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RESUMO
A memodria episodica parece ser a mais sensivel ao processo do

envelhecimento e pode ser classificada de acordo com dois estilos distintos: visual e
verbal. O Comprometimento cognitivo leve (CCL) representa o estado entre as
alteracdes cognitivas normais decorrentes da idade e o estagio inicial de deméncia, e
estd associado com aumento de risco para doenca de Alzheimer (DA). A DA é
multifatorial, mas o envelhecimento é apontado como principal fator de risco devido ao
aumento do estresse oxidativo. O selénio é um micronutriente antioxidante com
potencial interesse para a funcéo cerebral e é essencial para a sintese de selenoproteinas,
como a glutationa peroxidase (GPX) 1 e 4. Polimorfismos de nucleotideo tnico (SNPs)
em genes que codificam selenoproteinas podem alterar as necessidades individuais para
selénio. Os objetivos desse estudo consistiram em investigar a influéncia genética e a
influéncia da concentracdo sérica de selénio sobre a memoria episddica,
comprometimento cognitivo leve e doenca de Alzheimer através da avaliacdo de
polimorfismos em GPX1 (rs1050450) e GPX4 (rs713041). As andlises moleculares
foram feitas através da reacdo em cadeia da polimerase em tempo real utilizando sondas
de hidrdlise e as concentracGes séricas de selénio foram comparadas entre os genotipos.

Para a associa¢do dos polimorfismos genéticos com memdaria ou déficits de
memoria, os fenodtipos foram analisados da seguinte forma: 1) cada memaoria como um
traco quantitativo; 2) presenca de déficit em uma memoria especifica; 3) presenca de
CCL; 4) presenca de DA. Assim, o estudo foi composto por um delineamento
transversal (278 sujeitos) e um estudo caso-controle (108 controles saudaveis e 103 com
DA). Os homozigotos TT (rs1050450 - GPX1) apresentaram menores escores de
memoria visual de longo prazo do que o grupo CC / CT (-0,28 + 1,03 vs. 0,13 + 1,03,
respectivamente, p=0,017). No entanto, em uma regressdo logistica multivariada, os
homozigotos CC para 0 mesmo polimorfismo apresentaram 2,85 maiores chances de
desenvolver DA (OR=2,85, CI95%=1,04-7,78, p=0,041) em comparagdo com O
gendtipo de referéncia. Para o rs713041 (GPX4), a frequéncia do genotipo TT foi maior
no grupo com escores normais do que no grupo com déficits para meméria visual de
longo prazo (p=0,025). Nao foram observadas diferengas significativas quanto ao grupo
CCL entre variantes genéticas.

No delineamento transversal os niveis séricos de selénio foram avaliados em

156 idosos saudaveis. Foram encontradas correlacGes significativas entre o nivel sérico



de selénio e as memdarias verbais e um usando um modelo de regressdo linear multipla
verificou-se que os niveis de selénio sdo um preditor para memoria de aprendizagem
verbal (coeficiente de regressdo=0,541, erro padréo=0,244, p=0,028), representando
3,28% de variabilidade de memoria de aprendizagem verbal. Além disso, observamos
uma correlacdo significativa entre escolaridade e concentracdo de selénio (r=0,211,
p=0,009). Nao foram observadas associacOes significativas entre os gendtipos GPX1 e
GPX4 e a concentracéo sérica de selénio. Esses resultados indicam que o selénio esta
associado ao desempenho da memdria, especialmente as verbais e que os polimorfismos
exercem efeitos singulares sobre a memoria episodica, DA, mas ndo ha associa¢do com
CCL.

Palavras chave: Memoria, comprometimento cognitivo leve, doenca de

Alzheimer, selénio, gene GPX1, gene GPX4.
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ABSTRACT
Episodic memory seems to be the most sensitive to the aging process and can

be classified according to two distinct styles: visual and verbal. Mild Cognitive
Impairment (MCI) represents the state between normal cognitive changes due to age
and the early stage of dementia, and is associated with an increased risk for Alzheimer's
disease (AD). AD is multifactorial, but aging is the main risk factor due to increased
oxidative stress. Selenium is an antioxidant micronutrient with potential interest for
brain function and is essential for the synthesis of selenoproteins, such as glutathione
peroxidase (GPX) 1 and 4. Single nucleotide polymorphisms (SNPs) in genes encoding
selenoproteins may alter individual needs for selenium. The objectives of this study
were to investigate the genetic influence and the influence of serum selenium
concentration on episodic memory, mild cognitive impairment and Alzheimer's disease
through the evaluation of polymorphisms in GPX1 (rs1050450) and GPX4 (713041).
Molecular analyzes were done through real-time polymerase chain reaction using
hydrolysis probes and serum selenium concentrations were compared between the
genotypes. For the association of the genetic polymorphisms with memory or cognitive
loss, the phenotypes were analyzed as follows: 1) each memory as a quantitative trait; 2)
presence of deficit on a specific memory; 3) presence of MCI; 4) presence of AD. Thus,
the study consisted of a cross-sectional design (278 subjects) and a case-control study
(108 healthy controls and 103 with AD). TT homozygotes (rs1050450 - GPX1) had
lower long-term visual memory scores than CC/CT group (-0.28+1.03 vs. 0.13+1.03,
respectively, p=0.017). However, in a multivariate logistic regression, GPX1 CC
homozygotes had a 2.85 higher chance of developing AD (OR=2.85, CI95%=1.04—
7.78, p=0.041) in comparison to the reference genotype. For the rs713041 (GPX4), the
frequency of the TT genotype was higher in the group with normal scores than in the
group with long-term visual memory deficits (p = 0.025). No significant differences
were observed regarding the MCI group. In the cross-sectional design serum selenium
levels were evaluated in 156 healthy elderly subjects. Significant correlations were
found between serum selenium level and verbal memories, and a multiple linear
regression model indicated that selenium levels are a predictor of verbal learning
memory (regression coefficient=0.541, standard error=0.244, p=0.028), representing
3.28% of verbal learning memory variability. In addition, we observed a significant

correlation between schooling and selenium concentration (r=0.211, p=0.009). No



significant associations between GPX1 and GPX4 genotypes and serum selenium
concentration were observed.

These results indicate that selenium is associated with memory performance,
especially verbal ones, and that polymorphisms exert unique effects on episodic

memory, AD, but there is no association with MCI.

Keywords: Memory, mild cognitive impairment, Alzheimer's disease,

selenium, GPX1 gene, GPX4 gene.



1 INTRODUCAO

A memoria humana pode ser definida de maneira geral e concisa como a
capacidade neurocognitiva para codificar, armazenar e recuperar informagdes. O
declinio de memoria figura como uma das queixas mais frequentes na populacgdo idosa,
e 0 reconhecimento dos mecanismos envolvidos no curso do déficit de memoria ao
longo do tempo ainda é um desafio para a ciéncia. Entretanto, por se tratar de uma
caracteristica multifatorial, fatores genéticos, Quoeficiente de Inteligéncia (QI), status
socioeconémico, nivel educacional e fatores nutricionais estdo envolvidos nos processos
metabolicos relacionados com o comprometimento cognitivo e surgimento de doenca
demencial (RONNLUND et al. 2005; DEL PARIGI et al. 2006; ZAMROZIEWICZ, et
al 2017, ARPAWONG et al. 2017).

