quantification of the main selenoproteins 
in human serum was carried out by a previously developed analytical 
method [28] based on two-dimensional separation, combining affinity 
(AFC) and size exclusion chromatography (SEC), followed by a triple 
Quad ICP-MS (Agilent Technologies, Tokyo, Japan) using the opera
tional conditions described in Table S1 of the Supplementary Informa
tion. Selenium is a heteroatom of the selenoproteins that can act as a 
“tag” for the selective and sensitive quantification of the selenoproteins. 
The absolute quantification was performed by isotopic dilution analysis 

(IDA) using 74Se as the isotopic dilution standard. Thus, an aliquot of 
100 μL of human serum was directly injected into a model 1260 Infinity 
high-performance liquid chromatograph (Agilent Technologies, Tokyo, 
Japan) equipped with a six-way valve with two 5 mL HiTrap SEC and 
two affinity columns, heparin-sepharose (HEP-HP) and blue-sepharose 
(BLU-HP) (GE Healthcare, Uppsala, Sweden). Ammonium acetate was 
used as mobile phases A (0.05 M, pH = 7.4) and B (1.5 M, pH = 7.4) at a 
flow rate of 1.3 mL min− 1. 

Validation of the methodology was carried out with the BCR-637 
reference material Institute for Reference Materials and Measurements 
(IRMM, Geel, Belgium) certified for total selenium content. The preci
sion and accuracy of the analytical method (Table S2) and limits of 
detection and quantification (Table S3) are detailed in Supplementary 
Material. 

3.1. Statistics 

Statistica 8 (Statsoft, Tulsa, UK, USA) was used to analyze the data. 
As Leveńs test revealed no homogenous variance and skewed distribu
tion (checked by normal probability plots), all the data were analyzed by 
nonparametric methods. Group comparisons were performed using the 
Krustal-Wallis test and only p-values < 0.05 were considered statistically 
significant. Fold changes (FC) were calculated for any pairwise com
parison possible among the studied group by dividing the mean con
centrations of selenoproteins and selenometabolites determined in the 
human serum. The areas under the receiver operating characteristic 
curve (AUC values from ROC) were also calculated to delve into the 
specificity and sensitivity of the novel potential biomarkers. In addition, 
Partial Least Squares–Discriminant Analysis (PLS-DA) and heatmaps 
were performed to investigate the potential contribution of the seleno
proteins and selenometabolites present in human serum to discriminate 
the studied groups. MetaboAnalyst version 5.0 was used as a statistical 
tool for the ROC curves and heatmaps (https://www.metaboanalyst. 
ca/). Spearman correlation analysis was used to determine associa
tions between metals and selenoproteins in the studied groups. 

4. Results 

4.1. Human serum selenoproteome of LC and COPD with varying severity 

The typical selenoproteome profile of human serum is shown in 
Fig. 1A. Most of the selenium present in serum is in the form of SELE
NOP, followed by eGPx, SeAlb, and very low concentrations of seleno
metabolites (SMT). This tendency did not differ between the studied 
groups, but the average concentrations of those proteins were signifi
cantly different among them. The percentage of SeAlb was significantly 
higher in the LC group (20 %) compared to HC (16 %) (p = 0.002), and 
COPD (16 %) (p = 0.01), but no significant differences were found in 
COPD-LC (17 %). The amount of SELENOP was lower (63 %) in the LC 
group compared to COPD (66 %), COPD-LC (68 %), and HC (67 %), 
although this difference was only significant (p = 0.006) between the 
amount of HC and LC groups. eGPx was more significantly abundant in 
COPD (14 %) when compared to LC (13 %), (p = 0.03), and COPD-LC 
(10 %), (p = 0.03), respectively. The amount of selenoproteins for 
COPD subgroups was described in Fig. S1 of the Supplementary Mate
rial. Fig. 1C shows the box plot of the averaged selenoproteins and 
selenometabolites concentrations in HC, LC, COPD, and COPD-LC 
groups. Similarly, Fig. S2 of the Supplementary Material reports the 
boxplot corresponding to the concentrations of selenoproteins and 
selenometabolites in the COPD subgroups (COPD-mi, COPD-mo, COPD- 
s, and COPD-vs). P-values and AUC values for the selenoproteins and 
selenometabolites determined in the samples are reported in Table S4 
(Supplementary Material). Thus, the concentration of eGPx was signif
icantly greater in the serum of COPD patients when compared to HC (FC 
= 1.20; p = 0.003), as well as COPD patients with LC (FC = 1.47; p =
0.001). SELENOP was significantly decreased in LC patients compared 

