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Abstract

Derivation of an Exposure-Risk Relationship (ERB) or alternatively an Occupational Exposure Limit (AGW)

for Selenium and its Compounds

Introduction:

Selenium is an essential element that is present in soil and
enters the food chain through plants. Because of its uneven
distribution in different geographical regions, the intake of sele-
nium varies hugely worldwide. Occupational selenium exposure
can occurin copper smelting and in the production of pigments,
glass, rubber, plastics, pharmaceuticals, and electronic devices.
The main occupational pathway of exposure is by inhalation.

Obijective:

The aim of this epidemiological and toxicological risk assess-
ment of selenium and its compounds is to derive exposure risk-
relationships (ERBs) if assessed to be carcinogenic or alterna-
tively, an occupational exposure limit (AGW) based on the most
sensitive endpoint, if assessed to be non-carcinogenic and ERBs
cannot be derived. Literature that focused on endpoints related
to two main potential effects, diabetes and cancer, was reviewed
and evaluated.

Diabetes:

Evidence from 14 human studies, including clinical trials of sele-
nium supplementation, case-control, cohort, and cross sectional
studies on the association between selenium exposure and
type-2 diabetes is conflicting. Three experimental animal studies
that administered selenium in the diet investigated endpoints
related to diabetes. While these studies provide some insight
into biological effects of selenium that might affect glucose
homeostasis, they are not sufficient to demonstrate a clear

role of selenium in the development of frank diabetes. Mode of
action studies reviewed suggest that a U-shaped association
between selenoproteins and type-2 diabetes risk might explain
some of the apparently contradictory findings in the epidemio-
logy studies.

Cancer:

Evidence from 65 human epidemiological studies on organic
selenium compounds suggests an inverse association between
selenium exposure and risk of several cancers, especially in
men. These data do not provide evidence for any increase in
cancer risk associated with intake of organic selenium com-
pounds. Evidence regarding inorganic selenium compounds
isinadequate due to a lack of reliable studies. Eleven studies
investigated carcinogenicity via the oral route in healthy experi-
mental animals.

National Toxicology Program (NTP) studies indicate that inges-
tion of high doses of selenium sulfide causes liver tumors in

rats and mice, but no adequate inhalation studies exist. The
available studies were inadequate to address a potential cancer
risk in humans under occupational conditions. Selected studies
were reviewed that investigated treatment with selenium com-
pounds within the context of initiation-promotion experiments
as well as some studies that studied their chemopreventative
effects in animal models of different cancers. Results from these
studies are conflicting. Depending on study design, timing of
selenium exposure during carcinogenesis, and combination with
other chemicals, selenium treatment had either a protective

role orincreased tumor development. The ultimate mechanism
of action of the effect of selenium on cancer development has
not been established, but mechanistic studies indicate that
both low-molecular weight selenium compounds as well as
selenoproteins might be involved. Among other factors, poly-
morphisms in genes encoding for selenoproteins may contribute
to the inconsistencies observed in human studies. In numerous
studies, sodium selenite, selenate, selenide, and selenium
dioxide have been shown to inhibit the genotoxicity of muta-
gens. By itself, selenium and its inorganic compounds showed
some genotoxic potential at high doses, but it is unclear if this
activity is expressed at low levels to which humans may be expo-
sed.

Conclusions:

While many studies have investigated the possible association
between selenium exposure and the endpoints of diabetes and
cancer, no conclusions can be drawn regarding a causal role

of selenium in those diseases. Overall the data on cancer and
diabetes are not adequate for the derivation of ERBs or an AGW
for selenium.




Kurzfassung

Ableitung einer Exposition-Risiko-Beziehung (ERB) oder alternativ eines Arbeitsplatzgrenzwertes (AGW)

fiir Selen und seine Verbindungen

Einleitung:

Selen ist ein essenzielles Element, das im Boden vorkommt und
iber Pflanzen in die Nahrungskette gelangt. Da das Vorkommen
von Selen je nach Region schwankt, ist seine Aufnahme weltweit
sehrunterschiedlich. Selenexpositionen am Arbeitsplatz kon-
nen bei der Kupferverhiittung und bei der Produktion von Pig-
menten, Glas, Gummi, Plastik, Arzneimitteln und elektronischen
Gerdten auftreten. Der wichtigste Aufnahmeweg von Selen sind
hier die Atemwege.

Ziel dieser epidemiologischen und toxikologischen Risiko-
bewertung von Selen und seinen Verbindungen ist die Ableitung
einer Exposition-Risiko-Beziehung (ERB) fiir das Krebsrisiko.
Sofern ein Krebsrisiko oder eine ERB nicht ermittelt werden
kann, ist das Ziel die Ableitung eines Arbeitsplatzgrenzwertes
(AGW), basierend auf dem empfindlichsten Endpunkt.

Diabetes:

Die Evidenz fiir einen Zusammenhang zwischen Selenexposi-
tion und Typ-2-Diabetes, die aus 14 Humanstudien (klinische
Studien zur Selensupplementierung, Fall-Kontroll-Studien,
Kohorten- und Querschnittsstudien) ermittelt werden konnte, ist
widerspriichlich. Drei Studien zu Tierversuchen, in denen Selen
tiber die Nahrung zugefiihrt wurde, untersuchten Endpunkte im
Zusammenhang mit Diabetes. Diese Studien geben Hinweise
auf die biologische Wirkung von Selen durch den méglichen
Einfluss auf die Glucoseregulierung. Fiir eine eindeutige Rolle
bei der Entwicklung von Pradiabetes reichen sie nicht aus.
Studien zum Wirkungsmechanismus zeigen einen U-formigen
Zusammenhang zwischen Selenproteinen und einem Risiko fiir
Typ-2-Diabetes, der die z. T. widerspriichlichen Ergebnisse in
epidemiologischen Studien erkldren kdnnte.

Krebs:

Die Evidenz aus 65 Humanstudien zu organischen Selenverbin-
dungen zeigt einen inversen Zusammenhang zwischen Selen-
exposition und dem Risiko verschiedener Krebsarten, beson-
ders bei Mannern. Diese Daten liefern keinen Beweis fiir eine
Erh6hung eines Krebsrisikos mit der Aufnahme von organischen
Selenverbindungen. Die Evidenz bei anorganischen Selenver-
bindungen ist unzureichend, da keine zuverldssigen Studien
vorliegen. In elf Studien wurde die Kanzerogenitat von Selen bei
oraler Aufnahme an gesunden Versuchstieren untersucht.

Studien im National Toxicology Program (NTP) zeigen, dass die
orale Aufnahme hoher Dosen von Selendisulfid bei Ratten und
Mausen Lebertumore verursachen kann, es liegen aber keine
entsprechenden Inhalationsstudien vor. Die vorliegenden Stu-
dien waren auch unzureichend dafiir, ein mégliches Krebsrisiko
am Arbeitsplatz zu untersuchen. Einige Studien zur Behandlung
mit Selenverbindungen bei Initiation-Promotion-Versuchen
sowie Studien, die chemopraventive Effekte im Tiermodell

bei verschiedenen Krebsarten untersuchten, wurden naher
betrachtet. Die Ergebnisse dieser Studien sind widerspriich-
lich. Abhdngig vom Studiendesign, von der Expositionszeit mit
Selen in der Kanzerogenese und der Kombination mit anderen
Chemikalien hatte die Behandlung mit Selen einen protektiven
oder einen verstarkenden Effekt auf die Tumorentstehung. Der
endgiiltige Wirkmechanismus von Selen auf die Entstehung
von Krebs konnte nicht nachgewiesen werden, entsprechende
Studien weisen aber darauf hin, dass Selenverbindungen mit
einem niedrigen Molekulargewicht und auch Selenproteine
einen Einfluss haben. Zudem konnte — neben anderen Faktoren
— der Polymorphismus der die Selenproteine codierenden Gene
ein Grund fiir die widerspriichlichen Aussagen sein. In zahlrei-
chen Studien konnte man zeigen, dass Natriumselenit, -sele-
nat, -selenid und Selendioxid die Gentoxizitdt von Mutagenen
hemmten. Selen und seine anorganischen Verbindungen allein
zeigten bei hoher Dosierung ein gentoxisches Potenzial, aber es
ist unklar, ob dies auch bei geringen Expositionen, denen der
Mensch ausgesetzt ist, auftritt.

Schlussfolgerung:

Zahlreiche Studien haben einen méglichen Zusammenhang
zwischen Selenexposition und den Endpunkten Diabetes oder
Krebs untersucht. Schlussfolgerungen zu einem Ursachen-
zusammenhang von Selen fiir diese Krankheiten kénnen aber
nicht gezogen werden. Insgesamt sind die bisherigen Ergeb-
nisse zu Krebs und Diabetes nicht ausreichend, um eine ERB
oder einen AGW fiir Selen abzuleiten.




Résumé

Déduction d’une relation exposition-risque ou d’une valeur limite d’exposition professionnelle

pour le sélénium et ses composés

Introduction :

Le sélénium est un élément essentiel présent dans le sol, qui
entre dans la chaine alimentaire via les plantes. Sa concentra-
tion — et donc son absorption — varient fortement d’une région
du monde a l'autre. Une exposition au sélénium sur le lieu de
travail peut se produire lors de la fusion du cuivre et de la pro-
duction de pigments, de verre, de caoutchouc, de plastique,
de médicaments et d’appareils électroniques. Dans ces cas,
C’est par les voies respiratoires que s’effectue principalement
'absorption du sélénium.

Le but de la présente estimation des risques épidémiologiques
et toxicologiques du sélénium et de ses composés est d’en
déduire une relation exposition-risque pour le risque de cancer.
S’il s’avere impossible de déterminer le risque de cancer ou une
relation exposition-risque, le but sera de déduire une valeur
limite d’exposition professionnelle basée sur le point final le
plus sensible.

Diabéte :

’évidence d’un lien entre I’exposition au sélénium et le diabéte
de type 2, telle qu’elle ressort de 14 études humaines (études
cliniques portant sur la supplémentation en sélénium, études
de cas-contrdle, études de cohorte et études transversales)

est contradictoire. Trois études effectuées sur des animaux,
dans le cadre desquelles du sélénium a été administré dans
['alimentation, ont examiné les points finaux en relation avec
le diabéte. Il est ressorti de ces études des indications quant

a l’action biologique du sélénium via son influence possible
sur la régulation du glucose. Ces indices ne suffisent toutefois
pas pour en déduire sans ambigiiité que le sélénium joue un
role dans le développement d’un prédiabéte. Des études sur le
mécanisme d’action font apparaftre une relation en forme de U
entre les protéines du sélénium et un risque de diabéte de type
2, relation qui pourrait expliquer en partie les résultats contra-
dictoires d’études épidémiologiques.

Cancer:

L’évidence résultant de 65 études humaines portant sur des
composés organiques de sélénium fait apparaitre une relation
inverse entre ’exposition au sélénium et le risque de divers
types de cancer, en particulier chez les hommes. Ces données

ne fournissent aucune preuve que le risque de cancer augmente
proportionnellement a ’absorption de composés organiques de

sélénium. Concernant les composés anorganiques de sélénium,
[’évidence est insuffisante, car on ne dispose pas d’études
fiables.

La cancérogénicité du sélénium absorbé oralement a été exa-
minée dans le cadre de onze études menées sur des animaux
sains. Il ressort d’études conduites dans le cadre du National
Toxicology Program (NTP) que I’absorption orale de fortes

doses de bisulfure de sélénium peut provoquer des tumeurs du
foie chez des rats et des souris, mais il n’existe pas d’études
d’inhalation correspondantes. Les études ne suffisaient pas

non plus pour étudier un risque possible de cancer sur le lieu

de travail. Certaines études portant sur un traitement a 'aide

de composés de sélénium lors d’essais d’initiation/promotion,
ainsi que des études portant sur les effets chimiopréventifs
dans le modéle animal pour différents types de cancer, ont

été examinées de plus prés. Les résultats de ces études sont
contradictoires. En fonction de la conception de I’étude, de la
durée d’exposition au sélénium dans la cancérogéneése et de la
combinaison avec d’autres substances chimiques, le traitement
au sélénium avait un effet protecteur ou un effet potentialisateur
sur le développement de la tumeur. Le mécanisme d’action défi-
nitif du sélénium sur I'apparition d’un cancer n’a pu étre avéré,
mais des études correspondantes semblent indiquer une influ-
ence des composés de sélénium de faible poids moléculaire,
ainsi que des protéines de sélénium. De plus, le polymorphisme
des génes codifiant les protéines de sélénium pourraient, parmi
d’autres facteurs, étre ’'une des raisons des résultats contradic-
toires. Dans de nombreuses études, on a pu mettre en évidence
le fait que le sélénite, le sélénate et le sélénide de sodium, ainsi
que le bioxyde de sélénium, avaient un effet inhibant sur la
génotoxicité d’agents mutagénes. A forte dose, le sélénium et
ses composés anorganiques présentaient a eux seuls un poten-
tiel génotoxique, mais il n’est pas certain qu’il se fait sentir
également en cas de faibles expositions auxquelles est soumis
I’&tre humain.

Conclusion :

De nombreuses études ont examiné la relation possible entre
une exposition au sélénium et les points finaux pour le diabéte
ou le cancer. Aucune conclusion ne peut toutefois en étre tirée
quant a une relation de cause a effet entre le sélénium et ces
maladies. D’une maniére générale, les résultats disponibles
jusqu’a présent sur le cancer et le diabéte ne sont pas suffisants
pour en déduire une relation exposition-risque ni une valeur
limite d’exposition professionnelle pour le sélénium.




Resumen

Derivacion de una ratio exposicion/riesgo o alternativamente un nivel maximo de exposicién

en el puesto de trabajo para el selenio y sus compuestos

Introduccién:

El selenio es un elemento esencial que se encuentra en la com-
posicion del sueloy que accede a la cadena alimentaria a través
de las plantas. Como la proporcién de selenio varia segin las
regiones, la captacién es muy diversa en las distintas regiones
del mundo. Las exposiciones al selenio en el puesto de trabajo
pueden producirse en el recubrimiento de cobrey en la produc-
cién de pigmentos, cristal, caucho, plasticos, medicamentos

y aparatos electrénicos. La via de captacion de selenio mas
importante es a través de las vias respiratorias.

El objetivo de esta evaluacion de riesgo epidemiolégico y
toxicologico del selenio y sus compuestos es derivar una ratio
exposicion/riesgo para el riesgo de cancer. En caso de que no se
pueda calcular el riesgo de cancer o dicha ratio, el objetivo sera
derivar un valor limite en el puesto de trabajo basado en el crite-
rio de valoraciéon mas sensible.

Diabetes:

La evidencia de una relacién entre la exposicion al selenioy

la diabetes tipo 2 obtenida a través de 14 estudios humanos
(estudios clinicos con suplementacién de selenio, estudios de
casos y controles, estudios de cohortes y de corte) es contra-
dictoria. Tres estudios sobre ensayos con animales a los que

se administrd selenio a través de la comida analizaron criterios
de valoracién en relacién con la diabetes. Estos estudios resul-
taron en indicios de que existe un efecto biol6gico del selenio
a través de una posible influencia sobre la regulacién de la
glucosa, pero estos no son suficientes para deducir que exista
una funcién determinante de esta sustancia en el desarrollo de
la prediabetes. Los estudios sobre el mecanismo de estos efec-
tos muestran una relacién en forma de U entre las proteinas de
selenioy un riesgo de diabetes tipo 2, lo cual podria explicar los
resultados contradictorios obtenidos en los estudios epidemio-
logicos.

Céancer:

La evidencia obtenida en 65 estudios humanos sobre compu-
estos organicos de selenio muestra una relacién inversa entre
la exposicion al selenio y el riesgo de diversos tipos de cancer,
especialmente en los hombres. Estos datos no suponen nin-
guna prueba que apunte a un aumento del riesgo de cancer con
la ingesta de compuestos de selenio organicas. La evidencia en
el caso de compuestos de selenio anorganicos es insuficiente,
ya que no disponemos de ningin estudio fiable. En once estu-
dios se analizé la carcinogeneidad del selenio en la ingesta oral
con animales de laboratorio sanos.

Los estudios del National Toxicology Program (NTP) muestran
que la ingesta oral de dosis elevadas de disulfuro de selenio
puede provocar tumores de higado en ratas y ratones, pero no
disponemos de los estudios de inhalacién correspondientes.
Ademas, los estudios existentes resultan insuficientes para ana-
lizar la posibilidad del riesgo de cancer en el puesto de trabajo.
Se analizaron en mayor profundidad algunos estudios para el
tratamiento con compuestos de selenio en ensayos de inicia-
cién-promocion asi como estudios que observaban los efectos
quimiopreventivos en un modelo animal con diferentes tipos de
cancer. Los resultados de estos estudios son contradictorios. En
funcion del disefio del estudio, el tiempo de exposicion al sele-
nio en la carcinogénesisy la combinacién con otras sustancias
quimicas, el tratamiento con selenio tuvo un efecto protector
contra la aparicién de tumores o bien foment6 la aparicion de
los mismos. No se pudo demostrar el mecanismo de funciona-
miento definitivo del selenio sobre la aparicién del cancer, pero
los estudios correspondientes apuntan a que los compuestos
de selenio con un bajo peso moleculary también las proteinas
de selenio tienen una influencia sobre estos procesos. Ademas,
un motivo de estos indicios contradictorios podria ser, junto con
otros factores, el polimorfismo de los genes que codifican las
proteinas de selenio. En numerosos estudios se ha demostrado
que el selenito, el seleniato, el seleniuro de sodio y el diéxido
de selenio inhibian la genotoxicidad de mutagenos. El selenio

y sus compuestos anorganicos por si solos mostraron en una
dosis elevada un potencial genotéxico, pero no esta claro si este
efecto se produce también en las exposiciones mas breves a las
que esta sometido el ser humano.

Conclusién:

Numerosos estudios han analizado la posible relacién entre la
exposicién al selenio y los criterios de valoracion de la diabetes
o el cancer. No obstante, no se han podido derivar conclusiones
sobre una relacion causal del selenio en estas enfermedades.
En general, los resultados obtenidos hasta la fecha sobre el
cancery la diabetes no son suficientes para derivar de ello una
relacion exposicion/riesgo o un valor limite para el puesto de
trabajo.
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1 Introduction

This status report by October, 2013 presents the results of our
evaluation of the toxicity of selenium and its compounds.

ENVIRON has conducted an epidemiological and toxicological
risk assessment of selenium and its compounds in order to
derive exposure risk-relationships (ERBs) if assessed to be
carcinogenic or alternatively, an occupational exposure limit
(AGW) based on the most sensitive endpoint, if assessed to be
non-carcinogenic and ERBs cannot be derived.

During the course of the project a vast amount of additional lite-
rature addressing the possible role of selenium in the diet and
as a dietary supplement was identified which could not be disre-
garded in the derivation of an exposure-risk relationship (ERB).

Literature that focused on endpoints related to two main poten-
tial effects, diabetes and cancer, was reviewed and evaluated.
The results of this evaluation are reported here.







2 Background

Selenium is an essential micronutrient for humans and animals
that is widely distributed throughout the environment, occurring
in air, water, soil, vegetation and food. The principal release

of selenium into the environment from anthropogenic sources

is from coal combustion. Natural sources of selenium include
the weathering of selenium-containing rocks and soils, and
volcanic eruptions. Selenium is found in most rocks and soils,
and naturally occurs at low concentrations in surface waters and
groundwaters. Ambient background concentrations of selenium
in the air are very low, generally in the nanogram per cubic meter
range [1; 2].

Selenium is present in soil and enters the food chain through
plants. However, its uneven distribution over the face of the
earth results in regions with very low or very high natural levels
of selenium in the environment. Humans obtain most of their
dietary selenium from bread, cereal, meat and poultry. In con-
trast to many other micronutrients, the intake of selenium varies
hugely worldwide, ranging from deficient (associated with
selenium-deficiency diseases like Keshan disease) to toxic con-
centrations that cause garlic breath, hair and nail loss, disorders
of the nervous system and skin, poor dental health, and para-
lysis, and is governed by geographical differences in available
selenium in soil. Additionally, there has been a substantial fall
in selenium intake in the United Kingdom and other European
Union countries, largely because of the decrease in imports

of selenium rich wheat from North America. Dietary selenium
intake ranges from 7 pg per day to 4,990 pg per day, with mean
values of 40 ug per day in Europe and 93 ug per day (in women)
to 134 pg per day (in men) in the USA. Selenium-containing sup-
plements add to these intakes, especially in the USA where 50%
of the population takes dietary supplements. Selenium status,
as measured by plasma or serum selenium, varies by country
and corresponds to intake [3 to 5].

Occupational selenium exposure can occur in copper smelting
and in the production of pigments, glass, rubber, plastics, phar-
maceuticals, and electronic devices. Selenium is used to make
photocells, solar cells, photographic exposure meters, and rec-
tifiers; it is also used as a vulcanizing agent, a glass decolorizer,
a photographic toner, and a stainless steel additive [6] (see also

(2.

The main pathway of human occupational exposure to selenium
is by inhalation [4].

Various mechanical processes connected with the mining of
seleniferous ores or the grinding of selenium compounds can
contribute selenium-containing dusts to the atmosphere. In
other industrial activities, the amount of selenium released into
the air depends on the temperature to which it is heated and

on the area available for sublimation and/or vaporization. It is
well established that heating amorphous selenium below its
melting point results in its sublimation. At temperatures of 170
to 180 °C, traces of selenium can be detected in the air and, at
temperatures of 230 to 240 °C, selenium dioxide is released.
Heating of amorphous selenium and selenium dioxide resulted
in the release of substantial quantities of selenium into the air
[4]. However, little quantitative information is available in the
literature on levels of human exposure to selenium in indus-

try and the WHO EHC report [4] provides only rather historical
information about exposure levels which may not reflect current
exposure situation.

More recently, Schaller et al. [7] reported results from an air

and biomonitoring study at a selenium refining plant. Personal
air sampling resulted in exposure levels between 8 and

946 ug/m?>. Serum selenium levels after exposure were between
11.5 and 181.8 pg/l (median 88.7 pg/l) and significantly different
from control persons (51.6 and 102.1 pg/l, median 76.1 pg/l).
However, they found no correlation between serum selenium
levels and air concentration.







3 Diabetes

3.4 Epidemiological studies on selenium exposure
and diabetes type Il risk

In 2011, the German MAK commission determined the maximum
workplace concentration [8] value based on some findings of
observational studies and randomized clinical trials in the USA,
indicating that high selenium status or selenium supplementa-
tion may be associated with an increased risk of type Il diabetes.
These findings led to an increased research during the past few
years with ongoing publications and scientific discussion show-
ing conflicting results.

In observational studies and randomized clinical trials from
selenium-replete populations in the US, some findings indica-
ted that high selenium status or selenium supplementation may
be associated with an increased risk of type Il diabetes [9 to 11]
while other did not find an association or even an inverse rela-
tionship [12 to 16]. Details of the studies are provided in Table 1
and Table 2 (see page 35 and 38).

A cross-sectional analysis of the US Health Professionals Follow-
up Study (HPFS) among men showed statistically significant
lower toenail selenium concentrations among men with preva-
lent diabetes (with or without cardiovascular disease, CVD) than
among healthy control participants. A nested case-control study
of diabetic men at baseline with incident CVD during an eleven
year follow-up period provided non-significantly reduced Odds
Ratios (ORs) compared to healthy controls [12].

A cross-sectional analysis among 8,876 adults selected from
the US Third National Health and Nutrition Examination Survey
(NHANES 1988 to 1994), a probability sample of the US popula-
tion, showed that subjects in the highest quintile of serum sele-
nium (= 137.66 ng/ml) had a significantly increased prevalence
of diabetes compared to those in the lowest quintile

(¢111.62 ng/ml) - OR 1.57 (95% Confidence Interval (Cl) 1.16-2.13),
based on 1,400 cases [9]. No trend or increase of risk could be
observed below the highest quintile of serum selenium. A spline
regression model showed an increase in odds for diabetes at

> 130 ng/ml with plateau at» 150 ng/ml. Analysis of NHANES
2003 to 2004 data [10] seemed to confirm the association bet-
ween serum selenium concentrations and the prevalence of
type Il diabetes found in the Bleys et al. study [9] but on a

much smaller sample with a higher average serum selenium
concentration of 137 ng/ml. Comparing the highest quartile
(=147 ng/ml) with the lowest (< 124 ng/ml) an OR of 7.64

(95% Cl 3.34-17.46) was calculated. An increase of risk was also
observed below the highest quartile.