O declinio de meméria no idoso é uma condicdo preocupante, pois pode afetar
negativamente as atividades diarias e a independéncia desse individuo. No entanto, nem
todo declinio de memdria é caracterizado como doenca demencial. Diante disso, foi
introduzido na década de 1980 por Reisberg et al. (1988) e definido por Petersen et al.
(1999), o conceito de “comprometimento cognitivo leve” (CCL) que ¢ um termo
amplamente utilizado para indicar comprometimento cognitivo que ndo pode ser
explicado por nenhuma condi¢cdo médica ou psiquiatrica reconhecida (PETERSEN,
1999). Assim, este conceito refere-se ao declinio cognitivo em idoso mais acentuado
que no envelhecimento normal, porém ndo configura uma deméncia detectavel,
representando entdo um estado intermediario entre o envelhecimento normal e
deméncia. As estimativas da prevaléncia de CCL variam de 3% para individuos a partir
dos 60 anos chegando a 15% para individuos a partir dos 75 anos (FRISONI et al. 2000,
RITCHIE; ARTERO; TOUCHON, 2000; ESHKOOR et al. 2017).

Em relacdo a Doenca de Alzheimer (DA), estima-se que 0 nimero de pessoas
acometidas por essa patologia atingira 65,7 milhGes em 2030 e quase duplicara em 2050
(FERRI et al. 2005; R1ZZI; ROSSET; RORIZ-CRUZ, 2014). Em contraste com o CCL,
um diagnostico clinico para a DA pode ser formulado a partir de caracteristicas como
deméncia lentamente progressiva com lesdes neuro-histolégicas, incluindo placas senis

e emaranhados neurofibrilares. Esta doenga neurodegenerativa geralmente leva a
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completa dependéncia psicologica e fisica e a morte dentro de uma a duas décadas
(AMERICAN PSYCHIATRIC ASSOCIATION, 1994).

Varios estudos apontam que a prevaléncia geral de DA varia muito entre 0s
paises, sendo influenciada por fatores culturais, socioecondmicos e de estilo de vida. A
ingestdo de alimentos antioxidantes tem sido apontada como um fator protetivo (SUH;
SHAH, 2001; PARLETTA; MILTE; MEYER, 2013).

O selénio é um elemento essencial para as atividades do sistema nervoso
central e a deficiéncia tem sido associada com declinio cognitivo (BERR et. al., 2000;
GAO et al., 2007; CARDOSO et al., 2010). Este mineral exerce seu papel antioxidante
por meio de selenoproteinas, com destaque para a enzima glutationa peroxidase 1
(GPX1) e 4 (GPX4) que sdo expressas abundantemente no cérebro. Visto que o estresse
oxidativo estd intimamente relacionado com a progressao a deméncia, o selénio
apresenta-se como um possivel alvo terapéutico a fim de evitar o desenvolvimento de
déficits de memoria e doencas demenciais (ZHANG et al., 2010).

Entretanto, poucos estudos s&o encontrados na literatura a respeito dos
beneficios do selénio sobre a cognicdo de adultos maduros e idosos saudaveis, e na
maior parte dos trabalhos, a suplementacdo com esse mineral esta associada a outros
componentes (SCHELTENS et al., 2010; KESSE-GUYOT et al., 2011; DA ROCHA et
al., 2014). Outra questdo importante a ser avaliada diz respeito aos efeitos que 0s
polimorfismos genéticos em genes que codificam as selenoproteinas podem ter sobre a
funcdo cognitiva, uma vez que podem alterar o metabolismo de selénio e as
necessidades desse nutriente (MEPLAN 2011; HESKETH 2008; FERGUSON;
KARUNASINGHE, 2011). Nesse sentido, estudos apontam que o polimorfismo
rs1050450 no gene GPX1 estaria associado a um risco aumentado de desenvolvimento
de DA (PAZ-Y-MINO et al., 2010; CARDOSO et al., 2012). Além disso, pesquisas
desenvolvidas em modelo animal apontam para o relevante papel neurobiolégico da
enzima GPX4 (CHEN et al., 2008; YOO et al., 2010; ZHANG et al., 2016), e embora o
gene que a codifica seja altamente polimérfico, até 0 momento ndo ha pesquisas que
avaliem o impacto do polimorfismo sobre a memoria humana e distribuicdo sérica de
selénio.

Desse modo, este trabalho visou avaliar os efeitos dos polimorfismos
rs1050450 (GPX1) e rs713041 (GPX4) sobre a memoria episodica, sobre o
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comprometimento cognitivo leve e doenca de Alzheimer. Além disso, investigamos a
influéncia desses polimorfismos sobre a distribuicao sérica de selénio.

Estruturalmente, esta tese é apresentada na forma de capitulos, sendo o0s
primeiros referentes a revisao da literatura, a justificativa e objetivos. Na sequéncia, 0s
dados obtidos da associacdo entre os polimorfismos em GPX1 e GPX4, doenca de
Alzheimer, comprometimento cognitivo leve e memoria sdo apresentados, e o segundo
artigo discorre sobre as correlagfes entre escores de memdria em adultos maduros e

idosos e concentracao sérica de selénio.
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2 REVISAO DA LITERATURA

2.1 Envelhecimento populacional

Nas ultimas décadas o envelhecimento populacional transformou-se em uma
caracteristica mundial. Em 2000, aproximadamente 10% da populagdo global era idosa,
com previsdo de crescimento acima de 20% para 2050. No Brasil, a projecdo é que para
0 ano de 2050 cerca 65 milhdes de individuos sejam considerados idosos (IBGE 2016).
Ainda, segundo as projecOes do Instituto Brasileiro de Geografia e Estatistica (IBGE,
2016) a expectativa de vida dos brasileiros alcancara o patamar de 81,29 anos em 2050.
Este indice de vida pode ser comparado ao de paises desenvolvidos e de alta densidade
demogréfica, como a Islandia (80,80 anos), a China (82,20 anos) e o Japéo (82,60 anos).
Dentre as capitais brasileiras, a cidade de Porto Alegre é a segunda com maior niumero
de individuos idosos, com 211.896, correspondendo a uma taxa de 13,5% da populacao
total (IBGE 2016).

Dentre as alteracdes fisioldgicas decorrentes do processo de envelhecimento, as
funcbes do sistema nervoso central, principalmente as envolvidas no processo
cognitivo, como o aprendizado e memdria, constituem os principais alvos de pesquisas
realizadas sobre senescéncia, em virtude das constantes queixas por essa populacdo
(NYBERG et al. 2012).

Entretanto, estudos prospectivos como, por exemplo, o Maastricht Aging Study
- Mass (JOLLES et al, 1998), realizado na Holanda, demonstram que somente um
quinto de todos os idosos com idade superior a oitenta anos apresenta deméncia, e,
portanto, a grande maioria dos idosos ndo chega a desenvolver deméncia. Infelizmente,
dados similares ndo estdo disponiveis no Brasil. Desta maneira os problemas mais
frequentes relacionados com memdria ndo sdo os quadros deménciais, mas sim outras

caracteristicas com gravidades variaveis e que podem ou ndo se tornar patologicas.