Table 1 
Clinical Characteristics of patients included in the study. Healthy Control (HC), 
Lung cancer (LC), Chronic Obstructive Pulmonary Disease (COPD), COPD pa
tients who developed LC during the follow-up (COPD-LC), very severe COPD 
(COPD-vs), severe COPD (COPD-s), moderate COPD (COPD-mo) and mild COPD 
(COPD-mi); DM = Diabetes Mellitus; AH: Arterial Hypertension; DLP: Dyslipi
demia; COPD: Chronic Obstructive Pulmonary Disease.   

Clinical characteristics 
HC 
(n ¼
54) 

LC 
(n 
¼

29) 

COPD 
(n ¼ 55) 

COPD-LC 
(n ¼ 16) 

Gender Male 38 20 45 15 
Female 16 9 10 1 

Age (years ± SD) 61 ±
11 

65 
± 11 

63 ± 8 56 ± 8 

Smoking 
habits 

Non-smoker 24 7 0 4 
Smoker 15 15 23 4 
Ex-smoker 15 7 28 8 

NSCLC Type Adenocarcinoma – 18 – 4 
Carcinoid – 2 – 6 
Squamous cell lung 
cancer 

– 5 – 2 

Epidermoid – 4 – 4 
COPD grading Mild – – 21 4 

Moderate – – 9 8 
Severe – – 9 0 
Very Severe – – 16 4 

Comorbidities DM 5 5 7 3 
AH 17 15 25 11 
DLP 20 18 19 7  
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Fig. 1. A) Mass flow chromatogram showing the typical selenoproteome profile of human serum: eGPx (extracellular glutathione peroxidase), SELENOP (seleno
protein P), and SeAlb (selenoalbumin). B) Sector diagrams showing the proportion of selenoproteins and selenometabolites in the different groups: HC (control 
subjects), LC (Lung Cancer patients), COPD (Chronic Obstructive Pulmonary Disease patients), and COPD-LC (COPD patients with LC). C) Box plot showing the 
average concentration (ng of Se per ml of serum sample) in selenoproteins and selenometabolites in human serum samples in HC, LC, COPD, and COPD-LC. 
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to HC (FC = 0.90; p = 0.01) and COPD (FC = 0.88; p = 0.004). The 
concentration of eGPx decreased significantly in mild COPD when 
compared to healthy controls (FC = 0.82; p = 0.002) and increased when 
compared to COPD patients with LC (FC = 1.59; p = 0.003). SELENOP 
concentrations were lower in the LC group when compared to mild and 
moderate COPD (FC = 1.15; p = 0.001 and FC = 1.18; p = 0.01, 
respectively). No significant differences were found in the concentra
tions of SeAlb or selenometabolites between the studied groups. Fig. 2 
shows a model map summarizing the most important changes in the 
selenoproteins of the HC, LC, COPD and COPD-LC groups. 

Finally, only the AUC value of eGPx in the ROC comparing the COPD 
and COPD-LC groups showed promise as a potential biomarker with a 
combined high sensitivity and specificity (AUC = 0.84) (Fig. S3, Sup
plementary Material). 