Stranges et al. [11] conducted a post-hoc analysis of the Nut-
ritional Prevention of Cancer (NPC) trial in the Eastern US. In

the intervention group (N = 600), selenium was supplemented
during 7 to 12 years with 200 pg/day as high-selenium yeast.
This supplementation led to an increase in plasma selenium of
around 75 ng/ml (derived from Figure 1in Stranges et al. [11], see
also [8]). The study showed an increased risk of type Il diabetes
in the intervention group compared to placebo, particularly in

men (not in women) and in participants in the highest tertile
of plasma selenium (> 121.6 ng/ml) (Hazard Ratio (HR) = 2.70,
95% C11.30 to 5.61).

He et al. [13] examined the association between toenail sele-
nium levels and incidence of type Il diabetes in 3,959 young
Americans (CARDIA trace element study). Between 1987 and
2005 they identified 234 incident cases of type Il diabetes. The
hazard ratio in the 5% quintile of baseline toenail selenium was
0.59 (95% Cl 0.36 to 0.97) compared to the lowest. However, the
study is only published as conference abstract.

Potential association of selenium supplementation on diabetes
Il risk was evaluated as secondary outcome in the Selenium and
Vitamin E Cancer Prevention Trial (SELECT) in 35,533 North Ame-
rican men aged 50 years. Subjects were either supplemented
with selenium alone (200 pg/day as selenomethionine), in a
combination with Vitamin E or with Vitamin E alone and followed
for on average 5.5 years. Despite an increase in serum selenium
in both selenium groups from around 135 ng/ml at start to

»250 ng/ml at the final annual visit (measured in a sample), no
association between selenium supplementation and diabetes
risk was detected (only a small, non-significant increase of risk
in the selenium groups compared to the placebo group; Relative
Risk (RR) = 1.07, 95% Cl 0.94 to 1.22) [14].

Algotar et al. [15] conducted a post-hoc analysis of the small

(N =146) “Watchful Waiting Trial” [17] among persons with non-
metastatic prostate cancer. Subjects were randomized to receive
200 or 800 pg of selenised yeast or matched placebo daily and
followed over 5 years. Serum glucose levels were obtained every
6 months. Changes in serum glucose levels during the course of
the trial were not statistically significantly different for both sele-
nium treatment groups as compared with placebo.

Park et al. [16] performed a prospective evaluation among par-
ticipants of two US cohorts (NHS and HPFS — nurses and health
professionals) with available toenail selenium data, including
3,630 women and 3,535 men, who were free of prevalent dia-
betes and heart disease at baseline (1982 to 1983 and 1986 to
1987). Diabetes cases were identified by biennial questionnaires
and confirmed by a detailed supplementary questionnaire.
During follow-up through 2008, 780 cases of incident type Il dia-
betes were identified. After multivariable adjustment, the risk of
diabetes was lower across increasing quintiles of selenium, with
pooled relative risks across the two cohorts of 1.0 (reference),
0.91(95% Cl 0.73-1.14), 0.78 (0.62-0.99), 0.72 (0.57-0.91), and
0.76 (0.60-0.97), respectively; p for trend = 0.01) for both, men
and women. Results were similar excluding those individuals
(4%) who used selenium supplements. The inverse relation-
ship between selenium levels and diabetes risk appeared to be
linear.

In Europe, two case-control studies showed significantly lower
serum selenium concentrations in patients with diabetes than
in control subjects [18; 19]. Navarro-Alacorn et al. [18] conducted
a case control study among 47 diabetic patients with serum
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selenium samples and 73 patients with urine selenium samples
in Spain. Controls were either healthy adults or institutionalized
elderly people. For serum selenium they found a significant
lower selenium status in diabetic patients than in healthy con-
trols (although mean serum selenium of healthy controls was
only 75 nm/ml) and a small but not significant reduction for
urinary selenium. Kljai and Runje [19] conducted a hospital base
case-control study in Croatia. Type-1and type-2 diabetes groups
(31and 50 cases, respectively) were compared to 62 controls.
Significant lower selenium levels were found for both diabetes
groups but the authors did not report any control for potential
confounding which makes the study unreliable. Both studies
were small.

The SU.VI.MAX (Supplementation en Vitamines et Minéraux
Antioxydants) trial in France on middle-aged persons found

that combined supplementation with antioxidant vitamins and
minerals at nutritional doses including selenium (100 pg/day as
high-selenium yeast) had no effect on fasting plasma glucose
(FPG) after 7.5 years of follow-up, despite a positive association
between FPG and selenium concentrations at baseline in the
whole population [20].

In the French EVA (Epidemiology of Vascular Ageing) prospective
cohort study among an elderly population the highest category
of plasma selenium at baseline (1.19 to 1.97 umol/l or 94 to

156 ng/ml) was associated with a marginally significant de-
creased risk of onset of impaired fasting glucose or type 2 dia-
betes in men (HR = 0.50, 95% Cl 0.24 to 1.04) but not in women
(HR1.13, 95% Cl 0.55 to 2.32), based on 127 incident cases
during the 10-year follow-up [21; 22].

Stranges et al. [23] evaluated the association between selenium
intake by food and risk of diabetes type 2 cancer among the
participants of the ORDET (Hormones and diet in the etiology

of breast cancer) cohort in Northern Italy. Selenium intake was
estimated through a food frequency questionnaire at end of

the 16 follow-up and by using selenium content information
through nutritional databases and where no data available, by
measurements of food samples. Increase selenium intake was
associated with an increased risk of type-2 diabetes. The odds
ratio for diabetes comparing the highest to the lowest quintile of
selenium intake was 2.39 (95% Cl: 1.32, 4.32).

Rayman et al. [24] evaluated the effect of selenium supplemen-
tation on plasma adiponectin concentration, “a recognised
independent predictor of type-2 diabetes risk” among partici-
pants of the UK PRECISE (PREvention of Cancer by Intervention
with SElenium) pilot study (N = 473). Participants received either
100, 200 or 300 pg/day as high-selenium yeast over a six-month
study period. Despite differences in plasma adiponectin levels
at baseline between quartiles of plasma selenium level and a
significant increase in plasma selenium levels over this period in
all three selenium groups, no difference in plasma adiponectin
was found after 6 months supplementation within the groups.

The explanation for the apparently discrepant results of the
effect of selenium status and intake on risk of type-2 diabetes is
unclear.

Cross-sectional studies as well as case-control studies cannot
determine the direction of an observed association, whether
increased or decreased selenium level is a cause or a conse-
quence of diabetes due to behavioral or biological effects [5; 9].

Also comparison of studies is difficult. The size of the studies
was quite different as well as the baseline selenium levels
(especially between Europe and the US) and the general health
status of the participants. The level of consideration potential
confounders is quite different and none of the studies reported
e.g. control for “family history of diabetes“. Finally, also the
specific exposure metric used in the studies (serum selenium vs.
toenail selenium) might have had an influence on results.

In summary, evidence from human studies on selenium and
type Il diabetes is conflicting [5;25]. Stranges et al. [25] and
Rayman et al. [5; 24] did suggest either an U-shaped associa-
tion, or, alternatively, that selenium is not causally associated to
an increase of type-2 diabetes risk [24].

3.2 Animal studies related to diabetes endpoints

In light of studies in humans that have suggested an association
between selenium intake and development of diabetes (e.g.,
[11; 23; 26]), a number of authors have attempted to use animal
models to investigate possible mechanisms by which excessive
selenium could influence glucose homeostasis. In particular,
three recent studies in animals address certain endpoints per-
tinent to diabetes. These are a 16-week study in male pigs [27],
a one-generation reproduction study in rats [28], and a 3-month
study in young male C57BL/6) mice [29]. These studies are
briefly described in Table 3 (see page 42). In addition, several
studies were identified that investigated the anti-diabetic effect
of selenium in animals with diabetes (streptozotocin-induced
or knock-out models). These studies have not been reviewed in
detail. The literature was also reviewed to identify the potential
mechanism of action of selenium on insulin and glucose meta-
bolism.

All three studies have substantial weaknesses that limit their uti-
lity for establishing a safe upper level of intake of inorganic sele-
nium that might be useful for deriving an ERB, however. All three
involved an experimental group fed a diet containing a normal
(adequate) level of selenium and just a single experimental
group fed a diet containing an elevated level of selenium. This
prevents any evaluation of the shape of the dose-response curve
for excessive selenium intake. The two rodent studies also inclu-
ded a group fed a selenium-deficient diet, but that provides no
insight into the dose-response relationship for excess selenium
intake. Selenium was provided in the form of selenium-enriched
yeast in the pig and rat studies, and as sodium selenite in the
mouse study. In the selenium-enriched yeast, the selenium is in
an organic form (selenoprotein and/or selenomethionine). The
relevance of this form of selenium to occupational exposure to
inorganic selenium compounds is unclear.

In the one study that used inorganic selenium, Labunskyy et al.
[29] fed small groups of young male C57BL/6) mice (N=6to 7
per group) a selenium-deficient diet, a diet containing a normal
adequate level of selenium (0.1 ppm Se), or an elevated level of
selenium (0.4 ppm) as sodium selenite. Compared to the mice




fed the adequate selenium diet, the animals fed the high level
showed impaired insulin sensitivity (increased plasma glucose
levels afteri.p. injection of insulin in overnight fasted mice);
hyperinsulinemia (increased steady state plasma insulin in fed,
but not fasted mice); but no significant changes in steady state
plasma glucose levels. Also, liver and kidney extracts of high-
dose mice had significantly increased glutathione peroxidase
(GPx1) and methionine-R-sulfoxide reductase 1 (MsrB1) activities
compared to controls.

Of these effects, the effect on plasma insulin level is limited by
the fact that it was measured in just three animals per group. A
more robust effect is that of the influence of injected insulin on
plasma glucose in fasted animals — measured in 6 or 7 animals/
group. In mice fed normal levels of selenium, the injection of
insulin was followed by a drop on blood glucose, reaching a
minimum (52% of baseline) at 60 minutes after injection, and
returning to baseline by 240 minutes (see Table 4, page 43).
With the high selenium diet, only a small drop in blood glucose
(to 83% of baseline at 60 minutes) was seen.

In the absence of relevant inhalation studies, we investigated
whether we could use these data to estimate a tentative safe
level of exposure to inorganic selenium above normal. This
might be done by treating the excess dietary level of selenium
(0.3 ppm above normal) as a lowest-observed-adverse-effect
level (LOAEL), and using standard LOAEL/safety factor or Bench-
mark Dose/safety factor procedures. However, such extrapola-
tion yields tentative safe levels of exposure that are unrealisti-
cally low (corresponding to an occupational air concentration

of 1.75 pg/m?’ or 0.68 ug/m?, depending upon the extrapolation
method used — 17.5 or 6.8 pg/day). By comparison, the 2011 MAK
value is 20 pg/m? and the 2012 American Conference of Indus-
trial Hygienists [30] threshold limit value (TLV) is 200 pg/m?

and the Recommended Dietary Allowance [31] for selenium

is 55 pg/day.

3 Diabetes

3.3 Potential mode of action for selenium’s impact

on glucose metabolism

The full details of how selenium can influence glucose meta-
bolism are not understood, but several hypotheses have been
proposed. Selenium has been shown to mimic some of the
effects of insulin in isolated rat adipocytes [32], and a number of
studies have shown that selenate can induce phosphorylation
of the insulin receptor [33]. This activates the insulin signaling
cascade [34] and allows association of the insulin receptor sub-
strate with the regulatory subunit of phosphoinositide 3-kinase
(PI3K). PI3K in turn activates 3-phosphoinositide-dependent pro-
tein kinase 1, which activates serine/threonine protein kinase

2 (AKT2) [35]. Mice lacking AKT2 develop insulin resistance and
a diabetes mellitus-like syndrome [36]. Forkhead transcription
factors of the FOXO family are important downstream targets of
protein kinase B/AKT [37]. FOXO1 confers insulin sensitivity onto
glucose 6-phosphatase expression [38]. In vitro and in vivo stu-
dies have shown that dysregulation of expression, localization,
and/or activity of any of those proteins may result in insulin
resistance [36; 39 to 42].

In addition, the expression and functions of these insulin signal
proteins may be affected by selenium via redox or other changes
[43; 44]. Atotal of 24 or 25 selenoprotein genes [45] have been
identified in mammals. Over-expression of selenoproteins such
as cytosolic glutathione peroxidase (GPx1) and selenoprotein P
(SeP) can dysregulate insulin secretion and impair insulin sen-
sitivity [26; 29; 46; 47]. The peroxisomal proliferator-activated
receptor gamma coactivator 1a. (PGC-1) represents a key regu-
lator for biosynthesis of the physiological selenium transpor-
ter, selenoprotein P, as well as for hepatic gluconeogenesis.
Because PGC-1 has been shown to be up-regulated in the livers
of diabetic animals and to promote insulin resistance, it has
been hypothesized that dysregulated pathways in carbohydrate
metabolism and a disturbance of selenium homeostasis are
linked via PGC-1[26].

Both low levels of expression of GPx1and other stress-related
selenoproteins and high levels of expression have been repor-
ted to increase insulin resistance and hyperglycaemia [29].
Hence a U-shaped association between selenoproteins and
type-2 diabetes risk might explain some of the apparently
contradictory findings in the epidemiology studies.
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41 Epidemiological studies on
selenium exposure and cancer

An evaluation of available human (epidemiological) studies
show the lack of occupational cohorts exposed to inorganic sele-
nium compounds by inhalation. There is one poorly described
cohort studied by Glover [48] including approximately 300
employees exposed in a rectifier (electronics) process over a
26-year period. 17 deaths occurred during follow-up, 6 of which
were due to cancer. The difference to the expected number of
5.1deaths based on national mortality rates was not statistically
significant.

Early ecological studies have revealed negative correlations
between selenium intake [based on direct or indirect data on
consumption (i.e., soil or plant concentration)] or selenium
blood levels (based on direct clinical measurement) and cancer
incidence or mortality rates. Geographic studies have compared
cancer mortality in areas of high vs. low levels of naturally-occur-
ring selenium and reported an inverse relationship between
cancer death rates and the selenium concentrations in foliage
plants of several Canadian provinces, US States and cities

[49 to 51]. The anatomic sites that would come into contact

with dietary selenium, such as pharynx, esophagus, stomach,
bladder and intestine, showed a substantially lower rate ratio in
the high-selenium cities than in the low selenium cities. Other
ecological and prospective studies have correlated an increased
incidence of colon, breast and other forms of cancer in humans
in geographic areas where selenium is deficient (based on
estimated dietary intake through food consumption or drinking
water) and a lowered cancer incidence with higher selenium
concentrations [52 to 54].

Many epidemiological studies (cohort, nested case-control,
case-control, clinical trials) have evaluated the effect of oral
intake of mainly organic selenium compounds through nutri-
tion or supplementation on the risk of cancer development (for
details see Table 5, page 44).

Dennert et al. [55] conducted a systematic review and meta-
analysis of 49 observational epidemiological (cohort or nested
case-control) studies, published between 1983 and 2009, inclu-
ding 36 nested case-control studies. Case-control studies were
excluded. Additionally, six randomised controlled trials were
included in this review. The study populations were derived from
42 different cohorts. Twenty-three cohorts were non-randomly
recruited, e.g. included volunteers, and 19 cohorts consisted of
arandom (or total) sample of the population of interest, which
was either a specifically exposed population such as male tin-
miners in China or the general population. Five studies investi-
gated nutritional and/or supplemental selenium intake, using
food-frequency questionnaires or interviews. Forty-three studies
assessed biochemical selenium status, toenail specimens,
plasma specimens, serum specimens or both.

A meta-analysis was conducted if five or more studies were
available for a specific type of cancer (any cancer, female breast

cancer, urinary bladder cancer, lung cancer, prostate cancer,
stomach cancer and colon/colorectal cancer) comparing highest
vs. lowest selenium exposure level.

For total cancer (based on 13 studies), the authors found an
inverse association between higher selenium levels and cancer
risk for both, incidence (OR 0.69, 95% CI 0.53-0.91) and mor-
tality (OR 0.55, 95% Cl 0.36-0.83) which, however, was mainly
seen among men not women. These results were confirmed by
results of the post-hoc analyses of the NPCT trial [56].

For female breast cancer (based on seven studies), no associa-
tion was observed (OR 1.00, 95% Cl 0.77-1.29). For bladder can-
cer, a reduced risk was reported (OR 0.67, 95% Cl 0.46-0.97),
based on five studies. Further studies not included in meta-ana-
lysis of Dennert [57; 58] confirm this result. Post-hoc analyses of
the NPCT trial, however, did not confirm this inverse relationship
[56; 59]. A borderline statistically significant risk reduction was
observed for lung cancer (OR 0.76, 95% Cl 0.57-1.03). Post-hoc
analyses of the NPCT trial show in the same direction [56; 59] as
it did the meta-analysis by Zhuo et al. [60]. A reduced prostate
cancer risk was found (OR 0.78, 95% Cl 0.66-0.92) based on 14
studies, which was mainly seen in US studies. This result was
confirmed in the analysis of the NPCT trial data (as secondary
outcome) but not in the SELECT trial, which failed to find any
protective effects. A reduced risk was observed also for stomach
cancer, even not statistically significant (OR 0.66, 95% Cl 0.43-
1.01) and a non-significant reduction for colorectal cancers (OR
0.89, 95% Cl 0.65-1.23), based on five studies respectively. The
post-hoc analyses of the NPCT trial [56] confirmed the risk reduc-
tion for colorectal cancers but not the SELECT trial [14]. Five stu-
dies on liver cancer including three clinical trials were conducted
in China/Taiwan and found reduced risk with higher selenium
levels but Dennert et al. [55] report about methodological issues
related to the clinical trials. No or inconsistent associations were
found for other cancers like gynecological or skin cancers.

In summary, human epidemiological data on organic selenium
compounds suggest an inverse association between selenium
exposure and risk of several cancers, especially in men. These
data do not provide evidence for any increase in cancer risk
associated with intake of organic selenium compounds. Evi-
dence regarding inorganic selenium compounds is inadequate
due to a lack of reliable studies.

4.2 Animal studies

Thirteen studies were reviewed that investigated the impact of
various selenium compounds, administered mostly via diet,

on cancer development in healthy animals. In addition, seve-
ral studies, five of which were reviewed, tested the impact of
selenium compounds on different stages of carcinogenesis.
Further, a number of studies investigated the potential cancer-
preventing properties of different selenium compoundsin a
variety of animal cancer models, including those of prostate,
intestinal, mammary, and esophageal cancer, seven of which
were reviewed. Doses and experimental conditions that resulted
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in preventative or adverse effects on cancer development were
reviewed to identify a potential threshold dose. The literature
was also reviewed to identify a potential mechanism of action of
selenium on cancer development.

4.21  Cancer studies in healthy experimental animals

No animal studies that investigated chronic toxicity via the inha-
lation route were available. Eleven studies that investigated car-
cinogenicity via the oral route were identified and most of them
have been considered in the evaluation of the carcinogenicity of
selenium compounds by various institutions (see Table 6,

page 50).

Weaknesses of most of these studies have also been discussed
in the respective agency reports and in several reviews, e.g.,
[61; 62]. The study results are here briefly summarized, for
details see Table 7a (page 57).

The only selenium compound that has been unequivocally pro-
ven to be carcinogenic in both rats and mice is selenium sulfide
(SeS), which at high doses caused hepatocellular carcinomas
and/or adenomas [63]. The LOAELs were 10.7 and 71 mg/kg/day
selenium for rats and mice, respectively.

Sodium selenate and selenite have been studied in several stu-
dies that were either not well documented or flawed in design. In
summary, these studies showed:

e When selenium was fed at dietary levels of 4 ppm (approxi-
mately 0.5 mg/kg/day) and more to rats, there was a drastic
increase in mortality, which was attributed to acute toxic
hepatitis [64; 65].

* Selenite caused higher mortality than selenate at 2 to 3 ppm
selenium in the diet [66; 67]. In these studies, selenate actu-
ally increased longevity.

In some studies in rats and mice at dose levels of 2to 3 ppm
selenium in the diet the total malignant tumor incidence
appeared increased. However, lumping tumors from different
sites together is not scientifically sound and in addition the
results were not adjusted to the increased lifetime of the trea-
ted groups versus controls [66; 67].

e When increased incidences of liver tumors with sodium
selenate were detected in rats (4.3 ppm in the diet or
0.34 mg/kg/day), they appeared after 18 months of treatment,
when large amounts of animals had already died (Volgarev
and Tscherkes [68], as cited in [2]; Tscherkes et al. [69], as
cited in Harr et al. [64]).

In one study that was conducted for the National Cancer
Institute and led ATSDR [2] to conclude “Allthough the reduced
longevity of animals administered 0.4 mg selenium/kg/day
might have prevented the observation of some late-develo-
ping cancers, the large number of rats necropsied, the end
points examined, and the doses administered provide credible
evidence of the lack of carcinogenic potential of sodium sele-
nate or selenite.”, the high mortality from toxic hepatitis and a
multitude of different diets makes evaluation of the results for

selenium difficult [64; 65]. With a LOAEL of 2 ppm selenium in
the diet, this study found hyperplastic in situ liver lesions that
did not regress when selenium was removed from the diet and
the authors noted that their high cellular turn-over suggested
autonomy. However, no liver tumors were observed.

Treatment with ethyl selenac increased hepatoma (non-metas-
tasized liver tumors) incidence in one strain of mice significantly
at a dose of 1.2 mg/kg/day selenium by gavage for three weeks
and subsequently 3 ppm in the diet [70]. In this strain, there was
also an increased incidence of lymphoma with the ethyl selenac
treatment. Subsequently, both effects have been attributed to
the thiocarbamate moiety rather than to selenium [1].

Bis-4-acetaminophenyl selenium hydroxide was investigated in
two studies of which little documentation was available (Seifter
et al. [71]; Seifter et al. [72], as cited in [73]). Benign liver tumors
in rats were noted at dose levels of less than 0.05% in the diet
(approximately 6 mg/kg/day selenium).

A naturally seleniferous corn or wheat diet or selenium added as
ammonium potassium selenide caused increased cirrhosis inci-
dence after three months and a high mortality in all treatment
groups (= 5 ppm Se in the diet) [74]. Liver tumors developed only
in animals that survived longer than 18 months and had cirrhotic
livers, although the authors noted that the degree of cirrhosis
and tumor presence was not correlated.

In summary, with the exception of the NTP studies of selenium
sulfide, these studies are inadequate to address a potential
cancerrisk in humans. Under occupational conditions, the rele-
vance of a high dose oral gavage study [63] is questionable.

Conclusions by institutions

The International Agency for Research on Cancer (IARC) [1] con-
cluded “Although in one experiment in rats selenium produced
an increase in the incidence of liver tumours, the available data
are insufficient to allow an evaluation of the carcinogenicity of
selenium compounds”. Selenium was subsequently categorized
as Group 3 Not classifiable as to its carcinogenicity to humans
by IARC in 1987 [75].

In their Integrated Risk Information System (IRIS) review 1993,
the US Environmental Protection Agency (EPA) [76] concluded
that the animal carcinogenicity data was “Inadequate. The carci-
nogenicity of selenium compounds has been evaluated in seve-
ral animal studies. However, the data are conflicting and difficult
to interpret because of apparent anticarcinogenic activity and
high toxicity of some selenium salts. In addition, comparison of
the available data is difficult because several different salts with
varying degrees of bioavailability were used in the assays.”

The German MAK-Commission [77] concluded in 1999 that in
rats, sodium selenate was weakly genotoxic in vivo [78] and had
weak carcinogenic potential based on a limitedly assessable
study [67]. Selenium sulfide was weakly clastogenic in vivo [79]
and only induced an increased number of hepatocellular carci-
noma in rats and mice in the range of the maximum tolerated
dose and bronchioalveolar adenoma and carcinoma in female
mice [63]. Based on these results both sodium selenite and




selenium sulfide were categorized as category 3B carcinogens.
Other selenium compounds were thought to have similar effects
and are reductively metabolized similarly to sodium selenate;
they were categorized in the same category. In 1999, the German
MAK-Commission [8] referred to its previous evaluation due to
the lack of new studies.

The NTP-Report on Carcinogens, 12" edition [80] concluded in
2011 “Selenium sulfide is reasonably anticipated to be a human
carcinogen based on sufficient evidence of carcinogenicity from
studies in experimental animals”.

4.2.2 Initiation-promotion studies and studies in animal
models of various cancers

In addition to the cancer studies in healthy animals, selected
studies were reviewed that investigated treatment with selenium
compounds within the context of initiation-promotion experi-
ments as well as some studies that studied their chemopreven-
tative effects in animal models of different cancers (for details
see Table 7b, page 58)

A large number of animal studies has been conducted at sele-
nium doses higher than those received from normal standard
diets to investigate its chemopreventive effect (as reviewed in
[81]). These studies have included models that used chemical- or
virus-induced cancers, transplanted or injected tumors or animal
strains with high spontaneous tumor rates. In their review,
Gromadzinska et al. [81] noted that “two-third of these experi-
ments provided evidence for high doses of selenium reducing
cancer development to a moderate extent (15 to 35% in relation
to controls), in the majority of cases the reduction being quite
significant.” These authors also noted that the anti-carcinogenic
effect of selenium was optimal prior to orin the early stages of
tumor development.