2.2 Memoria

Memodria pode ser definida como um processo de aquisi¢do, formagcéo,
conservacdo e evocacdo de informacdes. A aquisicdo € tambem chamada de
aprendizado ou aprendizagem, visto que sO “gravamos” o que foi aprendido. A
evocacao é também chamada de recordacdo, lembranca, recuperacdo, uma vez que so €

possivel lembrar aquilo que foi aprendido (IZQUIERDO 2011).
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Dentre todas as fungbes cognitivas, a memoria € considerada uma das mais
importantes, pois é fundamental para o desenvolvimento da linguagem, da consciéncia
de quem somos e do reconhecimento de pessoas e objetos (YASSUDA et al. 2006).

A primeira etapa para a formacdo da memoria é a aquisicdo, também
denominada aprendizagem, que comeca por volta dos 2 a 3 anos de idade. Os seres
humanos utilizam a linguagem para adquirir, codificar, guardar ou evocar memorias; as
demais espécies ndo. Apesar da quantidade e complexidade dos processos que
envolvem sua formacdo, usamos praticamente as mesmas regides do cérebro e
mecanismos moleculares semelhantes para a construcdo de memdrias distintas, exceto
as areas de linguagem (IZQUIERDO 2011).

O armazenamento é a consolidacdo da memdria. No entanto, as memdrias ndo
sdo adquiridas imediatamente na sua forma final, pois nossa memoria individual
necessita descartar o trivial e ao longo dos anos perdemos fatos, lembrancas ou
conhecimentos que ndo nos interessam. A descoberta da consolidagédo surgiu de duas
fontes, uma de cunho popular, ja no século XIX, de que apds um traumatismo craniano
os individuos esquecem seletivamente aquilo que havia acontecido nos minutos
anteriores. A outra fonte de observacdo sobre o armazenamento foi inicialmente feito
por dois pesquisadores alemdes, Muller e Pilzecker, no ano de 1900, em que
observaram que muitas memorias interferem em outras adquiridas imediatamente antes
(McGAUGH 1966; IZQUIERDO 1989; McGAUGH 2000).

Ambas as observacdes indicam que aquilo que se aprende inicia processos
nervosos que duram tempo além do ato de aprendizado em si, sem 0s quais ndo havera
memoria. Este armazenamento de informacgdes ocorre de maneira sistematica pelo
cérebro, que através de mecanismos diversos € capaz de reconhecer, processar e separar
as informacbes de extrema importancia daquelas que ndo serdo mais utilizadas.
Considerando toda a informacdo sensorial captada, normalmente cerca de 99% dela é
descartada pelo cérebro como sendo irrelevante (IZQUIERDO 2006).

A Ultima etapa é a evocacdo de informacdes retidas, também chamada de
recordacdo ou lembrangca. No momento da evocacdo, o cérebro deve recriar, em
instantes, memorias que levam horas para ser formadas, e nesse momento, ocorre uma
reativacdo das redes sinapticas de cada memoria especifica. E bem reconhecido o fato
de que quanto mais informagdes ou “dicas” forem dadas a respeito da memoria a ser

evocada, mais rapido e facil ela serd lembrada, por uma maior ativacdo destas redes
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neuronais (IZQUIERDO 1998; IZQUIERDO 2006). Em alguns casos podem acontecer
os chamados “brancos” da memoria, que sdo déficits associados a evocagdo, € nédo
afetam a memoria consolidada, que permanece intacta, somente ndo podendo ser
expressa. Estes eventos podem ocorrer devido a situacfes de estresse ou ansiedade
excessiva, ou também serem causados pela atuacdo de glicocorticoides em excesso no
hipocampo ou na amigdala basolateral (IZQUIERDO 2006).

A observacgdo do individuo € fundamental para a suspeita de alteragdes em sua
memoria. Pessoas que repetem ideias, colocagdes e historias, ou se perdem em seu
raciocinio, bem como quando apresentam dificuldade na organizacdo de uma ideia ou
pensamento, ou em associar e adicionar informag6es novas podem estar apresentando
alteracOes na construcdo da memoria (IZQUIERDO 2011).

Diversas mudangcas no funcionamento da meméria ja foram bem
documentadas, e sdo esperadas durante o envelhecimento saudavel (YASSUDA et al.
2002; GRADY 2013). Embora tais mudancas possam ter impactos negativos, isto néo
ocorre de maneira uniforme e devastadora, geralmente os individuos se mantém intactos
neste periodo da vida, de maneira suficiente para que permanecam independentes
(ARGIMON; STEIN 2005). Alem disso, ha grande variabilidade entre os individuos no
que se refere a intensidade dos efeitos do envelhecimento na memoria, especialmente
por se tratar de uma caracteristica multifatorial (YASSUDA et al. 2006).

Por exemplo, sabemos hoje que a velocidade do processamento das
informacdes, importante a formacdo de novos tracos de memdaria, € menor nos adultos
mais velhos do que nos jovens. Isto &, em média, um senhor de 65 anos necessitard de
mais tempo para processar (ler, compreender, memorizar) as informagdes da primeira
pagina do jornal do que seu neto de 20 anos. Sabemos também que o declinio que
ocorre com a idade na memdria para fatos, também chamada de memoria episddica, é
mais acentuado do que o declinio que ocorre na memoria semantica, que usamos para
materiais linguisticos (CANCADO; HORTA 2006).

Outro dado documentado e bem aceito pelos pesquisadores € que a
memorizagdo consciente, também chamada de memoria explicita, € mais sensivel aos
efeitos do envelhecimento do que a memorizagdo realizada inconscientemente
(memodria implicita) (YASSUDA et al. 2005).
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2.2.1 Classificacgdes dos tipos de memdria

H& muitas classificagcbes das memorias: de acordo com sua funcéo, tempo de
duracdo e contetdo.

Em relacdo a definicho da memdria de acordo com a funcdo, esta é
denominada de memdria de trabalho, também chamada de memdria operacional. A
memoria de trabalho pode ser referida como aquela capaz de gerenciar a realidade e
determinar o contexto em que os diversos fatos, acontecimentos ou outros tipos de
informacdes ocorrem. A memoria de trabalho serve para manter durante alguns
segundos, no maximo poucos minutos, a informacdo que estd sendo processada no
momento, e também avalia se é pertinente ou ndo fazer uma nova memdria disso. A
memoria de trabalho também nos auxilia no contexto da percepgdo do instante, trazendo
informacBes de onde estamos ou o0 que estamos fazendo a cada momento, ou onde
estdvamos no momento anterior. Ou seja, a memoria de trabalho da continuidade aos
nossos atos e permite ainda o ajuste fino do comportamento enquanto este estd
acontecendo (IZQUIERDO 1988; SQUIRE 2004).

No entanto, a memoria de trabalho ndo é capaz de formar arquivos, e é nesse
quesito que ela se diferencia das outras memorias (SQUIRE 2004). Muitas vezes essa
memoria sé dura o tempo suficiente para que se faga uso dela na solucéo de problemas,
na tomada de decisGes ou em questdes mais simples de escolha como, por exemplo, a
procura de um numero telefénico e sua posterior discagem (IZQUIERDO 2002;
BERTOLUCCI 2005; DE FREITAS et al., 2006).

