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Abstract

Previous studies suggest some effects of selenium on risk of several chronic diseases, which may be mediated through a small

number of selenoenzymes with antioxidant properties. In this cross-sectional analysis of 195 participants from the Seattle Barrett’s

Esophagus Study whowere free of esophageal cancer at the time of blood draw, we examined whether the number of the minor

alleles in 26 tagging single nucleotide polymorphisms (SNP) of five selenoenzyme genes [i.e., glutathione peroxidase 1–4 (GPX1–4)

and selenoprotein P (SEPP1)] was associated with activity of GPX1 in white blood cells and GPX3 in plasma, and concentrations of

SEPP1 and markers of oxidative stress [malondialdehyde (MDA) and protein carbonyl content] in plasma. At the gene level,

associations were observed between overall variation in GPX1 and GPX1 activity (P = 0.02) as well as between overall variation in

GPX2 and SEPP1 concentrations (P = 0.03). By individual SNP, two variants in GPX1 (rs8179164 and rs1987628) showed a

suggestive associationwithGPX1 activity (P=0.10 and 0.08, respectively) and twoGPX2 variants (rs4902346 and rs2071566)were

associatedwith SEPP1 concentration (P= 0.004 and 0.002, respectively). Furthermore, two SNP in the SEPP1 gene (rs230813 and

rs230819) were associated with MDA concentrations (P = 0.03 and 0.02, respectively). Overall, our study supports the hypothesis

that common genetic variants in selenoenzymes affect their activity. J. Nutr. 142: 419–426, 2012.

Introduction

Experimental and epidemiologic studies suggest a protective
effect of selenium on risk of several diseases that are associated
with increased oxidative stress, such as cancer (1–3) and
cardiovascular diseases (4). Important biological functions of
selenium, including antioxidant properties, are exerted through
selenoenzymes (5). Hence, genetic variants in these selenoen-
zymes may affect the activity of these selenoenzymes and
subsequently oxidative stress and disease risk.

Previous studies that examined the impact of genetic varia-
tion in selenoenzymes focused on a nonsynonymous SNP8 in the
GPX1 gene, which changed an amino acid from proline to
leucine (GPX1 Pro200Leu; rs1050450; this SNP was previously
known as Pro198Leu) (6–10). Whereas three larger studies

showed lower erythrocyte GPX1 activity for the Leu allele
(7,9,10), two smaller studies found no association (6,8). In
addition, recent studies suggest that variants in GPX4
(rs713041) and SEPP1 (rs3877899 and rs7579) genes are
associated with lymphocyte GPX1 and GPX4 activities, plasma
GPX3 activity, and/or plasma SEPP1 concentration before or
after short-term selenium supplementation (11,12) and a cross-
sectional study of healthy individuals (13). These studies are
limited by the fact that they focused on a few candidate SNP and
hence may have missed the impact of other variants in the genes.
Therefore, we investigated the association of genetic variants
within five selenoenzyme genes (i.e., GPX1–4 and SEPP1)
selected to cover common variation with the activity of GPX1
and GPX3, SEPP1 concentration, and oxidative stress measured
by MDA and PCC.

Materials and Methods

Study population. This cross-sectional study was conducted within the

Seattle Barrett’s Esophagus Study (14,15). On an ongoing basis, the

study collected blood samples, esophageal tissue samples, anthropomet-
ric measures, and data on diet, lifestyle, and health at baseline and each

study visit, which occurred between 0.5 and 3 y (mean of 1.6 y) (14,16).

8 Abbreviations used: LD, linkage disequilibrium; MDA, malondialdehyde; PCC,

protein carbonyl content; QC, quality control; SNP, single nucleotide polymor-

phism
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Our analysis included 195 participants without esophageal cancer at the

time of blood draw who had a blood sample and at least two buffy coat

samples available from the first or second follow-up visit (to avoid
depletion of the biospecimen depository) and whose genotyping was

successful (only three samples failed genotyping). Blood samples were

collected between 1995 and 2005. A standard questionnaire was

administered in person by trained staff at baseline and follow-up visits
to assess sociodemographic characteristics, medical history, dietary

habits, and lifestyle (15–17). Height and body weight were measured by

trained staff during baseline and follow-up visits. Overnight fasting

blood samples were collected in lavendar K2 vacutainer tubes with or
without EDTA as anticoagulant during study visits prior to endoscopy,

separated into serum, plasma, and buffy coat under the standardized

protocol, and stored at 2708C (17–19). All study participants provided
written informed consent.