On the other hand, in a rat model of esophageal adenocarci-
noma, 1.7 ppm sodium selenate in the diet (10x the standard
diet selenium content) resulting in an approximate dose of

0.13 mg/kg/day starting before the surgery and up to 40 weeks
past, increased the tumor incidence over operated controls from
68 t0 90% [82]. The MAK-Commission decided that the unusual
design of the study did not make it suitable for the assessment
of selenium’s carcinogenic potential.

Results from several cancer initiation-promotion studies are
conflicting [83 to 85]. These studies showed that under certain
circumstances and times during carcinogenesis, selenium treat-
ment had a protective role on tumor development, while within
the same studies at other times and/or in combination with
different chemicals it actually increased tumor development.

4 Cancer

4.3 Potential mode of action for selenium’s potential

impact on cancer

While the ultimate mechanism of action of the effect of selenium
on cancer development has not been established, both low-
molecular weight selenium compounds as well as seleno-prote-
ins might be involved. Among other factors, polymorphisms in
genes encoding for seleno-proteins may contribute to the incon-
sistencies observed in human studies. Below, some examples
of potential modes of action are described that have been pro-
posed to be involved in modulating cancer responses.

At least 25 human seleno-proteins are known serving different
physiological functions (reviewed in [86]). It has been sugges-
ted that there is a hierarchy of these proteins, with some of the
proteins much more sensitive than others to varying selenium
intake [87; 88]. For example, glutathione peroxidase-1 (GPX-1)
and 15 kD selenoprotein (SeP15) are thought to be particularly
sensitive to selenium intake. Decreased GPX-1 expression has
been observed in many cancers (as reviewed in [88]). Studies
have suggested that supplemental selenium is protective
against some cancers at least in part through GPX-1. Other prote-
ins, as well as other low molecular weight selenium compounds
might also been involved in cancer-protective effects of sele-
nium [89].

GPX-1is thought to modulate intracellular reactive oxygen spe-
cies and thus prevent oxidative damage (e.g., DNA oxidation)
and inflammation (as reviewed in [88]). On the other hand it
may also block apoptotic cell death, which might allow survival
of transformed cells. In their review, Lubos et al. [88] suggested
that the overall redox state of a cell might influence whether
excess GPX-1is protective or detrimental to its survival. GPX-1
expression as measured in blood and erythrocytes is considered
only reflective of selenium deficiency but not of overexposure

[2].

Similarly, recent studies have suggested that SeP15 might have
arole in the promotion and sustaining of colon cancer [90]. For
example, down-regulation of SeP15 inhibited tumorigenicity and
metastasis of colon cancer cells [89].

Further, selenium’s essential role in the immune system is gene-
rally accepted. However, for example, Koller et al. [91] showed an
increase in natural killer (NK) cell activity in rats after selenium
administration, while other specificimmune functions were
reduced. These authors suggested that NK-sensitive tumors
might be responsive to selenium therapy, while NK-insensitive
tumors might be enhanced, because humoral and cell-mediated
immunity were impaired.







5  Genotoxicity

In numerous studies, sodium selenite, selenate, selenide, and
selenium dioxide have been shown to inhibit the genotoxicity of
mutagens [92 to 101].

5.1. In vitro

Sodium selenite itself was not mutagenic in the presence and
absence of a metabolic activation system, up to a concentration
of 0.1 mg/plate, in S. typhimurium TA98, TAIOO, TA1537 or TA1538
[98; 102 to 106]. However, at higher concentrations (2.4 mg/
plate) it was mutagenic without metabolic activation in TA100
[105] and at 4.0 mg/plate in TA104 [107]. Without metabolic
activation sodium selenate was also mutagenic in S. typhi-
murium TA1534 and TA1535 and weakly mutagenic in TA100

[102; 104; 105]. No mutagenicity was observed in TA98 or TA1537
[105]. Selenium sulfide was mutagenic in S. typhimurium TA97
and TA100 in the presence and absence of metabolic activation
system [108]. Data on other in vitro genotoxicity endpoints are
summarized in Table 8, see page 63.

5.2 In vivo

Sodium selenite, sodium selenate and selenious acid did not
induce somatic mutations or recombination in the wing spot test
in Drosophila melanogaster, and all three reduced the genotoxic
effect of co-administered potassium dichromate [109].

Administration of sodium selenite (0.004 to 0.05 mg selenium/
kg body weight/day, oral or intramuscular) for a period of one to
13.5 months, produced no increase in chromosomal aberrations
or sister chromatid exchange (SCE) in lymphocytes of 11 patients
with neuronal ceroid lipofuscinosis or five normal subjects [110].

After two oral doses of 16.2 mg selenium/kg as selenium sulfide
in the rat (about 60% of the LD50), increased DNA damage was
detected in the liver [111].

Sodium selenite increased the number of sister-chromatid
exchanges in the bone marrow of Chinese hamsters at 3 mg
selenium/kg body weight, but not in NMRI mice at 0.8 mg sele-
nium/kg body weight [110; 112].

In two independent experiments, selenium sulfide administered
one or three times at intervals of 24 hours by intraperitoneal
administration at 2.7 to 14.2 mg selenium/kg body weight
produced no increase in micronuclei in the bone marrow of
B6C3F1 mice, though cytotoxicity was seen at 14.2 mg selenium/
kg body weight [79; 113]. After intraperitoneal administration

of sodium selenite (at doses up to 10.7 mg selenium/kg body
weight) no increase was seen in the frequency of micronuclei in
the bone marrow of mice evaluated 24 hours after dosing. In a
parallel experiment, selenious acid at up to 1.5 mg selenium/kg
body weight did not increase the micronucleus frequency, but
increased micronuclei and cytotoxicity were reported at 3.0 mg
selenium/kg body weight [114].

Intramuscular administration of sodium selenite in female
BALB/c mice (two doses at a 24-hour interval), increased the
micronucleus frequency (assessed 24 hours after the last treat-
ment) starting at the lowest dose tested (0.2 mg selenium/kg
body weight), though in a previous study, the authors did not
see an increase in chromosome aberrations and no change the
mitotic index with the same doses [115]. Details of the doses
administered are unclear, however.

No induction of micronuclei was observed in the bone marrow of
long-tailed macaque fetuses whose mothers received 0, 0.15 or
0.3 mg L-selenomethionine/kg (0.01, 0.06 or 0.12 mg selenium/
kg body weight) by gavage on gestation days 20 to 50. Maternal
and fetal toxicity was reported at 0.06 mg selenium/kg body or
more [116].

No increase in chromosome aberration frequency in the bone
marrow of mice was found after administration of sodium sele-
nite at up to 2.3 mg selenium/kg body weight [110; 117]. Dose-
related increases in chromosome aberrations in the bone mar-
row of mice were reported after oral administration

of sodium selenite or sodium selenate at 3.2 and 5.9 mg selen-
ium/kg. Cytotoxicity was seen at doses as low as 3.2 and 2.9 mg
selenium/kg [78; 118]. Intraperitoneal administration of selen-
jum sulfide in mice at 7.1 mg selenium/kg body weight increased
the frequency of chromosomal aberrations evaluated 36 hours
after dosing [79].

An increased chromosome aberration incidence was detected in
the bone marrow of Chinese hamsters after a single intraperito-
neal dose of 3 mg selenium/kg body weight as sodium selenite
[112].

After a single intravenous administration of sodium selenite at
up to 2.74 mg selenium/kg body weight, no significant increase
in chromosomal aberrations were seen in the bone marrow

of rats 24 hours later, but increases were seen when sodium
selenite was administered intravenously twice (48 and 24 hours
before examination) at 2.28 and 2.74 mg selenium/kg body
weight [119].

No increase was seen in the frequency of chromosome aber-
rations in bone marrow and spleen in rats 24, 36 or 48 hours
after oral dosing with selenium sulfide at 35.5 mg selenium/
kg body weight [120]. No increase in frequency of chromosome
aberrations in peripheral lymphocytes of rats was found after
administration of sodium selenite at 2.8 mg selenium/kg body
weight [119].

There was no increase in the number of chromosome aberra-
tions in the spermatocytes of mice measured 24 hours after a
single intraperitoneal dose of 0.8 mg selenium/kg body weight
(equivalent to 1/5 of the LD50) as sodium selenite [110].

In summary, in vitro, selenium and its inorganic compounds
showed genotoxic effects. In animal studies, positive results
were seen in the micronucleus test and the test for chromosomal




5 Gentoxicity

aberrations at doses that are close to the LD50. The clastogenic
potential observed in vitro occurred in vivo only at extremely
high doses. No valid genotoxic effects were observed in in vivo
studies at doses of 1.5 mg selenium/kg body weight or less [110;
112; 114]. This includes a test for germ cell mutagenic effects —
induction of chromosome aberrations in spermatocytes [110].




6 Conclusions

While many studies have investigated the possible association
between selenium exposure and the endpoints of diabetes and
cancer, no conclusions can be drawn regarding a causal role of
selenium in those diseases. Evidence from human studies for a
role of selenium in type Il diabetes is conflicting. Animal studies,
while providing some insight into biological effects of selenium
that might affect glucose homeostasis, are not sufficient to
demonstrate a clear role of selenium in the development of frank
diabetes.

Human epidemiological data on organic selenium compounds
suggest an inverse association between selenium exposure and
risk of several cancers, especially in men. These data do not
provide evidence for any increase in cancer risk associated with
intake of organic selenium compounds.

Evidence regarding inorganic selenium compounds is inade-
quate due to a lack of reliable studies. Data from animal studies
indicate that ingestion of high doses of selenium sulfide causes
liver tumors in rats and mice, but no adequate inhalation studies
exist, and studies of other forms of selenium are inadequate

to reach a conclusion regarding cancer risk in humans. While
there is some evidence of genotoxic potential of high doses of
selenium, it is unclear if this activity is expressed at low levels to
which humans may be exposed.

Overall the data on cancer and diabetes are not adequate for the
derivation of ERBs or an AGW for selenium.







(1]

(2]

(4]

5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

References

IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans Vol. 9. Some Aziridines, N-, S- & O-
Mustards and Selenium. Ed.: International Agency for
Research on Cancer (IARC), Lyon, France, 1975

Agency for Toxic Substances & Disease Registry
(ATSDR): Toxicological Profile for Selenium.

2003. http://www.atsdr.cdc.gov/toxprofiles/
tp.asp?id=153&tid=28

Brown, K. M.; Arthur, J. R.: Selenium, selenoproteins
and human health: a review. Public Health Nutr. 4
(2001), p. 593-599

Environmental Health Criteria 58 — Selenium. Ed.:
World Health Organization (WHO), Genf, Suisse, 1986.
http://www.inchem.org/documents/ehc/ehc/ehc58.
htm

Rayman, M. P.: Selenium and human health. Lancet
379 (2012), p. 1256-1268

HAZ-MAP. Selenium and compounds. http://hazmap.
nlm.nih.gov/category-details?id=66&table=copytblag
ents (accessed October 2013)

Schaller, B.; Goen, T.; Brau-Dumler, C.; Schaller,

K. H.; Drexler, H.: Belastung und Beanspruchung von
Beschaftigten der Selen-verarbeitenden Industrie.
In: Baur, X.; Glensk, E. (ed.): Dokumentation der

48. Wissenschaftlichen Jahrestagung der Deutschen
Gesellschaft fur Arbeitsmedizin und Umweltmedizin
e. V., 12.-15. Marz 2008 in Hamburg. p. 502-506

Selen und seine anorganischen Verbindungen. In: The
MAK-Collection for Occupational Health and Safety.
51. suppl. 2011. Ed.: Senatskommission zur Priifung
gesundheitsschadlicher Arbeitsstoffe. (MAK Value
Documentation in German language).
http://onlinelibrary.wiley.com/
doi/10.1002/3527600418.mb778249verd0051/pdf

Bleys, J.; Navas-Acien, A.; Guallar, E.: Serum selenium
and diabetes in U.S. adults. Diabetes Care 30 (2007),
p. 829-834

Laclaustra, M.; Navas-Acien, A.; Stranges, S.; Ordovas,
J. M.; Guallar, E.: Serum selenium concentrations and
diabetes in U.S. adults: National Health and Nutrition
Examination Survey (NHANES) 2003-2004. Environ.
Health Perspect. 117 (2009), p. 1409-1413

Stranges, S.; Marshall, J. R.; Natarajan, R.; Donahue,
R. P; Trevisan, M.; Combs, G. F.; Cappuccio, F. P;
Ceriello, A.; Reid, M. E.: Effects of long-term selenium
supplementation on the incidence of type 2 diabetes:
a randomized trial. Ann. Intern. Med. 147 (2007), p.
217-223

Rajpathak, S.; Rimm, E.; Morris, J. S.; Hu, F.: Toenail
selenium and cardiovascular disease in men with dia-
betes. J. Am. Coll. Nutr. 24 (2005), p. 250-256

(13]

[14]

[15]

[16]

[17]

(18]

(191

[20]

(21]

(22]

(23]

He, K.; Liu, K.; Morris, S. J.; Daviglus, M. L.; Colangelo,
L.; Jacobs, D. R.; Loria, C. M.: Longitudinal association
of toenail selenium levels with incidence of type 2 dia-
betes: 18-year follow-up of the CARDIA trace element
study. Circulation 119 (2009), e300

Lippman, S. M.; Klein, E. A.; Goodman, P. J.; Lucia,

M. S. et al.: Effect of selenium and vitamin E on risk of
prostate cancer and other cancers: the Selenium and
Vitamin E Cancer Prevention Trial (SELECT). J. Am. Med.
Assoc. 301 (2009), p. 39-51

Algotar, A. M.; Stratton, M. S.; Stratton, S. P; Hsu,

C. H.; Ahmann, F. R.: No effect of selenium supplemen-
tation on serum glucose levels in men with prostate
cancer. Am. J. Med. 123 (2010), p. 765-768

Park, K.; Rimm, E. B.; Siscovick, D. S.; Spiegelman, D.;
Manson, J. E.; Morris, J. S.; Hu, F. B.; Mozaffarian, D.:
Toenail selenium and incidence of type 2 diabetes in
U.S. Men and women. Diabetes Care 35 (2012),

p. 1544-1551

Duffield-Lillico, A. J.; Slate, E. H.; Reid, M. E.; Turnbull,
B. W.; Wilkins, P. A.; Combs, G. F.; Park, H. K.; Gross,

E. G.; Graham, G. F; Stratton, M. S.; Marshall, J. R.;
Clark, L. C.: Selenium supplementation and secondary
prevention of nonmelanoma skin cancer in a rando-
mized trial. ). Natl. Cancer Inst. 95 (2003), p. 1477-1481

Navarro-Alarcon, M.; Lopez-Garcia de la Serrana, H.;
Perez-Valero, V.; Lopez-Martinez, C.: Serum and urine
selenium concentrations as indicators of body status
in patients with diabetes mellitus. Sci. Total Environ.
228 (1999) No. 1, p. 79-85

Kljai, K.; Runje, R.: Selenium and glycogen levels in
diabetic patients. Biol. Trace Elem. Res. 83 (2001),
p. 223-229

Czernichow, S.; Couthouis, A.; Bertrais, S.; Vergnaud,
A. C.; Dauchet, L.; Galan, P. et al.: Antioxidant supple-
mentation does not affect fasting plasma glucose in
the supplementation with antioxidant vitamins and
minerals (SU.VI.MAX) study in France: association with
dietary intake and plasma concentrations. Am. J. Clin.
Nutr. 84 (2006), p. 395-399

Coudray, C.; Roussel, A. M.; Mainard, F.; Arnaud, J.;
Favier, A.: Lipid peroxidation level and antioxidant
micronutrient status in a pre-aging population; correla-
tion with chronic disease prevalence in a French epide-
miological study. J. Am. Coll. Nutr. 16 (1997), p. 584-591

Akbaraly, T. N.; Arnaud, J.; Rayman, M. P;
Hininger-Favier, I.; Roussel, A. M.; Berr, C. et al.:
Plasma selenium and risk of dysglycemia in an elderly
French population: results from the prospective epi-
demiology of vascular ageing study. Nutr. Metab. 7
(2010), p. 21

Stranges, S.; Sieri, S.; Vinceti, M.; Grioni, S.; Guallar,
E.; Laclaustra, M.; Muti, P; Berrino, F.; Krogh, V.: A
prospective study of dietary selenium intake and risk
of type 2 diabetes. BMC Public Health 10 (2010), p. 564




[24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

[33]

(34]

(35]

(36]

Rayman, M. P; Blundell-Pound, G.; Pastor-Barriuso, [37]
R.; Guallar, E.; Steinbrenner, H.; Stranges, S.: A rando-
mized trial of selenium supplementation and risk of
type-2 diabetes, as assessed by plasma adiponectin.
PLOS One 7 (2012), 45269
[38]
Stranges, S.; Navas-Acien, A.; Rayman, M. P;
Guallar, E.: Selenium status and cardiometabolic
health: state of the evidence. Nutr. Metab. Cardiovasc.
Dis. 20 (2010), p. 754-760
[39]
Steinbrenner, H.; Speckmann, B.; Pinto, A.; Sies, H.:
High selenium intake and increased diabetes risk:
experimental evidence for interplay between selenium
and carbohydrate metabolism. J. Clin. Biochem. Nutr.
48 (2011), p. 40-45
[40]
Pinto, A.; Juniper, D. T.; Sanil, M.; Morgan, L.; Clark, L.;
Sies, H.; Rayman, M. P; Steinbrenner, H.: Supranutri-
tional selenium induces alterations in molecular tar-
gets related to energy metabolism in skeletal muscle
and visceral adipose tissue of pigs. J. Inorg. Biochem. [41]
114 (2012), p. 47-54

Zeng, M. S.; Li, X.; Liu, Y.; Zhao, H.; Zhou, J. C.; Li, K.;

Huang, J. Q.; Sun, L. H.; Tang, J. Y.; Xia, X. J.; Wang,

K. N.; Lei, X. G.: A high-selenium diet induces insulin
resistance in gestating rats and their offspring. Free

Radic. Biol. Med. 52 (2012), p. 1335-1342 [42]

Labunskyy, V. M.; Lee, B. C.; Handy, D. E.; Loscalzo, J.;
Hatfield, D. L.; Gladysheyv, V. N.: Both maximal expres-

sion of selenoproteins and selenoprotein deficiency

can promote development of type 2 diabetes-like

phenotype in mice. Antioxid. Redox. Signal. 14 (2011) [43]
No. 12, p. 2327-2336

TLVs and BEls. Ed.: American Conference of Govern-
mental Industrial Hygienists (ACGIH), Cincinnati, Ohio, [44]
USA, 2012. p. 765-768

Institute of Medicine (IOM): Dietary reference intakes
forvitamin C, vitamin E, selenium, and carotenoids.

National Academy Press, Washington D. C., USA 2000.  [45]
http: //www.nap.edu/catalog/9810.html

Ezaki, O.: The insulin-like effects of selenate in rat adi-
pocytes. ). Biol. Chem. 265 (1990), p.1124-1128

[46]
Pillay, T. S.; Makgoba, M. W.: Enhancement of epider-
mal growth factor (EGF) and insulin-stimulated tyrosine
phosphorylation of endogenous substrates by sodium
selenate. FEBS Lett. 308 (1992), p. 38-42
Stapleton, S. R.; Garlock, G. L.; Foellmi-Adams, L.; [47]

Kletzien, R. F.: Selenium: potent stimulator of tyrosyl
phosphorylation and activator of MAP kinase. Biochim.
Biophys. Acta. 1355 (1997), p. 259-269

Osaki, M.; Oshimura, M.; Ito, H.: PI3K-Akt pathway: Its
functions and alterations in human cancer. Apoptosis
9 (2004), p. 667-676

Cho, H.; Mu, J.; Kim, J. K.; Thorvaldsen, J. L.; Chu, Q.;
Crenshaw, E. B.; Kaestner, K. H.; Bartolomei, M. S.; [48]
Shulman, G. I.; Birnbaum, M. J.: Insulin resistance and

a diabetes mellitus-like syndrome in mice lacking the

protein kinase Akt2 (PKB beta). Science 292 (2001), [49]
p. 1728-1731

Burgering, B. M.; Medema, R. H.: Decisions on life and
death: FOXO Forkhead transcriptlon factors are in com-
mand when PKB/Akt is off duty. ). Leukocyte Biol. 73
(2003), p. 689-701

Nakae, J.; Kitamura, T.; Silver, D. L.; Accili, D.: The fork-
head transcription factor Foxo1 (Fkhr) confers insulin
sensitivity onto glucose-6-phosphatase expression. .
Clin. Invest. 108 (2001), p. 1359-1367

Puigserver, P; Rhee, J.; Donovan, J.; Walkey, C. J.; Yoon,
J. C.; Oriente, F.; Kitamura, Y.; Altomonte, J.; Dong, H.;
Accili, D.; Spiegelman, B. M.: Insulin-regulated hepatic
gluconeogenesis through FOX01-PGC-1alpha interac-
tion. Nature 423 (2003), p. 550-555

Previs, S. F.; Withers, D. J.; Ren, J. M.; White, M. F.;
Shulman, G. I.: Contrasting effects of IRS-1versus IRS-2
gene disruption on carbohydrate and lipid metabolism
in vivo. J. Biol. Chem. 275 (2000), p. 38990-38994

Gum, R. J.; Gaede, L. L.; Koterski, S. L.; Heindel, M.;
Clampit, J. E.; Zinker, B. A.; Trevillyan, J. M.; Ulrich,

R. G.; Jirousek, M. R.; Rondinone, C. M.: Reduction of
protein tyrosine phosphatase 1B increases insulin-
dependent signaling in ob/ob mice. Diabetes 52
(2003), p. 21-28

Koo, S. H.; Satoh, H.; Herzig, S.; Lee, C. H.; Hedrick,
S.; Kulkarni, R.; Evans, R. M.; Olefsky, J.; Montminy,
M.: PGC-1 promotes insulin resistance in liver through
PPAR-a-dependent induction of TRB-3. Nat. Med. 10
(2004), p. 530-534

Drake, E. N.: Cancer chemoprevention: selenium as a
pro-oxidant, not an antioxidant. Med. Hypotheses 67
(2006), p. 318-322

Goldstein, B. J.; Mahadev, K.; Wu, X.: Redox paradox:
insulin action is facilitated by insulin-stimulated reac-
tive oxygen species with multiple potential signaling
targets. Diabetes 54 (2005), p. 311-321

Kryukov, G. V.; Castellano, S.; Novoselov, S. V.;
Lobanov, A. V.; Zehtab, O.; Guigo, R.; Gladyshev, V. N.:
Characterization of mammalian selenoproteomes.
Science 300 (2003), p. 1439-1443

McClung, J. P; Roneker, C. A.; Mu, W.; Lisk, D. J.;
Langlais, P; Liu, F.; Lei, X. G.: Development of insulin
resistance and obesity in mice overexpressing cellular
glutathione peroxidase. Proc. Natl. Acad. Sci. USA 101
(2004), p. 8852-8857

Misu, H.; Takamura, T.; Takayama, H.; Hayashi, H.;
Matsuzawa-Nagata, N.; Kurita, S.; Ishikura, K.; Ando,
H.; Takeshita, Y.; Ota, T.; Sakurai, M.; Yamashita, T.;
Mizukoshi, E.; Yamashita, T.; Honda, M.; Miyamoto, K.;
Kubota, T.; Kubota, N.; Kadowaki, T.; Kim, H. J.; Lee,

1. K.; Minokoshi, Y.; Saito, Y.; Takahashi, K.; Yamada,
Y.; Takakura, N.; Kaneko, S.: A liver-derived secretory
protein, selenoprotein P, causes insulin resistance.
Cell. Metab. 12 (2010), p. 483-495

Glover, J. R.: Selenium and its industrial toxicology. Ind.
Med. Surg. 39 (1970), p. 26-30

Shamberger, R. J.; Frost, D. V.: Possible protective ef-
fect of selenium against human cancer. Can. Med.
Assoc. J. 100 (1969), p. 682




(50]

(51

(52]

(53]

(54]

55]

[56]

(571

(58]

[59]

[60]

[67]

[62]

[63]

Shamberger, R. J.; Willis, C. E.: Selenium distribution
and human cancer mortality. Crit. Rev. Clin. Lab. Sci. 2
(1971), p. 211-221

Shamberger, R. J.: Selenium in health and disease.
Proceedings of the Symposium on Selenium-Tellurium
in the Environment. Ed.: Industrial Health Foundation,
Pittsburgh, Pennsylvania, USA, 1976. p. 253-267