A memoria de trabalho é processada fundamentalmente pelo cortex pré-frontal,
que depende basicamente, da atividade elétrica dos neurbnios dessas regides, sendo que
este processo ndo provoca alteracGes bioquimicas importantes. Comparada com 0s
demais tipos de memoria, é considerada menos complexa, ja que ndo produz “arquivos”
e dura poucos segundos. E considerada a memoria mais rapida em questdo de duracéo,
no entanto, é importante para a formacdo dos diversos tipos de memdria existentes
(IZQUIERDO 1998).

Em relacdo a classificagdo das memorias de acordo com a duragdo, a memoria
de curta duracdo ainda ndo estd totalmente compreendida, e pode ser caracterizada
como a memdria recente, capaz de reter informagdes por alguns minutos, somente o
tempo necessario para que a memoria de longa duragdo se consolide. Estende-se do

inicio do aprendizado até 3 a 6 horas ap6s 0 mesmo, e € regulada pelo hipocampo e por
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algumas regides do cortex, principalmente por receptores serotoninérgicos,
dopaminérgicos, noradrenérgicos e colinérgicos (IZQUIERDO; IZQUIERDO 2004;
CANCADO, HORTA 2006). Possui uma importante fungdo, que é a de manter o
individuo capaz de responder a estimulos ou condic¢des variadas, através de uma copia
da memoria a ser consolidada, enquanto esta ainda ndo esta formada (IZQUIERDO
2002).

Este tipo de memoria depende da andlise prévia das informagdes realizadas
pela memdria de trabalho. Para que ocorra a compreensédo da linguagem oral e escrita a
memoria de curta duracdo é considerada essencial, mostrando que hd uma influéncia
matua entre esta memoria e a de longa duracdo. Ou seja, a informacdo adquirida,
considerada importante, tera 0 mesmo contetdo na memoria de curta duragdo, como na
de longa duracédo (IZQUIERDO 2002). Esta memoria difere em dois aspectos principais
da memoria de longa duracdo, em relacdo a capacidade e a duracdo das informacdes
(COWAN 2008). A memodria de curta duracdo, de acordo com a prépria denominacéo,
dura pouco tempo, de alguns minutos a poucas horas, j& a memdria de longa duragdo
pode durar a vida toda (IZQUIERDO 2002). De acordo com a capacidade, a memoria
de curta duracdo também € mais limitada que a memoria de longa duracdo. Pode
processar somente alguns itens ou informagfes a0 mesmo tempo, por um tempo
limitado. Apds este periodo estes dados sdo descartados ou atravessam um processo em
direcdo a consolidacdo da memoria (YASSUDA et al. 2006).

A memoria de longa duracdo ou tardia esta principalmente relacionada a nossa
capacidade de manter as informacdes ja adquiridas, armazenadas por longos periodos de
tempo, de dias a anos. Geralmente € mais estavel e menos atingida pelo envelhecimento
(IZQUIERDO 2002; YASSUDA 2006).

Em relacdo a definicdo da memoria de acordo com o seu conteldo a
classificacdo pode ainda ser feita em memorias implicitas (procedimento) ou explicitas
(declarativa). As memorias explicitas ainda se subdividem em memorias semanticas e
episddicas.

As memorias implicitas sdo adquiridas de maneira automatica, sem que 0
sujeito perceba de forma clara que esta aprendendo e sdo principalmente relacionadas a
conhecimentos contraidos na infancia. Durante a vida adulta e em idosos a sua formagéo

é mais prejudicada, visto que é durante a infancia que o maior namero de informagdes
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novas e comportamentais é adquirido. E dependente de atencdo ou de um contato
minimo com o estimulo, manifestando-se através do desempenho, geralmente atividades
motoras e sensoriais, ndo havendo acesso consciente ao conteldo da informacao
(IZQUIERDO 2002; YASSUDA et al 2006; CANGCADO , HORTA 2006; PARENTE
et al., 2006). Exemplo de memoria implicita inclui saber andar de bicicleta, lavar pratos,
executar tarefas que dependem do treinamento repetitivo, didrio e cuja aquisicdo é
gradual (YASSUDA et al. 2006).

As memorias explicitas sdo relacionadas aos fatos e eventos que vivenciamos,
e ao conhecimento adquirido de forma consciente. Na idade adulta e na velhice este tipo
de memoria é mais afetado, havendo maior declinio de informac6es do que a memdria
implicita. Uma fragdo das memorias explicitas &€ denominada de memdria seméntica, e
estd correlacionada ao registro de informacdes linguisticas, verbais, de conhecimentos
gerais, de vocabulario, idiomas, significados, sem contexto temporal especifico
(IZQUIERDO 2002; YASSUDA et al. 2006; CANCADO, HORTA, 2006).

A memoria episodica, outro subtipo da memdria explicita, esta relacionada
com a capacidade de consolidar informacdes sobre eventos e fatos ocorridos e situa-los
no tempo. Ligada as informac6es e experiéncias pessoais, chamada também de memoria
autobiografica, parece ser mais sensivel ao envelhecimento do que a memdria semantica
(YASSUDA 2006 et al.; CANCADO, HORTA 2006). Comparando os dois subtipos de
memoria explicita, sabe-se que durante o envelhecimento a memdria episddica tende a

sofrer mais alteracGes e perdas que a memoria semantica (PARENTE et al., 2006).

A memoria episodica pode ser classificada ainda de acordo com dois estilos
distintos: a visual e a verbal. A memoria episddica visual esta envolvida diretamente na
percepcdo do ambiente, estando relacionada a capacidade de recordar imagens, como
simbolos, desenhos, fotos ou outros recursos graficos. JA& a memoria episodica verbal
consiste na capacidade de armazenar fatos ou eventos (WESCHLER 2004). Entre as
principais estruturas nervosas envolvidas na formagdo da memoria semantica e
episédica encontram-se o hipocampo e algumas regides do cortex cerebral. Na
modulacdo destas memadrias estdo envolvidas outras regides do cérebro humano, como a
amigdala, substancia negra, o ndcleo de rafe e o ndcleo basal de Meynert (IZQUIERDO
2002; CANCADO; HORTA, 2006).
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No presente estudo, a avaliagcdo dos diferentes tipos de memdaria foi realizada a
fim de se avaliar a memoria episodica visual e verbal, tanto imediata quanto tardia,
descritas acima. Além disso, foi avaliado outro tipo de memdria que esta envolvida na
capacidade de aprendizado verbal, onde é examinada a capacidade do individuo de

armazenar novas informacdes.

2.3 Comprometimento cognitivo leve (CCL) e Doenca de Alzheimer (DA)

O termo comprometimento cognitivo leve foi introduzido como uma entidade
clinica ha mais de vinte anos. Inicialmente, Reiserg e colaboradores usaram esse termo
para descrever pacientes que estavam no estagio intermediario entre envelhecimento
normal e estado de deméncia. Mais tarde, um conjunto de critérios diagndsticos foram
revistos e definidos (REISERG et al.,1988; PETERSEN et al., 1999), conforme

descricdo no Quadro 1.

a) Queixa cognitiva referida pelo paciente ou por informante, ou observado pelo médico;
b) Distarbio cognitivo evidenciado pela avaliagdo clinica;

c) Alteracdo de um ou mais dominios cognitivos quando comparado ao esperado para o
individuo;

d) Preservacdo da independéncia para a realizacdo das atividades da vida didria;

e) Auséncia de critérios para diagnostico de deméncia.

