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Abstract
Background—Low levels of selenium have been associated with increased risk of prostate
cancer (PCa). Selenoprotein P is the most abundant selenoprotein in serum and delivers ten
selenocysteine residues to tissues. Variation in the selenoprotein P gene (SEPP1) may influence
PCa development or modify the effects of selenium. We examined the association of SEPP1 single
nucleotide polymorphisms (SNPs) with PCa risk and survival, and tested for interactions.

Methods—The Physicians’ Health Study (PHS) is a prospective cohort of 22,071 US physicians;
we utilized a nested case-control study of 1,352 PCa cases and 1,382 controls. We assessed four
SNPs capturing common variation within the SEPP1 locus. In a subset of men (n=80), we
evaluated SEPP1 mRNA expression in tumors.

Results—Two SNPs were significantly associated with PCa risk. For rs11959466, each T allele
increased risk (odds ratio (OR)=1.31; 95% confidence interval (CI): 1.02,1.69; ptrend=0.03). For
rs13168440, the rare homozygote genotype decreased risk compared to the common homozygote
(OR=0.56, 95% CI: 0.33, 0.96). Moreover, there was a significant interaction of rs13168440 with
plasma selenium; increasing selenium levels were associated with decreased PCa risk only among
men with the minor allele (pinteraction=0.01). SEPP1 expression was significantly lower in men
with lethal PCa than long-term survivors.

Conclusions—SEPP1 genetic variation was associated with PCa incidence; replication of these
results in an independent dataset is necessary. These findings further support a causal link between
selenium and PCa, and suggest that the effect of selenium may differ by genetics.
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Introduction
Several studies have suggested that selenium may act as a chemopreventive agent of PCa
(1–4), but the Selenium and Vitamin E Cancer Prevention Trial (SELECT), a large
randomized study of selenium supplements, showed no benefit (5). Selenium is incorporated
into several antioxidant proteins. Genes that encode selenoproteins contain a Selenocysteine
Insertion Sequence (SECIS) structural element in the 3′ UTR region of the mRNA. The
SECIS element causes the UGA codon, normally the stop codon, to encode a selenocysteine,
which is necessary for the structure and function of the resulting protein and often has redox
properties (6). Selenoprotein P (SelP) is the most abundant selenoprotein in serum and
delivers selenium to tissues, carrying ten selenocysteine residues per polypeptide (7).

SelP and the gene that encodes it (SEPP1) may themselves be related to PCa. Previously, a
study observed lower serum SelP levels in PCa cases than in controls (8). Expression of
SEPP1 (9) and SelP (10) was lower in prostate tumor cells than in normal prostate cells.
Experimentally, lower SelP expression in tumor prostate cells increased sensitivity to H2O2-
induced cytotoxicity, which may lead to higher levels of free radicals, suggesting a
mechanism that could promote tumor development (10). The rare AA genotype of SEPP1
rs7579 was associated with increased PCa risk (OR=1.72; 95% CI: 0.99, 2.98) (11). A
significant interaction between SEPP1 rs3877899 and a SNP in the manganese super-oxide
dismutase (SOD2) gene, rs4880, has also been shown; those with the rs4880 allele encoding
alanine had a significantly increased risk of prostate cancer only among those with the CC
genotype of rs3877899 (OR=1.43; 95%CI: 1.17, 1.76) (12). We and others have also
observed that genetic variation in other selenoproteins is associated with PCa risk or survival
(13,14). Based on this evidence, we comprehensively examined the association of SEPP1
genetic variation with PCa risk and survival. We also examined interactions with selenium
and selected lifestyle characteristics, as higher BMI and cigarette smoking can lead to an
increase in oxidative stress and are additionally associated with PCa mortality.

Materials and Methods
Study Population

The Physicians’ Health Study (PHS) began as a randomized, double-blind trial of aspirin
and β-carotene in the prevention of cardiovascular disease and cancer among 22,071 healthy
US physicians. Men were excluded if they had any serious medical conditions including all
cancers (except non-melanoma skin cancer). Blood samples were collected from 68% of the
physicians at baseline in 1982–1984. A detailed description of PHS has been published
previously (15). The follow-up rate is 96% for cancer incidence and 100% for mortality. All
self-reported PCa cases are verified through medical record and pathology review by the
PHS Endpoints Committee. Data were abstracted on PSA at diagnosis, tumor stage, and
Gleason score. Death certificates and medical records were reviewed to determine cause of
death. Metastases are reported on follow-up questionnaires sent to all men living with PCa
and confirmed by additional medical record review. BMI and smoking status were
determined from the PHS1 baseline questionnaire; more detailed smoking information was
collected on the 60-month follow-up questionnaire to define pack-years.

