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ABSTRACT  

 

Background: Selenium (Se) is a trace element that has been linked to many health conditions.  

Genome-wide association studies (GWAS) have identified variants for blood and toenail Se 

levels, but no GWAS of response to Se supplementation has been conducted to date.  

 

Objective: A GWAS was performed to identify single nucleotide polymorphisms (SNPs) 

associated with changes in Se concentrations after one year of supplementation. A GWAS of 

basal plasma Se concentrations at study entry was conducted to evaluate whether SNPs for Se 

response overlap with SNPs for basal Se levels. 

 

Design: A total of 428 participants aged 40-80 y of European descent from the Selenium and 

Celecoxib Trial (Sel/Cel Trial) who received a daily supplementation with 200 µg of selenized 

yeast were included for the GWAS of response to supplementation. Plasma Se concentrations 

were measured from blood samples collected at the time of recruitment and after one year of 

supplementation. Linear regression analyses were performed to assess the relationship between 

each SNP and changes in Se concentrations. We further examined whether identified SNPs 

overlapped with those related to basal Se concentrations. 

 

Results: No SNP was significantly associated with changes in Se concentration at a genome-

wide significance level. However, rs56856693 located upstream of the NEK6 was nominally 

associated with change in Se concentrations after supplementation (P =4.41 x 10-7), as were two 

additional SNPs, rs11960388 and rs6887869, located in the DMGDH/BHMT region (P =0.01). 

Alleles of two SNPs in the DMGDH/BHMT region associated with greater increase in Se 
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concentrations after supplementation were also strongly associated with higher basal Se 

concentrations (P =8.67 x 10-8). 

 

Conclusions: This first GWAS of response to Se supplementation in European descent from 

Sel/Cel Trial suggests that SNPs in NEK6 and DMGDH/BHMT region influence response to 

supplementations.   

 

(289/300) 

 

Keywords: Selenium Supplementation, Plasma Selenium Concentration, GWAS, 

Chemoprevention Trial 
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INTRODUCTION 

Selenium (Se) is a trace element that has been investigated in several large clinical trials 

for anti-carcinogenic effects.  The Nutritional Prevention of Cancer (NPC) Trial reported a 

statistically significant 58% lower risk for colorectal cancer and 63% reduced odds for prostate 

cancer among those who received 200 µg/d Se compared to placebo (1).  These findings 

prompted the Selenium and Vitamin E Cancer Prevention Trial (SELECT), which found no 

effect of Se supplementation (200 µg/d) with and without vitamin E supplementation on prostate 

cancer incidence as compared to the placebo arm (2, 3).  Next, the Selenium and Celecoxib 

(Sel/Cel) Trial led by our research group reported no significant effect of Se on risk of the 

development of new colorectal adenoma; however, the results suggested that participants 

appeared to have had differential responses to Se supplementation (4).  Although effect 

modification by baseline Se concentrations was not observed in the Sel/Cel Trial, the observation 

of heterogeneity of treatment effect is similar to findings of other studies regarding antioxidant 

nutrients, which have led to controversy regarding cancer prevention strategies based on 

micronutrient supplementation (5, 6).   

In completed trials to date, one potential difference between study participants that may 

affect their response to Se is genetic background.  An individual’s ability to metabolize and 

excrete Se after consumption likely depends, at least in part, on variation in key regulatory genes 

for these processes.  Genome wide association studies (GWAS) of blood or toenail Se levels 

have identified variants mapping to genes involved in glycoprotein catabolism, the development 

of visceral obesity, and amino acid metabolism (7-9).  Whether the same variants also relate to 

response to Se supplementation is unknown.  
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In the present study, we conducted GWAS for two endpoints: changes in Se 

concentration after one year of supplementation and basal Se concentrations in the Sel/Cel Trial 

(4).  We further assessed whether SNPs that had previously been shown in the literature to be 

related to blood or toenail Se concentrations were also related to Se response.  This is the first 

GWAS of response to Se supplementation. 

 

METHODS 

Study Population 

Of 1,621 study participants in the Sel/Cel Trial, 1,211 participants who self-reported 

European decent and passed GWAS quality controls (QC) with plasma Se measurements were 

included (Figure 1).  Of these, 428 were in the Se supplemented group and second 

measurements of plasma Se concentrations after one year of supplementation were available.  

Second blood samples were obtained in a median of 382 days (ranging between 343 and 571 

days) after the first blood draw to assess baseline Se concentrations.  These 428 individuals were 

included for GWAS of response to Se supplementation.  All 1,211 participants were included in 

the GWAS of basal Se concentrations.  The Sel/Cel Trial has been described in detail elsewhere 

(4, 10).  Briefly, this was a randomized, double-blind, placebo-controlled trial conducted at the 

University of Arizona Cancer Center, with the objective of determining whether daily intake of 

200 µg/d of Se as a supplement (SelenoExcell High Selenium Yeast capsules) could reduce the 

risk for developing metachronous, i.e., recurrent, colorectal adenomas.  Male and female 

participants were eligible for the Sel/Cel trial.  They were between 40 and 80 years of age, and 

they had a total colonoscopy with removal of at least one adenoma with a minimum diameter of 

>3 mm within the 6 months prior to study entry (4).  Exclusion criteria included the presence of 

familial adenomatous polyposis or hereditary non-polyposis colorectal cancer; reported 
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uncontrolled hypertension or heart disease; uncontrolled diabetes; or renal insufficiency (4).  