Quadro 1: Critérios para diagnostico de Comprometimento Cognitivo Leve (AMERICAN
PSYCHIATRIC ASSOCIATION, 2013; PETERSEN et al., 2014).

Mais recentemente, as investigacdes com perspectivas clinicas, genéticas, e
epidemioldgicas sugerem que o CCL deve ser expandido para incluir outros dominios
cognitivos como os de funcdo executiva ou habilidades viso-espaciais (PETERSEN
2014).

De acordo com essa nova abordagem, o CCL foi definido como um declinio no
funcionamento cognitivo maior do que seria esperado para a idade do paciente e
formacdo educacional e que vai além das mudancas normais observadas no
envelhecimento (PETERSEN 2004). Esse declinio pode incluir uma variedade de
dominios cognitivos, incluindo aprendizado e memodria, atencdo, funcbes executivas,
linguagem, dominio perceptivo-motor e comportamento social, embora seja comum que
o declinio se manifeste em apenas um Unico dominio (KNOPMAN; PETERSEN, 2014).

Embora essas mudancas cognitivas ndo sejam severas o suficiente para

interferir com as atividades do dia a dia, tarefas funcionais complexas, como por
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exemplo, a interpretacdo de instrucdes, planejamento de atividades subsequentes ou
tomada de decisdes, pode exigir o envolvimento de estratégias compensatdrias pelo
individuo.

O CCL é uma entidade clinica heterogénea e, conforme a etiologia e o
prognostico pode ser classificados em subtipos, considerando-se a base cognitiva. O
CCL do tipo amnésico se caracteriza pela perda evidente de memoria, além de
apresentar biomarcadores mais condizentes com a DA, enquanto que o CCL né&o
amnésico, em que ndo se identificam prejuizos na memoria, se correlaciona com
patologias cerebrovasculares (PETERSEN et al., 2009). O CCL também pode ser
distinguido em CCL de multiplos dominios ou de unico dominio, conforme o nimero
de dominios cognitivos prejudicados. Assim, o individuo pode ser classificado em um
dos quatro subtipos clinicos possiveis: a) CCL amnésico de unico dominio; b) CCL
amnésico de multiplos dominios; ¢) CCL ndo-amnésico de Unico dominio; d) CCL néo-
amnésico de multiplos dominios (PETERSEN 2014).

A prevaléncia relatada para o CCL aumenta com o envelhecimento, e assim
percebe-se um aumento na prevaléncia de 19% entre individuos com idade abaixo de 75
anos para 29% entre aqueles com idade superior a 85 anos (LOPEZ et al., 2013).
Embora o CCL néo esteja relacionado com o comprometimento da independéncia das
atividades de vida diaria, estd associado com aumento do risco para deméncia, em
particular Doenca de Alzheimer. Em termos do conceito de CCL como fase
intermediaria de DA demonstrou-se que 15-41% dos casos de CCL por ano evoluem
para DA ou outras deméncias (ALBERTS et al., 2011). Por exemplo, em meta-analise
que inclui 13 estudos clinicos envolvendo um total de 4301 individuos, a taxa de
conversdo anual de CCL para deméncia foi de 9,6% e, durante todo o periodo de
acompanhamento, 39,2% converteram para a deméncia (MITCHELL et al., 2014). No
entanto, esta entidade clinica pode ser vista como instavel (RITCHIE 2004; GANGULI,
2004). Por exemplo, em um estudo longitudinal de oito anos, Anstey et al. (2013)
descobriram que 45% dos diagndsticos eram instaveis para 0 grupo de participantes
jovens de 62 a 64 anos. Assim, o CCL pode ser visto como uma fase transitoria e de alto
risco, e as intervengdes para promover uma melhor saiude ou funcionamento cognitivo
podem ser particularmente pertinentes para este grupo. No entanto, esses dados também

indicam que o diagndstico ou rastreio de CCL pode ainda ser impreciso.
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A DA é o tipo mais comum de deméncia, caracterizada por perda de memoria e
de outros dominios cognitivos. O termo "deméncia” refere-se a um grupo de distdrbios
que causam declinio cognitivo como resultado da morte ou por danos as células
cerebrais. Por definicdo, a deméncia causa um declinio em pelo menos duas das quatro
funcBes cognitivas essenciais: (1) memodria; (2) capacidade de falar ou entender a
linguagem; (3) capacidade de planejar, fazer julgamentos sonoros e realizar tarefas
complexas; e (4) capacidade de processar e interpretar a informacéo visual. O declinio
deve ser suficientemente grave para interferir na vida cotidiana (MOLLER 1998;
AMERICAN PSYCHIATRIC ASSOCIATION, 2000).

O padrdo tipico de sintoma de Alzheimer comeca com perda de memoria para
eventos recentes (memaria de curto prazo). Patologicamente, muitas lesées moleculares
foram detectadas na doenca de Alzheimer, como por exemplo, a deposicdo de proteinas
no cérebro, resultando em danos oxidativos e inflamatorios, que, por sua vez, levam a
falha de energia e disfuncéo sinaptica. Além disso, outro mecanismo fisiopatoldgico da
DA é o acumulo de emaranhados neurofibrilares, que sdo inclusdes filamentosas em
neurdnios (QUERFURTH 2010).

O envelhecimento populacional é, hoje, um proeminente fendmeno mundial,
que resulta em uma transformacdo no perfil de salide da populacdo idosa. Dessa
maneira, observa-se um aumento de novos casos de doencas demenciais e, de acordo
com Ferri et al. (2005), 4,5 milhdes de novos casos de deméncia serdo diagnosticados a
cada ano e, caso estratégias de prevencdo ndo sejam desenvolvidas, em 2040 o numero
de individuos afetados ultrapassara os 80 milhdes de pessoas.

A DA constitui aproximadamente 70% de todos os casos de deméncia sendo
que a incidéncia aumenta com a idade, dobrando a cada cinco/dez anos. A prevaléncia
também aumenta exponencialmente com a idade, passando de 3% entre 0s 65-74 anos,
para quase 50% entre os mais de 85 anos (HEBERT et al., 1995; FERRI et al., 2005).
No Brasil, projecdes indicam que a prevaléncia média se apresenta mais alta que a
mundial. Entre a populagdo com 65 anos ou mais, projeta-se um aumento de 7,6% para
7,9% entre 2010 e 2020, ou seja, 55.000 novos casos por ano (HERRERA et al., 2002;
BURLA et al., 2013).

