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The trace element selenium is an essential micronutrient that 
has received considerable attention for its potential use in the 
prevention of cancer. In spite of this interest, the mechanism(s) 
by which selenium might function as a chemopreventive re-
main to be determined. Considerable experimental evidence 
indicates that one possible mechanism by which selenium sup-
plementation may exert its benefits is by enhancing the DNA 
damage repair response, and this includes data obtained us-
ing cultured cells, animal models as well as in human clinical 
studies. In these studies, selenium supplementation has been 
shown to be beneficial in reducing the frequency of DNA ad-
ducts and chromosome breaks, consequentially reducing the 
likelihood of detrimental mutations that ultimately contrib-
ute to carcinogenesis. The benefits of selenium can be envi-
sioned as being due, at least in part, to it being a critical con-
stituent of selenoproteins such as glutathione peroxidases and 
thioredoxin reductases, proteins that play important roles in 
antioxidant defence and maintaining the cellular reducing 
environment. Selenium, therefore, may be protective by pre-
venting DNA damage from occurring as well as by increasing 
the activity of repair enzymes such as DNA glycosylases and 
DNA damage repair pathways that involve p53, BRCA1 and 
Gadd45. An improved understanding of the mechanism of se-
lenium’s impact on DNA repair processes may help to resolve 
the apparently contradicting data obtained from decades of 
animal work, human epidemiology and more recently, clini-
cal supplementation studies.

Introduction

The daunting challenge of managing cancer morbidity and 
mortality once diagnosed has focused attention and energy to-
wards the development of chemopreventive compounds that 
can be administered to reduce overall cancer incidence. Such 
candidate compounds need to develop for that purpose with ex-
tensive pre-clinical evidence of efficacy that can include data 
from cell culture and animal models, as well as human epide-
miology. Most important is the requirement that a chemopre-
ventive strategy not impose any increased risk of disease on 
the healthy individuals the intervention is designed to benefit, 
whether this is the population at large or a selected segment 

of the population who are identified at enhanced cancer risk. 
One particularly enticing candidate as a useful chemopreven-
tive is the essential trace element selenium, whose benefits have 
been supported by extensive data obtained from in vitro and 
animal models of cancer, as well as human studies demonstrat-
ing that for at least some types of cancer, there is an inverse 
association between dietary selenium intake and cancer risk. 
The enthusiasm for selenium’s use in chemoprevention peaked 
in 1996 when Larry Clark and colleagues revealed the results 
of their selenium supplementation trial and offered data that 
low level, non-toxic supplementation with 200 µg selenium per 
day in the form of selenised yeast could reduce the incidence of 
several common cancer types (1). The weight of the evidence 
eventually led to the investment in the large, well-designed se-
lenium supplementation trial, SELECT, which aimed to deter-
mine, among other things, whether providing selenium to men 
could reduce their risk of prostate cancer. The results of that 
trial, initially reported in 2009 (2) and updated with additional 
follow-up in 2011 (3), were disappointing as they indicated that 
providing selenium in the selected dose and form was ineffec-
tive in reducing prostate cancer incidence.

One of the properties of selenium that may impact its ability 
to modulate cancer risk is its effects on DNA damage accumula-
tion and consequently mutagenesis. DNA lesions in the form of 
double-strand and single-strand breaks, adducts, as well as aber-
rations in chromosome structure and number can ultimately lead 
to mutation and structural rearrangement of the genome. DNA 
damage response (DDR) pathways constitute a complex net-
work of repair processes whose activation following the sensing 
of damaged DNA contribute greatly towards generating muta-
tions in the key regulatory genes, driving normal cells towards 
malignant development and progression. The impact of seleni-
um status on DDR offers one possible mechanism by which the 
availability of this element can influence cancer risk and perhaps 
offer a plausible explanation for the apparent contrasting results 
between promising pre-clinical data and negative results from 
SELECT. The information relating selenium levels to various 
DDRs and the implications of these data to strategies aimed at 
reducing cancer incidence will be the focus of this review.