Participants were recruited between 2001 and 2011 from endoscopy clinics located in Arizona, 

Colorado, Texas and New York (10).  The trial protocol was approved and overseen by the 

University of Arizona Institutional Review Board (IRB), and conduct of the trial was in 

accordance with requirements of the local IRB at each study site.  

 

Measurement of plasma Se concentrations 

 Blood samples were collected at study randomization and again after about one year of 

supplementation. Concentrations of Se in plasma were obtained using the AAnalyst 600 atomic 

absorption spectrometer [Perkin-Elmer, Norwalk, CT], equipped with a transversely-heated 

graphite furnace with Zeeman background correction and a Se electrodeless discharge lamp.  

Optimization of conditions for the furnace were conducted by ascertaining the sensitivity with 

the best signal-to-noise ratio and good linearity of the calibration curve.  Prior to the analysis, 

each plasma sample was prepared with a dilution in matrix modifiers containing 0.01% nickelous 

nitrate hexahydrate and 0.0043% magnesium nitrate hexahydrate in 0.4% nitric acid and 0.2% 

triton X-100.  The method of additions was used to prepare the calibration standards. National 

Institute of Standards and Technology selenium standard (Standard Reference Material 3149) 

was used for calibration of the assay.  For each batch of analyses, quality control samples with 

known concentrations of Se were included within every ten samples, and triplicate readings were 

collected for each sample. 

 

Genome-wide scans and quality control 
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Genotyping was performed for 1,331 samples from the Sel/Cel Trial.  DNA was 

extracted from blood samples collected at the time of study entry using QIAamp DNA mini kits 

according to manufacturer’s instructions [Qiagen, Germantown, MD].  Genotyping was 

performed at Gene by Gene (Houston, TX) on the Illumina Global Screening Array.  Genotypes 

were called using the Illumina recommended protocol with Illumina GenomeStudio.  All the 

samples had genotyping rate of ≥98%.  Then, we excluded SNPs with genotyping call rate 

<95%, minor allele frequency (MAF) <1%, and Hardy-Weinberg Equilibrium (HWE) P-values 

<0.001.  A total of 624,110 SNPs was available for 1,331 participants after QC procedures.   

Subsequently, we excluded 120 samples.  Participants who self-reported as non-European 

decent (n=104), such as Hispanic Americans, African Americans, Asian, and also mixed-race 

individuals, and samples with inconsistent sex and race/ethnicity information between genotype 

and clinical data(n=3) were removed.  Due to heterogenous genomic backgrounds existing in 

human populations, this study focused on European descent, the largest racial/ethnic group in the 

Sel/Cel Trial.  Principal component (PC) analysis was performed to assess inconsistency 

between self-reported race/ethnicity and genomic backgrounds using 1000 Genomes Project data 

as a reference panel.  Individuals who self-identified as European descent and who clustered with 

the 1000 Genomes Project European population were included.  Identity-by-descent analysis was 

performed to identify potentially duplicated samples or related individuals, and the pairs of 

potentially duplicated samples were removed (n=9).  Basal Se measurements were not available 

for four study participants, and they were omitted from the analysis.  This resulted in a total of 

1,211 samples that were included in the study of basal Se concentrations.   

Imputation was performed using Michigan Imputation Server (11).  The phasing of 

genotype data was done using Eagle version 2.3 (12).  Imputation was performed using 
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Minimac3 algorithm and the Haplotype Reference Consortium panel (13).  After the imputation, 

there were a total of 39,127,678 SNPs.  We included 7,663,546 SNPs after removing 31,464,132 

SNPs with poor imputation quality (Rsq<0.3), MAF 1%, and HWE P-value <0.001.  

 

Statistical analysis 

Characteristics of the study participants were summarized with means and standard 

deviations or by counts for categorical variables.  Among participants in the trial who received 

the Se supplement (n=428), two measurements of plasma Se concentration were available for 

assessment of change in Se levels, one at study entry (basal) and one following the first year of 

supplementation. This difference in Se concentrations was used to identify SNPs that were 

associated with response to Se supplementation. Multiple linear regression analyses were 

performed to test association between each SNP and change in Se concentrations adjusting for 

age at enrollment, sex, body mass index (BMI), basal plasma Se concentrations, and the first 

three PCs to control for underlying population structure.  Additional analyses were performed 

including average number of Se pills taken per day and history of polyps (prior to the qualifying 

colonoscopy for the Sel/Cel Trial) in the regression model.   