Com relagdo a genética da DA, os fatores geneticos podem explicar cerca de 58
a 79% do risco, e 0 padrdo de heranca autossémica dominante corresponde apenas 1%
da totalidade dos casos da doenga (TANDON; FRASER, 2002). Nesse caso, a proteina
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precursora da beta-amiloide tem grande impacto na predisposicdo a DA familiar de
inicio precoce (DE STROOPER et al.; 1998; KWOK et al., 2000), enquanto
polimorfismos de nucleotideo Gnico (SNP) em genes que codificam apolipoproteina E e
apx-macroglobulina estdo associados com a DA de inicio tardio (SCHELLENBER,;
MONTINE, 2012). A maioria dos casos de DA sdo esporadicos, apresentam uma
genética complexa, que é resultado de mdltiplas interacGes entre genes e ambiente
(SCHELLENBERG; MONTINE, 2014).

Partindo da premissa que o estresse oxidativo tem um papel central na DA
(RAO; BALACHANDRAN, 2002; CHEN; ZHONG, 2014), é importante entender o
papel dos polimorfismos envolvidos na codificagédo de enzimas antioxidantes, como por

exemplo, as glutationas peroxidases 1 e 4 (MEPLAN, 2011).

2.4 Selénio, selenoproteinas e sistema nervoso central

O selénio foi descoberto em 1817 pelo quimico sueco Jons Jacob Berzelius,
como um elemento quimico relacionado com o enxofre e o tellrio, apresentando
propriedades quimicas semelhantes a este ultimo. Como o teldrio foi denominado
“tellus”, que no latim significa terra, Berzelius chamou o novo elemento de “selene”,
que no grego significa lua. Atualmente, depois de 200 anos do descobrimento do
selénio, o conhecimento sobre as propriedades biolégicas do selénio € imenso
(BROWN; ARTHUR, 2001).

No entanto, até a década de 1930, o conceito que predominava a respeito do
selénio era de um elemento toxico, em virtude de um episodio ocorrido em uma fazenda
do estado americano de Dakota do sul. Nessa fazenda, os ovos de galinha apresentavam
baixa eclodibilidade e, quando nasciam pintos, muitos eram deformados e morriam.
Apos investigacdo do Departamento de Agricultura dos Estados Unidos da América,
identificou-se que uma parte da fazenda apresentava solo selenifero (solo com elevada
concentracdo de selénio). Assim, os primeiros estudos sobre a relevancia do selénio para
0S organismos Vvivos apontavam para um elemento de ocorréncia natural que seria
toxico (PRAUCHNER 2014).

Ap0s, Schwarz e Foltz (1957) identificaram a funcdo essencial do selénio para
a saude animal ao verificar que esse mineral atuava na prevencdo de necrose em ratos
(OLDFIELS 2002). No caso de seres humanos, sua essencialidade foi comprovada em
1979, quando um paciente com distrofia muscular em razéo de longa permanéncia sob
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nutricdo parenteral total apresentou melhora do quadro clinico apds suplementacdo com
o mineral (PRAUCHNER 2014). Anteriormente, em 1973, Flohé et al. (1973)
identificaram o que atualmente é considerado de importancia primordial: o selénio faz
parte do sitio ativo da enzima glutationa peroxidase (GPX).

Atualmente, o selénio atua como um mineral versatil, sendo reconhecido por
seu envolvimento em diversas fungdes fisiologicas em mamiferos, tais como: defesa
antioxidante, fertilidade, metabolismo do horménio da tireoide e resposta imune
(SCHOMBURG 2012; HADASZADEH; BEGGS, 2006, YOUN et al., 2008; TONDO
etal., 2010).

Como outros elementos tracos, o selénio é um constituinte natural da crosta
terrestre, estando presente também na &gua. O teor de selénio nos alimentos varia
consideravelmente, uma vez o conteudo de selénio nos alimentos depende do teor
regional de selénio. Isso pode variar de niveis tdxicos em regides de solos seleniferos a
regides formadas por solos pobres, onde os seres humanos sofrem de problemas de
salde por deficiéncia de selénio (RAYMAN 2008). No Brasil, os estudos demonstraram
que o pais apresenta divergéncias no conteudo mineral nos solos, o que tem reflexos
diretos na ingestdo alimentar de selénio. Estados como S&o Paulo e Mato Grosso
apresentaram os menores niveis do mineral em refei¢des analisadas em laboratério
(FAVARO et al., 1997; BOAVENTURA 1991). Por outro lado, no Amazonas e em
Santa Catarina, foram encontradas as maiores concentracdes (YUYAMA; AGUIAR,;
MACEDO; GIOLA 1997). Para manter um balanco de selénio de zero (onde o selénio
consumo € igual a excrecdo de selénio na urina e fezes), a ingestdo necessaria para
homens é de 80 pg/dia e de mulheres de 57 pg/dia (RAYMAN 2008). De maneira geral
a ingestdo média de selénio no Brasil é adequada (102,34 pg/dia), no entanto quanto se
avalia o estagio de vida e estado nutricional, os maiores percentuais de ingestdo
insuficiente foram encontrados nos individuos com baixo peso, especialmente nos
idosos (TURECK et al., 2007). Na tabela 1, encontram-se todos os valores detalhados
para cada estagio de vida. O nivel de admissdo toleravel (UL) é de 400 pg/ dia,
ocorrendo reagGes adversas em niveis mais altos (NAVARRO-ALARCON;
CABRERA-VIQUE, 2008). Globalmente, estima-se que a ingestdo de selénio varia
muito, apresentando intervalo 3-7000 pg por dia (RAYMAN 2008; FAIRWEATHER-
TAIT etal., 2011).
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Assim, o equilibrio do selénio no corpo é critico porque os déficits podem
levar a problemas neuroldgicos, problemas cardiovasculares, cancer e deficiéncias

imunoldgicas, enquanto niveis mais altos resultam em toxicidade (RAYMAN 2012).

Tabela 1. Recomendaces de ingestdo de selénio em diferentes estagios de vida

AI*/EAR RDA UL
Estégio da vida pg/dia pg/dia pg/dia
Recém-nascidos e criangas
0-6 meses *15 - 45
7-12 meses *20 - 60
1-3 anos 17 20 90
4-8 anos 23 30 150
9-13 anos 35 40 280
Adolescentes
14-18 anos (M) 45 55 400
14-18 anos (F) 45 55 400
Adultos
19-70 anos (M) 45 55 400
19-70 anos (F) 45 55 400
Gestantes
14-50 anos 49 60 400
Lactantes
14-50 anos 59 70 400

Fonte: 10M, 2000 (INSTITUTE OF MEDICINE, 2000). Al=ingestdo adequada;
EAR=necessidade média estimada; RDA=ingestdo dietética recomendada, UL= limite

maximo tolerado de ingestdo diaria.

Héa duas formas de compostos de selénio na natureza: a organica e a inorganica.
Vegetais absorvem o selénio em sua forma inorgénica a partir do solo, a qual é
convertida para a forma organica, gerando compostos metilados de baixo peso
molecular, além de selenometionina e selenocisteina. A selenometionina é a principal
fonte de compostos de selénio presente em produtos vegetais como graos, legumes e

leguminosas. A biodisponibilidade da selenometionina parece ser maior em ratos e
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humanos e é provavel que seja a principal fonte de selénio para organismos Vvivos
(RAYMAN; INFANTE; SARGENT, 2008; SCHOMBURG; SCHWEIZER; KOHRLE
2004). Ainda, a selenometionina € o principal precursor para a sintese de selenocisteina,
a forma mais abundante em produtos de origem animal (RAYMAN, 2012; PAPP; LU;
HOLMGREN; KHANNA 2007).