4.2. Associations between selenoproteins in LC and COPD with varying 
severity 

Spearman correlation analysis was applied to the dataset to deter
mine potential associations between selenoproteins in the different 
studied groups. After pairwise compassions between the levels of all 
selenoproteins and total selenometabolites in human serum in the 
different studied groups, some of them were negatively (rho < 0) or 
positively (rho > 0) associated, and thus, the concentration of one 
selenoprotein/total selenometabolites increased as much as the other 
decreased or vice versa, respectively. In addition, in some cases, those 
significant associations were lineal (rho ≈ ±1). Significant (p < 0.05) 
and strong (rho > 0.5) (Table S5) correlations were calculated and re
ported in the Supplementary Material. We observed a significant inverse 
correlation between SELENOP and SeAlb (Fig. 3) in HC (rho = -0.51, p 
< 0.05), LC (rho = -0.76, p < 0.05), and COPD-LC (rho = -0.93, p <
0.05). This association was stronger in the LC groups than in the control. 
Moreover, we found that eGPx and selenometabolites were positively 
correlated in LC patients. No significant associations were observed 
between selenoproteins and selenometabolites in the COPD group. 

5. Discussion 

Using the heteroatom-tagged proteomics method of IDA-SEC-AF- 
ICP-QQQ-MS, we were able to determine the standardless absolute 
quantification of the main selenoproteins in human serum (~90 % of 

total selenium). This allowed us to examine the alteration of these 
metalloproteins in patients with LC and COPD. As far as we know, this is 
the first study to examine the entire serum selenoproteome (eGPx, 
SELENOP, and SeAlb) in COPD and COPD-LC patients, as previous 
studies have only reported concentrations in LC patients using the same 
methodology [29]. Previous studies have reported the enzymatic ac
tivity of the serum antioxidant selenoenzymes eGPx [30] in human 
serum, as well as the concentration of SELENOP using the molecular 
technique ELISA [31]. However, few studies specifically explore the 
identification of selenoproteins as potential biomarkers for LC and COPD 
diseases. 

We found statistically significant changes in selenoproteins in these 
tobacco-related diseases, thereby highlighting the importance of the 
selenoproteome in COPD and LC diseases. We observed a significant 
reduction in the concentration of SELENOP in LC patients compared to 
healthy subjects. SELENOP is therefore considered a good biomarker of 
selenium status [32]. Its main function is the transport of selenium from 
the liver, where it is mainly synthesized to maintain anti-oxidative 
selenoenzyme activity in tissues such as the brain and testis [33] and 
has an inherent antioxidant role since Sec residues act as scavengers of 
electrons transforming the thiol group into a disulfide bond [34]. These 
antioxidant properties may ultimately affect lung carcinogenesis [21]. 
Our results agree with those of Takata et al. [31], who reported that LC 
patients had slightly lower plasma SELENOP concentrations than 
healthy controls with borderline statistical significance, and with those 
of Epplein et al. [21], who reported associations of low levels of SELE
NOP with an increased risk of LC. In addition to the changes mentioned 
above in SELENOP concentrations, we also found increased concentra
tions of eGPx in the serum of COPD patients compared to HC. The GPx 
family of enzymes catalyzes the reduction of hydrogen peroxide and 
lipid hydroperoxides using reduced glutathione (GSH) as a substrate 
[30,35]. GPx presents eight different isoforms including extracellular 
plasma eGPx [35]. A meta-analysis of 10 studies by Zinellu et al. re
ported a significant decrease in the activity of the selenoprotein GPx-1 in 
COPD patients compared to individuals without airflow obstruction. 
However, they found no significant differences in eGPx activity and 
therefore concluded that the studies on serum samples showed con
flicting results [36]. Sotgia et al., [30] have reported reduced GSH 
concentrations in COPD patients, which has been attributed to a greater 
consumption of GSH as a co-substrate for the formation of GPx. On the 
other hand, the significant decrease in the concentration of eGPx only in 
the COPD-mi group compared to HC may suggest increased levels of 
oxidative stress especially in mild airflow obstruction. Some authors 
agree that the evaluation of altered GPx activity may be useful in 
detecting impairments in the antioxidant defense system in COPD pa
tients [36]. 