Laboratory measures. All samples were restored from the biospecimen

depository and all assays were conducted at once in the same
laboratories. White blood cells were isolated from buffy coats prior to

the assay using the standard method. We measured the activity of GPX1

in white blood cells and GPX3 in plasma applying our standardized

protocol using OXItek commercial kit (ZMC catalogue no. 0805002,
ZeptoMetric) based on the Paglia and Valentine method (20) and using

cumene hydroperoxide as the substrate. QC of known activity were run

at the beginning of the assay each day to ensure the quality of assay
internally. The mean CV of GPX1 and GPX3 activity from all samples

run as duplicates were 2.1 and 3.2%, respectively. BothGPX1 andGPX3

assays were conducted at the Fred Hutchinson Cancer Research Center.

SEPP1 concentration was measured in plasma samples using the
sandwich ELISA method as previously described (21). The CV (mean 6
SD) of blinded QC from two plasma samples each measured seven times

was 6.8% (4.83 6 0.33) and 17.1% (5.14 6 0.88). SEPP1 assay was

conducted at the Vanderbilt University Medical Center.
As an oxidative stress marker for lipid peroxidation, MDA in EDTA-

treated plasma, which was restored from plasma samples collected in a

vacutainer tube that included EDTA as an anticoagulant (17), was
assayed spectrophotometrically by a standardized lipid peroxidation

microplate-based procedure according to kit instructions (kit no. NWK-

MDA01 fromNorthwest Life Science) (22). This assay was conducted at

the Fred Hutchinson Cancer Research Center. As a second oxidative
stress marker, we analyzed PCC (aldehyde or ketone) in plasma,

indicative of protein oxidation, using the noncompetitive ELISA method

that was previously developed (23). QC with known PCC was included

in each plate. The CV (mean6 SD) from internal QC in all six plates was
10.0% (0.406 0.04) and those of blinded QC from two plasma samples

measured each seven times were 16.1% (0.37 6 5.96) and 12.8% (0.39

6 5.01). This assay was conducted at Columbia University.

To adjust for selenium intake in our analysis, we measured serum
selenium concentration using atomic absorption spectrometry (Perkin

Elmer) according to the standard protocol (24). The mean CV from all

samples run as duplicates was 7.8%. This assay was conducted at the
Fred Hutchinson Cancer Research Center.

Among selenoenzymes that were reported to be associated with

oxidative stress and expressed in the gastrointestinal tract, we genotyped

a set of tagging SNP in each of five selenoenzyme genes (i.e., GPX1–4
and SEPP1) to efficiently capture the common genetic variation of the

entire gene. We first selected all SNP in the selenocysteine insertion

sequence, which facilitate selenoenzyme synthesis by a unique stem-loop

structure (5) and all nonsynonymous SNP in exons identified via
sequencing (25). Second, we selected additional tagging SNP based on

the criteria of LD of r2 $ 0.8 and minor allele frequency of $5% (26)

based on our sequencing data (25) on European American HapMap (27)
samples. A total of 35 SNP were genotyped using matrix-assisted laser

desorption/ionization time-of-flight on the Sequenom MassARRAY 7K

platform (Sequenom) and conducted at the Translational Genomics

Research Institute. Each plate included blinded duplicates from 5% of
the study samples as QC. Based on Hardy-Weinberg equilibrium, the

SNP call rate, and the concordance of QC across plates, the final analysis

included 26 SNP. In detail, the call rate was ,90% for three SNP

(rs75404373, rs2277501, and rs4807542), the P value for Hardy-

Weinberg equilibrium was ,0.01 for four SNP (rs2293627, rs6888691,

rs3763011, and rs757229), and the concordance of the blinded QC (10

pairs) was ,90% for two SNP (rs2074452 and rs7579).