We utilized a nested case-control study, with controls selected through risk-set sampling and
matched to cases on age at baseline (±1 year for cases ≤55 and, if necessary, ±5 years for
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cases >55 years), smoking status (never, former, current), and follow-up time. We restricted
the current study to self-reported Caucasians to reduce potential population stratification.
1352 cases (diagnosed from 1982–2005) and 1382 controls were included in the case-
control analyses; additional cases diagnosed after they were matched as controls were
included for the outcomes analyses (n=1414). During follow-up through March 9, 2010, 197
men died of PCa or developed bone metastases.

SNPs, DNA, and Genotyping
Using the HapMap database, we selected 5 SNPs to capture variation (with R2>0.80) within
SEPP1 and 5 kb up- and downstream. Selection was restricted to SNPs with a minor allele
frequency >5% in the International HapMap CEPH samples. DNA was extracted from
whole blood. Genotyping was performed with BioTrove OpenArray Technology (16). Four
SNPs had high genotyping success (92–97%); rs230819 failed genotyping, but did not
substantially reduce the overall gene coverage as it tagged only itself.

Plasma Selenium and SEPP1 Expression Measurement
In a subgroup of participants, plasma levels of selenium were measured as previously
described (3) in baseline blood samples from 793 cases (782 in nested case-control study)
and 547 controls who also had genotyping data. SEPP1 mRNA expression was measured in
a sample of PCa tumors from radical prostatectomy specimens as part of a larger project
using the Illumina DASL technology (17); the subset of these cases with expression and
genotyping information (N=80) were included in this study.

Statistical Analysis
Analyses were performed with SAS version 9.1 statistical software; all P values are two-
sided. Using Pearson’s goodness-of-fit test, none of the SNPs violated Hardy-Weinberg
Equilibrium (p>0.05). SNPs were analyzed under a co-dominant genetic model to determine
effect estimates, with p-values reported for the additive model. Imputation of non-
genotyped, previously published SNPs (rs7579, rs3877899) was performed using the
MACH program (18) and genotypes from the CEPH population in HapMap (19,20).

In a nested case-control study, we assessed the risk of incident PCa using unconditional
logistic regression models, adjusting for matching factors (age at randomization, smoking
status, and duration of follow-up). We also conducted subgroup analyses, comparing
aggressive cases (defined as Gleason score ≥8, clinical stage T3, T4, N1, or M1 or fatal/
metastatic disease) to controls. Among PCa cases, we performed an analysis of time to lethal
PCa outcome using a Kaplan-Meier analysis and Cox regression model, adjusting for age at
diagnosis. A lethal PCa outcome was defined as death due to PCa (n=184) or the
development of bone metastases (n=13); follow-up began at the time of PCa diagnosis and
individuals were censored at the time of death from another cause or the end of follow-up on
March 9, 2010.

Pre-diagnostic plasma selenium was normally distributed. We used linear regression to
determine if the SEPP1 SNPs were associated with selenium levels among cases and
controls combined, adjusting for analytic batch, the matching factors, and case-control
status. Quartiles of selenium were created using batch-specific cut points from the controls
in the case-control analysis and batch-specific cut points from all cases for the mortality
analysis. Interaction terms of ordinal quartiles of selenium and genotype were used in an
unconditional logistic regression model for risk and Cox regression model for mortality.

We used ANOVA to determine if the SEPP1 SNPs were associated with SEPP1 mRNA
expression levels. Interaction terms were created for SNPs and categories of pack-years of
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smoking (0, 1–10, 11–20, 21–30, 31–40, >40 years), and for SNPs and two categories of
BMI (<25 and ≥25 kg/m2 only, as very few participants were obese) with SNPs modeled as
additive.

Results
Characteristics of the cases and controls are presented in Table I. Two of the four SEPP1
SNPs examined were significantly associated with PCa incidence (Table II). For
rs11959466, each additional T allele significantly increased the risk of PCa (odds ratio
(OR)=1.31; 95% confidence interval (CI): 1.02, 1.69; ptrend=0.03). For rs13168440, while
the test for trend was not significant (p=0.41), the minor allele homozygote genotype (CC)
was associated with a decreased risk compared to the homozygote TT referent (OR=0.56,
95% CI: 0.33, 0.96; p=0.03). None of the SNPs were associated with PCa survival (Table II)
or specifically with aggressive disease (results not shown).

A significant interaction between rs3877899 and a SNP in the manganese super-oxide
dismutase (SOD2) gene, rs4880, was shown previously, as described above (12). We had
genotyped and examined rs4880 in the past (21), and we imputed rs3877899 (HapMap
R2=0.62 with rs13168440), but did not observe a significant interaction when examined in
the same manner as reported, with both SNPs modeled as dominant (data not shown). We
also attempted to replicate the published finding that the rare AA genotype of rs7579 was
associated with increased PCa risk (11); although this SNP was not genotyped in our study,
we imputed it (HapMap R2=0.96 with rs12517112). As in the previous study, we observe an
increased but nonsignificant association for those with the AA genotype compared with the
GG referent), though the magnitude of effect was lower (OR=1.27; 95% CI: 0.96, 1.68).