Selenium and cancer

One of the first studies indicating that selenium may reduce the 
incidence of cancer in humans came in 1977 when Schrauzer, 
White and Schneider examined mortality from cancer as a 
function of selenium intake or selenium levels in whole blood 
in 27 countries and reported that for several organs, there was 
indeed an inverse association (4). Subsequently, there have been 
numerous prospective studies to expand on this observation, 
with the results being mixed, and these data have been presented 
in several recent reviews (5, 6). The most promising evidence 
for a benefit of higher selenium intake has come from meta-
analyses that have pooled data from multiple, independent 
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studies. Such efforts have indicated a benefit for a higher 
selenium status in reducing cancer incidence for the bladder (7) 
and prostate (8,9). In the case of lung cancer, a comprehensive 
review of the data from 49 prospective observational studies 
concluded that there was a reduction in lung cancer with higher 
selenium (OR = 0.69, 95% CI = 0.53–0.91) as well as mortality 
(OR  =  0.55, 95% CI  =  0.36–0.83) (10). Two recent meta-
analyses have also concluded that selenium supplementation 
may be useful in the reduction of several cancer types, with 
modifying effects such as gender, risk factors and baseline 
levels of selenium prior to supplementation (11,12).

The possible benefits of selenium in humans is supported by 
an extensive literature of in vitro and animal model systems 
indicating that low, non-toxic levels of selenium can protect 
against cancer. The broad efficacy of selenium in this regard is 
impressive, and while most of published papers have demon-
strated a chemopreventive effect of selenium in breast and co-
lon cancer rodent models, the list of target organs is extensive 
and includes skin, prostate lung, etc. (13–15). Equally exten-
sive is the list of chemical carcinogens that selenium supple-
mentation has shown to be effective against, including several 
agents that are carcinogenic due to causing oxidative damage 
or inducing DNA adducts (see below). Of particular interest 
were observations that selenium could also protect against both 
ultraviolet (UV) (14) and ionising radiation (16) insults that 
require neither transport nor intracellular activation for their 
pro-carcinogenic effects. Selenium has also been shown to pro-
tect mice from prostate cancer induced by organ-specific ex-
pression of an oncogene (17).

The historical data indicating that selenium is protective 
against a wide range of carcinogens and in several different 
organs indicate that selenium may be working via multiple 
mechanisms and at different levels of carcinogenesis. There is 
a growing literature indicating that most of the mechanisms of 
action of selenium can be generally divided into two broad cat-
egories: (i) those that occur due to selenium metabolites and 
forms that are not associated with specific proteins and (ii) those 
that include the function of selenoproteins that contain selen-
ium in the form of selenocysteine. In the case of the former, 
non-protein forms of selenium have been shown to effectively 
reduce tumour incidence in animal models (18,19), selectively 
be toxic to tumour cells in vitro and typically require higher 
concentrations to achieve their benefits (20), being well above 
the doses required to saturate the production of selenoproteins. 
Selenoproteins, on the other hand, are a class of proteins that 
include one or more molecules of selenocysteine and are syn-
thesised using dedicated translational machinery. The mRNAs 
for these selenoproteins encode selenocysteine as a UGA co-
don that is deciphered as selenocysteine due to the presence of 
a specific Selenocysteine-Insertion Sequence (SECIS) located 
in the 3′-untranslated region of all selenoprotein-encoding 
mRNA, and the action of selenocysteine tRNA and selenium-
specific translation factors (21–23). In humans, there are 25 
selenocysteine-containing proteins and the current understand-
ing of their functions has been reviewed elsewhere (5,6,24). 
The involvement of selenoproteins in determining cancer risk 
is supported by genetic data indicating that allelic variation in 
several human selenoproteins are associated with elevated can-
cer risk as reviewed in References 25 and 26. The involvement 
of both selenium metabolites and selenoproteins in cancer risk 
was shown using a mouse animal model of colon cancer (27). 
In this model, mice were engineered to produce fewer seleno-
proteins due to the expression of a mutant selenocysteine tRNA 

(28) and following treatment with the azoxymethane carcino-
gen, demonstrated increased incidence of aberrant crypt foci 
(ACF), an established biomarker of colon cancer in rodents as 
compared with control, wild-type mice. Selenium supplemen-
tation of the mutant mice, which did not enhance selenopro-
tein levels, partially protected the animals from ACF formation 
(27). More recently, it was shown that the genetic depletion 
of selenoproteins in the mouse mammary gland increased the 
susceptibility to tumour formation in that organ when the mice 
were exposed to the carcinogen 7,12-dimethylbenz[α] anthra-
cene (DMBA) (29). Previously, there were several reports of 
selenium supplemented to culture media or fed to rodents in a 
variety of forms being able to reduce the incidence of DMBA-
DNA adducts (30–33), but these data may have been accounted 
for by the effects of selenium on carcinogen metabolism as op-
posed to the removal of the lesions.