Statistical analysis. We used multiple linear regression to assess the

association between genotypes in selenoenzymes and the activity of

GPX1 and GPX3, SEPP1 concentration, MDA concentration, and PCC.
We adjusted for age at blood draw, serum selenium concentrations,

gender, smoking status (i.e., never, former, or current), nonsteroid

antiinflammatory drug use (i.e., never, former, or current), and ethnicity

(European ancestry or others), because these six variables were each
associated with at least one of the selenoenzyme activity or concentra-

tion or oxidative stress variables. BMI was not associated with any of

these five selenoenzyme and oxidative stress variables and hence was not
included. GPX1 activity was log-transformed to yield a normal

distribution. Likewise, because the distribution of the MDA concentra-

tion was not normal, nine outliers, which were outside of the upper and

lower three IQR, were excluded and the rest of values were log-
transformed. We used a log-additive model to assess the effect of SNP on

selenoenzyme activity or concentration and oxidative stress markers;

genotypes were evaluated by assigning the number of minor alleles and

testing for a linear trend. To adjust for multiple comparisons within each
gene and to account for the correlation known as LD between SNP, we

conducted the global gene test by comparing the log-likelihood ratio

statistics between the model including covariates and the model
including covariates and all SNP within a given gene (28). The analyses

were repeated for European ancestry (n = 186), men (n = 161), and those

who did not have high-grade dysplasia at the time of blood draw (n =

157) on the basis of the reported gender difference in selenoenzyme
activity (29) and decreased antioxidant activity among patients with

inflammatory conditions (30). Statistical analyses were conducted by

SAS 9.1 and STATA 11.

Results

Our study population included predominately men (83%) and
was of European ancestry (95%) (Table 1). Approximately 80%
of the participants were either overweight or obese. The
majority of our participants were not smoking at the time of
blood collection. High-grade dysplasia was observed in ;20%
of the participants.

Overall variation in GPX1 was associated with GPX1
activity (global P = 0.02) (Table 2; Fig. 1). When investigating
individual SNP in GPX1, there were suggestive associations of
rs1987628 and rs8179164 with GPX1 activity (P-trend = 0.08
and 0.10, respectively). Carriers of the minor allele of
rs1987628, CT and TT, had lower GPX1 activity than carriers
of the common allele. Similarly, AT carriers of rs8179164 had
higher GPX1 activity than AA carriers.

The association between the overall genetic variation in
GPX2, measured by five SNP, and SEPP1 concentration was
significant (global P = 0.03). The minor allele of two variants in
GPX2 (rs4902346 and rs2071566) were positively associated
with SEPP1 concentration (P-trend = 0.004 and 0.002, respec-
tively) (Table 2). The SEPP1 concentration was higher in carriers
of CT and CC in rs4902346 than in carriers of TT. Likewise,
carriers of GA and AA in rs2071566 had a higher SEPP1
concentration than carriers of GG.

Although the association between the overall variation in
SEPP1 and MDA concentrations was not significant (global P =
0.19), the number of minor alleles in SEPP1 rs230813 was
inversely (P-trend = 0.03) and in SEPP1 rs230819 was positively
(P-trend = 0.02) associated with MDA concentrations (Fig. 1;
Table 2). None of the other SNP was associated individually or
overall at the gene level with any of the selenoenzyme activity or
concentration or oxidative stress markers.
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Results did not differ by subgroups of men (n = 161),
European ancestry (n = 186), or those who did not have high-
grade dysplasia at the time of blood draw (n = 157); the level of
significance changed in some of the associations in selected
subgroups, but overall, the direction of associations remained
the same (data not shown). In particular, among men, the inverse
association of one SNP in GPX1 (rs1987628) with GPX1
activity became significant (P-trend = 0.03). However, the
number of women in our study was too small (n = 34) to
investigate a potential gender difference. In addition, the overall
results were similar with or without adjusting for serum
selenium concentrations or selenium supplement use (data not
shown).

Discussion

In this study, genetic variation in GPX1 was associated with
GPX1 activity; specifically, two SNP (rs1987628 and
rs8179164) were suggestively associated with GPX1 activity.
In addition, the overall variation in GPX2 and two SNP in
GPX2 (rs4902346 and rs2071566) were associated with SEPP1
concentrations. Two SEPP1 variants (rs230813 and rs230819)
were individually associated with MDA concentrations.