Schrauzer, G. N.; Ishmael, D.: Effects of selenium and
of arsenic on the genesis of spontaneous mammary tu-
mors in inbred C3H mice. Ann. Clin. Lab. Sci. 4 (1974),
p. 441-447

Schrauzer, G. N.; White, D. A.; Schneider, C. J.: Inhibi-
tion of the genesis of spontaneous mammary tumors in
C3H mice: Effect of selenium and of selenium-antago-
nistic elements and their possible role in human breast
cancer. Bioinorg. Chem. 6 (1976), p. 265-270

Jansson, B.; Jacobs, M. M.; Griffin, A. C.: Gastrointes-
tinal cancer: Epidemiology and experimental studies.
Adv. Exp. Med. Biol. 91 (1978), p. 305-322

Dennert, G.; Zwahlen, M.; Brinkman, M.; Vinceti, M.;
Zeegers, M. P; Horneber, M.: Selenium for preventing
cancer. Cochrane database of systematic reviews
(Online). 5 (2011), p. CDO05195

Duffield-Lillico, A. J.; Reid, M. E.; Turnbull, B. W.;
Combs, G. F; Slate, E. H.; Fischbach, L. A. et al.: Base-
line characteristics and the effect of selenium supple-
mentation on cancerincidence in a randomized clinical
trial: a summary report of the Nutritional Prevention

of Cancer Trial. Cancer Epidemiol. Biomarkers Prev. 11
(2002), S. 630-639

Helzlsouer, K. J.; Comstock, G. W.; Morris, J. S.: Sele-
nium, lycopene, alpha-tocopherol, beta-carotene,
retinol, and subsequent bladder cancer. Cancer Res.
49 (1989), p. 6144-6148

Zeegers, M. P. A.; Goldbohm, R. A.; Bode, P; van den
Brandt, P. A.: Prediagnostic toenail selenium and risk
of bladder cancer. Cancer Epidemiol. Biomarkers Prev.
11(2002), p. 1292-1297

Clark, L. C.; Combs, G. F; Turnbull, B. W.; Slate, E. H.;
Chalker, D. K.; Chow, J.: Effects of selenium supplemen-
tation for cancer prevention in patients with carcinoma
of the skin: A randomized controlled trial. ). Am. Med.
Assoc. 276 (1996), p. 1957-1963

Zhuo, H.; Smith, A. H.; Steinmaus, C.: Selenium and
lung cancer: a quantitative analysis of heterogeneity
in the current epidemiological literature. Cancer Epide-
miol. Biomarkers Prev. 13 (2004), p. 771-778

Scott, M. L.: The selenium dilemma. J. Nutr. 103 (1973),
p. 803-810

Harr, J. R.; Muth, O. H.: Selenium poisoning in domes-
tic animals and its relationship to man. Clin. Toxicol. 5
(1972), p. 175-186

Bioassay of selenium sulfide (gavage) for possible car-
cinogenicity. Technical Report Series No. 194. Ed.: Na-
tional Cancer Institute (NCI). U.S. Department of Health
and Human Services, Public Health Service, National
Institute of Health, Bethesda, Maryland, USA, 1980

[64]

(65]

[66]

[67]

[68]

[69]

[70]

(71

(72]

(73]

(74]

[75]

[76]

Harr, J. R.; Bone, J. F; Tinsley, 1. J.; Weswig, P. H.;
Yamamoto, R. S.: Selenium toxicity in rats. Il. Histo-
pathology. In: Muth, O. H.; Oldfield, J. E.; Weswig, P. H.
(ed.): Selenium in Biomedicine. Proc. 1st Int. Symp.,
Oregon State University, 1966. AVI Publishing Co.,
Westport, Connecticut, USA 1967, p. 153-178

Tinsley, I. J.; Harr, . R.; Bone, J. F.; Weswig, P. H.;
Yamamoto, R. S.: Selenium toxicity in rats. . Growth
and longevity. In: Muth, O. H.; Oldfield, J. E.; Weswig,
P. H. (ed.): Selenium in Biomedicine. Proc. 1st Int.
Symp., Oregon State University, 1966. AVI Publishing
Co., Westport, Connecticut, USA 1967, p. 141-152

Schroeder, H. A.; Mitchener, M.: Selenium and tellu-
rium in mice: Effects on growth, survival and tumors.
Arch. Environ. Health. 24 (1972), p. 66-71

Schroeder, H. A.; Mitchener, M.: Selenium and tellu-
rium in rats: Effect on growth, survival and tumors. ).
Nutr. 101 (1971), p. 1531-1540

Volgarev, M. N.; Tscherkes, L. A.: Further studies in
tissue changes associated with sodium selenate. In:
Muth, O. H. (ed.): Selenium in biomedicine. Proceed-
ings of the First International Symposium, Oregon State
University. Westport, CT: AVI Publishing Co., Westport,
Connecticut, USA 1967, p. 179-184, as cited in [2]

Tscherkes, L. A.; Aptekar, S. G.; Volgarev, M. N.: Hepatic
tumors induced by selenium. Byul. Eksperim. Biol. |
Med. 53 (1961), p. 78-82 (Russian), as cited in [64]

Innes, J. R. M.; Ulland, B. M.; Valerio, M.G. et al.: Bio-
assay of pesticides and industrial chemicals for tumori-
genicity in mice: A preliminary note. J. Nat. Cancer Inst.
42 (1969), p. 1101-1114

Seifter, J.; Ehrich, W. E.; Hudyma, G.; Mueller, G.: Thy-
roid adenomas in rats receiving selenium. Science 103
(1946), p. 762

Seifter, J.; Ehrich, W. E.; Hudyma, G. M.: Effect of pro-
longed administration of antithyroid compounds on
the thyroid and other endocrine organs of the rat. AMA
Arch. Path. 48 (1949), p. 536-547, as cited in [73]

Bielschowsky, F.: Neoplasia and internal environment.
Br.J. Cancer 9 (1955), p. 80-116

Nelson, A. A.; Fitzhugh, O. G.; Calvery, H. O.: Liver tu-
mors following cirrhosis caused by selenium in rats.
Cancer Res. 3 (1943), p. 230-236

IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans. Overall Evaluations of Carcinogeni-
city: An Updating of IARC Monographs Volumes 1to 42
(Supplement 7). Ed.: International Agency for Research
on Cancer (IARC), Lyon, France, 1987, p. 71

EPA IRIS (1993) U.S. Environmental Protection Agency’s
Integrated Risk Information System (IRIS). Summary on
Selenium and Compounds (7782-49-2). http://www.
epa.gov/iris/subst/0472.htm (March 28, 2011)




[77]

(78]

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

Selen und seine anorganischen Verbindungen. In:
The MAK-Collection for Occupational Health and
Safety. 29. suppl. 1999. Ed.: Senatskommission zur
Priifung gesundheitsschadlicher Arbeitsstoffe. (MAK
Value Documentation in German language). http://
onlinelibrary.wiley.com/d0i/10.1002/3527600418.
mb778249verd0029/pdf

Biswas, S.; Talukder, G.; Sharma, A.: Selenium salts
and chromosome damage. Mutat. Res. 390 (1997),
p. 201-205

Shelby, M. D.; Witt, K. L.: Comparison of results from
mouse bone marrow chromosome aberration and
micronucleus tests. Environ. Mol. Mutagen. 25 (1995),
p.302-313

Report on Carcinogens. 12 ed. Ed.: National Toxicology
Program (NTP), U. S. Department of Health and Human
Services 2011

Gromadzinska, J.; Reszka, E.; Bruzelius, K.; Wasowicz,
W.; Akesson, B.: Selenium and cancer: biomarkers of
selenium status and molecular action of selenium

supplements. Eur. J. Nutr. 47 (2008) suppl 2, p. 29-50

Chen, X.; Mikhail, S. S.; Ding, Y. W.; Yang, G.; Bondoc,
F; Yang, C. S.: Effects of vitamin E and selenium sup-
plementation on esophageal adenocarcinogenesis in
a surgical model with rats. Carcinogenesis 21 (2000),
p. 15311536

LeBoeuf, R. A.; Laishes, B. A.; Hoekstra, W. G.: Effects of
dietary selenium concentration on the development of
enzyme-altered liver foci and hepatocellular carcinoma
induced by diethylnitrosamine or N-acetylaminofluo-
rene in rats. Cancer Res. 45 (1985) No. 11 Pt. 1, p. 5489-
5495

Perchellet, J. P; Abney, N. L.; Thomas, R. M.; Guislain,
Y. L.; Perchellet, E. M.: Effects of combined treatments
with selenium, glutathione, and vitamin E on gluta-
thione peroxidase activity, ornithine decarboxylase
induction, and complete and multistage carcinogen-
esis in mouse skin. Cancer Res. 47 (1987), p. 477-485

Reddy, B. S.; Sugie, S.; Maruyama, H.; Marra, P.: Effect
of dietary excess of inorganic selenium during initia-

tion and postinitiation phases of colon carcinogenesis
in F344 rats. Cancer Res. 48 (1988) No. 7, p. 1777-1780

Fairweather-Tait, S. J.; Collings, R.; Hurst, R.: Selenium
bioavailability: current knowledge and future research
requirements. Am. J. Clin. Nutr. 91 (2010), p. 1484S-
1491S

Meplan, C.; Hesketh, J.: The influence of selenium and
selenoprotein gene variants on colorectal cancer risk.
Mutagenesis 27 (2012), p. 177-186

Lubos, E.; Loscalzo, J.; Handy, D. E.: Glutathione peroxi-
dase-1in health and disease: From molecular mecha-
nisms to therapeutic opportunities. Antioxid. Redox.
Signal. 15 (2011), p. 1957-1997

Irons, R.; Tsuji, P. A.; Carlson, B. A.; Ouyang, P.; Yoo,
M.-H.; Zu, X.-M.; Hatfield, D. L.; Gladyshev, V. N.; Davis,
C. D.: Deficiency in the 15-kDa selenoprotein inhibits
tumorigenicity and metastasis of colon cancer cells.
Cancer Prev. Res. 3 (2010) No. 5, p. 630-639

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

Tsuji, P. A.; Naranjo-Suarez, S.; Carlson, B. A.; Tobe,

R.; Yoo, M. H.; Davis, C. D.: Deficiency in the 15 kDa
selenoprotein inhibits human colon cancer cell growth.
Nutrients 3 (2011), p. 805-817

Koller, L. D.; Exon, J. H.; Talcott, P. A.; Osborne, C. A.;
Henningsen, G. M.: Immune responses in rats supple-
mented with selenium. Clin. Exp. Immunol. 63 (1986),
p.570-576

Arciszewska, L. K.; Martin, S. E.; Milner, J. A.: The an-
timutagenic effect of selenium on 7,12-dimethylbenz-
anthracene and metabolites in the Ames Salmonella/
microsome system. Biol. Trace Elem. Res. 4 (1982),

p. 259-267, as cited in [77]

Birt, D. F.; Lawson, T. A.; Julius, A. D.; Runice, C. E.;
Salmasi, S.: Inhibition by dietary selenium of colon
cancer induced in the rat by bis(2-oxopropynitros-
amine. Cancer Res 42 (1982), p. 4455-4459, as cited in
[77]

Cohen, A. M.: Interaction between dietary selenium
and 2-acetylaminofluorene in the rat. Biol. Trace Elem.
Res. 5 (1983), p. 307-315, as cited in [77]

Harbach, P. R.; Swenberg, J. A.: Effects of selenium on
1,2-dimethylhydrazine metabolism and DNA alkylation.
Carcinogenesis 2 (1981), p. 575-580, as cited in [77]

Lin, J. K.; Tseng, S. F.: Chromosomal aberrations and
sister-chromatid exchanges induced by N-nitroso-
2-acetylaminofluorene and their modifications by
arsenite and selenite in Chinese hamster ovary cells.
Mutat. Res. 265 (1992), p. 203-210, as cited in [77]

Martin, S. E.; Adams, G. H.; Schillaci, M.; Millner, J. A.:
Antimutagenic effect of selenium on acridine orange
and 7,12-dimethylbenz[a]anthracene in the Ames sal-
monella/microsomal system. Mutat. Res. 82 (1981),
p. 41-46, as cited in [77]

Prasanna, P; Jacobs, M. M.; Yang, S. K.: Selenium inhi-
bition of benzo[a]pyrene, 3-methylcholanthrene, and
3-methylcholanthrylene mutagenicity in Salmonella
typhimurium strains TA98 and TA100. Mutat. Res. 190
(1987), p. 101-105, as cited in [77]

Rosin, M. P.: Inhibition of spontanous mutagenesis
in yeast cultures by selenite, selenate and selenide.
Cancer Lett. 13 (1981), p. 7-14, as cited in [77]

Shamberger, R. J.: The genotoxicity of selenium. Mutat.
Res. 154 (1985), p. 29-48

Wortzman, M. S.; Besbris, H. J.; Cohen, A. M.: Effect of
dietary selenium on the interaction between 2-acetyl-
aminofluorene and rat liver DNA in vivo. Cancer Res. 40
(1980), p. 2670-2676, as cited in [77]

Arlauskas, A.; Baker, R. S. U.; Bonin, A. M.; Tandon, R.
K.; Crisp, P. T.; Ellis, J.: Mutagenicity of metal ions in
bacteria. Environ Res. 36 (1985), p. 379-388, as cited in
[77]

Chortyk, O. T.; Baker, J. L.; Chamberlain, W. J.: Seleni-
um-mediated reduction in the mutagenicity of cigarette
smoke. Environ. Mol. Mutagen. 11 (1988), p. 369-378,
as cited in [77]




[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

Lofroth, G.; Ames, B. N.: Mutagenicity of inorganic
compounds in Salmonella typhimurium: Arsenic, chro-
mium and selenium. Mutat. Res. 53 (1978), p. 65-66

Noda, M.; Takano, T.; Sakurai, H.: Mutagenic activity of
selenium compounds. Mutat. Res. 66 (1979), p. 175-
179

Reddy, B. S.; Hanson, D.; Mathews, L.; Sharma, C.:
Effects of micronutrients, antioxidants and related
compounds on the mutagenicity of 3,2’-dimethyl-
4-aminobiphenyl, a colon and breast carcinogen. Food
Chem. Toxicol. 21 (1983), p. 129-132, as cited in [77]

Kramer, G. F.; Ames, B. N.: Mechanisms of mutageni-
city and toxicity of sodium selenite in Salmonella ty-
phimurium. Mutat. Res. 201 (1988), p. 169-180, as cited
in[77]

Zeiger, E.; Anderson, B.; Haworth, S.; Lawlor, T.;
Mortelmans, K.: Salmonella mutagenicity tests: IV. Re-
sults from the testing of 300 chemicals. Environ. Mol.
Mutagen. 11 (1988) suppl 12, p. 1-158

Rizki, M.; Amrani, S.; Creus, A.; Xamena, N.; Marcos,
R.: Antigenotoxic properties of selenium: Studies in the
wing spot test in Drosophila. Environ. Mol. Mutagen.
37 (2001), p. 70-75

Norppa, H.; Westermarck, T.; Oksanen, A.; Rimaila-
Pdrndnen, E.; Knuutila, S.: Chromosomal effects of
sodium selenite in vivo. Il Aberrations in mouse bone
marrow and primary spermatocytes. Hereditas 93
(1980) No. 1, p. 97-99

Kitchin, K.; Brown, J. L.: Dose-response relationship for
rat liver DNA damage caused by 49 rodent carcinogens.
Toxicology 88 (1994), p. 31-49

Norppa, H.; Westermarck, T.; Knuutila, S.: Chromo-
somal effects of sodium selenite in vivo. lll. Aberra-
tions and sister chromatid exchanges in Chinese ham-
ster bone marrow. Hereditas 91 (1980), p. 101-105

Studies for 7446-34-6: Genetic Toxicity Studies. Ed.:
National Toxicology Program (NTP), U. S. Department of
Health and Human Services, 2009 http://tools.niehs.

nih.gov/ntp tox/index.cfm?fuseaction=ntpsearch.
showStudiesForChemical&cas no=7446-34-6

Itoh, S.; Shimada, H.: Micronucleus induction by chro-
mium and selenium, and suppression by metallothio-
nein inducer. Mutat. Res. 367 (1996), p. 233-236

Rusov, C.; Zikovic, R.; Soldatovic, B.; Jojic-Malicevic, L.;
Stanimirovic, Z.: A study of selenium genotoxicity

in the micronucleus test in mice. Acta Veterinaria
(Beograd) 45 (1996), p. 161-166

Choy, W. N.; Henika, P. R.; Willhite, C. C.; Tarantal,

A. F.: Incorporation of a micronucleus study into a de-
velopmental toxicology and pharmacokinetic study of
L-selenomethionine in nonhuman primates. Environ.
Mol. Mutagen. 21 (1993), p. 73-80

Biswas, S.; Talukder, G.; Sharma, A.: Prevention of cy-
totoxic effects of arsenic by short-term dietary supple-
mentation with selenium in mice in vivo. Mutat. Res.
441(1999), p. 155-160

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

Biswas, S.; Talukder, G.; Sharma, A.: Comparison of
clastogenic effects of inorganic selenium salts in mice
in vivo as related to concentrations and duration of
exposure. Biometals 12 (1999), p. 361-368

Newton, M. F.; Lilly, L. J.: Tissue-specific clastogenic
effects of chromium and selenium salts in vivo. Mutat.
Res. 169 (1986), p. 61-69

Moore, F. R.; Urda, G. A.; Krishna, G.; Theiss, J. C.:
Genotoxicity evaluation of selenium sulfide in in vivo
and in vivo/in vitro micronucleus and chromosome
aberration assays. Mutat. Res. 367 (1996), p. 33-41

Willett, W. C.; Polk, B. F.; Morris, J. S. et al.: Prediagnos-
tic serum selenium and risk of cancer. Lancet 2 (1983),
p.130-134

Clark, L.; Graham, G.; Bray, J.: Nonmelanoma skin can-
cerand plasma selenium: a prospective cohort study.
Am. J. Epidemiol. [Abstracts of papers presented at the
eighteenth annual meeting of the Society For Epidemi-
ologic Research Chapel Hill, North Carolina June 19-21,
1985]. 122 (1985), p. 528

Salonen, J. T.; Alfthan, G.; Huttunen, J. K.; Puska, P.:
Association between serum selenium and the risk of
cancer. Am. ). Epidemiol. 120 (1984), p. 342-349

Salonen, J. T.; Salonen, R.; Lappetelainen, R.;
Maenpaa, P. H.; Alfthan, G.; Puska, P.: Risk of cancer

in relation to serum concentrations of selenium and
vitamins A and E: matched case-control analysis of
prospective data. Br. Med. J. (Clin. Res. Ed). 290 (1985),
p. 417-20

Peleg, I.; Morris, S.; Hames, C. G.: Is serum selenium
a risk factor for cancer? Med. Oncol. Tumor Pharma-
cother. 2 (1985), p. 157-63

Menkes, M. S.; Comstock, G. W.; Vuilleumier, J. P;
Helsing, K. J.; Rider, A. A.; Brookmeyer, R.: Serum beta-
carotene, vitamins A and E, selenium, and the risk of
lung cancer. N. Engl. ). Med. 315 (1986) No. 20, p. 1250-
1254

Burney, P. G.; Comstock, G. W.; Morris, J. S.: Serologic
precursors of cancer: Serum micronutrients and the
subsequent risk of pancreatic cancer. Am. J. Clin. Nutr.
49 (1989), p. 895-900

Zheng, W.; Blot, W. J.; Diamond, E. L.; Norkus, E. P;
Spate, V.; Morris, J. S. et al.: Serum micronutrients and
the subsequent risk of oral and pharyngeal cancer.
Cancer Res. 53 (1993), p. 795-798

Batieha, A. M.; Armenian, H. K.; Norkus, E. P; Morris,
J. S.; Spate, V. E.; Comstock, G. W.: Serum micronutri-
ents and the subsequent risk of cervical cancerin a
population-based nested case-control study. Cancer
Epidemiol. Biomarkers Prev. 2 (1993), p. 335-339

Ko, W.: The associations of serologic precursors and
the anatomic-site specific incidence of colon cancer.
Baltimore, Maryland, USA: John Hopkins University
1994, as cited in [55]




[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

Breslow, R. A.; Alberg, A. J.; Helzlsouer, K. J.; Bush, T. L.;
Norkus, E. P; Morris, J. S. et al.: Serological precursors
of cancer: malignant melanoma, basal and squamous
cell skin cancer, and prediagnostic levels of retinol,
beta-carotene, lycopene, alpha-tocopherol, and sele-
nium. Cancer Epidemiol. Biomarkers Prev. 4 (1995), p.
837-842

Helzlsouer, K. J.; Alberg, A. J.; Norkus, E. P.; Morris, . S.;

Hoffman, S. C.; Comstock, G. W.: Prospective study of
serum micronutrients and ovarian cancer. J. Natl. Can-
cerInst. 88 (1996), p. 32-37

Fex, G.; Pettersson, B.; Akesson, B.: Low plasma sele-
nium as a risk factor for cancer death in middle-aged
men. Nutr. Cancer 10 (1987), p. 221-229

Kok, F. J.; De Bruijn, A. M.; Hofman, A.; Vermeeren, R.;
Valkenburg, H. A.: Is serum selenium a risk factor for
cancer in men only? Am. J. Epidemiol. 125 (1987),

p. 12-16

Kromhout, D.: Essential micronutrients in relation
to carcinogenesis. Am. J. Clin. Nutr. 45 (1987) No. 5
Suppl., p. 1361-1367

Nomura, A.; Heilbrun, L. K.; Morris, J. S.;
Stemmermann, G. N.: Serum selenium and the risk of
cancer, by specific sites: case-control analysis of pro-
spective data. J. Natl. Cancer Inst. 79 (1987), p. 103-108

Virtamo, J.; Valkeila, E.; Alfthan, G.; Punsar, S.;
Huttunen, J. K.; Karvonen, M. J.: Serum selenium and
risk of cancer. A prospective follow-up of nine years.
Cancer 60 (1987), p. 145-148

van Noord, P. A.; Collette, H. J.; Maas, M. J.; de Waard,
F.: Selenium levels in nails of premenopausal breast
cancer patients assessed prediagnostically in a cohort-
nested case-referent study among women screened in
the DOM project. Int. ). Epidemiol. 16 (1987), p. 318-322

van Noord, P. A.; Maas, M. J.; van der Tweel, I.; Collette,
C.: Selenium and the risk of postmenopausal breast
cancer in the DOM cohort. Breast Cancer Res. Treat. 25
(1993), p. 11-19

Ringstad, |.; Jacobsen, B. K.; Tretli, S.; Thomassen, Y.:
Serum selenium concentration associated with risk of
cancer. ). Clin. Pathol. 41 (1988), p. 454-457

Coates, R. J.: Cancerrisk in relation to serum levels of
selenium, retinol, and copper. Dissertation Abstract
International (Sci) 47 (1987) No. 4836

Coates, R. J.; Weiss, N. S.; Daling, J. R.; Morris, J. S.;
Labbe, R. F.: Serum levels of selenium and retinol and
the subsequent risk of cancer. Am. J. Epidemiol. 128
(1988), p. 515-523

Glattre, E.; Thomassen, Y.; Thoresen, S. O.; Haldorsen,
T.; Lund-Larsen, P. G.; Theodorsen, L.; Aaseth, |.: Pre-
diagnostic serum selenium in a case-control study of
thyroid cancer. Int. J. Epidemiol. 18 (1989), p. 45-49

Knekt, P; Aromaa, A.; Maatela, J.; Alfthan, G.; Aaran,
R. K.; Hakama, M. et al.: Serum selenium and subse-
quent risk of cancer among Finnish men and women. .
Natl. Cancer Inst. 82 (1990), p. 864-868

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

Knekt, P.; Aromaa, A.; Maatela, J.; Alfthan, G.; Aaran,
R. K.; Teppo, L. et al.: Serum vitamin E, serum selenium
and the risk of gastrointestinal cancer. Int. J. Cancer 42
(1988), p. 846-850

Hakama, M.; Aaran, R. K.; Alfthan, G.; Aromaa, A.;
Hakulinen, T.; Knekt, P. et al.: Linkage of serum sample
bank and cancer registry in epidemiological studies.

p. 169-178. Progress in clinical and biological research,
V. 346. Wiley-Liss, New York 1990

Knekt, P; Jarvinen, R.; Seppanen, R.; Rissanen, A.;
Aromaa, A.; Heinonen, O. P. et al.: Dietary antioxidants
and the risk of lung cancer. Am. J. Epidemiol. 134
(1991), p. 471-479