In general, the mechanisms by which selenium prevents tu-
mour development are likely to be complicated and involve mul-
tiple mechanisms that impact distinct stages of carcinogenesis. 
At supranutritional levels well above that required to maximise 
the expression of selenoproteins, differential toxicity to tumour 
cells as compared with normal tissues has been documented by 
several lines of evidence, as well as potential effects of angio-
genesis needed to provide nutrients and oxygen to the expand-
ing tumour mass. Such effects of selenium on tumour develop-
ment and growth are typically supported by the literature using 
xenograft models to investigate the potential anti-carcinogenic 
potential of selenium. In contrast, selenium supplementation 
at or near the nutritional requirement is more likely to impact 
the levels of individual selenoproteins with protective func-
tions, perhaps doing so in individuals whose selenium intake 
is insufficient to maximise the expression of those proteins. An 
additional complication resides in the possibility that selenium 
may have opposing effects on tumour development depending 
on the stage of carcinogenesis. This issue has been extensively 
reviewed with regard to the selenium-dependent glutathione 
peroxidases (34) and supported by recent data indicating an in-
verse association between glutathione peroxidase one (GPx-1) 
and Gleason score, a measure of prostate cancer aggressiveness, 
among African American men (35). One potential mechanism 
of action supported by a considerable body of research indicates 
that selenium protects against cancer, and perhaps promotes the 
survival of tumours, by minimising/reducing DNA damage that 
ultimately would result in carcinogenic mutations.

Selenium and DNA damage

A role for selenium in impacting the levels of DNA damage 
was indicated in 2004 when a cohort of men at elevated risk 
of prostate cancer in New Zealand were provided a placebo 
or either a 200 or 400 µg selenium supplement in the form of 
selenised yeast for 6 months and DNA damage was assessed by 
the Comet assay (36). The results of this study indicated that 
for men with initial serum selenium levels below the average 
of 97.8 ng/ml, there was a statistically significant, inverse 
association between selenium status and accumulated DNA 
damage. A  subsequent 7-month selenium supplementation 
study in dogs reported a U-shaped dose–response curve, 
whereas animals with the lowest and highest toenail selenium 
levels had the higher levels of DNA damage in the prostatic 
tissue (37). There are numerous complexities in considering 
a role for selenium in reducing mutagenic DNA damage, 
including the form of selenium used, the means and timing 
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of delivery and the particular model systems used in the 
investigations. These issues, as well as a comprehensive review 
of the literature describing results from a wide variety of assays 
used to measure the protective effects of selenium in cell culture 
have been recently discussed (24,38,39).

In vitro effects of selenium on DNA damage repair

While there have been a large number of studies indicating that 
selenium could reduce DNA damage, many fewer studies have di-
rectly assessed selenium’s effect on the repair process. A seminal 
manuscript was published by Seo et al. (40) in 2002 indicating 
that pre-treatment of several human, non-tumourigenic fibroblast 
cell lines enhanced the DNA repair capacity of exposed cells. The 
authors not only showed that pre-treatment with non-toxic forms 
of selenium in the form of selenomethionine reduced the amount 
of DNA damage of UV-exposed cells as measured by the alkaline 
comet method but also demonstrated that these cells showed the 
ability to reactivate a reporter gene for chloramphenicol acetyl-
transferase on a plasmid where that gene was inactivated by cy-
clobutane pyrimidine dimers prior to transfection into the fibro-
blasts. The use of this latter approach established that the removal 
of the dimers was due to enhanced repair as opposed to the preven-
tion of lesion formation (40). In addition, Laffon et al. (41) report-
ed that incubation of human leukocytes with 50 µM selenomethio-
nine was capable of enhancing the repair of bleomycin-induced 
strand breaks using a modified comet assay, and this was maxim-
ised when the cells were pre-incubated with selenium. Recently, 
De Rosa et al. (42) investigated the potential effects of selenocom-
pounds on DNA repair using an in vitro approach in which cells 
were pre-incubated with either 30 nM sodium selenite or 10 µM 
selenomethionine, extracts prepared and incubated with DNA sub-
strates that contained oxidative lesions due to exposure to UVA 
and riboflavin, alkylation caused by exposure to methyl methane-
sulphonate (MMS) or cyclobutane dimers introduced by exposure 
to UVC. The repair process was monitored by evaluating the exci-
sion capacity of cell extracts, an obligate step in the DNA repair 
process. Using this approach, it was shown that pre-treatment with 
both selenium compounds enhanced the excision capacity of the 
exposed cells, but only for oxidised lesions such as 8-oxoGua (42). 
It is noteworthy that both selenomethionine and sodium selenite 
stimulated repair to a similar extent given the possibility that these 
forms of selenium, as well as others under investigation, may have 
very different consequences on biological systems, as well as on 
cancer risk (43–45). These studies are also significant as they dis-
tinguish between the reductions in DNA damage that occur by pre-
venting lesions and those occurring from mechanisms that involve 
the repair of existing damage. Table I presents a summary of the 