The GPX1 candidate variant (rs1050450; Pro200Leu),
which resides in the coding region and results in an amino acid
substitution of proline with leucine, was associated with GPX1
activity in three larger studies (n = 231–1154) (7,9,10) but not in
two smaller studies (n = 66 and 90) (6,8). Further, it was
associated with the risk of breast, bladder, or lung cancer
(10,29–31), although not all studies observed an association
with various cancer sites (6,9,31–36). Our suggestive association

for rs1987628-. T, which is in complete LD (r2 = 1.00) with
rs1050450 (Pro200Leu) in European Americans (25) and thus
both SNP are perfect proxies for each other, is consistent with
the larger studies (7,9,10). This suggestive association became
significant in men, which also agrees with the reported stronger
association in men than in women (7); however, our study had
the insufficient number of women to be investigated separately.
Given the current and previous findings and the potential
functional importance of an amino acid-changing variant and
the reported interaction of a GPX1 variant, rs1050450, in the
association between serum selenium and prostate cancer risk
(37), future epidemiologic studies of selenium and selenoen-
zymes and disease risk should consider evaluating this variant
and its interaction with selenium and GPX1 activity.

GPX2 is expressed in the gastrointestinal tract and is known
to affect oxidative stress and inflammation in GPX2 knockout
and GPX1/2 double knockout mice (38–40). Our study is the
first to our knowledge to report an association between GPX2
variants, specifically rs4902346 and rs2071566, and SEPP1
concentrations. To our knowledge, no study examined this
association of any GPX2 genetic variant with selenoenzyme
activity or oxidative stress to date. Moreover, none of the four
GPX2 SNP (rs4902346, rs2071566, rs2737844, and rs17881652)
was associated with risk of gastrointestinal-related diseases
(33,34,41,42). Two GPX2 SNP (rs4902346 and rs2071566)
were associated with the SEPP1 concentration in our study. The
first SNP (rs4902346) is in complete LD (r2 = 1.00) with two
GPX2 SNP (rs17880380 and rs2412065) and the second SNP
(rs2071566) is in complete LD with rs2737844 in our own
sequencing data (25) or in HapMap data (27) among European
Americans. Thus, we further investigated the location and
conservation scores not only of the two genotyped SNP but also
the three tagged SNP, because any of them could be responsible
for the observed effect due to LD. SNP rs17880380 is located in
the 59 region and could potentially affect GPX2 expression,
whereas the other four variants (rs4902346, rs2071566,
rs2412065, and rs2737844) are located in intron 1, the only
intron of this gene. Because none of these four SNP is close to the
exons, they are less likely to affect splicing. All five SNP are not
highly conserved (conservation score ,0.05) (43). All other
GPX2 SNP in our sequencing data andHapMap data were in low
LD (r2 , 0.70) with the two SNP associated with SEPP1
concentrations and hence we did not further explore them. Note
that our primary hypotheses focused on associations between
SNP in a gene and the activity or concentration of the same gene
(e.g., SNP in GPX1 and GPX1 activity) or oxidative stress
markers. As secondary hypotheses, based on previous findings
(11–13), we tested associations between SNP in a gene and other
selenoenzymes, such as the observed effect of GPX2 SNP on
SEPP1 concentrations. Due to the limited esophageal tissue
samples available, we were not able to measure GPX2 activity.
Accordingly, this finding is likely due to chance and requires
replication in future studies.

Although an antioxidant property of SEPP1 was previously
suggested as well as selenium transport (44), to our knowledge,
genetic variants in SEPP1 have not been investigated in relation
to MDA concentrations. In our study, two SNP in SEPP1
(rs230813 and rs230819) were significantly associated with
MDA concentration, which is indicative of lipid peroxidation,
and hence this finding agrees with the postulated function of
SEPP1 as phospholipid hydroperoxidase glutathione reductase
(45).