Additionally, a GWAS of basal plasma Se concentrations was conducted to examine 

whether there was overlap with variants related to response to supplementation.  Basal plasma Se 

concentrations were log-transformed.  Linear regression analyses were used to identify genetic 

variants associated with plasma Se concentrations adjusting for age at enrollment, sex, and the 

first three PCs.  Conditional analysis was performed to examine whether there are independently 

associated SNPs in the identified regions.  No evidence of inflation for either GWAS was 

observed (λ=1.0, Supplementary Figure 1).  Statistical analysis was performed using PLINK 
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1.90 (14), and genome-wide significance was set at P=5.0 x 10-8.   We also reported SNPs with 

nominal significance (P<1.00 x 10-5 for changes in Se concentration and P<1.0 x 10-6 for basal 

Se concentration).  We also assessed associations with variants that had been reported from 

previous GWAS, including SNPs in AGA, DMGDH, BHMT, HOMER1, SLC39A11, and CBS (9, 

15, 16), as well as SNPs in candidate genes that are related to Se function and metabolism, 

including DIO3, GPX1, GPX2, GPX3, SELENOP, and TXNRD1 (9, 17, 18).  

 

RESULTS 

Study participant characteristics 

Table 1 presents the characteristics of the population at study randomization, as well as 

the same variables for a subcohort of participants who received the Se supplement during the 

parent trial.  Mean age, BMI, and waist-hip ratio (WHR) were similar in the overall population 

and the subcohort.  There were more male than female study participants in both the overall 

population (64.5%) and the Se-supplemented subcohort (66.8%).  Basal plasma Se concentration 

was 139 + 25.9 ng/mL for all participants and 139 + 27.0 ng/mL for the subcohort.  In the Se-

supplemented group, Se concentration increased by a mean of 69.8 + 44.0 ng/mL resulting in 

average concentrations of 208 ng/mL after 1 year of Se supplementation.  When the changes in 

Se concentration was compared among study participants who had low basal Se concentration 

(<135 ng/mL) to high concentration (≥135 ng/mL), increase in Se concentrations was greater in 

study participants who had low basal Se concentrations (mean 81.0 ng/mL, SD ±40.4) than high 

concentrations (mean 58.6 ng/mL, SD ±44.6, P<0.001).  

 

GWAS of changes in Se concentration and basal Se concentrations 
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In the GWAS of changes in Se concentrations after supplementation, no association met 

genome-wide significance with P<5.0 x 10-8 (Table 2).  A variant (rs56856693) located 

upstream of the NEK6 (NIMA related kinase 6) gene at 9q33.3 was nominally associated with 

change in Se concentration, and the minor allele, T, was associated with an increase in plasma Se 

concentrations after supplementation (P=4.41 x 10-7, Figure 2).  Additional statistical adjustment 

with variables for the average number of 200 µg/d Se pills taken per day and previous history of 

polyps attenuated this relationship (P=1.24 x 10-6).  Samples were also stratified based on low 

and high basal Se concentrations.  The NEK6 SNP, rs56856693, was associated with changes in 

Se concentrations with similar strength in both groups (β=18.2; P=4.37 x 10-4 in the group with 

low basal Se concentrations and β=19.7; P=7.18 x 10-4 in the group with high basal Se 

concentrations). 

 In the GWAS of basal Se concentrations, no association met genome-wide significance 

(Figure 3, Supplementary Table 1).  Three independent loci mapping to 5q14.1 at region 

around dimethylglycine dehydrogenase (DMGDH) and betaine-homocysteine S-

methyltransferase (BHMT), 5q12.1 near importin 11 (IPO11), and 17q24.2 in 

phosphatidylinositol transfer protein cytoplasmic 1 (PITPNC1) were nominally associated with 

basal Se concentrations (P<1.0×10-6, Supplementary Figures 2).  The presence of the minor 

allele of each of the index SNP at 5q14.1 was positively associated with plasma Se 

concentrations.  For rs11960388, mean plasma concentrations for the TT, TA, and AA genotypes 

were 136.8, 145.6 and 150.7 ng/ml, respectively.  The NEK6 rs56856693 was not associated with 

the basal plasma Se concentrations (P>0.05), nor were any of the other SNPs.   

We sought to confirm our findings with those of previously-completed GWAS of toenail 

Se concentrations (9).  The two top SNPs from the current work, rs11960388 and rs6887869 in 
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DMGDH, were in complete linkage disequilibrium (r2=1.0, Supplementary Figure 3) and were 

moderately linked to rs17823744 (r2=0.7) identified in GWAS of Se concentration in toenails.  

These two SNPs (rs11960388 and rs6887869) were also strongly associated with Se 

concentrations in toenails (P=4.18 x 10-15 and P=2.60 x 10-15 respectively), but the IPO11 SNP 

rs11745652 was not (P=0.49).  Because the SNP rs2916143 in PITPNC1 was not interrogated in 

the work of Cornelis et al. (9) associations of other SNPs in the PITPNC1  region were 

investigated, and none was found to be associated with Se concentrations.  