In addition to SELENOP and eGPx, selenium can be present in human 
serum in the form of selenometabolites, mainly inorganic selenium and 
selenomethionine, which in turn are associated with albumin (SeAlb) for 
transport [37]. Interestingly, we found an inverse correlation between 
SELENOP and SeAlb in HC. The association was strongest in LC and 
especially, in COPD patients with LC. This association has been 
described in other types of cancer such as colorectal tumors but not in LC 
patients [38]. The main function of SeAlb is the transport of selenium. 
SeAlb levels are increased in the liver following exposure to toxic ele
ments like mercury, which in turn leads to increased production of 
SELENOP [39]. Some authors have suggested that an increase in SeAlb is 
indicative of a suppression of the host’s immune reaction to the tumor 
[38]. Thus, our results could suggest that LC patients consumed SELE
NOP, because its concentrations were found significantly decreased in 
this group, and SeAlb is being transported to the liver for SELENOP 
synthesis [40]. This finding could reinforce the hypothesis that SELE
NOP plays a critical role in LC postulated by other authors [21,31,41], 
but also the pivotal role of SeAlb only reported in a previous study with 
few LC human serum samples [24]. We also found a positive correlation 
between eGPx and selenometabolites in serum from LC patients that 

Fig. 2. Model map of the significant dysregulation of the selenoproteins in HC 
(control subjects), LC (Lung Cancer patients), COPD (Chronic Obstructive Pul
monary Disease patients), and COPD-LC (COPD patients with LC). ↑: elevated 
concentration (ng Se per ml of serum sample), ↓: diminished concentration (ng 
Se per ml of serum sample), * Significant value (p < 0.05), eGPx (extracellular 
glutathione peroxidase), SELENOP (selenoprotein P) and SeAlb 
(selenoalbumin). 
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could be related to an increase in the production of this antioxidant 
enzyme in response to the oxidative stress posed by cancer. The absence 
of any association between selenoproteins and selenometabolites in the 
COPD group was remarkable, with only eGPx being significantly 
increased in this group. 

Many studies have investigated the relationship between LC and 
COPD, suggesting that chronic airflow obstruction increases the risk of 
developing LC [42,43], but to the best of our knowledge, selenoproteins 
have not been previously investigated in this context. We observed 
significantly increased levels of eGPx and SELENOP in undifferentiated 
COPD patients when compared to COPD patients with LC and COPD 
severity subgroups. The decrease of these two proteins in the groups 
with LC compared to COPD could suggest greater oxidative stress in 

cancer patients. Some authors have attributed decreased selenoprotein 
activity to an acceleration of mRNA degradation [44], or nutritional 
deficiency, including selenium deficiency in this type of patients [45]. 

Finally, selenoproteins may have potential utility as biomarkers in 
tobacco-related diseases such as COPD and LC, which are characterized 
by a significant increase in oxidative stress. In this regard, AUC values 
greater than 0.75 have been generally considered useful in clinical 
diagnosis [46]. Our findings may shed some light on the role of sele
noproteins as potential biomarkers in LC, COPD, or perhaps LC in the 
context of pre-existing COPD. In our study, eGPx shows some promise in 
differentiating patients with COPD and LC from patients with airflow 
obstruction alone. However, due to the possible limitations in sample 
size, especially in the COPD-LC group, these results should be validated 