Previously, the effects of selected SNP within GPX4
(rs713041) and SEPP1 (rs3877899 and rs7579) on selenoen-

TABLE 1 Characteristics of the study population (n = 195)1

Characteristics All

Male gender, n (%) 161 (82.6)

Age, y 64.3 6 11.7

BMI, kg/m2 29.0 6 4.2

Ancestry, n (%)

European 185 (94.9)

Others 10 (5.1)

Smoking status, n (%)

Never 61 (31.3)

Former 113 (57.9)

Current 21 (10.8)

NSAID use, n (%)

Never 65 (33.3)

Former 54 (27.7)

Current 76 (39.0)

Selenium supplement use, n (%) 11 (5.6)

GPX1 activity, U/g protein 43.1 6 21.9

GPX3 activity, U/L 727 6 120

SEPP1 concentration, mg/L 5.8 6 1.1

MDA, mmol/L 1.10 6 1.16

PCC, nmol/mg protein 0.36 6 0.06

Serum Se, mmol/L 1.73 6 0.31

Histological diagnosis, n (%)

High-grade dysplasia 38 (19.5)

Low-grade dysplasia 41 (21.0)

Gastroesophageal reflux disease 6 (3.1)

Negative/indefinite 110 (56.4)

1 The mean 6 SD or n (%) is provided. MDA, malondialdehyde; NSAID, nonsteroid

antiinflammatory drug; PCC, protein carbonyl content.
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TABLE 2 Associations between SNP in selenoenzymes and selenoenzyme activity or concentration and oxidative stress among all
participants (n = 195)1