A funcéo biol6gica do selénio ocorre atraves da sua incorporacdo em trés
formas de proteinas contendo selénio (BEHNE; KYRIAKOPOULOS 2001).
Primeiramente o selénio pode ser incorporado ndo especificamente em proteinas ricas
em metionina, como as encontradas na castanha do Brasil (PAPP; LU; HOLMGREN;
KHANNA 2007). Em segundo lugar, o selénio pode ser especificamente incorporado
em selenoproteinas. Isto requer uma decodificacdo do cddon UGA em residuos de
selenocisteina (Sec) e a necessidade de uma estrutura secundaria de “stem-loop” na
regido 3’ nao traduzida (3’UTR) do mRNA de selenoproteina, também conhecida como
sequéncia de insercio Sec (SECIS). Ha um tRNA especifico (Cys B! -tRNA) para Sec
e um complexo de proteinas de ligacdo de RNA que reconhecem a estrutura secundaria
de “stem-loop” e facilita a decodificacdo do codon UGA, que classicamente atua como
um codon de terminacdo (BOCK et al., 1991).

Em terceiro lugar, existem proteinas especificas contendo selénio que possuem
a habilidade de sequestrar o selénio através de um mecanismo desconhecido, exemplos
incluem a proteina do figado ndo caracterizada 56K (SLP-56) e a proteina de ligacao
aos acidos gordurosos do figado (SLP-14) (BEHNE et al., 1994).

O selénio incorporado na forma de selenocisteina é reconhecido como
vigésimo primeiro aminoécido, essencial por se diferenciar da cisteina pela presenca de
um atomo de selénio no lugar de enxofre. Ao analisar todo o genoma para presenca do
SECIS, verificou-se que existe um total de 25 selenoproteinas em seres humanos
(KRYUKOV et al., 2003), que séo organizadas em grupos distintos, de acordo com a
localizacdo e as propriedades funcionais da selenocisteina, sendo que aproximadamente
metade das selenoproteinas caracterizadas apresenta funcdo antioxidante. Séo elas:
cinco glutationa peroxidases (GPX), trés iodotironina deiodinases (DI), trés tioredoxina
redutases (TRR), uma selenoproteina de 15-kDa (SEP15), selenoproteinas H, I, K, M,
N,O,P,R, S, T, U, V e seleofosfato sintetase 2 (HATFIELD et al., 2014).

As GPX constituem uma familia com cinco enzimas dependentes de selénio e

essas enzimas sdo encontradas em todos os tecidos de mamiferos onde ocorrem
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processos oxidativos. Essas enzimas podem prevenir a producdo de espécies reativas de
oxigénio, contribuindo para a protecdo das macromoléculas e biomembranas do
organismo contra a oxidagio (BRIGELIUS-FLOHE; MAIORINO 2013). A glutationa
peroxidase classica (GPX1) é a mais abundante selenoproteina em mamiferos e
apresenta expressdo mais elevada em tecidos com alta producéo de perdxidos, como
rins, figado e eritrocitos. A GPX1 foi a primeira a ser identificada e esta presente no
citosol das células, onde funciona como antioxidante, reduzindo perdxidos de
hidrogénio (H,O,) e hidroperoxidos organicos livres e transformando-os,
respectivamente, em agua e alcool. Devido a sua capacidade de reducdo de
hidroperoxido, GPX1 foi classificada como a enzima que diminui o estresse oxidativo
(FLOHE; GUNZLER; SCHOCK 1973; ROTRUCK et al., 1973).

A GPX2, ou gastrointestinal, possui a mesma estrutura e 0 mesmo substrato
da GPX1, sendo encontrada principalmente em oOrgdos do aparelho digestivo, como
estdbmago e intestino, enquanto a GPX3 tem sua maior expressdo nos rins. A GPX4 é
encontrada principalmente nos testiculos, nos espermatozoides, no coracdo, no figado,
nos rins e no cerebro, nas isoformas mitocondrial, citosélica e nuclear. Ao contrario do
restante das selenoproteinas, a GPX4 é capaz de reduzir hidroperoxidos de fosfolipideos
e colesterol diretamente, sendo sua isoforma mitocondrial quem medeia a resposta
apoptética frente ao estresse oxidativo. A GPX6 foi recentemente identificada no
epitélio olfatério e em tecidos embrionarios (FLORIAN et al., 2001; SAREWKO et al.,
2002; TAPIERO et al., 2003; LEI et al., 2007; HERBETTE et al., 2007; COMINETTI
etal., 2011).

O selénio é essencial para o sistema nervoso central, como demonstrado em
trabalhos experimentais que identificaram que os animais alimentados com dietas
deficientes em selénio mantiveram os niveis relativamente elevados de selénio em seus
cérebros, enquanto a concentracdo de selénio em outros 6rgaos, incluindo figado e rim,
foi severamente esgotado (CHEN; BERRY, 2003). Além disso, quando selénio foi
administrado para animais deficientes em selénio, uma grande parte do selénio foi
rapidamente confiscado pelo cérebro (TRAPP; MILLAM, 1975; NAKAYAMA et al.,
2007, BURK; HILL 2009).

Estes e outros estudos sugerem que o selénio desempenha um papel importante
na fisiologia e fungdes do cérebro e desse modo ocorre uma hierarquia quanto aos

orgédos em relacdo ao status de selénio. Nesse sentido, o cérebro é o Gltimo 6rgédo a ser
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depletado com a deficiéncia de selénio e, na replecéo, este € o primeiro a estabelecer
seus niveis adequados do mineral, mostrando a importancia do selénio no
funcionamento cerebral (BENTON 2002).

A sintese de selenoproteinas é totalmente dependente da disponibilidade de
selénio, e desse modo, também ha uma hierarquia na sensibilidade ao consumo do
mineral. Nesse sentido, observa-se que algumas selenoproteinas respondem rapidamente
a deficiéncia de selénio com diminuicdo da sua atividade frente & prolongada e notavel
deplecdo (BRIGELIUS-FLOHE 1999). Assim, a deiodinase 1 é a selenoproteina menos
vulneravel e encontra-se no topo da hierarquia; e, dentro da familia das GPX, verifica-se
uma prioridade para GPX2 e 4 em relacdo as GPX1 e 3, enquanto que a selenoproteina
P se encontra em posicdo intermediaria. Uma provavel interpretacdo para essa
hierarquia entre as GPX sugere que estas sdo classificadas conforme a importancia do
seu desempenho para o organismo (SHWEIZER 2004; SCHOMBURG; SCHWEIZER
2009).

Considerando a atividade antioxidante espacialmente no cérebro, algumas
selenoproteinas foram caracterizadas como protetoras contra a neurodegeneragdo
através da regulacdo redox, dentre elas as GPX1 e GPX4. Para isso, estas enzimas estdo
envolvidas numa sequéncia de rea¢fes que visam a reducdo de peroxidos de hidrogénio
e hidroperdxidos organicos (GARCIA 2009; ZHANG 2010).