Knekt, P.; Aromaa, A.; Alfthan, G.; Maatela, J.; Hakama,
M.; Hakulinen, T. et al.: Re: Prospective study of serum
micronutrients and ovarian cancer. J. Natl. Cancer Inst.
88 (1996), p. 1408

Knekt, P.; Marniemi, J.; Teppo, L.; Heliovaara, M.;
Aromaa, A.: Is low selenium status a risk factor for lung
cancer? Am. ). Epidemiol. 148 (1998), p. 975-982

Overvad, K.; Wang, D. Y.; Olsen, J.; Allen, D. S.;
Thorling, E. B.; Bulbrook, R. D. et al.: Selenium in hu-
man mammary carcinogenesis: a casecohort study.
Eur. ). Cancer 27 (1991), p. 900-902

Yu, S. Y.; Zhu, Y. J.; Li, W. G.; Huang, Q. S.; Huang, C. Z.;
Zhang, Q. N.; Hou, C.: A preliminary report on the inter-
vention trials of primary liver cancer in high-risk popu-
lations with nutritional supplementation of selenium in
China. Biol. Trace Elem. Res. 29 (1991), p. 289-94

Li, W. G.: [Preliminary observations on effect of sele-
nium yeast on high risk populations with primary liver
cancer]. Zhonghua Yu Fang Yi Xue.Za Zhi [Chin. ). Prev.
Med.] 26 (1992), p. 268-271, as cited in [55]

Yu, S.; Li, W.; Zhu, Y.: Chemoprevention of liver cancer.
CCPC-93: Second International Cancer Chemo Preven-
tion Conference, April 28-30, 1993, Berlin (Meeting
Abstract), as cited in [55]

Hagmar, L.; Linden, K.; Nilsson, A.; Norrving, B.;
Akesson, B.; Schutz, A. et al.: Cancer incidence and
mortality among Swedish Baltic Sea fishermen. Scand.
J. Work Environ. Health 18 (1992), p. 217-224, as cited
in [55]

Combs, G. F; Clark, L. C.; Turnbull, B. W.; Graham, G. F.;
Smith, C. L.; Sanders, B. et al.: Low plasma selenium
(Se) predicts the 24 month incidence of squamous

cell carcinoma of the skin in a cancer prevention trial.
FASEB ). 7 (1993), p. A 278

van den Brandt, P. A.; Goldbohm, R. A.; van ’t Veer, P;
Bode, P; Dorant, E.; Hermus, R. J.; Sturmans, F.: A pro-
spective cohort study on selenium status and the risk
of lung cancer. Cancer Res. 53 (1993), p. 4860-4865

van den Brandt, P. A.; Goldbohm, R. A.; van ’t Veer, P;
Bode, P; Dorant, E.; Hermus, R. J.; Sturmans, F.: A pro-
spective cohort study on toenail selenium levels and
risk of gastrointestinal cancer. ). Natl. Cancer Inst. 85
(1993), p. 224-229




[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

van den Brandt, P. A.; Goldbohm, R. A.; van ’t Veer, P;
Bode, P; Dorant, E.; Hermus, R. J. /. et al.: Toenail sele-
nium levels and the risk of breast cancer. Am. |. Epide-
miol. 140 (1994), p. 20-26

van den Brandt, P. A.; Zeegers, M. P. A.; Bode, P;
Goldbohm, R. A.: Toenail selenium levels and the sub-
sequent risk of prostate cancer: A prospective cohort
study. Cancer Epidemiol. Biomarkers Prev. 12 (2003),
p. 866-871

Kabuto, M.; Imai, H.; Yonezawa, C.; Neriishi, K.; Akiba,
S.; Kato, H. et al.: Prediagnostic serum selenium and
zinc levels and subsequent risk of lung and stomach
cancerin Japan. Cancer Epidemiol. Biomarkers Prev. 3
(1994), p. 465-469

Garland, M.; Morris, |. S.; Stampfer, M. J.; Colditz, G.
A.; Spate, V. L.; Baskett, C. K.; Rosner, B.; Speizer, F. E.;
Willett, W. C.; Hunter, D. J.: Prospective study of toenail
selenium levels and cancer among women. J. Natl.
Cancer Inst. 87 (1995), p. 497-505

Comstock, G. W.; Alberg, A. J.; Huang, H. Y.; Wu, K.;
Burke, A. E.; Hoffman, S. C. et al.: The risk of develop-
ing lung cancer associated with antioxidants in the
blood: ascorbic acid, carotenoids, alphatocopherol,
selenium, and total peroxyl radical absorbing capacity.
Cancer Epidemiol. Biomarkers Prev. 6 (1997), p. 907-
916

Karagas, M. R.; Greenberg, E. R.; Nierenberg, D.;
Stukel, T. A.; Morris, J. S.; Stevens, M. M. et al.: Risk

of squamous cell carcinoma of the skin in relation to
plasma selenium, alpha-tocopherol, beta-carotene,
and retinol: a nested case-control study. Cancer Epide-
miol. Biomarkers Prev. 6 (1997), p. 25-29

Yu, S. Y.; Zhu, Y. J.; Li, W. G.: Protective role of selenium
against hepatitis B virus and primary liver cancer in
Qidong. Biol. Trace Elem. Res. 56 (1997), p. 117-124

Dorgan, J. F.; Sowell, A.; Swanson, C. A.; Potischman,
N.; Miller, R.; Schussler, N. et al.: Relationships of se-
rum carotenoids, retinol, alpha-tocopherol, and sele-
nium with breast cancer risk: results from a prospective
study in Columbia, Missouri (United States). Cancer
Causes Control 9 (1998), p. 89-97

Hartman, T. J.; Albanes, D.; Pietinen, P.; Hartman,

A. M.; Rautalahti, M.; Tangrea, J. A. et al.: The asso-
ciation between baseline vitamin E, selenium, and
prostate cancer in the alpha-tocopherol, betacarotene
cancer prevention study. Cancer Epidemiol. Biomarkers
Prev. 7 (1998), p. 335-340

Yoshizawa, K.; Willett, W. C.; Morris, S. J.; Stampfer,
M. J.; Spiegelman, D.; Rimm, E. B.; Giovannucci, E.:
Study of prediagnostic selenium level in toenails and
the risk of advanced prostate cancer. ). Natl. Cancer
Inst. 90 (1998), p. 1219-1224

Yu, M. W.; Horng, I. S.; Hsu, K. H.; Chiang, Y. C.; Liaw,
Y. F.; Chen, C. J.: Plasma selenium levels and risk of
hepatocellular carcinoma among men with chronic
hepatitis virus infection. Am. J. Epidemiol. 150 (1999),
p. 367-374

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

Helzlsouer, K. J.; Huang, H. Y.; Alberg, A. J.; Hoffman,
S.; Burke, A.; Norkus, E. P. et al.: Association between
alpha-tocopherol, gammatocopherol, selenium, and
subsequent prostate cancer. J. Natl. Cancer Inst. 92
(2000), p. 2018-2023

Li, W.; Zhu, Y.; Yan, X.; Zhang, Q.; Li, X.; Ni, Z. et al.:
[The prevention of primary liver cancer by selenium in
high risk populations]. Zhonghua Yu Fang Yi Xue.Za Zhi
[Chinese Journal of Preventive Medicine] 34 (2000),

p. 336-338, as cited in Dennert 2011 [55]

Nomura, A. M. Y.; Lee, J.; Stemmermann, G. N.; Combs,
G. F.: Serum selenium and subsequent risk of prostate
cancer. Cancer Epidemiol. Biomarkers Prev. 9 (2000),
p. 883-887

Persson-Moschos, M. E.; Stavenow, L.; Akesson, B.;
Lindgdrde, F.: Selenoprotein P in plasma in relation to
cancer morbidity in middle-aged Swedish men. Nutr.
Cancer. 36 (2000), p. 19-26

Ratnasinghe, D.; Tangrea, J. A.; Forman, M. R.;
Hartman, T.; Gunter, E. W.; Qiao, Y. L.; Yao, S. X.; Barett,
M. J.; Giffen, C. A.; Erozan, Y.; Tockman, M. S.; Taylor,

P. R.: Serum tocopherols, selenium and lung cancer
risk among tin miners in China. Cancer Causes Control
11(2000), p. 129-135

Brooks, J. D.; Metter, E. J.; Chan, D. W.; Sokoll, L. J.;
Landis, P.; Nelson, W. G. et al.: Plasma selenium
level before diagnosis and the risk of prostate cancer
development. J. Urol. 166 (2001), p. 2034-2038

Goodman, G. E.; Schaffer, S.; Bankson, D. D.; Hughes,
M. P.; Omenn, G. S.: The Carotene and Retinol Efficacy
Trial (CARET) Co-Investigators Predictors of serum sele-
nium in cigarette smokers and the lack of association
with lung and prostate cancer risk. Cancer Epidemiol.
Biomarkers Prev. 10 (2001), p. 1069-1076

Kilander, L.; Berglund, L.; Boberg, M.; Vessby, B.;
Lithell, H.: Education, lifestyle factors and mortality
from cardiovascular disease and cancer. A 25-year
follow-up of Swedish 50-year-old men. Int. J. Epide-
miol. 30 (2007), p. 1119-1126, as cited in [55]

Davies, T. W.; Treasure, F. P; Welch, A. A.; Day, N. E.:
Diet and basal cell skin cancer: results from the EPIC-
Norfolk cohort. Br. ). Dermatol. 146 (2002), p. 1017-1022

Michaud, D. S.; Hartman, T. J.; Taylor, P. R.; Pietinen, P;
Alfthan, G.; Virtamo, J. et al.: No association between
toenail selenium levels and bladder cancer risk. Cancer
Epidemiol. Biomarkers Prev. 11 (2002), p. 1505-1506

Hartman, T. J.; Taylor, P. R.; Alfthan, G.; Fagerstrom,
R.; Virtamo, J.; Mark, S. D. et al.: Toenail selenium con-
centration and lung cancer in male smokers (Finland).
Cancer Causes Control 13 (2002), p. 923-928

Ujiie, S.; Kikuchi, H.: The relation between serum sele-
nium value and cancer in Miyagi, Japan: 5-year follow
up study. Tohoku J. Exp. Med. 196 (2002), p. 99-109

Kornitzer, M.; Valente, F.; De Bacquer, D.; Neve, J.;

De Backer, G.: Serum selenium and cancer mortality:
A nested case-control study within an age- and sex-
stratified sample of the Belgian adult population. Eur.
J. Clin. Nutr. 58 (2004), p. 98-104




[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

Li, H.; Stampfer, M. J.; Giovannucci, E. L.; Morris, J. S.;
Willett, W. C.; Gaziano, J. M. et al.: A prospective study
of plasma selenium levels and prostate cancer risk. J.

Natl. Cancer Inst. 96 (2004), p. 696-703

Wei, W. Q.; Abnet, C. C.; Qiao, Y. L.; Dawsey, S. M.;
Dong, Z. W.; Sun, X. D.; Fan, J. H.; Gunter, E. W.; Taylor,
P.R.; Mark, S. D.: Prospective study of serum selenium
concentrations and esophageal and gastric cardia can-
cer, heart disease, stroke, and total death. Am. J. Clin.
Nutr. 79 (2004), p. 80-85

Akbaraly, N. T.; Arnaud, J.; Hininger-Favier, I.; Gourlet,
V.; Roussel, A. M.; Berr, C.: Selenium and mortality in

the elderly: results from the EVA study. Clin. Chem. 51
(2005), p. 2117-2123

Michaud, D. S.; De Vivo, I.; Morris, J. S.; Giovannucci,
E.: Toenail selenium concentrations and bladder can-
cerrisk in women and men. Br. ). Cancer. 93 (2005),
p. 804-806

McNaughton, S. A.; Marks, G. C.; Gaffney, P.; Williams,

G.; Green, A. C.: Antioxidants and basal cell carcinoma

of the skin: a nested case-control study. Cancer Causes
Control 16 (2005), p. 609-618

Heinen, M. M.; Hughes, M. C.; Ibiebele, T. I.; Marks,

G. C.; Green, A. C.; van der Pols, J. C.: Intake of antioxi-
dant nutrients and the risk of skin cancer. Eur. J. Cancer
43 (2007), p. 2707-2716

van der Pols, J. C.; Heinen, M. M.; Hughes, M. C.;
Ibiebele, T. I.; Marks, G. C.; Green, A. C.: Serum antioxi-
dants and skin cancer risk: an 8-year community-based
follow-up study. Cancer Epidemiol. Biomarkers Prev. 18
(2009), p. 1167-1173

Sakoda, L. C.; Graubard, B. I.; Evans, A. A.; London, W.
T.; Lin, W. Y.; Shen, F. M. et al.: Toenail selenium and
risk of hepatocellular carcinoma mortality in Haimen
City, China. Int. ). Cancer 115 (2005), p. 618-624

Kune, G.; Watson, L.: Colorectal cancer protective
effects and the dietary micronutrients folate, methio-
nine, vitamins B6, B12, C, E, selenium, and lycopene.
Nutr. Cancer 56 (2006), p. 11-21

Le Marchand, L.; Saltzman, B. S.; Hankin, J. H.; Wilkens,
L. R.; Franke, A. A.; Morris, S. J. et al.: Sun exposure,
diet, and melanoma in Hawaii Caucasians. Am. J. Epi-
demiol. 164 (2006), p. 232-245, as cited in [55]

Cui, Y.; Vogt, S.; Olson, N.; Glass, A. G.; Rohan, T. E.:
Levels of zinc, selenium, calcium, and iron in benign
breast tissue and risk of subsequent breast cancer.
Cancer Epidemiol. Biomarkers Prev. 16 (2007), p. 1682-
1685, as cited in [55]

Peters, U.; Foster, C. B.; Chatterjee, N.; Schatzkin, A.;
Reding, D.; Andriole, G. L. et al.: Serum selenium and
risk of prostate cancer — a nested case-control study.
Am. J. Clin. Nutr. 85 (2007), p. 209-217

Allen, N. E.; Appleby, P. N.; Roddam, A. W.; Tjonneland,
A.; Johnsen, N. F.; Overvad, K. et al.: Plasma selenium
concentration and prostate cancer risk: results from
the European Prospective Investigation into Cancer
and Nutrition (EPIC). Am. J. Clin. Nutr. 88 (2008),

p. 1567-1575

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

Bleys, J.; Navas-Acien, A.; Guallar, E.: Serum selenium
levels and all-cause, cancer, and cardiovascular mor-
tality among US adults. Arch. Int. Med. 168 (2008),

p. 404-410

Dong, L. M.; Kristal, A. R.; Peters, U.; Schenk, J. M.;
Sanchez, C. A.; Rabinovitch, P. S. et al.: Dietary supple-
ment use and risk of neoplastic progression in eso-
phageal adenocarcinoma: a prospective study. Nutr.
Cancer 60 (2008), p. 39-48

Peters, U.; Littman, A. J.; Kristal, A. R.; Patterson, R. E.;
Potter, J. D.; White, E.: Vitamin E and selenium supple-
mentation and risk of prostate cancer in the Vitamins

and lifestyle (VITAL) study cohort. Cancer Causes Con-
trol 19 (2008), p. 75-87

Asgari, M. M.; Maruti, S. S.; Kushi, L. H.; White, E.:
Antioxidant supplementation and risk of incident mela-
nomas: results of a large prospective cohort study.
Arch. Dermatol. 145 (2009), p. 879-882

Reid, M. E.; Duffield-Lillico, A. J.; Slate, E.; Natarajan,
N.; Turnbull, B.; Jacobs, E. et al.: The nutritional preven-
tion of cancer: 400 mcg per day selenium treatment.
Nutr. Cancer 60 (2008), p. 155-163

Thomson, C. A.; Neuhouser, M. L.; Shikany, J. M.; Caan,
B. J.; Monk, B. J.; Mossavar-Rahmani, Y. et al.: The role
of antioxidants and vitamin A in ovarian cancer: results
from the Women’s Health Initiative. Nutr. Cancer 60
(2008), p. 710-719

Connelly-Frost, A.; Poole, C.; Satia, J. A.; Kupper, L. L.;
Millikan, R. C.; Sandler, R. S.: Selenium, folate, and
colon cancer. Nutr. Cancer 61(2009), p. 165-178

Epplein, M.; Franke, A. A.; Cooney, R. V.; Morris, J. S.;
Wilkens, L. R.; Goodman, M. T. et al.: Association of
plasma micronutrient levels and urinary isoprostane
with risk of lung cancer: the multiethnic cohort study.
Cancer Epidemiol. Biomarkers Prev. 18 (2009), p. 1962-
1970

Gill, J. K.; Franke, A. A.; Steven Morris, J.; Cooney, R. V.;
Wilkens, L. R.; Le Marchand, L.; Goodman, M. T.;
Henderson, B. E.; Kolonel, L. N.: Association of sele-
nium, tocopherols, carotenoids, retinol, and 15-iso-
prostane F(2t) in serum or urine with prostate cancer
risk: the multiethnic cohort. Cancer Causes Control 20
(2009), p. 1161-1171

Wallace, K.; Kelsey, K. T.; Schned, A.; Morris, J. S.;
Andrew, A. S.; Karagas, M. R.: Selenium and risk of
bladder cancer: a population-based case-control study.
Cancer Prev. Res. (Phila.) 2 (2009), p. 70-73

Thompson, C. A.; Habermann, T. M.; Wang, A. H.;
Vierkant, R. A.; Folsom, A. R.; Ross, J. A.; Cerhan, J. R.:
Antioxidant intake from fruits, vegetables and other
sources and risk of non-Hodgkin’s lymphoma: the lowa
Women’s Health Study. Int. J. Cancer 126 (2010), p.
992-1003

Evaluation of carcinogenic, teratogenic, and mutagenic
activities of selected pesticides and industrial chemi-
cals. Vol. I. Carcinogenic study. Ed.: National Cancer
Institute (NCI), Bethesda, Maryland, USA 1968




[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

Fitzhugh, O. G.; Nelson, A. A.; Bliss, C.: The chronic oral
toxicity of selenium. J. Pharmacol. Exp. Ther. 80 (1944),
p. 289-299, as cited in [2]

Yang, H.; Fang, J.; Jia, X.; Han, C.; Chen, X.; Yang, C. S.;
Li, N.: Chemopreventive effects of early-stage and late-
stage supplementation of vitamin E and selenium on
esophageal carcinogenesis in rats maintained on a low
vitamin E/selenium diet. Carcinogenesis 32 (2011),

p. 381-388

Shamberger, R. J.: Relationship of selenium to cancer.
I. Inhibitory effect of selenium on carcinogenesis.

J. Natl. Cancer Inst. 44 (1970) No. 4, p. 931-936,

as cited in [77]

Yasunaga, K.; Kiyonari, A.; Oikawa, T.; Abe, N.;
Yoshikawa, K.: Evaluation of the Salmonella umu test
with 83 NTP chemicals. Environ. Mol. Mutagen.

44 (2004), p. 329-345

Cemeli, E.; Carder, J.; Anderson, D.; Guillamet, E.;
Morillas, M. J.; Creus, A.; Marcos, R.: Antigenotoxic
properties of selenium compounds on potassium di-
chromate and hydrogen peroxide. Teratog. Carcinog.
Mutagen. Suppl. 2 (2003), p. 53-67

Nakamuro, K.; Yoshikawa, K.; Sayato, Y.; Kurata, H.;
Tonomura, M.; Tonomura, A.: Studies on selenium-
related compounds. V. Cytogenetic effect and reactivity
with DNA. Mutat. Res. 40 (1976), p. 177-184

Letavayova, L.; Vlasakova, D.; Spallholz, |. E.;
Brozmanova, J.; Chovanec, M.: Toxicity and mutagenic-
ity of selenium compounds in Saccharomyces cerevi-
siae. Mutat. Res. 638 (2008), p. 1-10

Snyder, R. D.: Role of active oxygen species in metal-
induced DNA strand breakage in human diploid fibro-
blasts. Mutat. Res. 193 (1988), p. 237-246

Lu, J.; Kaeck, M.; Jiang, C.; Wilson, A. C.; Thompson,
H. J.: Selenite induction of DNA strand breaks and
apoptosis in mouse leukemic L1210 cells. Biochem.
Pharmacol. 47 (1994), p. 1531-1535

Wilson, A. C.; Thompson, H. J.; Schedin, P. J.; Gibson,
N. W.; Ganther, H. E.: Effect of methylated forms of
selenium on cell viability and the induction of DNA
strand breakage. Biochem. Pharmacol. 43 (1992),

p. 1137-1141

Lo, L. W.; Koropatnick, J.; Stich, H. F.: The mutagenicity
and cytotoxicity of selenite, ’activated’ selenite and
selenate for normal and DNA repair-deficient human
fibroblasts. Mutat. Res. 49 (1978), p. 305-312

Garberg, P; Stahl, A.; Warholm, M.; Hogberg, J.:
Studies of the role of DNA fragmentation in selenium
toxicity. Biochem. Pharmacol. 37 (1988). p. 3401-3406

Whiting, R. F.; Wei, L.; Stich, H. F.: Unscheduled DNA
synthesis and chromosome aberrations induced by
inorganic and organic selenium compounds in the
presence of glutathione. Mutat. Res. 78 (1980),

p. 159-169

Russell, G. R.; Nader, C. J.; Partick, E. J.: Induction of
DNA repair by some selenium compounds. Cancer Lett.
10 (1980), p. 75-81

[221]

[222]

[223]

[224]

[225]

[226]

[227]

[228]

[229]

Sirianni, S. R.; Huang, C. C.: Induction of sister chro-
matid exchange by various selenium compounds in
Chinese hamster cells in the presence and absence of
S9 mixture. Cancer Lett. 18 (1983), p. 109-116

Ray, J. H.; Altenburg, L. C.: Sister-chromatid exchange
induction by sodium selenite: dependence on the
presence of red blood cells or red blood cell lysate.
Mutat. Res. 54 (1978), p. 343-354

Ray, J. H.; Altenburg, L. C.: Dependence of the sister-
chromatid exchange-inducing abilities of inorganic se-
lenium compounds on the valence state of selenium.
Mutat. Res. 78 (1980), p. 261-266

Ray, J. H.: Sister-chromatid exchange induction by sodi-
um selenite: reduced glutathione converts Na SeO, to
its SCE-inducing form. Mutat. Res. 141 (1984), p. 49-53

Khalil, A. M.: The induction of chromosome aberrations
in human purified peripheral blood lymphocytes fol-
lowing in vitro exposure to selenium. Mutat. Res. 224
(1989), p. 503-506

Biswas, S.; Talukder, G.; Sharma, A.: Chromosome
damage induced by selenium salts in human peripher-
al lymphocytes. Toxicol. in vitro 14 (2000), p. 405-408

Bronzetti, G.; Cini, M.; Caltavuturo, L.; Fiorio, R.;

Della Croce, C.: Antimutagenicity of sodium selenite in
Chinese hamster V79 cells exposed to azoxymethane,
methylmethansulphonate and hydrogen peroxide.
Mutat. Res. 523-524 (2003), p. 21-31

Berces, J.; Otos, M.; Szirmai, S.; Crane-Uruena, C.;
Koteles, G. J.: Using the micronucleus assay to detect
genotoxic effects of metal ions. Environ. Health Per-
spect. 101 (1993), Suppl. 11-13, as cited in [77]

Cemeli, E.; Marcos, R.; Anderson, D.: Genotoxic and
antigenotoxic properties of selenium compunds in the
in vitro micronucleus assay with human whole blood
lymphocytes and TK6 lymphoblastoid cells. Sci. World
J. 6 (2006), p. 1202-1210, as cited in [8]







Table 1:

Characteristics of human studies on diabetes type 2 and selenium

StUdy/COhort StUdy - “—

Navarro-Alarcorn
etal. [18]

Kljai and Runje [19]

Rajpathak et al. [12]

Czernichow et al.
[20]

Bleys et al. [9]

Stranges et al. [11]

He et al. [13]

Diabetes patients and
health adults in south-
eastern Spain

Diabetes patients and
health adults in Kroatia

Male participants of the
Health Professionals
Follow-up study (HPFS)
cohort

SU.VI.MAX clinical trial on
middle aged persons

Adult participants of the
Third National Health and
Nutrition Examination
Study (NHANES I11)

Participants of the Nutri-
tional Prevention of
Cancer (NPC) trial

Participants of the CARDIA
Trace Element Study

Before 1995

Before 2000

1987

1994 t0 2002

1988 t0 1994

1983 t0 1996

1987 to 2005

Spain

Croatia

us

France

us

us

us

Hospital-based
case-control

Hospital-based
case-control

Cross-sectional;
nested case-control

Clinical trial

Cross-sectional

Clinical trial

Cohort

47 cases serum (6 type 1) — 79 cases urine, 223
controls (130 health adults and 93 institutiona-
lized elderly people)