The SEPP1 SNPs were not associated with baseline plasma selenium levels. Selenium
quartiles were not associated with case-control status (p=0.22) or PCa survival (p=0.54).
However, we observed a significant interaction of rs13168440 with quartiles of plasma
selenium for PCa incidence; increasing level of selenium was associated with a decreased
risk of PCa only among men carrying the minor C allele, which itself was related to lower
risk of PCa -compared to men in the lowest quartile of selenium, those in the highest quartile
had an OR of 0.37 (95% CI: 0.19, 0.71; pinteraction=0.01) (Figure 1).

Although none of the four SNPs was significantly associated with PCa survival, we
observed significant interactions of SNPs with pack-years of smoking (rs11959466) and
BMI (rs13168440). Increasing category of pack-years of smoking was more strongly
associated with an increase in PCa mortality among those carrying the T allele (11.3% of
cases) of rs11959466 (HR=1.45; 95% CI: 1.16, 1.81 for each 10-unit pack-year increase)
than among those with the CC genotyped (HR=1.09; 95% CI: 0.99, 1.19; pinteraction=0.02).
Being overweight or obese was associated with an increased risk of PCa mortality only
among those with the common TT genotype of rs13168440 (HR=2.00; 95% CI: 1.41, 2.82)
and not among those carrying a C allele (HR=1.01; 95% CI: 0.60, 1.69; pinteraction=0.02).

The mRNA levels of SEPP1 measured in PCa tumors were significantly associated with
rs230820 (ptrend=0.05); those with the AA genotype had 3.6% higher expression levels than
those with CC. Men with lethal prostate cancer also had significantly lower SEPP1 mRNA
expression levels than men with non-lethal disease (p=0.05).

Discussion
We observed that genetic variation in the selenoprotein SEPP1 was associated with PCa
risk; one SNP, rs11959466, was associated with an increased risk in an additive manner,
while the rare homozygote of another, rs13168440, was associated with a decreased risk.
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We also observed a significant interaction between rs13168440 and plasma selenium levels
where only carriers of the minor allele had reduced PCa risk as selenium levels increased.
These findings suggest that this gene may be involved with incidence of PCa, possibly
through its function of selenium transport.

Using imputed SNP data, we were unable to replicate a previously reported interaction
between an SOD2 rs4880 with SEPP1 rs3877899 (12). However, we did observe a similar
borderline significant result for imputed rs7579; the minor allele was associated with
increased PCa incidence as previously published (11); this suggests that there may be other
SNPs in this gene that are significantly associated with PCa. This SNP is correlated with
higher levels of SelP in healthy volunteers, a difference that is no longer significant after
selenium supplementation (22), suggesting that supplementation may override the influence
of the genetic background.

Although the SNPs themselves were not significantly associated with lethal PCa, one SNP,
rs230820, was correlated with gene expression levels of SEPP1 in the tumors of a subset of
these men. This SNP itself, or another SNP in linkage disequilibrium with rs230820, could
be affecting transcription of this gene. Interestingly, tumor SEPP1 expression levels were
significantly lower in men with lethal PCa than among men who did not die from their
disease. Additionally, there were significant interactions observed between SEPP1 SNPs and
BMI and smoking. All together, these results suggest a potential important antioxidant role
of SEPP1 for PCa progression.

Conclusions
In summary, our findings for SEPP1 common genetic variants, the correlation of a variant
with tumor expression, and selected interactions with selenium, BMI, and smoking suggest
that this gene may affect risk and progression of PCa. Given the limited sample size of our
study, especially for lethal PCa, further studies are necessary to confirm or refute these
results. However, a growing body of evidence strongly suggests that the association of
selenium with prostate cancer may not be straightforward; selenoproteins and specific
genetic alleles may modify the relationship.
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Figure 1.
Association of the interaction of rs13168440 genotypes and plasma selenium quartiles with
prostate cancer risk
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Table I

Characteristics of prostate cancer cases and controls in the Physicians’ Health Study.

Case-control incidence analysis Cases (n=1352) Controls (n=1382)

Age at study onset, mean ± s.d. 57.8 ± 8.5 57.5 ± 8.4

Gleason score, n (%)

 2–6 635 (51.7)

 7 409 (33.3)

 8–10 185 (15.1)

Clinical stage, n (%)

T1, T2 1137 (88.6)

T3, T4, N1, M1 147 (11.4)

Baseline selenium (ug/g), median (10th–90th)* 0.109 (0.086–0.133) 0.110 (0.088–0.134)

Case-only survival analysis Cases (n=1414)

Age at diagnosis, mean ± s.d. 70.4 ± 7.6

Deaths/metastases due to PCa, n (%) 197 (13.9)

Diagnosis to PCa death/mets, median years (range) 5.7 (0.1–21.0)

Follow-up time to censored, median years (range) 11.0 (0.01–27.2)

*
selenium levels are available for 793 cases and 547controls

PCa=prostate cancer
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