Among SNPs associated with Se levels in previous GWAS, two DMGDH intronic SNPs, 

rs17823744 and rs921943, were associated with basal plasma Se concentrations in current study 

(P=6.05 x 10-6 and P=1.29 x 10-5 respectively, Supplementary Table 2).  We also replicated 

two SNPs, rs6859667 on HOMER1 (homer scaffold protein 1) and rs6586282 on CBS 

(cystathionine beta-synthase), that had reached genome-wide significance in a GWAS meta-

analysis (9).  Among the candidate gene variants, SNPs in glutathione peroxidase 1 

(GPX1,rs1050450), selenoprotein P (SELENOP, rs3877899 and rs2329999), and glutathione 

peroxidase 2 (GPX2, rs7160073) were associated with basal plasma Se concentrations at P<0.05.   

 

SNPs associated with both basal Se concentrations and changes in Se concentrations 

Next, we investigated whether SNPs identified in current and previous studies of 

circulating and toenail Se concentrations were also associated with changes in Se concentrations.  

Among SNPs that were associated with basal plasma Se concentrations in current study, three 

SNPs in DMGDH and one in HOMER1 were also significantly associated with change in Se 

concentrations with P<0.05, but the associations between these SNPs and the change in Se 

concentrations were weak (P≥0.01) (Table 3).  The rs11960338 and rs6887869 alleles in 
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DMGDH associated with higher basal Se concentrations were associated with greater increases 

in Se concentrations after supplementation (P=0.01).  The SNP rs17823744 from the previous 

GWAS was also associated with changes in Se concentrations (P=0.02), and rs921943 showed a 

trend for a significant association (P=0.07).  The SNP, rs6859667 in HOMER1, was significantly 

associated with the changes in Se concentration (P=0.04), but CBS SNP rs6586282 was not 

associated with the changes in Se concentration.  The IPO11 and PITPNC1 SNPs identified in 

current study as well as the candidate gene variants that were associated with basal Se 

concentration, GPX1 (rs1050450), SELENOP (rs3877899 and rs2329999), and GPX2 

(rs7160073) were not associated with changes in Se concentration after supplementation 

(P>0.05). 

 

DISCUSSION 

 In the present study, no variants exhibited genome-wide significance for change in Se 

concentrations after supplementation; however, a locus upstream of the NEK6 gene was 

nominally associated with changes in Se concentration, but not with basal Se concentrations.  For 

basal concentrations, the DMGDH/BHMT variants rs11960388, rs6887869, and rs56880920 

were more strongly associated with plasma Se concentrations than any other SNPs examined.  

These SNPs in DMGDH were also nominally associated with changes in plasma Se 

concentrations after Se supplementation for an average of one year.   

 The complex network of molecules involved in Se disposition has been described in 

detail (19).  There are 25 genes in human genomes encoding selenoproteins (20).  The 

selenoproteins exhibit a wide range of activity (19), and their characterization has substantially 

broadened the avenues for research focused on potential Se mechanisms of action.  All 
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selenoproteins have the common component of insertion of the amino acid selenocysteine, which 

differs from cysteine by the replacement of sulfur with Se (19).  The genes encoding 

selenoproteins include the glutathione peroxidases 1, 2 and 3 (GPX1, GPX2, and GPX3), 

selenoprotein P (SELENOP); selenoprotein F (SELENOF); and thioredoxin reductase 1 and 2 

(TXNRD1 and TXNRD2).  To better understand Se metabolism, this study used a genome-wide 

approach to identify variants associated with changes in Se concentration after supplementation 

and also with circulating plasma Se concentrations.   

A locus near NEK6 was nominally associated with changes in Se concentrations. This 

gene encodes an enzyme, serine/threonine-protein kinase Nek6.  The role of this enzyme in Se 

disposition is not clear, but the current finding potentially opens a new research pathway for Se 

disposition.  NEK family of kinases have roles in cell cycle regulation and implicated in cancer 

(21, 22).  A study showed Se supplementation lowered another family of serine/threonine protein 

kinase levels in the pig liver (23).  However, this association requires replication in independent 

datasets.  A previous candidate SNP study reported a significant association between a 

SELENOP SNP, rs3877899, and changes in serum Se concentrations in pregnant women after 

approximately 20 weeks of supplementation (17).  In the present work, this SNP was associated 

with Se concentration, but it was not related to change in Se concentrations after 

supplementation, and there were no SNPs strongly associated with change in Se concentrations 

in and around this gene.  Differences in study design and population between two studies, 

including, timing and duration of supplementation, may have contributed to different findings.  