31 cases type 1; 50 case type 2 - controls: 62 health
blood donnors

Participants with available toenail samples

Cross-sectional:

prevalent diabetes in 1986 (N = 688), prevalent
diabetes and CVD (N = 198); health controls
(N=361)

Case-control:

prevalent diabetes at baseline and incident CVD
during follow-up (till 1998) (N = 202)

matched controls by age, smoking status, date
when toenail clippings were sent (N = 361)

1,285 men and 1,861 women with complete data at
end of follow-up

Persons with FPG = 7 mmol/L or use of anti-dia-
betic drugs at baseline excluded

8,876 participants = 20 years of age with complete
data

1,379 cases

1,202 participants without type Il diabetes at
baseline

Mean age: 63 years

Mean follow-up: 7.7 years
Selenium group: 58 cases
Placebo group: 39 cases

3, 959 young Americans, aged 20 to 32 years and
who were free from type 2 diabetes at baseline
N =234 cases

Exposure
determination

Serum und urine
selenium

Serum selenium

Toenail selenium

Serum selenium

Serum selenium

Plasma selenium

Supplementation
with 200 pg Se/day
(as yeast)

Toenail selenium at
baseline

Outcome definition and
determination

Hospital

Hospital

Self-report (questionnaire),
validated in a subsample;

for CC additionally medical records
or death certificate

Measurement of FPG

FPG =126 mg/dL or self-report of
diabetes or use of anti-diabetic
drugs

Self-report during clinical interview,
reported use of anti-diabetic drugs,
reports in medical documents plus
review of medical reports

Follow-up clinical examinations
details not available
(published only as conference
abstract)




Table 1 (continued)

Reference

Study/Cohort

Study Year

Exposure
determination

Outcome definition and
determination

Laclaustra et al. [10]

Lippman et al. [14]

Akbaraly et al. [22]
Coudray et al. [21]

Algotar et al. [15]

Adult participants of the
National Health and
Nutrition Examination
Study (NHANES)

Participants of the Seleni-

um and Vitamin E Cancer
Prevention Trial (SELECT)

French vascular aging
cohort — EVA

elderly population

Participants of the Watch-

ful Waiting Trial on the
effects of selenium supp-
lementation on prostate
cancer progression

2003 to 2004

2001to 2008

1991/93 to
2000/2002

1991t0 1996

us

Us, Cana-
da, Puerto
Rico

France

us

Cross-sectional

Clinical trial

Prospective cohort

Clinical trial

917 participants = 40 years of age with complete
data

121 cases
35,533 healthy men older than 50 years (median
age»62)

4-group trial:
placebo

vitamin E + placebo
selenium + placebo
selenium + vitamin E

574 men, 815 women at baseline — 1,162 normogly-
cemic and not using anti-diabetic drugs (635 end
of follow-up)

Dysclycemia: 127

Diabetes type Il: N =29

146 participants with confirmed non-metastatic
prostate cancer

Mean age: 73 years

Serum
selenium

Serum
selenium

Supplementation with
200 pg Se/day (from
L-selenomethionine)

Plasma selenium at
baseline

Serum selenium

Supplementation with
either 200 or 800 pg
Se/day (as yeast)

FPG = 126 mg/dL or self-report of
use of anti-diabetic drugs

Self-report of diabetes or use of
anti-diabetic drugs (of glitazone
class) during clinical interviews;

Determined only since 2005 or
2003, respectively

Prevalent cases at start excluded

FPG = 7mmol/L or use of anti-dia-
betic drugs + IFG (FPG = 6.1)

Serum glucose level, measured
each six months (not FPG);
Participants who reported having
diabetes at baseline (N =19) and
during the trial (N = 6) excluded
from analysis




Table 1 (continued)

Reference Study/Cohort Study Year Country Exposure Outcome definition and
determination determination

Stranges et al. [23]

Park et al. [16]

Rayman et al. [24]

Participants of the ORDET
(Hormones and diet in the
etiology of breast cancer)
study

Two U.S. cohorts — nurses
and health professionals
(NHS and HPFS)

Participants of the UK
PRECISE (PREvention of
Cancer by Intervention
with Selenium) pilot study

1987 to0 1992
t02006/2007

1982 to 1983/
1986 to 1987
t0 2008

2000 to 2002

(six months
follow-up)

Italy

us

UK

Cohort

Prospective cohort

Clinical trial

7,182 healthy women, age 34 to 72 who compiled
the food frequency questionnaire and were free
of diabetes at baseline and did not die on other
causes than diabetes during follow-up

N = 253 cases

3,630 women
3,535 men
Diabetes type Il: N =780

473 men and women, age: 60 to 74 years

Selenium intake
estimated based

on food frequency
questionnaire through
nutritional database
and where no data
available, by measure-
ments of food samples

Toenail selenium from
nested-case control
studies

Plasma selenium

Supplementation with
either 100, 200 or
300 pg Se/day (as
yeast)

Presence of at least three of the

following:

1) a self-report of a physician
diagnosis in the follow-up
guestionnaire;

2) a self-report of use of insulin
or oral hypoglycemic
medication in the follow-up
guestionnaire;

3) evidence of a prescription
forinsulin or oral hypoglycemic
medication by linkage
with regional prescription
drug database; or

4) a hospital discharge record
with the diagnosis of dia-
betes by linkage with medi-
cal discharge records.

Self-report (questionnaires)
FBG = 7 mmol/L or use of anti-
diabetic drugs

Plasma adiponectin




Table 2

Results of human studies on diabetes type 2 and selenium

Reference

Navarro-Alarcorn
etal. [18]

Kljai and Runje [19]

Rajpathak et al. [12]

Czernichow et al. [20]

Study/Cohort

Diabetes patients and health
adults in southeastern Spain

Diabetes patients and health
adults in Kroatia

Male participants of the
Health Professionals Follow-
up study (HPFS) cohort

SU.VI.MAX clinical trial on
middle aged persons

Design

Hospital-based case-
control

Hospital-based case-
control

Cross-sectional;
nested case-control

Clinical trial

Results

Serum selenium significant lower among diabetic patients; urine
samples no significant relationship

Serum selenium:

Mean value control (healthy adults):
Mean value control (elderly):

Mean value case:

74.9 ng/ml
76.0 ng/ml
64.9 ng/ml (p<0.05)

Urinary selenium:
Mean value control (healthy adults):
Mean value case:

20.2 ng/ml
18.8 ng/ml

Serum selenium significant lower among diabetic patients (both
groups); no significant difference between diabetes groups
Mean value control: 64.2 ng/ml

Mean value case (typel):  58.2 ng/ml (p < 0.05)

Mean value case (type Il):  59.2 ng/ml (p < 0.05)

Levels of toenail selenium among diabetics with or without CVD
are lower than in healthy controls

Cross-sectional:

Baseline diabetes vs. healthy controls

0.54-0.82 yg/g OR=1

0.83<0.93 ug/g OR = 0.77 (95% Cl 0.53-1.14)
0.94-1.00 pg/g OR =0.58 (95% Cl 0.39-0.85)
1.01-12.4 pg/g OR =0.43 (95% Cl 0.28-0.66)

Nested case-control:
0.54-¢0.82 pg/g
0.83-¢0.93 pg/g
0.94-¢1.00 pg/g
1.01-12.4 pg/g

OR=1

OR=0.71(95% Cl 0.39-1.29)

OR =0.71(95% Cl 0.40-1.25)

OR = 0.58 (95% Cl 0.29-1.05)
Supplementation with antioxidants at nutritional doses had no
effect on fasting glucose level

In multivariate mixed models, baseline selenium was positively
associated with FPG

Confounders considered

Age

Gender Type of diabetes
Transaminases

Serum lipids

No control of any potential con-
founder reported

Age

Smoking

Alcohol intake
Hypertension

High cholesterol
Family history of MI®
Physical activity
Body mass index
Dietary score
Toenail levels of chromium and
mercury

9: myocardial infarction

Age

Sex

Body mass index
Smoking

Physical activity
Educational level
Supplement group
Energy intake

Comment

Post-hoc analysis
Incidence of diabetes not
reported




Table 2 (continued)

Bleys et al. [9]

Stranges et al. [11]

He et al. [13]

Adult participants of the
Third National Health and
Nutrition Examination Study
(NHANES 111)

Participants of the Nutritional
Prevention of Cancer (NPC)
trial

Participants of the CARDIA
Trace Element Study

Cross-sectional

Clinical trial

Cohort

Significant risk in the highest category of serum selenium
no clear trend in quintiles 2-4

OR=1

OR =1.40 (95% C1 0.97-2.00)
OR=1.03 (95% Cl 0.73-1.47)
OR = 1.15 (95% Cl 0.82-1.62)
OR =1.57 (95% Cl 1.16-2.13)

<111.62 ng/ml
111.62-120.17 ng/ml
120.18-128.25 ng/ml
128.26-137.65 ng/ml
>137.66 ng/ml

Spline regression model showed increase in the Odds for diabe-
tes at» 130 ng/ml with plateau at »150 ng/ml

Significant increased risk in highest tertile
T1: <105.2 ng/ml HR =1.13 (95% Cl 0.58-2.18)
T2:105.3t0 121.6 ng/ml  HR =1.36 (95% Cl 0.60-3.09)
T3:5121.6 ng/ml HR =2.70 (95% Cl 1.30-5.61)

Toenail selenium levels were inversely and borderline significant-
ly associated with incidence of type 2 diabetes.

Q1: HR=1

Q2: HR=0.91(95% Cl, 0.60 to 1.36)
Q3: HR=0.89 (0.58 to 1.35)

Q4: HR = 0.98 (0.65 to 1.50)

Q5: HR=0.59 (0.36 t0 0.97)

Sex

Race/ethnicity

Education

Family income

Postmenopausal status (women)
Smoking

Serum cotinine

Alcohol consumption

Physical activity

Body mass index

C-reactive protein
Hypercholesterolemia

Serum triglycerides
Hypertension

Glomerular filtration rate
Vitamin/mineral supplement use
Intake of B-carotene

Vitamin E

Serum levels of albumin
o-carotene

etc.

Age

Sex

Body mass index
Smoking status at baseline

Age

Race

Gender

Study center

Education

Body mass index

Smoking status

Physical activity

Family history of diabetes other
potential dietary and non-dietary
confounders

Post-hoc analysis;

low diabetes numbers in
analysis

Only few potential confounders
considered

published only as conference
abstract




Table 2 (continued)

Laclaustra et al. [10]

Lippman et al. [14]

Akbaraly et al. [22];
Coudray et al. [21]

Algotar et al. [15]

Adult participants of the
National Health and Nutrition
Examination Study (NHANES)

Participants of the Selenium
and Vitamin E Cancer Preven-
tion Trial (SELECT)

French vascular aging cohort
- EVA
elderly population

Participants of the Watchful
Waiting Trial on the effects of
selenium supplementation on
prostate cancer progression

Cross-sectional

Clinical trial

Prospective cohort

Clinical trial

Significant risk in the highest category of serum selenium
Significant trend

OR=1

OR =3.18 (95% C11.01-9.96)
OR =3.65 (95% CI 1.31-10.16)
OR =7.64 (95% Cl 3.34-17.46)

<124 ng/ml
124-133 ng/ml
134-146 ng/ml
> 147 ng/ml

Spline regression model showed increase in odds up
to » 130 ng/ml with plateau at »150 ng/ml

No significant increase in risk

Placebo RR=1

Vitamin E RR =1.04 (95% Cl 0.91-1.18)
Selenium RR =1.07 (95% Cl 0.94-1.22)
Selenium + Vitamin E RR =0.97 (95% Cl 0.85-1.11)

Borderline significant lower risk in men in highest tertile;
no association among women

Men:
T1: 14-79 ng/ml
T3: 94-156 ng/ml

HR=1
HR = 0.50 (95% Cl 0.24-1.04)

Women:
T1: 14-79 ng/ml
T3: 94-156 ng/ml

HR=1
HR = 1.13 (95% Cl 0.55-2.32)

No statistically significant difference between either the

200 ug/day (p =.59) or the 800 pg/day (p =.91) and the placebo

group

Sensitivity analysis among those with all fasting glucose data

also showed no effect

Sex

Race/ethnicity

Education

Postmenopausal status (women)
Smoking

Serum cotinine

Body mass index
Vitamin/mineral

supplement use

No; equal distribution of known
risk factors across all trial groups

Age

Education

Alcohol intake

Smoking

Blood lipids

Use of hypertensive or lipid-
lowering drugs

CVD history

Blood pressure

Body mass index
Oxidative stress markers

Age

Race

Smoking

Body mass index
Fasting status

Baseline serum glucose
Gleason score

No analysis by selenium level

No information on selenium
supplementation during follow-
up; hight rate of attrition

High baseline selenium
(134.5 ng/ml) level




Table 2 (continued)

Stranges et al. [23]

Park et al. [16]

Rayman et al. [24]

Participants of the ORDET
(Hormones and diet in the
etiology of breast cancer)
study

Two U.S. cohorts — nurses and
health professionals
(NHS and HPFS)

Participants of the UK PRECISE
(PREvention of Cancer by
Intervention with SElenium)
pilot study

Cohort

Prospective cohort

Clinical trial

Increased dietary selenium intake associated with increased risk
of diabetes; trend significant

OR=1

OR =1.42 (95% Cl 0.87-2.34)
OR =1.43 (95% Cl 0.86-2.38)
OR =1.65 (95% Cl 0.98-2.78)
OR = 2.39 (95% Cl 1.32-4.32)

<47 pg/day
471-53.0 ug/day
53.1-58.5 pg/day
58.6-65.9 ug/day
>65.9 ug/day
Continuous analysis:

odds ratios associated with a 10 pg/d increase in selenium
intake were 1.29 (95% Cl: 1.10, 1.52) in the fully adjusted model.

“The linearity of the relationship between selenium intake and
risk of diabetes was confirmed in spline regression models (not
shown).”

Significant, inverse relationship
(p trend <0.07)

Males (Females)

<0.719 ug/g (<0.665) HR=1.0
719-¢0.788 pg/g (0.665-¢0.726)  HR=0.91

(95% Cl 0.73-1.14)
0.788-¢0.858 pg/g (0.726-0.784) HR=0.78

(95% Cl 0.62-0.99)
0.858-¢0.950 pg/g (0.784-¢0.859) HR=0.72

(95% Cl1 0.57-0.91)
0.950 < pg/g (0.859 <) HR=0.76

(95% C10.60-0.97)

No diabetogenic effect of a six-month supplementation with
selenium

In baseline cross-sectional analyses, the fully adjusted geometric
mean (GM) of plasma adiponectin was 14% lower (95% Cl,

0 to 27%) in the highest than in the lowest quartile of plasma
selenium

No change in GM plasma adiponectin levels in all four groups
after six months supplementation despite significant increase in
plasma selenium levels

Age

Education

Menopausal status

Body mass index

Smoking

Alcohol intake

Energy intake
Saturated/polyunsaturated fatty
acids ratio

Animal proteins

Total carbohydrates

Weight change between the base-
line and follow-up examinations

Age

Sex

Future case-control status
Geographic region
Smoking

Alcohol intake

Physical activity

Body mass index
Selenium supplement use
Multivitamin use
Consumption of total energy
Ratio of polyunsaturated to
saturated fats

Trans fat

Whole grains

Coffee

Sex
Study Center

Mean plasma selenium level at
baseline 85.5 ng/g




Table 3:

Animal studies related to diabetes endpoints

Pinto et al. [27]

Zeng et al. [28]

Male pigs

F Wistar rats 67 days old,
fed for five weeks, bred
and sacrificed on day 14
post-partum

Pups fed same diet as
respective dam

Selenium-enriched
yeast

Selenium-enriched
yeast (mainly as sele-
nomethionine)

Selenium-adequate (0.17 mg
selenkum/kg) or a selenium-
supranutritional (0.50 mg
selenium/kg; high-seleni-
um) diet.

0, 0.3, 3 mg selenium per
kg diet (corn-soy bean
selenium-deficient

(12 pg selenium/kg) basal
diet)

16 weeks

5 weeks +
pregnancy +
14 days;
Pups for 112
days

LOAEL 0.5 mg Se/kg

Fasting plasma insulin and cholesterol levels were
non-significantly increased in the high-Se pigs, whereas
fasting glucose concentrations did not differ between
the two groups. In skeletal muscle of high-Se pigs,
glutathione peroxidase activity was increased, gene
expression of forkhead box O1transcription factor and
peroxisomal proliferator-activated receptor-y coacti-
vator 1o were increased and gene expression of the
glycolytic enzyme pyruvate kinase was decreased. In
visceral adipose tissue of high-Se pigs, mRNA levels of
sterol regulatory element-binding transcription factor1
were increased, and the phosphorylation of Akt, AMP-
activated kinase and mitogen-activated protein kinases
was affected.

No changes during first 5 weeks, but during gestation:
LOAEL 3 mg/kg diet

No changes in body weight, but 1 body weight gain
between GD0-19; 1 fasting plasma insulin level on GD19;
1 fasting plasma glucose level on D14PP; — HOMA-IR " 1
from GD19 — D14PP = insulin resistant;

No difference on GDO but on GD19 1 blood glucose
levels afteri.p. glucose or insulin injection (glucose/
insulin tolerance test) = hyperinsulinemia and insulin
resistance;

1 plasma triglyceride levels on GD19 = hyperlipidemic
effect.

Pups: 1 body weight for first 8 weeks (giant baby syn-
drome associated with maternal gestational diabetes);
on day 112 1 fasting plasma glucose; 1 HOMA-IR; 1 blood
glucose levels afteri.p. glucose or insulin injection
(glucose/insulin tolerance test)

| mRNA and/or protein levels of 6 insulin signal proteins
in liver and muscle of dams and/or pups; 1 GPx1 mRNA/
activity in pancreas, liver, and erythrocytes of dams;

— moderate gestational diabetes mellitus and postpar-
tum insulin resistance and insulin resistance in pups;
linked to gene expression changes of several selenium
proteins

In conclusion, dietary Se oversupply
may affect expression and activity of
proteins involved in energy metabo-
lism in majorinsulin target tissues,
though this is probably not sufficient
to induce diabetes.

Selenium may induce metabolic and
molecular alterations, resulting in
anincrease in lipid turnover and a
shift in fuel selection from carbo-
hydrates to lipids in skeletal muscle
and visceral adipose tissue.

Authors noted that potential con-
founding effects of yeast constitu-
ents other than Se cannot be ruled
out;

Since there was increase in GPx1
activity at highest dose, 0.3 mg
selenium/kg diet might be some-
what selenium-deficient

"HOMAR-IR: homeostasis model assessment of insulin resistance index




Table 3 (continued)

Labunskyy et al. Male C57BL/6) mice Sodium selenite 0, 0.1, 0.4 mg selenium 3 months LOAEL 0.4 mg/kg diet 0.4 ppm ~ 200 pg/d in humans; 0.1
[29]? after weaning per kg diet (Torula yeast Impaired insulin sensitivity (1 plasma glucose levels ppm ~ 55 pg/d in humans; 0.1 ppm
selenium-deficient) afteri.p. injection of insulin in overnight fasted mice); Na selenite — max GPx1 expression
Hyperinsulinemia (1 steady state plasma insulin in fed, | in mice < 55 pg/d selenium — max
but not fasted mice; no significant changes in steady GPx1 expression in humans (Handy
state plasma glucose levels) etal. 2009)
Liver and kidney extracts had significantly 1 GPx1and Expression of stress-related Se
MsrB activities compared to controls; proteins ~ insulin sensitivity |

Authors suggest that in addition to
L H,0, levels, GPx1 overexpression
selectively upregulates other Se
proteins;

Both high as well as low levels of Se
protein may lead to diabetes

2|n a parallel experiment reported in this publication, transgenic mice encoding i6A-mutant Sec (selenium cysteine) tRNA and Wild type (FVB/N) mice were fed standard chow diet. Sec insertion in selenium proteins

is decreased by mutant tRNA, resulting in lower selenium protein expression. Expression and activities of GPx1, MsrB1and others were decreased. The same parameters as measured for the selenium-supplemented mice
were measured and all effects seen were more pronounced in transgenic mice compared with their wild type (1 plasma glucose levels after i.p. injection of insulin in overnight fasted mice; 1 steady state plasma insulin in
fed, but not fasted mice; 1 steady state plasma glucose level).

Table 4:
Percent baseline plasma glucose following insulin challenge

Selenium in diet (ppm) Minutes after insulin challenge

0.1 (Normal diet) 69.41(7.57) 52.47 (9.37) 61.31(13.97) 109.08 (33.73)
0.4 89.92 (20.94) 82.75(20.83) 11119 (16.48) 96.45 (26.12)

Labunskyy et al. [29|




Table 5:

Characteristics of epidemiological studies on cancer and selenium

Reference Study/cohort Study year Country Exposure determination Outcome definition and
determination

Willett et al. [121]

Clark et al. [122]

Salonen et al.
[123]

Salonen et al.
[124]

Peleg et al. [125]

Menkes et al. [126]
Helzlsouer et al.
[57]

Burney et al. [127]
Zheng et al. [128]
Batieha et al. [129]
Ko [130],

as cited in
Dennert et al. [55]
Breslow et al. [131]
Helzlsouer et al.
[132]

Fex et al. [133]
Kok et al. [134]

Kromhout [135]

Nomura et al.
[136]

Participants of the Hypertension
Detection Follow-up program, 30 to
69 years

Person at high risk of non-melano-
ma skin cancer

Random sample of two Finnish
provinces (North Karelia Project)

Random sample of two Finnish
provinces (North Karelia Project)

Residents of Evans county, 15 years
and older

Inhabitants of Washington county/
Maryland (CLUE 1 Cohort)

Residents of Malmo, age 46 to 48

Male inhabitants of Zoetermeer, age
5 years and older (EPOZ cohort)

Random sample of male population,

age 40 to 50 years, in Zutphen

Male participants of the Honolulu
Heart program, Japanese ancestry,
age between 50 and 75

1973/1974 t0 1979

not reported

1972101978

1977 to 1980

1967 to 1981

1974 t0 1983

1975 to 1981

1975 t0 1983

1960 to 1985

1971/1975 to 1982

us

Finland

Finland

us

us

Sweden

Netherlands

Netherlands

us

Nested case- control

Cohort

Nested case-control

Nested case-control

Nested case-control

Nested case-control

Nested case-control

Nested case-control

Cohort

Nested case-control

With serum sample

available
N = 4,480
N=177

Free of cancer, age 31to 59
N = 8,113

Free of cancer, age 30 to 64
N = 12,155

Free of cancer at baseline
and during first two years of
follow-up

Free of cancer at baseline
N = 25,804

Prevalent cases included
N=7935

N =10,532
N=_878
N=6,860

Serum selenium

Plasma selenium

Serum selenium

Serum selenium

Serum selenium

Serum selenium

Plasma selenium
Serum selenium
Selenium intake

(questionnaire)

Serum selenium

any cancer
incidence

non-melanoma skin cancer
incidence

any cancer
incidence

any cancer
mortality

any cancer
incidence

lung cancer (Menkes)
bladder cancer (Helzlsouer
1989)

pancreatic cancer (Burney)
oral/pharyngeal (Zheng)
cervical (Batieha)

colon cancer (Ko)
melanoma, basal cell carci-
noma (Breslow)

ovarian cancer (Helzlsouer
1996)

any cancer
mortality

any cancer
mortality

lung cancer
mortality

any cancer (as sum of below)
stomach, rectal, lung, colon,
bladder,

incidence




Table 5 (continued)

Reference Study/cohort Study year Country Exposure determination Outcome definition and
determination

Virtamo et al.
[137]

Van Noord et al.
[138; 139]

Ringstad et al.
[140]

Coates [141],
Coates et al. [142]

Glattre et al. [143]

Knekt et al. [144]

Knekt et al. [145]

Hakama et al.
[146]

Knekt et al. [147]
Knekt et al. [148]
Knekt et al. [149]

Overvad et al.
[150]

Yu et al. [151]
Li[152], as cited in
Dennert et al. [55]
Yu et al. [153]

Male inhabitants of rural Finland,
age 55 to 74 years

Femals inhabitants of Utrecht,
pre-menopausal, age 42 to 52 years
(DOM study)

Inhabitants of Tromso with blood
sample in 1979 (Tromso Heart
Study II)

Employees of two Seattle compa-
nies

Norwegian Cancer Society Janus
serum bank

Participants of the Social Insurance
Institution’s Mobile Clinic Health
Examination Survey

Female participants of the Channel
Island Cohort older than 35 years

Residents in Qidong province

1974 101983

1983 to 1986

1979 to 1985

1972 t0 1984

1972 t0 1985
1968/1972

t0 1980

to 1977

t0 1986

t0 1980
1973 to 1976
1973 to 1991

1967/76 to 1985

2 years

Finland

Netherlands

Norway

us

Norway

Finland

Channel
Islands

China

Cohort

Nested case-control

Nested case-control

Nested case-control

Nested case-control

Cohort/Nested case-
control

Cohort

Clinical trial

Serum sample available,
prevalent cases and those
within first year of follow-up
excluded