published data specifically indicating the increase in DNA damage 
repair due to selenium supplementation.

The above-described studies and the majority of the work 
looking at the protection offered by selenium using cultured 
cells are conducted in media in which selenium is provided by 
the 10% serum used in the growth media, typically resulting 
in the concentration of selenium being in the general range of 
15–30 nM selenium (46). This level of selenium is below that 
required to maximise the activity of the selenoproteins, many 
of which provide antioxidant function; there are numerous 
examples where providing selenium in the nanomolar range to 
cultures incubated in 10% serum result in substantial increases 
in antioxidant selenoprotein levels (47). For example, the levels 
of glutathione peroxidase 1 (GPx-1), a selenium-containing 
protein that is often used as a measure of selenium adequacy, 
can be stimulated in most tissue culture cells several fold by the 
addition of nanomolar quantities of selenium in either organic 
(i.e. selenomethionine) or inorganic (sodium selenite) form to 
the culture media although the amount needed to maximise 
this enzyme’s activity differs significantly (48). In the work 
reported by De Rosa et  al. (42), incubation of the LNCaP 
cells used in that study with either 30 nM sodium selenite or 
10 µM selenomethionine resulted in a 2- to 3-fold increase in 
GPx-1 and thioredoxin reductase 1 (Trx1) enzyme activities, 
each with the potential to detoxify reactive oxygen prior to 
its causing DNA damage. Selenium levels observed in blood 
are much higher than those used in tissue culture media, for 
example, the average level of selenium in the serum obtained 
from participants in SELECT was 135 µg/l or 1.7 µM (2) but the 
levels in tissues can be much lower. A recent report quantifying 
the levels of trace elements in human prostates by inductively 
coupled plasma mass spectrometry along with internal standards 
of known concentrations obtained post-mortem from 13- to 
60-year-old males in Moscow indicated that the selenium in 
those tissues ranged from 0.216 to 1.3 mg/kg dry weight, or 2.7 
to 16 nM (49), indicating that selenium supplementation may 
very well stimulate tissue selenoprotein levels. Therefore, many 
of the studies reporting enhanced genotoxic protection achieved 
with selenium supplementation can involve the elevation of 
selenoprotein levels, whereas those studies that have investigated 
the benefits of selenium using supplements in the micromolar 
range are likely to be doing so far above the levels needed to 
achieve maximal selenoprotein induction.

Animal models for the beneficial effects of selenium

As mentioned above, there is a significant amount of data con-
sisting of well over 100 independent publications indicating 

Table I.  Cell culture studies whose results indicated that selenium supplementation can enhance DNA damage repair

Experimental model Selenium form and dose Mode of DNA damage 
induction

Detection of DNA repair References

LNCaP Sodium selenite, 30 nM; 
Selenomethionine, 10 µM

UVA, hydrogen peroxide Alkaline comet assay (42)

MCF-7 breast cancer cells, mouse 
embryonic fibroblast

Sodium selenite, 30 nM UV Micronucleus assay, Big Blue mouse  
cells (LacI shuttle vector system)

(58)

IMR90, GM-08399, or GM-01389 
human fibroblast cells

Selenomethionine, 10 µM UV Alkaline comet assay (40)