It is possible that different sets of genes are involved in plasma Se concentration and 

response to supplementation.  In this study, the SNPs associated with changes in Se 

concentration after supplementation was not associated with basal Se concentration.  The SNPs 
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associated with plasma Se concentration showed modest association with changes in Se 

concentration.  The present study, however, provides strong support for the variants in the 

DMGDH, BHMT, and BHMT2 region on chromosome 5 involved in Se metabolism and response 

to supplementation.  To date, three GWAS have been conducted mainly with European descent 

individuals in regard to the endpoint of blood or toenail concentrations of Se (9, 15, 16).  In these 

investigations, novel findings were reported for associations with loci related to homocysteine 

metabolism and/or glycoprotein metabolism, including DMGDH, (BHMT), and betaine-

homocysteine S-methyltransferase 2 (BHMT2) (9, 15).  These three genes encode enzymes that 

have been demonstrated to have a role in homocysteine metabolism (24).  Variants identified in 

prior GWAS and this study or nearby variants in these genes likely influence expression and 

activities of these genes in the homocysteine metabolism.  Studies have identified variants in 

DMGDH/BHMT region that are related to dimethylglycine or betaine metabolite concentrations 

in blood and/or urine (25-30).  SNPs in this region are also associated with BHMT expression in 

the tibial nerve (27) and BHMT activity and protein levels in the liver (31).   

The relationship of supplemental Se in this study to DMGDH, BHMT, and BHMT2 most 

likely is similar to that of selenomethionine (SeMet) found in plant-based foods.  The amount of 

SeMet found in plant-based foods varies by region and food type (32).  Although the selenium-

enriched yeast used for supplementation is comprised of different forms of Se, SeMet is the most 

abundant species found in selenized yeast estimated at 75% and is easily absorbed (33, 34).  In 

addition, a previous study demonstrated selenized yeast (200 µg/d) was a safer option for Se 

supplementation compared to the same dose of SeMet in a healthy population of New Zealand 

males (35).  It is also likely that homocysteine metabolism plays an important role in Se 

metabolism.  Studies have reported that Se concentration was negatively associated with 
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homocysteine concentrations in the blood (36, 37), supporting the associations of identified 

variants in these genes with changes in Se concentration and basal Se concentrations.  However, 

intervention with supplementation containing SeMet did not increase circulating homocysteine 

concentrations (36, 38).  Se supplementation may be able to increase circulating homocysteine 

concentrations more effectively in populations with very low selenium status.  In rats and mice 

fed with a Se-reduced diet, low homocysteine concentrations in plasma, heart, kidney, and liver, 

and reduced hepatic betaine-homocysteine methyltransferase activity were observed compared to 

rats and mice fed with a high-Se diet (39, 40).  Higher circulating concentrations of 

homocysteine are also related to an increased risk of many health conditions, including cancer, 

diabetes, cardiovascular disease, autoimmune disease, and skeletal diseases (41, 42).  Genetic 

variants in these three genes (for example, major alleles of identified SNPs associated with low 

Se concentrations) reduce bioavailable Se concentration, and they may affect gene expression 

and activity of gene products and these health conditions.  This relationship need be further 

explored in future studies. 

 This study has several limitations.  First, the sample size was small for the GWAS of 

changes in Se concentrations, and it is possible that identified SNPs were false positive 

signatures.  Follow-up studies including a larger samples or meta-analysis are necessary to 

confirm the association of identified variants and to identify additional loci associated with 

response to Se supplementation.  However, to our knowledge, this is the first GWAS of changes 

in Se concentration after supplementation in a clinical trial.  Second, the observed variation in 

changes in selenium concentration may be largely due to the variation in basal Se concentrations 

and/or compliance rather than genetic variation.  The participants in the supplement group had 

consumed supplements for one year at the time of the follow-up blood draw employed for this 
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analysis.  Some participants may have reached to optimal plasma Se concentrations regardless of 

their genetic background after one year of supplementation.  Further, the study participants who 

had high basal Se concentrations may not have experienced a benefit from supplementation with 

more Se.  The study participants self-reported the number of Se supplemental pills per day, 

which was confirmed by pill counts at study visits.  However, it is possible that some of 

participants did not adhere to treatment as well as anticipated.  Moreover, BMI is a poor 

measurement of adiposity, and other measurements of adiposity, such as WHR, may capture the 

variation in change in Se concentration and basal Se concentrations better.  However, including 

WHR in the regression model instead of BMI yielded similar results, and we reported analysis 

results from the models including BMI. 

In conclusion, this study supports associations between variants in the DMGDH/BHMT 

region and plasma Se concentrations.  SNPs in DMGDH/BHMT were also associated with 

changes in plasma Se concentrations after one year of Se supplementation.  These findings 

indicate that DMGDH and/or BHMT are major genes involved in Se metabolism or function.   
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Figure Legends 

FIGURE 1 Study participant flow diagram  
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FIGURE 2 Manhattan plots of 7,663,546 SNPs showing genome wide association analysis results for changes 

in plasma selenium concentrations after one year of supplementation in the selenium supplemented group (A).  