N=1,110

N = 8,760
N=9,364
N=6,164
N=100,000
N=39,268
N =36,265

not reported

N = 4,538 (male)
N = 1,896 (female)
N = 9,101

N=5,162

N = 2,474 (3,849)
first-degree relatives within
three generations of fami-
lies with 2 or more cases of
liver cancer during the
1972 to 1985

Serum selenium

Toenail selenium

Serum selenium

Serum and plasma selenium

Serum selenium

Serum selenium

(dietary history)

Plasma selenium

200 pg selenium as sele-
nised yeast/day

any cancer
incidence

breast cancer
incidence

any cancer
incidence

any cancer,
gastrointestinal, breast,
prostate, haematological,
cervical, lung, other
incidence

thyorid cancer
incidence

any cancer
stomach, colon and rectal,
lung, prostate, urinary tract,
pancreatic, breast, gynaeco-
logical, basal cell, other
oesophageal and stomach,
colon and rectal

any cancer

lung, breast, stomach,
prostate

lung

ovarian

lung

incidence

breast cancer
incidence

primary liver cancer




Table 5 (continued)

Reference Study/cohort Study year Country Exposure determination Outcome definition and
determination

Hagmar et al.
[154], as cited in
Dennert et al. [55]

Combs et al. [155]

van den Brandt
etal. [156; 157]
van den Brandt
et al. [158]
Zeegers et al. [58]
van den Brandt
et al. [159]

Kabuto et al. [160]

Garland et al. [161]

Clark et al. [59]
Duffield-Lillico
et al. [56]

Comstock et al.
[162]

Karagas et al.
[163]

Baltic Sea fishermen

Male and female participants of the
Nutritional Prevention of Cancer
Trial (NPCT)

Participants of the Netherlands
Cohort Study (NLCS)

Male and female participants of the
Adult Health Study Hiroshima and
Nagasaki

Female participants of the Nurses’
Health Study (NHS)

Male and female participants of the
Nutritional Prevention of Cancer
Trial (NPCT)

Male and female participants of
the CLUE | and Il Cohort among
residents of Washington County

Male and female articipants of
the Skin Cancer Prevention Study
(clinical trial)

1944 t0 1987

1983/1991to
(2 years follow-up)

1986 to 1989

to 1989

t0 1992

1960 to 1983

1976 to 1986

1983/1991t0 1996

1974 0r 1989 to 1993

1983/86 to 1989

Sweden

us

Netherlands

Japan

us

us

us

us

Cohort

Cohort

Cohort

Nested case-control

Nested case-control

Clinical trial

Nested case-control

Nested case-control

N=1,360

N =1,239

with history of 2 or more
squamous cell or basal cell
skin cancer

N =120,852,

55 to 69 years without histo-

ry of cancer
N =62, 573 (female)
N =120,852

N =58, 279 (male)

N =20,000

N = 62,641

with no history of cancer at
baseline and with toenail
sample in 1982

N =1,312

with history of 2 or more
squamous cell or basal cell
skin cancer

Cases N =258

N =1,805
at least one BCC or SCC
before study entry

Intake (questionnaire, small
sample)

Plasma selenium (small
sample)

Plasma selenium
Intervention: 200 pg sele-
nium as 500 mg selenium
yeast tablets/day

Toenail selenium

Serum selenium
(1970 to 1972)

Toenail selenium
(1982)

Plasma selenium
Intervention: 200 pg sele-
nium as 500 mg selenium
yeast tablets/day

Plasma/serum selenium

Plasma selenium

various sites

squamous cell skin cancer
incidence

stomach, colon, rectal, lung

breast
bladder

prostate cancer

incidence

lung, stomach

incidence

any cancer

colon and rectal, melanoma,
ovarian, lung, uterine, other
incidence

squamous and basal cell
skin cancer

secondary: any cancer, lung,
prostate, colorectal, head
and neck, bladder, oeso-
phageal, breast, melanoma,
haematologic

incidence

lung cancer
incidence

squamous cell skin cancer




Table 5 (continued)

Reference Study/cohort Study year Country Exposure determination Outcome definition and
determination

Yu et al. [164]

Dorgan et al. [165]

Hartman et al.
[166]

Yoshizawa et al.
[167]
Yu et al. [168]

Helzlsouer et al.
[169]

Lietal.[170]

Nomura et al. [171]

Persson-Mosches
etal. [172]

Ratnasinghe et al.
[173]

Brooks et al. [174]

Goodman et al.
[175]

Kilander et al.
[176], as cited in
Dennert et al. [55]

Davies et al. [177]

Recruitment through screening of
avillage

Female volunteers with serum
available at Breast Cancer Serum
Bank in Missouri

Male participants, age 50 to 69, of
the ATBC study

Male participants of the Health Pro-
fessionals Follow-Up Study (HPFS)

Male, 30 to 65 years recruited in two
clinics in Taipei

Male participants of the CLUE Il Co-
hort among residents of Washington
County

Male residents of Qidong province,
age 20 to 65 years

Male participants of the Honolulu
Heart program, Japanese ancestry,
age between 50 and 75 and brothers
of the participants

Male participants of the Malmo Pre-
ventive Program, age 46 to 48 years

Tin miners with 10 or more years
underground/smelting and older
34 years

Male participants of the Baltimore
Longitudinal Study of Aging

Male and female color members
of the Caret (Carotene and Retinol
Efficacy Trial)

Men of Uppsala, age 50 years

Male participants of the EPIC study

1987 t0 1994

1977/1988 to 1989
(majority until
1982/83)

1985/88 to 1993

1986/87 t0 1994

1984/92 t0 1996

1989 to 1996

t0 1999

1971/77 t0 1995

1974/82 t0 1988

1992/97 to 1997

1991to

1988/94 to 98

1970/73 t0 1995

1992/2000 to
1999/2003

China

us

Finland

us

Taiwan

us

China

us

Sweden

China

us

us

Sweden

UK

Clinical trial

Nested case-control

Cohort

Nested case-control

Nested case-control

Nested case-control

Clinical trial

Nested case-control

Nested case-control

Nested case-control

Nested case-control

Nested case-control

Cohort

Nested case-control

N =226

N=6,426
no history of cancer at
baseline

N =29,133
no history of cancer at
baseline, smokers

N =33,737
N = 4,841
N =10,456
N=2,065
N=9,345

no cancer diagnosis at
baseline

N ~9,500

N=9,143
no history of cancer at
baseline

N =1,555
N =18,314
N=2,301

those died within the first 2
years of follow-up excluded

Cases N=123

Intervention: 200 pg seleni-
um as selenised yeast/day
for 4 years

Serum selenium

Intake (questionnaire)

Toenail selenium
Plasma selenium

Toenail selenium

Intervention: 0.5 mg sodium
selenite/day for 3 years

Serum selenium

Plasma selenium

Serum selenium

Plasma selenium

Serum selenium

Serum selenium

Plasma selenium

primary liver cancer
incidence

breast cancer
incidence

prostate cancer
incidence

prostate cancer
incidence

primary liver cancer
incidence

prostate cancer
incidence

primary liver cancer
incidence

prostate cancer
incidence

any cancer,
gastrointestinal, respiratory
tract, urinary tract, other

lung cancer
incidence

prostate cancer
incidence

lung cancer
incidence

any cancer
mortality

non-melanoma skin cancer
Incidence




Table 5 (continued)

Reference Study/cohort Study year Country Exposure determination Outcome definition and
determination

Michaud et al.
[178]

Hartmann et al.
[179]

Ujiie and Kikuchi
[180]

Kornitzer et al.
[181]

Lietal.[182]

Wei et al. [183]

Akbaraly et al.
[184]

Michaud et al.
[185]

McNaughton et al.
[186]

Heinen et al. [187]

van der Pols et al.
[188]

Male participants of the ATBC study,
50 to 69 years

Hospital patients in Miyagi in 1993

Male participants of the Belgian
Interuniversity Study on Nutrition
and Health, 25 to 74 years

Male participants of the Physicians’
Health Study

Healthy controls of the General Po-
pulation Trial Linxian, 40 to 69 years

Participants of the EVA study, 59 to
71years

Participants of the HPFS and the
NHS study

Participants of the Nambour Skin
Cancer study, 20 to 69 years

1958/88 to 1993

1993101998

1980/84 t0 1990

1982 to 1995

1986 to 2001

1991/93 to 2001

1983/87 to 2000

1992/96 to 2001

to 2004

to 2004

Finland

Japan

Belgium

us

China

France

us

Australia

Nested case-control

Cohort

Nested case-control

Nested case-control

Nested case-control

Cohort

Nested case-control

Nested case-control
Cohort

N =29,133

no history of cancer other
non-melanoma skin cancer
at baseline

Cases N =250
N=2,312
CasesN =73

no cancer diagnosed at
baseline or within 6 months
of follow-up

Cases N=193

N =14,916
no history of cancer at
baseline

N=1,103
N=1,389
N =101,950

no history of cancer at
baseline
Cases N =337

N~1,000

no history of SCC at base-
line

CasesN=90

Cases BCC 149, SCC 116

Cases BCC77,SCC59

Toenail selenium

Serum selenium

Serum selenium

Plasma selenium

Serum selenium

Plasma selenium

Toenail selenium

Serum selenium

bladder cancer

lung cancer
Incidence

any cancer
incidence

any cancer
mortality

prostate cancer
incidence

oesophageal cancer,
stomach, cardia cancer
stomach, non-cardia cancer
other

mortality

any cancer
mortality

bladder cancer
incidence

basal cell carcinoma of the
skin (BCC) squamous cell
carcinoma of the skin (SCC)
Incidence

BCCand SCC

BCCand SCC




Table 5 (continued)

Reference Study/cohort Study year Country Exposure determination Outcome definition and
determination

Sakoda et al. [189]

Kune and Watson
[190]

Le Marchand
etal. [191]

Cui et al. [192]

Peters et al. [193]

Allen et al. [194]

Bleys et al. [195]

Dong et al. [196]

Peters et al. [197]

Asgari et al. [198]

Reid et al. [199]

Thomson et al.
[200]

Connelly-Frost
etal. [201]

Inhabitants of Haiman with Chinese
origin

Participants of the Melbourne
Colorectal Cancer Study

Caucasian residents of Oahu,
Hawaii, 18 to 79 years

Females with a diagnosis of benign
breast disease between 1970

and 1994 at Kaiser Permanente
Northwest

White, non-hispanic participants of
the Prostate, Lung, Colorectal and
Ovarian Cancer Screening Trial, 55
to 74 years

Male participants of the EPIC study

Participants of the NHANES IIl study,
20 to 90 years

Participants of the Seattle Barrett’s
Esophagus Program

White participants of the Vitamins
And Lifestyle (VITAL) study in
Washington state, 50 to 76 years

Participants of the NPCT trial

Female participants of the Women’s
Health Initiative (WHI) trial and
observational study, 50 to 79 years

Participants of the North Carolina
Colon Cancer Study (NCCCS)

1993 to 2000

1980 to 1981

1986 to 1992

1970 to 1994

1993/2001t0 2001

1992/2000 to
1999/2003

1988/94 to 2000

1995 to 2004

2000/02 to 2004

to 2006

1989/92t0 1996

t0 2004

1996 to 2000

China

Australia

us

us

us

Europe

us

us

us

us

us

us

Nested case-control

Case-control

Case-control

Nested case-control

Nested case-control

Nested case-control

Cohort

Cohort

Cohort

Clinical trial

Cohort

Case-control

N = 41,563

with toenail sample after
2000

Cases N =166

Cases/controls N = 715/727

Cases N=278

Cases N =252

diagnosed with breast can-
cer before, or within 1year
of benign breast biopsy
were excluded

N = 26,975
Cases N=724
N =130,000
Cases N =959
N =13,887
Cases N = 457
N =339

with Barrett’s oesophagus
cases N =37

N = 35,242 (males)

Cases N =818
N = 69,671
Cases N = 461
N =423

with prior non-melanoma
skin cancer

N =133,614
Cases N = 451

Cases N =1,691

Toenail selenium

Dietary intake
(questionnaire)

Plasma and toenail selenium

Elemental levels in breast tis-

sue using X-ray fluorescence
spectroscopy

Serum selenium

Plasma selenium

Serum selenium

Supplemental intake
(questionnaire)

supplemental intake
(questionnaire)

Supplementation with
400 pg selenium as yeast
tablets/day

Supplemental intake
(questionnaire)

Serum selenium

primary liver cancer
mortality

colorectal cancer
incidence

melanoma
Prevalence/Incidence

breast cancer
incidence

prostate cancer
Incidence

prostate cancer
Incidence

any cancer
Mortality

oesophageal adenocarci-
noma
Incidence

prostate cancer

melanoma
incidence

basal and squamous cell
carcinoma of the skin
incidence

ovarian cancer
incidence

colon cancer
incidence




Table 5 (continued)

Reference Study/cohort Study year Country Exposure determination Outcome definition and
determination

Epplein et al. Participants of the Multiethnic 1993/96 to 2006 Nested case-control N = 67,594 Serum selenium lung cancer
[202] Cohort with blood sample before
cancer diagnosis
Cases N =207
Gill et al. [203] N =29,009 (male) prostate cancer
Cases N = 467 incidence
Lippmann et al. Participants of the Selenium and 2001to 2009 Us, Canada, Clinical trial 35,533 healthy men older Serum selenium prostate cancer
[14] Vitamin E Cancer Prevention Trial Puerto Rico than 50 years (median age any cancer, lung, colorectal
(SELECT) >62) Supplementation with cancer
4-group trial: 200 ug Se/day (from incidence
placebo L-selenomethionine)

vitamin E + placebo
selenium + placebo
selenium + vitamin E

Wallace et al. Cancer registry in New Hampshire, 1994 to 2001 us Case-control Cases/controls 857/1,191 toenail selenium bladder cancer

[204] aged 25 to 74 years incidence

Thompson et al. Participants of the lowa Women’s 1986 to 2005 us Cohort N = 35,159 dietary intake non-Hodgkin lymphoma
[205] Health Study, aged 55 to 69 years (questionnaire) incidence

Table 6:

Available Animal Studies on Cancer and Selenium (oral exposure)

Cited in ATSDR 2003 [2] | Citedin MAK1999/2011 |  Cited in IRIS 1993 [76] Cited in IARC 1975 [1]
[8; 771

NCI [63] (rats)

NCI [63] (mice) yes yes no n/a
Innes et al. [70]; NCI [206] yes no no yes
Schroeder and Mitchener [66] yes no yes yes
Schroeder and Mitchener [67] yes yes yes yes
Harr et al. [64]; Tinsley et al. [65] yes yes yes yes
Volgarev and Tscherkes [68], as cited in ATSDR [2] yes no no no
Tscherkes et al. [69], as cited in Harr et al. [64] no no no no
Seifter et al. [72], as cited in Bielschowsky et al. [73] no no no no
Seifter et al. [71] no no no no
Nelson et al. [74]; Fitzhugh et al. [207], as cited in ATSDR [2] yes yes yes yes




Table 7a:
Cancer studies in healthy animals

Test System Mm Tumor Incidence/Cancer-Related Results Remarks/Conclusion

National Cancer Rats SeS Oral gavage 104 weeks .. Statistically significant 1 in hepato-
T d M
Institute [63] Mice (MW 111.045 g/mol) 3,15 mg/kg/day umor incidence (M/F) cellular carcinomas and adenomas
20, 100 mg/kg/day Dose (mg/kg/day SeS) in rats
As SeS Rats Controls 3 15 o .
Statisticalli significant 1 hepatic
Hepato-cellular 1/50/ 0/50/ 15/49/ || carcinomas and adenomas, as well
carcinomas 0/50 0/50 21/50 as alveolar/bronchiolar carcinomas
and adenomas, in female mice
Mice Controls 20 100
Hepato-cellular 15/50/ 14/50/ 23/50/ Hepatocellular Carcinomas
carcinomas & 0/49 2/50 25/49 and/or Adenomas
adenomas Species | Se dose (mg/kg/day)
NOAEL LOAEL
Rats 2.1 10.07
Mice 14.2 71
Schroeder and White Swiss CD mice sodium selenite or Drinking water lifetime Group e Malignant tumor incidence 43% in

Mitchener [66]

(50/sex/group)

sodium selenate

3 mg selenium/L

as either sodium
selenite or sodium
selenate

(+1ppm or5 ppm Cr,
respectively)

(0.31t0 0.34 mg
selenium/kg/day for
males and 0.42 mg
selenium/kg/day for
females)

Controls 180 autopsied

23/119 sectioned (19%):
10/119 (8%) or 10/23 (43%)
of tumors malignant;

2 lymphoma-leukemia;

7 lung carcinoma, 1 unknown
origin, 13 benign tumors of
breast, ovary, others

Se 3 ppm,
176 autopsied

13/88 (15%) sectioned, all
malignant: 8 lymphoma-leu-
kemia, 4 papillary or alveolo-
genic adenocarcinoma of the
lung, 1 osteosarcoma

Selenite 1 body weight of M, but body weight | of F, selenite
> selenate; both forms 1 body weight loss in older animals
Body weights of selenate-treated animals were comparable

to controls.

Longevity in males fed selenate was increased compared
with controls. Longevity in females fed selenate increased,
but longevity in females fed selenite decreased compared

with controls.

controls vs. 100% with Se, but this
was not significant.

Selenate 1 lifetime, selenite |
lifetime

In this study, only 88 out of

211 selenium-treated animals and
119 out of 209 control animals were
examined histologically




Table 7a (continued)

Test System M Tumor Incidence/Cancer-Related Results Remarks/Conclusion

Schroeder and
Mitchener [67]

Long-Evans rats (approxi-
mately 50/sex/group at
study initiation)

105 controls

Sodium selenite or
sodium selenate

Drinking water

2 ppm Se* for 1year,
then 3 ppm for the

remainder of the
study

After 58 days M rats

on selenate were

transferred to selenite

(0.28 t0 0.42 mg

selenium/kg/day)

* |ARC [1] noted that
this is equivalent to

4.5 ppmin diet

Lifetime
(~36
months, al-
though one
selenate-
treated
female lived
for 5 years)

Selenite produced 50% mortality in males by 58 days. This
group was changed to 2 ppm selenate; no tumors after 596
days in surviving rats;

Selenite produced 50% mortality in females by 348 days;
selenite- treated females were sacrificed at 23 months due to
high mortality.

Survival of rats receiving selenate was comparable to cont-
rols and median lifespan was increased by » 100 days.
Statistically significant increase in incidence of all tumors
and malignant tumors 1

Endpoint Tumor incidence
Controls Selenate Selenite
Total tumors 20/65 30/48 4/32
(30.8%) (62.5%) (12.5%)
Malignant 11/65 20/48 4/32
tumors (16.9%) (41.7%) (12.5%)
Day of ear- 833 (M), 344 (M),
liest tumor 633 (F) 633 (F)

No difference in body weights of males compared to controls.
Body weights of females fed selenate » controls at 24 and 36
months; body weights of females fed selenite were < controls
at all times but 18 months.

IARC [1] noted “Although there is a
statistical difference in the incidence
of all tumours and that of malig-
nant tumours between control and
selenate-treated groups, an evalua-
tion of these results was not possible
because not all autopsied animals
were examined histologically and
because treated animals lived longer
than controls (the average lifespan
of control males and females was
813 and 814 days and that of treated
animals 847 and 929 days, respec-
tively).”

ATSDR [2] noted “Analysis of the inci-
dence of tumors among animals with
equal longevities indicates that the
incidence of tumors in the selenate-
treated rats was not significantly
different from that in the controls.”
The shortened survival time of the
selenite groups was thought to be
responsible for the small number

of tumors. This study is conside-

red inadequate because only the
heart, lung, liver, kidney and spleen
tissues from animals necropsied
were examined histologically, and an
increase in longevity was observed in
selenate-treated female rats.

The treatment of the control group
was not discussed. Not all autopsied
animals were examined histologi-
cally.;

High mortality in all groups occurred
as a result of a virulent pneumonia
epidemic that occurred during the
study.




Table 7a (continued)

Test System Mm Tumor Incidence/Cancer-Related Results Remarks/Conclusion

Harr et al. [64];
Tinsley at al. [65]
- NCI study

M/F Wistar rats

Sodium selenate or
sodium selenite

Diet

0.5, 2, 4,6, 8,16 Se
ppm

(different experimen-
tal diets + different
amounts of casein
(12 or 22%) + Se or
commercial diets, incl
with added Se 4 to 16
ppm)

Positive control: AAF
(hepato-carcinogen)

max 0.8 mg sele-
nium/kg/day
(authors use diffe-
rent intake levels)

lifetime

Mortality very high in 16 ppm group and therefore that dose
was terminated. 24 ppm 11 mortality = 0.5 mg/kg/day —
death due to acute toxic hepatitis < 100 days

Neoplasia: 20 non-AAF related neoplastic lesions were ran-
domly distributed over experimental groups: 9 in Se-experi-
mental diet-treated (9/738 autopsied = 1.2%), 11 in controls
(11/308 = 3.6%), none of those were hepatic (positive control
AAF: 26 hepatic carcinomas)

Other liver lesions: Hepatic hyperplasia:

50 in situ hepatic abnormal lesions in other rats: positive
control AAF: 10/59 autopsied (17%)

controls with no Se-added diets, commercial diets, incl those
with Se added, or experimental diets of 0.5 ppm Se:

0/448 autopsied (0%)

experimental diets with 2-8 ppm Se:

40/590 autopsied (7%):

Se (ppm) In Situ Hepatic Lesions
Total (%) Grade 1 Grade 2
0.5 0 0 0
2 4/88 (5) 3 1
Upto4 13/165 (8) 10 3
6 2/29 (7) 1 1
Upto8 9/181(5) 6 3

Out of 1,437 experimental animals,
1,126 were necropsied.

Authors noted that 0.5 mg/kg body
weight/day [4 ppm] seems to be

the threshold level for toxicity and
reduced lifespan.

Authors noted that in situ/ hyper-
plastic liver lesions did not regress
when added Se was removed from
diet; high cellular turn-over suggests
autonomy.

2-3 fold resistance to Se toxicity with
commercial diet vs. experimental
diet; 1 protein in diet was protective
Toxicity: Selenate » selenite

In Situ Hepatic Lesions

Se in diet (ppm) | Se dose (appro-
ximate, mg/kg/
day)

NOAEL | LOAEL | NOAEL | LOAEL

0.5 2 0.05 0.2

34 different groups — different diets
+ different Se concentrations and
compounds complicate evaluation
of results

High mortality starting at 4 ppm Se
may have prevented observation of
late developing cancers.




Table 7a (continued)

Test System Mmm Tumor Incidence/Cancer-Related Results Remarks/Conclusion

High mortality, tumors appeared
mostly late (> 18 months)

Volgarev and
Tscherkes [68], as
cited in ATSDR [2]

Tscherkes et al. [69],
as cited in Harr et
al. [64] [original in
Russian]

Male rats

Hetero-zygous rats
N =40

Sodium selenate

Sodium selenate

Diet

1) 0.34 mg selenium/
kg/day

2) 0.34 mg selenium/
kg/day for 6 months,
followed by 0.68 mg/
kg/day until death

3) 0.34 mg selenium/
kg/day

Diet
4.3 ppm Se

118
months

2) 6 months
+ until
death

3) 26
months

Up to
32 months

1) Tumors (primarily liver) in 10/23 rats, first tumors appeared
after 18 months of selenium administration, by which time,
43% (of 40 rats) of the animals had already died

2) Tumors in 3/16 rats

3) No tumors in 200 rats, but very high mortality among
these rats, survival time was 10 months shorter than among
the similarly fed animals in the first experiment.

23/40 lived » 18 months:

hepatic carcinomas (2 metastasized to lung) in 3/23, 3
hepatic adenomas, 4 considered precancerous [unclear
description]

Liver Tumors

Se in diet (ppm) | Se dose (appro-
ximate, mg/kg/
day)
NOAEL | LOAEL | NOAEL | LOAEL
NI NI NI 0.34

No dedicated controls, but the
authors noted that an additional 200
male rats were maintained in their
laboratory during these experiments
and fed stock rations. The life spans
of these animals exceeded those
used in the experiments and no
tumors were found at autopsy.