Gene SNP Allele n
GPX1 activity,
U/g protein

GPX3 activity,
U/L

SEPP1 concentration,
mg/L

MDA,
mmol/L

PCC, nmol/ mg
protein

GPX1 rs3448 GG 98 39.7 714 5.85 1.88 0.36

AG 86 39.5 726 5.70 1.86 0.34

AA 11 33.0 640 6.41 1.86 0.35

P-trend 0.34 0.45 0.72 0.67 0.12

rs8179164 AA 187 39.0 716 5.83 1.86 0.35

AT 8 48.1 689 5.50 1.99 0.35

P-difference 0.10 0.54 0.39 0.35 0.82

rs1987628 CC 93 41.7 713 5.93 1.86 0.35

CT 90 37.5 724 5.75 1.87 0.35

TT 11 38.6 696 5.91 1.96 0.36

P-trend 0.08 0.85 0.40 0.55 0.91

Global P 0.02 0.85 0.66 0.66 0.33

GPX2 rs4902347 GG 161 39.1 714 5.76 1.87 0.35

GA 33 40.3 723 6.13 1.88 0.36

AA 1 39.2 662 5.61 2.57 0.36

P-trend 0.66 0.82 0.10 0.49 0.39

Rs17883875 CC 192 39.3 716 5.82 1.87 0.35

CG 3 35.4 675 5.72 2.00 0.31

P-difference 0.62 0.56 0.86 0.50 0.21

rs4902346 TT 142 38.7 715 5.69 1.86 0.35

CT 47 40.5 713 6.16 1.87 0.35

CC 6 47.2 760 6.37 2.07 0.37

P-trend 0.17 0.67 0.004 0.43 0.50

rs2071566 GG 125 38.4 716 5.67 1.85 0.35

GA 59 40.1 709 6.03 1.90 0.35

AA 11 45.8 740 6.55 1.97 0.39

P-trend 0.14 0.87 0.002 0.12 0.34

rs10121 CC 171 39.4 713 5.76 1.87 0.35

TC 17 38.5 720 6.26 1.94 0.35

TT 1 53.6 812 5.08 1.48 0.43

P-trend 0.89 0.57 0.16 0.79 0.63

Global P 0.46 0.70 0.03 0.67 0.62

GPX3 rs3763013 TT 92 38.6 724 5.94 1.84 0.36

TC 77 39.6 699 5.63 1.88 0.35

CC 25 40.6 732 5.97 1.95 0.34

P-trend 0.47 0.72 0.48 0.12 0.23

rs3805435 CC 164 39.3 721 5.82 1.87 0.35

CT 30 38.8 691 5.79 1.88 0.36

TT 1 60.2 614 8.17 1.43 0.37

P-trend 0.86 0.14 0.54 0.90 0.38

rs8177406 TT 138 38.8 714 5.83 1.88 0.35

CT 53 40.5 722 5.73 1.84 0.35

CC 4 40.1 705 6.25 1.99 0.32

P-trend 0.52 0.78 0.94 0.98 0.38

rs4958872 TT 106 39.9 734 5.81 1.86 0.35

TC 80 38.4 691 5.81 1.88 0.35

CC 9 41.0 721 5.97 1.92 0.38

P-trend 0.71 0.06 0.82 0.48 0.44

rs736775 GG 72 38.8 729 5.79 1.88 0.36

AG 94 39.5 710 5.80 1.84 0.35

AA 29 39.9 700 5.93 1.95 0.35

P-trend 0.69 0.21 0.62 0.55 0.60

rs3792797 GG 130 39.9 721 5.77 1.86 0.35

GT 56 38.0 702 5.91 1.92 0.35

TT 3 38.3 701 5.58 1.87 0.41

P-trend 0.45 0.33 0.57 0.29 0.95

Global P 0.81 0.69 0.20 0.65 0.25

(Continued)
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zyme activity and concentrations were investigated in a supple-
mentation trial of selenium (11,12) and a cross-sectional study
(13). Using baseline measures of the trial (n = 75), two SEPP1
SNP (rs3877899 and rs7579) in combination with sex and BMI
influenced GPX1 activity, GPX3 activity, and/or SEPP1 concen-
trations (11). Moreover, the cross-sectional study (n = 261)
found a significant difference in serum SEPP1 concentrations by

one SEPP1 variant, rs3877899, but not the other variant
(rs7579), and also the quadratic association between BMI and
SEPP1 concentration (13). In contrast, our study did not find an
association between SEPP1 SNP rs3877899 and selenoenzyme
activity among all participants or men specifically. SNP rs7579
was excluded from our analysis due to its low concordance of
blinded duplicates, suggesting a genotyping error. Furthermore,