The x-axis represents chromosomal positions and y-axis shows P values on a logarithmic scale.  A SNP, 

rs56856693 near NEK6 was nominally associated with changes in plasma Se concentration after 1 year of Se 

supplementation (P=4.41 x 10-7).  LocusZoom plot of a region near NEK6 showing rs56856693 is located 

upstream of NEK6 (B).  The horizontal line indicates physical position on chromosome 9.  cM, centimorgan; 

Mb, megabase; SNP, single nucleotide polymorphism 
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FIGURE 3 Manhattan plot showing genome-wide association analysis results for basal plasma selenium 

concentrations in the total population (A).  The x-axis represents chromosomal positions and y-axis shows P 

values on a logarithmic scale.  A SNP, rs11960388 in DMGDH was nominally associated with plasma Se 

concentration (P=8.67 x 10-8).  LocusZoom plot showing association between DMGDH/BHMT SNPs and 

plasma Se concentrations (B).  The horizontal line indicates physical position on chromosome 5.  Mean Se 

concentrations (ng/mL) at baseline (y-axis) of rs11960388 genotypes (TT, TA, and AA on x-axis) (C).  SNP, 

single nucleotide polymorphism 
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TABLE 1 Characteristics of study participants included in the current study from the Sel/Cel Trial1   

Characteristics Total population2 

(n=1,211) 

Se-supplemented subcohort3 

(n=428) 

   Age at enrollment, y  63.3 ±8.8 63.6 ±9.0 

   Sex, n (%)   

      Male 780 (64.5) 286 (66.8) 

      Female 430 (35.5) 142 (33.2) 

BMI, kg/m2  29.0 ±5.0 28.7 ±4.9 

WHR 0.949 ±0.095 0.950 ±0.094 

History of colorectal polyps4, n (%)   

      Yes 397 (32.8) 144 (34.2) 

      No 796 (65.7) 277 (65.8) 

Baseline plasma selenium concentrations, 

ng/mL 

139 ±25.9 139 ±27.0 

Average supplemental pills, n/day 0.977 (0.937-0.994) 0.977 (0.937-0.993) 

Change in plasma selenium concentrations, 

ng/mL  

28.2 ±50.1 69.8 ±44.0 

Plasma selenium concentration at Year 1 

follow-up, ng/mL  

176 ±47.6 209 ±41.8 

1 Values are means ±SD, median (IQR), and frequency (percent). Sel/Cel Trial, Selenium and Celecoxib Trial 
2 Total population of study participants who were included for the GWAS of basal Se concentrations 
3 Study participants in selenium supplemented groups in the Sel/Cel Trial who received daily supplementation 

with 200 µg of selenized yeast   

4 Participant report of having had polyps prior to the qualifying colonoscopy for the Sel/Cel Trial.  

BMI, body mass index; WHR, waist-to-hip ratio 
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TABLE 2 Top SNP from 14 loci associated with changes in selenium concentrations after one year of selenium supplementation in 

the selenium supplemented group (n=428)1 

 Chromosome    Changes in Se Concentration3 Baseline Se Concentrations4 

SNP Position Gene2 Allele MAF3 β SE P β SE P 

rs56856693 9:126971353 NEK6 : Upstream Variant T/C 0.156 18.500 3.606 4.41 x 10-7 -0.007 0.004 0.09 

rs34918453 3:1161939 CNTN6 : Intron Variant G/A 0.306 12.700 2.568 2.67 x 10-6 0.0006 0.003 0.86 

rs79133495 1:90047900 LRRC8B : Intron Variant T/A 0.052 28.200 5.928 2.71 x 10-6 -0.002 0.007 0.81 

rs10417091 19:1287387 EFNA2 : Intron Variant A/C 0.089 22.830 4.814 2.91 x 10-6 -0.007 0.006 0.19 

rs439667 11:8259358 LMO1 : Intron Variant C/G 0.276 -13.190 2.809 3.62 x 10-6 -0.0007 0.004 0.84 

rs2700036 12:30415409 IPO8: Upstream Variant C/G 0.314 -13.400 2.868 4.00 x 10-6 -0.004 0.003 0.29 

rs916856 7:27936243 JAZF1: Intron Variant C/T 0.408 11.620 2.552 6.96 x 10-6 0.003 0.003 0.42 

rs652187 7:17525702 LOC101927630: Intron 

Variant 

A/G 0.426 11.680 2.566 6.96 x 10-6 0.003 0.003 0.42 

rs17411601 8:19977043 SLC18A1: Upstream Variant T/G 0.389 11.950 2.642 7.95 x 10-6 -0.005 0.003 0.17 

rs11953563 5:14062069 TRIO: Upstream Variant T/C 0.440 -11.690 2.596 8.73 x 10-6 -0.002 0.003 0.49 

rs4840475 8:10152599 MSRA: Intron Variant T/C 0.312 12.320 2.740 9.00 x 10-6 -0.001 0.003 0.66 