Mouse primary bone marrow cells Selenomethionine, 15 µM; 
methylseleninic acid, 1 µM

Carboplatin Mutation in the reporter gene in Big  
Blue mouse

(52)

Human leukocytes Selenomethionine, 50 µM Bleomycin Alkaline comet assay and 8-OHdG estimation  
for oxidative DNA damage repair

(41)
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that selenium supplementation of the diets of laboratory ani-
mals can reduce the incidence of cancer in carcinogen-exposed 
rodents. What is particularly striking about these accumulated 
data is the efficacy of selenium in multiple organs and against 
a wide variety of carcinogens that stimulate carcinogenesis via 
different mechanisms. As in the case of cultured cells, there is 
insufficient data to indicate whether selenium is protective by 
reducing DNA lesion formation or by stimulating their repair. 
There is also conflicting data with regard to whether selenium 
supplementation can reduce mutation frequencies using the Big 
Blue rodent model, a transgenic system in which animals con-
tain the Big Blue λLIZ shuttle vector that contains the lacZ and 
lacI genes, with the latter serving as a target for mutagenesis, 
integrated into their genome (50). In this model, the animals are 
exposed to a mutagen, genomic DNA is recovered from tissue, 
packaged and the resulting phage are used to infect indicator 
bacteria; a phage containing a wild-type lacI results in a white 
plaque due to functional repression of the lacZ gene, whereas 
an inactivating mutation in lacI results in a blue plaque. One 
study using the Big Blue rat model failed to detect any benefit 
of higher selenium status in the colon or liver of rats exposed 
to dimethylhydrazine (51), whereas a subsequent study using a 
similar reporter construct in mice indicated that selenium in the 
form of either selenomethionine or methylseleninic acid could 
protect bone marrow cells from mutations induced by exposure 
to carboplatin (52). However, the sheer variety of carcinogens 
that selenium supplementation has been shown to be protective 
against in animal models argues that the reduction in cancer 
incidence in exposed animals cannot be simply due to modu-
lation of antioxidant status, as many of the carcinogens that 
selenium is effective against cause DNA damage by mecha-
nisms other than an increase in reactive oxygen species (ROS). 
A summary of the types of carcinogens that selenium has been 
shown to be effective against in animals and the types of lesions 
they form is presented in Table II.

Human studies supporting a role for selenium in enhanc-
ing DNA damage repair

Selenium supplementation of individuals at elevated risk of 
DNA damage due to disease or exposure to carcinogens may 
reduce the levels of DNA damage. Hemodialysed patients are 
at greater risk of DNA lesions and supplementation of the di-
ets of 42 chronic kidney disease patients with either 200  µg 

of selenium in the form of selenised yeast or placebo demon-
strated a benefit of selenium supplementation as measured by 
the comet assay (53). A potential benefit of selenium was also 
implicated by data indicating that higher levels of selenium 
were associated with reduced DNA lesions in a population en-
vironmentally exposed to polychlorinated biphenyls (54). One 
of the most convincing links between selenium and DNA re-
pair has emerged from studies on women who are at increased 
risk of breast cancer due to a mutation in the BRCA1 gene. 
BRCA1 is a protein involved in DNA damage repair and indi-
viduals who inherit a defective copy of the BRCA1 gene are at a 
greatly enhanced risk of developing cancers of the breast, ovary 
and prostate (55, 56). Evidence for the involvement of BRCA1 
with the selenium-mediated stimulation of DNA repair was 
reported by showing that selenium supplementation increased 
the association of BRCA1 with p53 (57) and that BRCA1 was 
required in order for selenium supplementation to provide pro-
tection against UV-induced toxicity (57) or DNA damage (58). 
In humans, selenium status was shown to be inversely associ-
ated with the levels of chromosome breaks induced by ex vivo 
γ-irradiation of lymphocytes as measured by micronuclei for-
mation, but only when those cells were obtained from wom-
en who were carriers of one defective copy of BRCA1 (59). 
Furthermore, the frequency of chromosome breaks observed in 
cultured lymphocytes from women who were BRCA1 carriers 
following exposure to bleomycin was significantly higher as 
compared with non-carrier relatives, but supplementation of 
BRCA1 carriers with 670 µg of selenium in the form of selen-
ite for 1–3 months returned the levels of breaks to that of the 
non-carriers (60). Looking at a population of BRCA1 carriers 
who had undergone adnexectomy and were provided a daily 
supplement of 300 µg sodium selenite, it was determined that 
urine obtained from the supplemented group contained more 
of the product of the base excision repair of oxidative lesions, 
8-oxoGua than that obtained from the unsupplemented group 
(61). These latter data provide direct evidence for the enhanced 
repair of oxidative lesions as a consequence of the selenium 
supplement in this cohort. Publications describing human stud-
ies including data that support a role for selenium in enhancing 
DNA damage repair are listed in Table III.