Fig. 3. Spearman Correlation Heatmap between selenoproteins in a) HC, b) LC, c) COPD, and d) COPD-LC groups. *Significant (p < 0.05) and strong correlations 
(rho > 0.5). Red color: negative association, blue color: positive correlation. SMT: Selenometabolites, eGPx: Extracellular glutathione peroxidase, SELENOP: Sele
noprotein P, SeAlb: Selenoalbumin. 
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in a larger population. 
In conclusion, we have determined selenoprotein concentrations 

representing almost the entire selenoproteome (~90 % of total sele
nium) in serum samples from LC and COPD patients using a heteroatom- 
tagged proteomics approach based on IDA-SEC-AF-ICP-QQQ-MS. We 
found significant differences in some selenoproteins in the different 
groups studied, such as SELENOP in LC and eGPx in COPD, which could 
point to critical roles of both selenoproteins in health and disease and 
might indicate an impaired antioxidant defense system in these tobacco- 
related diseases. Alterations in the concentrations of these selenopro
teins were also found in COPD-LC patients and mild severity of airflow 
obstruction. Furthermore, the association between SeAlb and SELENOP 
in LC groups also merits further study. Our data provides novel insights 
into the role of the selenoproteome in COPD and lung cancer, which may 
have implications for diagnosis, therapy, and targeted supplementation. 

Author contributions 

BCL and SSE contributed equally to this work. TGB and GPB are 
senior authors and equal contributors. The authors’ responsibilities were 
as follows—TGB, BCL and GPB designed the research (project concep
tion and development of the overall research plan). GPB, JLLC, LS: 
responsible for clinical study, design, and recruitment. CGR, RS, IDO, 
JMMT, CCM, BGC, AF, ISG, JPT, NFC, CCL, CAD, ARP, LAPF, EMM, 
MMR, EBV, ALC, CMG, JBGI, CLB, APV: recruitment and collection of 
the biological samples; BCL and SSE: analyzed serum samples; BCL: 
visualization; TGB and BCL: supervised the study and assisted in the 
interpretation of the data; TGB and BCL: drafted the first draft; TGB: 
funding acquisition and project administration; and all authors have 
revised and approved the final manuscript. 

CRediT authorship contribution statement 

Belén Callejón-Leblic: Conceptualization, Data curation, Investi
gation, Methodology, Supervision, Visualization, Writing – original 
draft, Writing – review & editing. Saida Sánchez Espirilla: Data cura
tion, Formal analysis, Investigation, Visualization, Writing – review & 
editing. Carolina Gotera-Rivera: Resources, Writing – review & edit
ing. Rafael Santana: Resources, Writing – review & editing. Isabel 
Díaz-Olivares: Resources, Writing – review & editing. José María 
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A. García-Sevillano, V. Gómez-Jacinto, Biological responses related to agonistic, 
antagonistic and synergistic interactions of chemical species, Anal. Bioanal. Chem. 
403 (2012) 2237–2253, https://doi.org/10.1007/s00216-012-5776-2. 

[20] L.C. Clark, G.F.J. Combs, B.W. Turnbull, E.H. Slate, D.K. Chalker, J. Chow, L. 
S. Davis, R.A. Glover, G.F. Graham, E.G. Gross, A. Krongrad, J.L.J. Lesher, H. 
K. Park, B.B.J. Sanders, C.L. Smith, J.R. Taylor, Effects of selenium 
supplementation for cancer prevention in patients with carcinoma of the skin. A 
randomized controlled trial. Nutritional Prevention of Cancer Study Group, J. Am. 
Med. Assoc. 276 (1996) 1957–1963. 

[21] M. Epplein, R.F. Burk, Q. Cai, M.K. Hargreaves, W.J. Blot, A prospective study of 
plasma selenoprotein P and lung cancer risk among low-income adults, Cancer 
Epidemiol. Biomark. Prev. 23 (2014) 1238–1244, https://doi.org/10.1158/1055- 
9965.EPI-13-1308. 

[22] V. Mostert, Selenoprotein P: properties, functions, and regulation, Arch. Biochem. 
Biophys. 376 (2000) 433–438, https://doi.org/10.1006/abbi.2000.1735. 

[23] M.E. del C. Busto, C. Oster, S. Cuello-Nuñez, C.L. Deitrich, A. Raab, A. Konopka, W. 
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