rs73125921 3:83841917  T/G 0.084 -22.980 5.116 9.13 x 10-6 0.009 0.006 0.13 

rs6498246 16:11887169 ZC3H7A: Intron Variant A/G 0.156 -15.230 3.391 9.14 x 10-6 0.001 0.004 0.88 

rs6438565 3:119870658 GPR156: Intron Variant T/C 0.395 11.700 2.617 9.99 x 10-6 -0.0001 0.003 0.99 
1 SNPs with P<1.00 x 10-5, ordered based on strength of significance for change in Se concentrations 
2 Gene is closest to the identified variants.  
3 adjusting for age at enrollment, sex, BMI, basal plasma Se concentrations, and the first three PCs 
4 adjusting for age at enrollment, sex, and the first three PCs.   

MAF, minor allele frequency; Se, selenium; SNP, single nucleotide polymorphism 
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TABLE 3 Associations between selenium related SNPs and  change in plasma selenium 1 

concentrations after one year of supplementation in the selenium supplemented group (n=428) 2 

  Chromosome:     

SNP1 Gene Position Allele MAF2 β3 SE P 

GWAS        

rs11960388 DMGDH 5:78348209 A/T 0.119 10.030 4.046 0.01 

rs6887869 DMGDH 5:78345885 C/G 0.119 10.030 4.046 0.01 

rs17823744 DMGDH 5:78344976 G/A 0.121 9.439 4.047 0.02 

rs921943 DMGDH 5:78316476 T/C 0.286 5.047 2.745 0.07 

rs11745652 IPO11 5:62038924 T/C 0.161 -1.520 3.557 0.67 

rs2916143 PITPNC1 17:65504830 G/C 0.137 2.406 3.901 0.54 

rs6859667 HOMER1 5:78745042 C/T 0.042 12.610 6.179 0.04 

rs6586282 CBS 21:44478497 T/C 0.186 -0.590 3.559 0.87 

        

Candidate Gene     

rs1050450 GPX1 3:49394834 A/G 0.305 -0.314 2.781 0.91 

rs3877899 SELENOP 5:42801268 T/C 0.236 -3.943 3.124 0.21 

rs2329999 SELENOP 5:42849236 T/G 0.299 -4.202 2.863 0.14 

rs7160073 GPX2 14:65450630 T/G 0.366 1.741 2.769 0.53 
1 adjusting for age at enrollment, sex, and the first three PCs  3 

GWAS, genome-wide association study; MAF, minor allele frequency; SE, standard error; SNP, single 4 
nucleotide polymorphism 5 
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Supplemental Table 1 Three independent loci associated with basal selenium levels in this study (n=1,211)1 

 Chromosome:   MAF in  This study (n=1,211)2  Cornelis et al. (1) 
(n=4,162) 

SNP Position Gene Allele 1KG EUR MAF β SE P MAF β SE P 
rs6887869 5:78345885 DMGDH : Intron 

Variant 
C/G 0.108 0.119 0.026 0.005 8.67 x 10-8 0.105 0.045 0.006 2.60 x 10-15 

rs11960388 5:78348209 DMGDH : Intron 
Variant 

A/T 0.118 0.119 0.026 0.005 8.67 x 10-8 0.121 0.042 0.005 4.18 x 10-15 

rs56880920 5:78350448 DMGDH : Intron 
Variant 

G/A 0.118 0.119 0.026 0.005 8.67 x 10-8     

rs56047138 5:78407805 BHMT : Intron Variant T/C 0.093 0.103 0.027 0.005 2.41 x 10-7     
rs6894156 5:78410145 BHMT : Intron Variant T/C 0.093 0.103 0.027 0.005 2.41 x 10-7     
rs11745652 5:62038924 IPO11 : Downstream 

Variant 
T/C 0.157 0.161 -0.022 0.004 2.93 x 10-7 0.151 -0.003 0.005 0.49 

rs71617453 5:62034795 IPO11 : Downstream 
Variant 

A/C 0.161 0.158 -0.022 0.004 3.38 x 10-7     

rs2916143 17:65504830 PITPNC1 : Intron 
Variant 

G/C 0.167 0.137 0.023 0.005 2.94 x 10-7     

rs13353200 17:65505639 PITPNC1 : Intron 
Variant 

C/T 0.124 0.115 0.025 0.005 3.88 x 10-7     

1 SNPs in the three loci show association with nominal significance (P<1.0 x 10-6), but none of them reached genome-wide significance. 
2 Linear regression model included age, sex, and 3 PCs. 
1KG, 1000 Genomes Project; EUR, European; MAF, minor allele frequency; SE, standard error  
 

  



Supplemental Table 2 SNPs associated with basal selenium concentrations (SNPs identified in previous studies 