The ability of selenium to impact the levels of DNA dam-
age in human supplementation studies is likely to be com-
plicated by modifying factors, such as the genotype of select-
ed genes. For example, it was shown that there was lower 

Table II.  Selenium has been shown to be effective in reducing the incidence of a wide variety of DNA lesions in animal models

Experimental model Selenium form and dose Mode of DNA damage induction Detection of DNA damage References

Mouse primary bone marrow cells Selenomethionine, 15 µM; 
methylseleninic acid, 1 µM

Carboplatin (involves XPC DNA 
repair protein)

Mutation in the reporter gene in  
Big Blue mouse

(52)

Ovine lymphocyte Sodium selenite. 1 µg/ml Carbon tetrachloride Micronucleus test, (79)
Swiss mice Selenium ACE, 100 mg Beryllium chloride Micronucleus test (80)
Wistar rats Sodium selenate 2 and 6 mg/l 

drinking water
Methylmercury Comet assay (81)

Albino rat Sodium selenite 0.1 mg/kg body 
weight

o-Cresol mRNA analysis of apoptotic genes (82)

Transgenic mice expressing human 
mutations in the amyloid precursor 
protein and human presenilin-1

Sel-Plex (selenium-enriched diet), 
1 µg Sel/g

– 8-OHdG estimation (83)

Swiss albino mice Ebselen 2.5–10 mg/kg body weight Cyclophosphamide Micronucleus test, Comet assay (84)
Rat lymphocytes Selenium-containing phycocyanin 

(Se-PC) 2 µM
Hydrogen peroxide Comet assay (85)

Canine model of prostate cancer Selenomethionine, 3 µg/kg body 
weight; high selenium yeast,  
6 µg/kg body weight

– Comet assay (37)
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DNA damage, as determined by the comet assay, in blood 
obtained from New Zealanders as a function of increasing 
selenium status, but this relationship only occurred for indi-
viduals expressing specific alleles of the GPx-1 (rs1050450 
C/C) and GPx-4 (rs713041 T/T) genes (62). A  similar re-
sult was obtained indicating that the supplementation of a 
Brazilian population of obese women with selenium, pro-
vided by the consumption of Brazil nuts that contain very 
high selenium levels (one ounce can contain as much as 10 
times the US recommended daily allowance), resulted in the 
reduction of DNA damage in blood, again determined by the 
comet assay, but only among those expressing the rs1050450 
C/C GPx-1 allele (63). As in the case of much of the in vitro 
data on the protection offered by selenium, it is difficult to 
know whether these results represent the prevention of dam-
age or its repair.

Possible mechanisms of action

It is apparent that selenium supplementation can reduce the 
levels of DNA damage by stimulating the production of seleno-
proteins, several of which are antioxidants and capable of de-
toxifying ROS prior to their induction of oxidative lesions, this 
being particularly true if cells, animals or people are initially 
selenium deficient. How selenium may enhance the repair of 
damaged DNA is less obvious. It is likely that this may occur 
by mechanisms that involve elevating the activity of selenopro-
teins and those that do not. Although none of the activities of 
the known mammalian selenoproteins are anticipated to alter 
cellular repair capability directly, it is more likely that these se-
lenoproteins impact signalling pathways, perhaps by the modu-
lation of ROS, resulting in the stimulation of repair.