TABLE 2 Continued

Gene SNP Allele n
GPX1 activity,
U/g protein

GPX3 activity,
U/L

SEPP1 concentration,
mg/L

MDA,
mmol/L

PCC, nmol/ mg
protein

GPX4 rs8178974 GGGGTG/GGGGTG 127 39.1 712 5.77 0.63 0.35

GGGGTG/- 64 39.6 721 5.90 0.61 0.36

2/2 2 42.9 722 6.89 0.70 0.36

P-trend 0.67 0.62 0.25 0.30 0.28

rs4807543 GG 174 39.8 715 5.83 0.63 0.35

GT 21 34.9 719 5.69 0.63 0.34

P-difference 0.11 0.88 0.56 0.92 0.54

rs8178977 GG 109 39.1 708 5.92 0.62 0.36

CG 79 40.2 718 5.69 0.64 0.35

CC 7 34.6 781 5.69 0.62 0.33

P-trend 0.91 0.22 0.15 0.33 0.37

rs713041 CC 53 40.2 711 5.90 0.62 0.35

CT 94 38.5 735 5.83 0.63 0.35

TT 47 39.6 685 5.72 0.62 0.35

P-trend 0.81 0.30 0.42 0.75 0.73

rs2074451 GG 53 39.7 725 5.89 0.64 0.36

GT 91 38.7 726 5.76 0.62 0.35

TT 51 39.9 689 5.84 0.62 0.35

P-trend .0.99 0.13 0.79 0.82 0.60

Global P 0.63 0.82 0.34 0.43 0.44

SEPP1 rs11959466 GG 171 39.1 720 5.85 0.63 0.35

AG 22 40.5 688 5.59 0.60 0.35

AA 1 37.9 636 5.39 0.73 0.32

P-trend 0.71 0.17 0.24 0.73 0.57

rs230813 GG 55 40.9 725 5.65 0.66 0.35

GC 88 40.2 723 5.90 0.62 0.36

CC 52 35.8 689 5.83 0.60 0.34

P-trend 0.06 0.13 0.38 0.03 0.78

rs12055266 AA 111 38.7 714 5.82 0.61 0.35

AG 66 39.6 715 5.87 0.66 0.35

GG 18 41.5 730 5.59 0.63 0.35

P-trend 0.42 0.68 0.65 0.13 0.92

rs3797310 GG 103 38.8 713 5.81 0.60 0.35

AG 71 39.3 713 5.86 0.66 0.35

AA 19 41.4 730 5.69 0.63 0.35

P-trend 0.51 0.66 0.82 0.07 0.99

rs230819 GG 65 36.8 709 5.75 0.60 0.34

GT 81 40.2 712 5.92 0.63 0.36

TT 46 40.5 730 5.68 0.67 0.35

P-trend 0.14 0.39 0.83 0.02 0.50

rs13168440 AA 139 38.7 711 5.84 0.62 0.35

GA 50 40.2 727 5.73 0.64 0.36

GG 4 50.0 710 6.40 0.68 0.35

P-trend 0.21 0.50 0.99 0.28 0.26

rs3877899 GG 118 38.3 707 5.86 0.62 0.35

GA 61 41.0 722 5.70 0.63 0.36

AA 10 43.1 745 5.78 0.69 0.34

P-trend 0.16 0.28 0.44 0.37 0.58

Global P 0.71 0.34 0.56 0.19 0.85

1 Adjusted for age, serum selenium concentrations, nonsteroid antiinflammatory drug use, smoking status, gender, and ethnicity. MDA, malondialdehyde; PCC, protein carbonyl

content.

Selenoenzyme genes, activity, and oxidative stress 423



consistent with our finding, the trial did not find an association
between the GPX4 variant rs713041 and activity of GPX1 and
GPX3 (12) or SEPP1 concentrations (13). Although our study
included a limited number of women, gender difference in the
association between these SNP and selenoenzyme activity or
concentrations, and potentially also interaction with BMI (11),
warrants further investigation.

A strength of this study is the comprehensive approach for
selecting SNP to capture the overall variation within the genes.
Our study had a relatively large sample size (n = 195) compared
to some of the previous studies (n = 66–90) (6,8). Because our
study included predominately individuals of European ancestry
from the same region, the number of participants within the
subgroups was limited. Although we were unable to rule out
potential confounding by population substructure in our anal-
yses, such confounding is expected to be small in well-designed
studies like ours (46). The quality of our laboratory measure-
ments and genotyping was well monitored and within the
acceptable range, e.g., the mean call rate for SNP included in the
final analysis was 98.9%.

This study also has limitations. First, the generalizability of
our findings to a healthy population may be limited, because our
study only included Barrett’s esophagus patients whose sele-
noenzyme activity or concentration might be affected by this
condition. Nevertheless, our findings for all participants and
those with high-grade dysplasia were comparable. Moreover,
our selenoenzyme activity and concentrations and oxidative
stress markers were similar to those reported in previous studies
in healthy individuals (11,47–51). Second, because we focused
on three selenoenzymes, we did not measure other enzymes
important for the overall antioxidant activity, including GPX2
and GPX4 and catalase and superoxide dismutase (52). How-
ever, GPX2 is expressed in the gut and we were not able to
establish a reliable GPX4 assay, potentially due to reported
difficulty of the assay (53). Third, the use of MDA to measure
lipid peroxidation in blood samples may not be entirely
adequate. Fourth, we conducted a large number of statistical
tests, raising the possibility of false positive findings. Accord-
ingly, we limited our primary hypotheses to test the effect of SNP
in a selenoenzyme gene on the activity or concentration of the
same gene and oxidative stress. The global gene test further
served as multiple comparison adjustment within a gene while
considering LD between SNP.

In conclusion, we observed an association between the
genetic variation in GPX1 and GPX1 activity. Specifically, the

inverse association of a GPX1 variant, rs1987628, with the
GPX1 activity is consistent with previous studies. Two variants
inGPX2, rs4902346 and rs2071566, were positively associated
with SEPP1 concentrations, which to our knowledge have not
been reported elsewhere and need to be replicated in future
studies. Moreover, two SEPP1 variants (rs230813 and
rs230819), although not the overall genetic variation, were
associated with MDA concentrations. Overall, our findings
support the hypothesis that common genetic variants in
selenoenzymes may affect their activity.
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