 Chromosome:      
SNP Position Gene Phenotype References Alleles MAF1 β SE P 

GWAS         
rs1506807 4:178317692 AGA Serum Gong et al. 2013 (2) G/A 0.263 0.001 0.004 0.89 
rs1395479 4:178318191 AGA Serum Gong et al. 2013 (2) A/C 0.263 0.000 0.004 0.90 
rs921943 5:78316476 DMGDH : Intron Variant Serum and Toe nails Evans et al. 2013 (3) 

Cornelis et al. 2015 (1) 
T/C 0.286 0.015 0.003 1.29 x 10-5 

rs17823744 5:78344976 DMGDH : Intron Variant Toe nails Cornelis et al. 2015 (1) G/A 0.121 0.022 0.005 6.05 x 10-6 
rs7700970 5:78411324 BHMT : Intron Variant Serum Evans et al. 2013 (3) T/C 0.309 0.010 0.003 0.004 
rs567754 5:78416416 BHMT : Intron Variant Serum/Toe nails 

meta-analysis 
Cornelis et al. 2015 (1) T/C 0.314 -0.006 0.003 0.08 

rs6859667 5:78745042 HOMER1 : Intron Variant Serum/Toe nails 
meta-analysis 

Cornelis et al. 2015 (1) C/T 0.042 0.030 0.008 0.0001 

rs891684 17:70713539 SLC39A11 : Intron Variant Serum Gong et al. 2013 (2) A/G 0.050 0.006 0.007 0.38 
rs6586282 21:44478497 CBS : Non Coding 

Transcript Variant 
Serum/Toe nails 

meta-analysis 
Cornelis et al. 2015 (1) T/C 0.186 -0.010 0.004 0.01 

          
Candidate Genes         
rs1865741 3:49362892 GPX1 : Downstream 

variant 
Serum Cornelis et al. 2015 (1) A/G 0.430 -0.003 0.003 0.32 

rs1050450 3:49394834 GPX1 : missense variant Increase in urinary 
Se excretion 

Combs et al., 2012 (4) A/G 0.305 0.010 0.003 0.004 

rs230814 5:42799271 SELENOP : Downstream 
Variant 

Serum Cornelis et al. 2015 (1) G/A 0.456 0.006 0.003 0.06 

rs3877899 5:42801268 SELENOP : Missense 
Variant 

Change in blood Se 
levels 

Mao et al. 2016 (5) T/C 0.236 -0.011 0.004 0.002 

rs2329999 5:42849236 SELENOP : Upstream 
Variant 

Toe nails Cornelis et al. 2015 (1) T/G 0.299 -0.012 0.003 0.0005 

rs12517537 5:150362041 GPX3 : Upstream Variant Serum Cornelis et al. 2015 (1) T/C 0.357 -0.001 0.003 0.77 
rs3805433 5:150435480 GPX3 : Downstream 

Variant 
Toe nails Cornelis et al. 2015 (1) G/C 0.270 0.0028 0.003 0.42 

rs7975161 12:104645405 TXNRD1 : Synonymous 
Variant 

Toe nails Cornelis et al. 2015 (1) T/C 0.165 0.006 0.004 0.16 

rs17035401 12:104763044 TXNRD1 : Downstream 
Variant 

Serum Cornelis et al. 2015 (1) C/T 0.059 0.006 0.007 0.40 

rs7160073 14:65450630 GPX2 : Upstream Variant Serum Cornelis et al. 2015 (1) T/G 0.366 -0.007 0.003 0.04 
rs224995 14:80684704 DIO2 : Intron Variant Serum Cornelis et al. 2015 (1) C/T 0.140 0.003 0.005 0.54 
rs2895917 14:102052775 DIO3 : Downstream 

Variant 
Toe nails Cornelis et al. 2015 (1) T/C 0.353 -0.001 0.003 0.67 

rs6598440 15:101795040 SELENOS : Downstream 
Variant 

Toe nails Cornelis et al. 2015 (1) G/A 0.056 0.001 0.006 0.91 

GWAS, genome-wide association study; MAF, minor allele frequency; SNP, single nucleotide polymorphism 



 

 

 

Supplemental Figure 1 QQ plot from GWAS for changes in Se concentration in the selenium 
supplemented group (A) and baseline plasma Se concentrations in the total population of study participants (B). 
There was no evidence of genomic inflation (λ=1.0) for both GWAS analysis. GWAS, genome-wide 
association study; Se, selenium   
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Supplemental Figure 2 LocusZoom plots of regions associated with basal plasma Se levels (n=1,211).  A. 
rs11745652 in IPO11 on chromosome 5 was associated with plasma Se concentrations with P=2.93 x 10-7.  B. 
rs2916143 in PITPNC1 on chromosome 17 was associated with P=2.94 x 10-7.  cM, centimorgan; Mb, 
megabase; SNP, se, selenium; single nucleotide polymorphism  
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Supplemental Figure 2 (continued from the previous page) 
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Supplemental Figure 3 Linkage Disequilibrium plot of 5 variants in the DMGDH gene. The color 
indicates D’ and number in the squares indicate r2.  
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