One possible target of selenium that results in the enhanced 
repair of the major oxidative DNA lesion 8-hydroxydeoxy-
guanine (8-oxoGua) is the 8-oxoguanine DNA glycosylase 
(OGG1). Since OGG1 contains critical redox-sensitive resi-
dues whose oxidation results in the attenuation of that en-
zyme’s activity, the induction of antioxidant selenoproteins 
by selenium may enhance the repair of oxidised DNA lesions 
by helping to maintain OGG1 in the reduced, more active 
state. A polymorphic variant of OGG1, containing a cysteine 
instead of a serine at position 326, is particularly more sen-
sitive to inactivation following exposure to oxidative stress 
as compared with the cysteine-containing protein (64) and 
individuals who express that variant are more susceptible to 
various forms of cancer (65). Thus, selenium supplementation 

may enhance antioxidant selenoproteins that in turn helps to 
maximise OGG1 activity. This scenario is consistent with the 
observed excision activity for oxidative lesions achieved in 
selenium-treated cell extracts, but not for DNA alkylation or 
photoproducts (42).

Selenium provided to mice in the form of selenium-en-
riched broccoli, which can stimulate the translation of GPx-
1, was also shown to stimulate the expression of the Gadd45 
protein involved in replication and DNA damage repair (66). 
Selenium did not induce Gadd45 when provided to MCF-7 hu-
man breast cancer cells that do not express GPx-1 but could in 
the same cells over-expressing GPx-1 (67). The effect of GPx-
1 expression on signalling pathways has been recently been 
reviewed (68).

Selenium in the form of selenomethionine was shown to 
protect mouse embryonic fibroblasts from UV-induced DNA 
damage in a p53-dependent mechanism that required the Ref-
1 protein (69), and since this effect of selenium was achieved 
when the medium was supplemented with selenium at the same 
time they were irradiated, it is very unlikely that the induction 
of any selenoproteins was involved. Selenomethionine modu-
lated p53 activity by redox regulation of key p53 cysteine resi-
dues (275/277). The resulting conformational change results in 
enhanced p53 DNA-binding activity and the subsequent stimu-
lation of DNA repair (57,70). The effect of selenomethionine 
on p53 requires the cellular protein Ref-1 (or APE1), a protein 
previously shown to physically interact with p53, a conclu-
sion supported by the demonstration that inactivation of Ref-1 
blocks p53 modification by the selenomethionine. Significantly, 
the redox state of Ref-1, which modulates the reduction of p53, 
is regulated by thioredoxin (Trx) through its dithiol-reducing 
activity with the redox activity of Trx being maintained by the 
selenoprotein thioredoxin reductase (TrxR). Subsequent work 
supported the involvement of the BRCA1 gene in the in vitro 
protection of DNA from UV exposure (57,58) Therefore, there 
would appear to be multiple mechanisms by which selenium 
could stimulate DNA repair and some of these are presented 
schematically in Figure 1.

In addition to the potential actions of selenium on specific 
proteins and pathways, there may be general effects that ul-
timately impact DNA repair capacity. For example, selenium 
may be impacting the activity of repair enzymes by alter-
ing post-translational modifications. Several glycosylases are 
regulated by acetylation and/or phosphorylation and selen-
ium has been shown to alter histone deacetylase and kinase 
activities (71, 72).

Table III.  Human studies whose results support the ability of selenium supplementation to enhance DNA damage repair

Experimental model Selenium form and dose Mode of DNA damage induction Detection of DNA damage References

Women BRCA1 mutation carriers Sodium selenite, 300 µg/day – 8-oxodG determination (61)
Lymphocytes isolated from BRCA1 
mutation carriers

Mean toenail selenium, 
0.97 ± 0.14 µg/g

Ionising radiation Comet assay, micronucleus test, 
p-H2AX detection

(59)

Lymphocytes isolated from BRCA1 
mutation carriers

Sodium selenite, 276 µg/day Bleomycin Micronucleus test (60)

Human peripheral blood lymphocytes Selenomethionine, 0.25–2 µM Doxorubicin Comet assay, micronucleus test (86)
Lymphocytes from patients with  
chronic kidney disease

Selenium-enriched yeast  
200 µg/day

Prolonged hemodialysis Comet assay (53)

Lymphocytes from Inuit people Serum selenium levels  
652 ± 67.5 vs. 694.8 ± 56.3 µg/l

Polychlorinated biphenyls 8-oxodG determination (54)

Human leukocytes Selenomethionine, 50 µM Bleomycin Comet assay and 8-OHdG estimation 
for oxidative DNA damage

(41)

Lymphocytes from healthy donors Seleno-yeast, 200 and 400 µg of 
selenium per day