Criteria of neoplasia included uneven
basophilia, preserved architecture,
variation in size of cells and nuclei,
and fatty degeneration

No information on controls

Liver Tumors
Se in diet (ppm) | Se dose (appro-
ximate, mg/kg/
day)
NOAEL | LOAEL | NOAEL | LOAEL
NI 4.3 NI 0.22




Table 7a (continued)

Test System M Tumor Incidence/Cancer-Related Results Remarks/Conclusion

Innes et al. [70];
National Cancer
Institute [206]

Seifter et al. [72], as
cited in Bielschowsky
etal. [73]

Mice

C57BL/6 x C3H/Anf)F1
(strain X);

C57BL/6 x AKR)F1 (strain Y)

Information not available

Ethyl selenac
(Selenium diethyl-
dithiocarbamate; MW
672.0384 g/mol)

Bis-4-acetamino-
phenyl-selenium
dihydroxide

Oral gavage, then diet
ethyl selenac 10 mg/
kg body weight/day
by gavage on days 7
to 28 of age, after day
28 to 26 ppm in diet
vehicle control 0.5%
gelatin

Diet
<0.05%

81to0 82
weeks
(starting
age 7 days
82to 83
weeks)

1to 2 years

Tumor
Strain X y X y
necropsied M 16 18 18 17
P F 16 17 17 17
hepatomas M 0 ! 12 3
P F 0 0 3 0
ulmona M 0 2 0 3
P v F 0 1 0 1
lymphomas M 0 0 3 !
F 0 1 2 3
M 0 3 16 5
total Fl o 2 6 4

MTD given, starting age 7 days
Diagnostic criteria: Hepatomas =
liver tumors that are not metasta-
sized (but not equal benign);
hepatoma incidence significant 1 in
strain x

authors noted: incidence of lym-
phoma in some subgroups of mice
treated with ethyl selenac were
significantly increased over negative

controls
In Situ Liver Lesions
Se in diet (ppm) | Se dose (appro-
ximate, mg/kg/
day)

NOAEL | LOAEL | NOAEL | LOAEL

con- 3.0 con- 1.2
trol trol gava-
ge-0.3

IARC [1] noted that tumors might
have been due to thiocarbamate part
not Se.

“When smaller [than in Seifter et al.
1946 study] amounts were fed over
periods of 1-2 years the degree of
hyperplasia observed was rather
mild and limited to the interior of
the gland; only one adenoma was
found. Benign liver tumors appeared
in these rats, suggestive of a direct
carcinogenic action of the compound
(Seifter, Ehrich and Hudyma, 1949).”




Table 7a (continued)

Test System Mm Tumor Incidence/Cancer-Related Results Remarks/Conclusion

Seifter et al. [71] 1) white rats (N = 16) Bis-4-acetamino- Diet 1) 10 days 1) increased size, hyperplasia, loss of colloid in thyroid Authors noted goitrogenic action
2) white rats (N = 8) phenyl-selenium 1) 0.05t0 0.1% 2) 105 days | glands of Se
dihydroxide 2) 0.05% 2) multiple adenoma of thyroid glands & adenomatous .
(MW 248.16 g/mol) hyperplasia of the liver Adenomas of Thyroid Glands

Sein diet (ppm) | Se dose (appro-
ximate, mg/kg/
day)

NOAEL | LOAEL | NOAEL | LOAEL
NI 0.05 NI 6.36




Table 7a (continued)

Test System Mm Tumor Incidence/Cancer-Related Results Remarks/Conclusion

Nelson et al. [74],
Fitzhugh et al. [207],
as cited in [2]

Female inbred
Osborne-Mendel rats
18/group

Naturally seleni-
ferous corn or wheat
diets containing Se
or added as mixed
inorganic selenide
(@mmonium potas-
sium selenide & am-
monium potassium
sulfide)

Diet

5,7,0r10 ppm Se
(0.25, 0.35, or 0.50
mg selenium/kg/day)

2+ years

Se (ppm) diet

Liver tumor
incidence (at 18+
months)

Survival < 18
months)

controls

<1% hepatic
tumors
(1/200 living 18
to 24 months,
3/350 living > 24
months 3)

4/18

5 corn

2/10 adenomas

8/18

5 wheat

2/14 adenomas

4/18

7 corn

1adenoma,
1carcinoma
/10

8/18

7 wheat

1adenoma,
2 adenomatoid
hyperplasia/4

14/18

10 corn

1adenoma & low
grad carcinoma,
1low grade
carcinoma &
adenomatoid
hyperplasia,
1adenomatoid
hyperplasia
/5

13/18

10 wheat

/3

15/18

10 selenide

2 carcinoma low
grade,
1adenomatoid
hyperplasia
/7

11/18

Cirrhosis incidence 1 after 3 months;
High mortality in all treatment groups
(58%) by end of first 17 12 months; 1
Se dose-related.

First tumors after 18 months of
treatment; tumors (adenomas-low
grade carcinomas) developed only

in animals with cirrhotic livers, but
authors noted that there was no
correlation between degree of cirrho-
sis and tumor presence: 11 animals
with tumors out of 43 animals with
cirrhosis of 53 surviving 18+ months,
4(5) with advanced adenomatoid
hyperplasia

Liver Tumors

Se in diet (ppm) | Se dose (appro-
ximate, mg/kg/
day)
NOAEL | LOAEL | NOAEL | LOAEL
Con- 5 Con- 0.25
trol trol
diet diet

No statistical analysis provided.
Authors noted that not all tumors
were sectioned, livers with ademo-
nas may have contained carcinomas
also and vice versa; and differenti-
ation between adenomas and low
grade carcinomas was difficult.

Hoegberg and Alexander 2007 noted
possibility that identified tumors
actually were regeneration nodules.

ATSDR 2003 noted “The possible
contribution of overt hepatotoxicity
to the development of liver tumors is
not known.”

3As noted in Harr et al.




Table 7a (continued)

Reference

Nelson et al. [74],
Fitzhugh et al. [207],
as cited in [2]
(continued)

Test System

Substance

Exposure

Duration

Tumor Incidence/Cancer-Related Results

Se (mg/kg) Animals with Survival <18
adenoma and/ months
or low-grade
carcinoma

(at 18+ months)
controls 1% 22%
5-ppm groups 4124 (17%) 33%
7-ppm groups 3/14 (21%) 61%
10-ppm groups 4/15 (27%) 72%

Remarks/Conclusion

NI: No information

Approximate doses were calculated based on the following conversion: 1 ppm in diet corresponds to 0.150 mg/kg body weight/day for mice, 0.1 mg/kg body weight/day for young rats,

0.05 mg/kg body weight/day for older rats

Table 7b:

Select studies in animal models of cancer and initiation-promotion experiments

Test System Mmm Tumor Incidence/Cancer-Related Results Remarks/Conclusion

Chen et al. [82] *

M Sprague Dawley Rats
oesophageal adeno-carcino-
ma (EAC) model

(surgical anastomosis +

iron supplementation (Fe
dextran))

Sodium selenate
(Na,Se0,)

Diet

0.17,1.7 ppm

(~0.13 mg/kg body
weight/d)

Control AIN93M diet
contained 0.17 mg Se
perkg (~0.013 mg/kg
bw/d) + 75 IU Vitamin
E perkg

2 weeks be-
fore surgery
+ 40 weeks
after

Tumor incidence & volume 1 with
dietary Se of 10x standard Se
content in diet

This study was dismissed by ATSDR
[2] because other studies have
shown Se’s cancer-protective
effects; MAK [8] noted that it could
not be used due to its unusual
study design

Treatment groups EACincidence
V-Controls 0%

| - Controls operated 67.9 %
(017 ppm Na,SeO, )

11 (0.17 ppm Na,Se0,) 64.5 %
+ Vit E 10x

I 90.3 %
+1.7 ppm Na,SeO,

v 75 %
+1.7 ppm Na,SeO,

+ Vit E10x

Sein diet Se dose (appro-
(ppm) ximate, mg/kg/
day)
NOAEL | LOAEL | NOAEL | LOAEL
0.17 1.70 0.013 0.13

“ A later study by the same authors investigated the impact of a low Se/Vitamin E diet versus the regular AIN-93M diet formula (which is supplemented with 0.15 mg Se/kg diet) on N-nitrosomethyl-benzylamine-induced
oesophageal squamous cell carcinoma. A continuous low Se/Vitamin E diet resulted in 100% tumor incidence, while supplementation reduced the incidence significantly (up to 28%) (Yang et al. 2011). The results of their
previous study were not discussed.




Table 7b (continued)

Reference
Reddy et al. [85]

Test System

M F344 rats

Initiation study
Azoxy-methane s.c. 1x/week
for 2 weeks

Initiation (I) group: 1week
after initiation change to
control diet

Post-initiation (PI) group:
1week after initiation change
to treatment diet until end
of study

27 animals/group

Substance

Sodium selenite

Exposure
Diet
0.1, +0.5, 2.5 ppm

AIN-76A diet with
some modifications

Duration
Initiation
group:

6 weeks

(3 weeks
before
initiation
to 3 weeks
after)
Post-initia-
tion group:
34 weeks
Controls:
0.1mg/kg
throughout
experiment

Tumor Incidence/Cancer-Related Results

Se (mg/kg diet)

Total colon tumor
(adenoma +

adeno-carcinoma
incidence (% ani-
mals with tumor)

Total colon tumor
multiplicity
(number of
tumors/animal)

Controls 0.1 78 1.62

[: 0.5 74 1.56

[:2.5 74 1.04 *); **)
Pl: 0.5 85 1.73

Pl: 2.5 44 %) 0.63%)

*): significant due to colon adenoma only

**): significant different from the control diet
#): significantly different from the control diet and 0,5-ppm

diet

Se (mg/kg diet)

Total small
intestinal tumor
(adenoma +
adeno-carcinoma
incidence

(% animals with
tumor))

Total small intes-
tinal tumor multi-
plicity (number of
tumors/animal)

Controls 0.1 33 0.52
I: 0.5 33 0.33
[:2.5 63 %) 0.85
Pl: 0.5 37 0.44
Pl: 2.5 44 0.59

GPx activity 1 in kidney, colon, small intestine of 2.5 ppm Se

group

*): significantly different from the control diet and 0,5-ppm

diet

Remarks/Conclusion

2.5 ppm Se administration during
the initiation phase had no effect on
total colon tumor incidence, but to-
tal small intestinal tumor incidence
was 1 compared to controls and
lower dose

2.5 ppm Se administration during
the initiation phase had no effect on
total colon tumor incidence, but to-
tal small intestinal tumor incidence
was 1 compared to controls and
lower dose

The authors noted that the protec-
tive effect might be due to GPx
during post-initiation.

They also hypothesized that an
increase in GPx activity of colonic
and small intestinal mucosae in
Se- supplemented animals may
be related to active proliferation of
mucosal epithelial cells.




Table 7b (continued)

Reference
Perchelet et al. [84]

Test System

F CF-1Mice

tumor promotion study to
induce skin papilloma via
topical application

initiaton — 0.1 pmol DMBA
(complete carcinogen),

+ 2 weeks later:

1stage model: TPA (complete
tumor promotor) 2x/week

2 stage model: Stage 1-TPA
4%,

Stage 2 — 2x/week mezerein

Substance

Sodium selenite

Exposure

i.p. injection

40 pg Na,SeO,

(~1.6 mg/kg/d) in
NaCl/HEPES solution
injected 20 min
before promoter
application

Vitamin E was applied
15 min before promo-
ter application

Duration

20 weeks
2x/week
before each
application
of promoter
treatment
(total study
duration

22 weeks)
Or1x

Tumor Incidence/Cancer-Related Results

1-stage model (ending at 22 weeks):

2 weeks after initiation: TPA + Na_SeO, (20 weeks)

Slightly | % survival, % mice with papillomas, and papillo-
mas/mouse | compared to TPA alone. Further | with addition
of GSH and/or Vitamin E (with Vitamin E > GSH)

2-stage model (ending at 22 weeks):

2 weeks after initiation

Stage 1: TPA + Na,SeO, + Vitamin E (2 weeks); Stage 2: meze-
rein (20 weeks)

slightly 1 papillomas/mouse

2 weeks after initiation

Stage 1: TPA (2 weeks);

Stage 2: mezerein + Na,SeO, + Vitamin E (20 weeks

Slightly 1 % survival, | mice with papillomas, and | papillo-
mas/mouse compared to TPA/mezerein alone

Complete carcinogenesis (ending at 20 weeks):

1x large dose of DMBA + Na,SeO, + Vitamin E

Slightly | % mice with carcinomas

2x/week sub-carcinogenic dose of DMBA + Na,SeO, + Vitamin
E

1 number of papillomas/mouse, 1 % of grade 1or 4, and 1 %
of mice with carcinomas

Enzyme activities:

TPA topical + Na,SeO, i.p:.

1 GPx activity at 5 hrs back to 99% of control (vs 74% with TPA
only);

| ornithine decarboxylase (ODC) activity at 5 hrs to 78% (vs
100% with TPA)

TPA topical + Na,SeO, i.p. + GSH and/or Vitamin E:
further 1 GPx & | ODC (with Vitamin E > GSH)

Similar results when mezerein instead of TPA was used

Remarks/Conclusion

Increase in papilloma per mouse
when Se/Vitamin E was injected
with TPA during stage 1, but reduc-
tion in tumor incidence was ob-
served when injected during stage 2
with mezerein treatment

Na,SeO, + Vitamin E 1 stage 1-pro-
moting activity of TPA

Na,SeO, + Vitamin E 1 tumor inci-
dence with chronic low-dose DMBA
Limitation: Sodium selenite only
studied together with Vitamin E

The authors suggested that “under
certain experimental conditions,
different doses of Na,SeO, can
either decrease or enhance the car-
cinogenic process, possibly through
modulations of the GSSG-GSH ratio
and inhibition of cell proliferation
(54). If, for instance, adaptive cell
proliferation occurs in response

to high Na,SeQ, in an organ, an
enhancement of carcinogenesis is
likely, resulting in the development
of cells that are resistant to high
doses of Na,SeO, (54)” [54: LeBoeuf
etal. [83]




Table 7b (continued)

Reference
LeBoeuf et al. [83]

Test System

F SD rats

1) Partial hepatectomy +
DEN®

Control diet for 1 week, then
Se diet for 16 weeks

2) Partial hepatectomy + DEN
Control diet for 1 week, then
6 ppm Se diet for 9 weeks,
then control diet + pheno-
barbital

M Fischer 344 rats

3) 4x 4-week cycles of AAF

+ 6 ppm Se interrupted by
1-week control diet

4) 4 cycles of AAF for

20 weeks + control diet, then
21 weeks of Se-diet 0, 3,

6 ppm

Substance

Sodium selenite

As Selenium: glucose
mono-hydrate

Exposure

Diet
0.1, 3.0, 6.0 ppm

Duration

1) 16 weeks
-after initia-
tion

2) 9 weeks
-after
initiation
but before
promotion
with PB

3) 4x 4
weeks

4) 21 weeks

Tumor Incidence/Cancer-Related Results

1) 3 &6 ppm Se

| focal growth rate, but not number of GGT foci (temporary &
reversible with 6 ppm Se — selenosis?)

2) 6 ppm Se

1 slightly number of foci/ liver area & mean focal volume,

1 GGT focal volume/liver volume

3) 6 ppm Se

| mean focal volume & focal volume/liver volume, but no
effect on number of foci/liver area

4) 3 ppm Se

no effect; 6 ppm no effect on hepatocellular incidence (100%)
but | liver lesion volume/total liver volume

Remarks/Conclusion

Se increased tumor-promoting
potency of phenobarbital;

Effect on focal growth but not
number of lesions — can be | or 1
depending on when given in rela-
tionship to promotor

The authors concluded that the
“effects of selenium on focal growth
may represent a 'selective toxicity'
to proliferating cells compared

to a relatively nonproliferating
background and thereby decrease
carcinogenesis”.

They further concluded “if however
adaptive cell proliferation occurs

in response to high selenium in

an organ, an enhancement of
carcinogenesis is likely, resulting

in development of cells that are
resistant to high doses of seleni-
um. Aselenium interaction with
tumor promoters may also enhance
promoting activity. “

The authors also suggested that
“continued administration of seleni-
um is necessary for the anticarcino-
genic effects” because there was no
removal or repair of preneoplastic
lesions under selenium treatment.

> DEN: Diethylnitrosamine




Table 7b (continued)

Reference

Shamberger [209];
Shamberger and
Frost [49]

Test System
Mice F albino ICR Swiss

Dietary experiments:
36 mice/group

3) Tumor promotion

study: 1x application of
7,12-dimethylbenz[a]-an-
thracene (DMBA) in acetone
to the skin + after 3 weeks
0.05% croton oil in acetone
daily for 20 weeks; DMBA
only

4) Complete carcinogen
study: daily applications of
0.03% solution of B[a]P in
acetone for 27 weeks

Substance

Sodium selenite,
sodium selenide

Na,SeO,

MW =172.93774 g/
mol,

Na,Se

124.93954 g/mol,
Se

78.96 g/mol

Exposure

Diet

Tortula yeast diets
containing added
0,0.1,1.0 mg/kg
selenium selenite
(=0.13 mg Se/kg
body weight/day),
0.1mg/kg sodium
selenide
Corresponding to
0, 0.046, 0.46 mg/kg
Se as Na,Se0,
0.063 mg/kg Se as
Na,Se

Duration

Starting

2 weeks
before ini-
tiation until
study end

Tumor Incidence/Cancer-Related Results

Tumor-Promotion Experiment:
1x DMBA + 3 weeks later — daily application of croton oil for
20 weeks + different diets (starting 2 weeks before initiation)

Authors describe that 14/35 (40%) of mice on 1-ppm diet ver-
sus 26/36 (72%) of mice on Se-deficient diets had developed
papillomas at 20 weeks (P<0.01)

Based on Figure 1:

Diet % of mice with tumors/
papilloma

Rockland diet ~87%

0.046 ppm Se as ~80%

Na,SeO,

Torula controls ~72%

0.063ppm Se as Na,Se ~57%

>0.46 ppm Se as ~40%

Na,SeO,

Complete carcinogenesis:
Instead of DMBA, the complete carcinogen B[a]P was applied
daily for 27 weeks

Daily skin application of B[a]P

ppm Se Mice with Mice with Lesions/

added tumors at cancer at mouse at
22 weeks 27 weeks 27 weeks

Rockland diet

0 34/36 (94%) | 16/35 (46%) | 11.5

Torula yeast

0 31/36 (86%) | 16/35 (40%) | 8.1

0.046 26/36 (72%) | 22/36 (61%) | 9.8

0.063 18/35 (51%) | 12/35(29%) | 6.8

0.46 16/36 (44%) | 8/33 (24%) 5

Remarks/Conclusion

No info on background Se levels in
Torula yeast provided

Dietary Se levels influenced tumor
development in models:

Lowest tumor incidences for highest
Se dose added compared to Se-
deficient diets, and less lesions per
mouse.




Table 8:
In vitro genotoxicity of selenium and its inorganic compounds

DNA Damage

Gene mutation

DNA damage

Strand breaks

DNA repair

DNA-Damage, Comet-

Assay

Reference Test System Test Substance Dose range Effective Concentration | Cytotoxic Concentration Results
(No. of Dose Groups)
-S9 +S9
Bacteria
Yasunaga et al. [210] S. typhimurium TA1535/pSK1002 Na,SeO, 0 to 600 pM NA 600 uM +
S. typhimurium TA102 Na,SeO, 3.5t0 70 uM (6) nd
Cemeli et al. [211] S. typhimurium TA102 Na,SeO, 4 to 80 pM (6) nd
S. typhimurium TA102 H,Se0, 4.6 t0 92 UM (6) nd
Noda et al. [105] B. subtilis Na,Se0, 50 um NA +
Nakamuro et al. [212] B. subtilis Na,Se0, 1to 10 mg/ml (2) NA +
Yeast
- Na,SeO, 100 to 10,000 pM (5) 100 pM 100 pM + nd
Letavayova et al. [213] S. cerevisiae SRJ751
Se-Met 100 to 10,000 pM (5) nd
Mammalian cells
Snyder et al. [214] Human fibroblasts Na,SeO, 25 t0 500 pM (4) asi(:lgr’\é‘;ilel(jjtz?;gtne NA +
Lu et al. [215] Mouse leukemia cells Na,Se0, 5t0 20 uM (3) :fou;i\?v’\,sjsbt;?:;li; NA +
Wilson et al. [216] Mouse leukemia cells Na,Se0, 20 M NA +
Lo etal. [217] Human fibroblasts Na,SeO, 0.08 t0 3.0 mM (6) NA + +
Garberg et al. [218] Hepatocytes Na,SeO, 20 to 40 pM (4) 230 uxg:;hydvgzen 0, 50 pM +
Lo etal. [217] Human fibroblasts Na,SeO, 0.08 to 3.0 mM (6) 20iﬁ'§02Mm_NSI€S(g]aX 1.0 mM + +
Whiting et al. [219] Human fibroblasts Na,Se0, 0.1pM to 10mM (10) 21()igc‘:xl;sgeléjteaftf:ic(tme 1.0 mM +
Russell et al. [220] Hepatocytes Na,Se0, 100 um NA +
Na,SeO, 100 to 1,000 mM (4) 2100 mM + nd
. Human lymphocytes Na,Se0, 100 to 1,000 mM (4) 2100 mM + nd
Cemeli et al. [211]
H,SeO, 3t0 15 mM (5) >3 mM + nd
TK6-Cells Na,Se0, 1or10 uM - nd




Table 8:
In vitro genotoxicity of selenium and its inorganic compounds

SCE

Chromosome Aberrations

Reference Test System Test Substance Dose range Effective Concentration | Cytotoxic Concentration Results
(No. of Dose Groups)
-S9 +S9
S 185 PM -S9;
Sirianni and Huang [221] V79 Cells Na,Se0, 1.4 t0 185 puM (8) >T1.5uM + 9 + +
Human lymphocytes (whole blood
Ray and Altenburg [223] il ) Na,SeO, 1.5t0 15.8 pM (4) >7.9 M NA +
Ray and Altenburg [223] Na,Se0, 1.19 t0 39.5 UM (7) >11.9 pM NA +
Human lymphocytes in whole blood
Ray [224] Na,SeO, 7.9 t0 11.9 UM (2) 27.9 M NA +
Human lymphocytes, purified Na,Se0, 1.6 t0 79 uM (5) 79 UM lethal - nd
Na,SeO, 1.6 to 79 uM (5) 27.9 UM >15.8 uM + nd
Na,Se 1.12 to 40.0 uM (7) 211.2 uM NA + nd
Ray and Altenburg [222]
Human lymphocytes in whole blood Se0, 1.12 t0 40.0 uM (7) 211.2 UM NA + nd
Se 1.6 t0 40.0 pM (8) 28.0 uM NA + nd
Na,SeO, 1.12t079.9 UM (8) NA - nd
Newton and Lilly [119] Rat lymphocytes Na,SeO, 1t0 25 pM (5) >7.5 uM NA +
Nakamuro et al. [212] Human lymphocytes Na,Se0, 1.3t02.6 pM (2) NA +
Khalil [225] Human lymphocytes Na,SeO, 0.08 to 800 pM (4) 20.08 pM NA +
. >80 uM -S9;
Lo etal. [217] Human fibroblasts Na,SeO, 0.02t0 3.0 mM (9) 220 M +59 0.8 mM + +
Whiting et al. [219] CHO cells Na,Se0, 0t0500 UM (7) 2100 pM 500 uMO +
Na,SeO, 0.2t0 29 puM (5) >0.2 pM >2.9 pM; lethal at 29 pM + nd
Biswas et al. [226] Human lymphocytes 210.1 uM; lethal at
Na,SeO, 1.1t0 26.5 UM >1.1uM 26.5 M + nd
Bronzetti et al. [227] V79-Cells Na,SeO, 0.5 uM - 0.7 UM (determined in - nd
pretest)




Table 8:
In vitro genotoxicity of selenium and its inorganic compounds

Reference Test System

Test Substance

Dose range
(No. of Dose Groups)

Effective Concentration | Cytotoxic Concentration Results

-S9 +S9

Berces et al. [228] Human lymphocytes Na,SeO, 0.1t0 100 pM (4) Y Ué\?i{gl:]ctsaSEd 2100 pM
Na,SeO, 0.1or1pM - >0.10 pm = nd
Human lymphocytes in whole blood Na,SeO, 50r50 pM = 50 uM = nd
Micronuclei H,Se0, 0.5 or5 pM = 20.5 uM = nd
Cemelj et al. [229]
Na,Se0, 1or10 um TuM 21 M + nd
TK6-Cells Na,SeO, 10 0r 100 pMm 100 uM 100 uM + nd
H,Se0, 1or10 um TuM 21 M + nd
Gene mutation National Toxicology Program -59:1.13to 18 pM (6) _co. -59:6.75 pM B
TK+/- Test [113] Mouse lymphoma cells ses +59: 4.5t0 54 uM (6) 59:113 uM +59: not toxic *
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