– Comet assay (87)

Lymphocytes from human donors Selenium, 50 µg/day – Micronucleus test (88)
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Implications

That selenium can protect against cancer is foregone conclu-
sion, based on a wealth of animal data that has accumulated 
over decades. In humans, epidemiological trends towards an 
inverse association between selenium intake and cancer inci-
dence, at least for some organ sites. Although supplementation 
data from clinical intervention trials may appear conflicting 
at this time, others have argued that the form of selenium and 
or the baseline selenium levels of the study population may 
represent plausible explanations for the discrepancy between 
data such as has been obtained from the Nutritional Prevention 
of Cancer (NPC) trial and SELECT (73–75). Indeed, the base-
line levels of the subjects in NPC trial were significantly lower 
than those in SELECT, and participants in NPC that were in 
the lowest baseline levels of selenium were those who showed 
the most benefit from the supplement (76,77). These data are, 
therefore, reminiscent of that reported years ago in which sup-
plementation of the diets of dogs with selenium resulted in a 
‘U-shaped curve’ where those with the lowest and highest lev-
els of selenium in their prostatic tissue had the highest levels 
of DNA damage as compared with those in the mid-range (78). 
Understanding how selenium may be useful in reducing cancer 
incidence will continue to be difficult given the large number 
of physiological changes that will be associated with selenium 
status. For example, changes in the levels and activities of se-
lenoproteins are likely to result in changes in the reducing state 
of the cell that would be expected to have profound effects on 
ROS and the myriad of signalling pathways that respond to 
changes in ROS. Thus, the biological activity of selenopro-
teins without apparent antioxidant activity and the effects of 
non-protein selenium metabolites will make determinations 
of what specific effects of selenium account for its biological 
properties a challenge for years to come.

Among the possible consequences of selenium status that 
might help to explain some of the apparent inconsistencies in 
the chemoprevention literature, effects on DNA repair is a pos-
sible mechanism that deserves careful consideration. Selenium 
can stimulate DNA damage repair in vitro in addition to pre-
venting oxidative damage and lesions resulting from metabolic 

activation of carcinogens. The wide range of carcinogens that 
selenium can protect against in animal models of carcinogen-
esis also support the concept that the enhancement cellular anti-
oxidant capabilities is not the only means by which selenium 
can be preventive. Furthermore, the interaction between sele-
nium availability and components of the BRCA1 repair path-
way observed in humans also support the connection between 
selenium’s chemopreventive actions and the repair of DNA 
damage.

A function of selenium in stimulating DNA damage repair 
also may explain the apparent discrepancy between human 
epidemiology indicating that dietary selenium is beneficial and 
the negative results of SELECT. A diet that includes a level 
of selenium that maximises the DNA repair capacity of sus-
ceptible cells will attenuate the accumulation of carcinogenic 
mutations over the course of a lifetime, and do so for the mul-
tiple genes that are required to be altered for prostate cancer 
to develop. In contrast and as reported in the 2011 update on 
SELECT data (3), providing selenium to 8737 men over the 
age of 55 (>50 years old for black men), many of whom are 
likely to have selenium levels that are already maximising the 
potential enhancement of DNA damage repair, and observing 
575 cases of prostate cancer may be insufficient to achieve 
a statistically significant effect. Data on the stratification of 
SELECT participants by selenium status at the time of partici-
pation in the trail has not yet been reported, but benefits among 
those with the lowest levels of selenium, as has been reported 
in the NPC trial (76), may become apparent. Furthermore, it is 
of interest to note that the increase in prostate cancer observed 
among SELECT participants who were in the vitamin E arm 
may have been reduced by selenium, as the prostate cancer 
incidence in the arm receiving both vitamin E and selenium 
appeared to be the same as those receiving only placebo (3), 
indicating that selenium may have been protecting against the 
pro-carcinogenic effects of vitamin E. Future efforts to under-
stand the basic biology of selenium compounds and seleno-
proteins and their impact at physiological conditions may yet 
lead to a benefit to selenium supplementation, at least among 
selected populations.﻿﻿﻿﻿﻿﻿‍

Fig. 1.  Possible mechanisms by which selenium might influence DNA damage repair (arrows indicate up-regulation or down-regulation and asterisk indicates 
activation of respective proteins).
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