A GPX1 é a mais abundante entre as GPX e é expressa em varios tipos de
células neuronais, incluindo neurdnios, astrocitos e células gliais (TAKIZAWA 1994,
LINDENAU; NOACK; ASAYAMA; WOLF 1998). Crack et al. (2006) ao utilizarem
isolados de cultura de neur6nios de ratos Gpx /= demonstraram que a GPX1 protege
contra o estresse oxidativo induzido por H,O, e por toxicidade dos peptideos amildides
(AB), o principal componente das placas senis e a causa da doenca de Alzheimer.

A proteina GPX4 é uma selenoproteina antioxidante, intracelular que catalisa
uma diminuicdo de H,0,, hidroperoxido organico e perdxidos lipidicos dentro de
membranas e lipoproteinas, reduzindo os niveis de glutationa e protege as células contra
danos oxidativos. A GPX4 apresenta trés isoformas, todas codificadas pelo mesmo
gene, que se localizam no citoplasma, mitocondria e nacleo (URSINI; MAIORINO;
GREGOLIN, 1985). Nos cerebros de ratos adultos, as isoformas de GPX4

mitocondriais e citosolicas sdo expressas principalmente em celulas neuronais, mas nao
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sdo expressas em células gliais, como evidenciado por analises de imuno-histoquimica e
MRNA (SAVASKAN; BORCHERT; BRAUER; KUHN, 2007).

Além disso, observou-se que a ablacdo neurdnio-especifica da biossintese de
selenoproteinas em camundongos produziu um fenotipo neuroldgico grave,
caracterizado por convuls@es, ataxia e prejudicou o desenvolvimento de interneurénios
corticais que foi acompanhado por uma perda da expressdo de GPX4 e de vérias outras
selenoproteinas no cérebro (WIRTH et al., 2010). Recentes trabalhos forneceram uma
visdo sobre um papel para GPX4 como um sensor de estresse oxidativo e um transdutor
de sinais de morte celular. Isto é consistente com a nocao de que a deplecdo de GPX4
no hipocampo demonstrou resultar em neurodegeneragdo, sendo GPX4 diretamente
envolvida na sinalizagdo pré-apoptética. Além disso, demonstrou-se que a baixa
ingestdo de selénio ou niveis insuficientes de GPX4 no cérebro contribuiram para
patogénese da doenca de Parkinson e da doenca de Alzheimer (REEVES;
HOFFMANN, 2009).

As informacdes sobre a funcdo das selenoproteinas no cérebro estdo resumidas

na tabela 2.
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Tabela 2: Funcéo de diferentes selenoproteinas no cérebro.

Selenoproteina

Funcéo do cérebro normal

Doencas neurologicas

Familia Glutationa peroxidase (GPXx)

GPX1

GPX4

GPX6

Reducdo ERO/Peroxidos (ZHANG; ROCOURT;
CHENG; 2010)

Reducdo dos hidroperdxidos de fosfolipideos
(URSINI; MAIORINO; GREGOLIN, 1985)

Familia Tireodoxina redutase (TRXR)

TRXR1

TRXR2

Deiodoxina DIO1

Selenoproteina H (SelH)

Reducdo do peroxido de hidrogénio e do estresse
oxidativo, regulam os fatores de transcri¢do
sensiveis ao redox que controlam mecanismos de
transcricdo celular (SELENIUS et al., 2010)

Reducdo do peroxido de hidrogénio e do estresse
oxidativo (20), regulam os fatores de transcri¢éo
sensiveis ao redox que controlam mecanismos de
transcricdo celular (SELENIUS et al., 2010)

Deodinacédo de T4 e T3 (BATES; GALTON, 1999).

Deteccdo de Redox, localizacdo nuclear e ligacdo de
DNA (PANEE; STOYTCHEVA; LIU; BERRY,
2007; NOVOSELOQV et al., 2007)

D. de Alzheimer (ANSARI et al., 2006; CHEN et al.,
2008); D. de Parkinson (PANEE et al., 2007)

D. de Alzheimer (CHEN et al., 2008); D. de Parkinson
(BELLINGER et al., 2011)

D. Huntington (SOROLLA et al., 2008)

D. de Alzheimer (LOVELL; XIE; GABBITA;
MARKESBERY 2000); epilepsia (YUZBASIOGLU et
al., 2009).

34



Continuacao Tabela 2

Selenoproteina Funcéo do cérebro normal Doencas neurologicas

Selenoproteina K (SelK)  Resposta ao estresse ER, regulacdo do calcio
(REEVES; BELLINGER; BERRY, 2010)

Selenoproteina M (SelM)  Proteina reticulo endoplasmatico (RE), regulagdo de D. de Alzheimer (YIM et al., 2009; DU et al., 2013)
calcio (REEVES; BELLINGER; BERRY, 2010)

Selenoproteina P (Seppl, Retengdo de selénio dentro do cérebro D.de Alzheimer (BELLINGER et al., 2008)
SelP) (NAKAYAMA et al., 2007)
D. de Parkinson (PERRY; YONG, 1985)

Selenoproteina S (SelS) Retrotranslocacdo de proteinas dobradas de RE,
resposta ao estresse RE (FRADEJAS et al., 2008)

Selenoproteina T (SelT)  RE proteina, regulacéo do calcio (FRADEJAS et al., Epilepsia (STEFANIUK; LUKASIUK, 2010)
2008)

Selenoproteina W (SelW) Localizagdo sinaptica (RAMAN et al., 2013) Epilepsia (YUZBASIOGLU et al., 2009)

Selenoproteina R (SelR)  Reducdo de residuos de metionina oxidados, D. de Alzheimer (MOSKOVITZ et al., 2011)
polimerizacéo de actina (LEE et al., 2013)

Tabela adaptada de PILLA; UYEHARA-LOCK; BELLINGER, 2014.
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2.5 Selénio e neurodegeneracgao

Os estudos sobre a relacdo do selénio com patologias neurodegenerativas
fornecem evidéncias sobre a funcdo do selénio para o SNC. A neuroprotecdo pode ser
definida como a manutengdo da maior integridade possivel de células e interacbes no
cérebro que resultam em fungdo neural ndo perturbada (CHEN; BERRY, 2003;
PILLAI; UYEHARA-LOCK; BELLINGER, 2014).

Uma vez que pelo menos metade das selenoproteinas estdo envolvidas na
reducdo do estresse oxidativo, o principal mecanismo presumido de neuroprotecao
inclui ERO e remocédo de espécies de nitrogénio reativo. O cérebro e suscetivel ao
estresse oxidativo devido ao baixo nivel de antioxidantes, alto teor de acidos graxos
poliinsaturados e aumento da demanda de oxigénio (RAYMAN 2012). Assim, as
propriedades neuroprotetoras do selénio podem incluir a estimulacdo de biossintese de
selenoproteinas antioxidantes. Outro mecanismo de neuroprotecdo descrito para o
selénio é atribuido & sua capacidade de modular o influxo de Ca®" através de canais
ibnicos, gerando efeito anti-inflamatério (NAZIROGLU 2009; MCKENZIE;
ARTHUR; BECKETT, 2002).

Os estudos que avaliam a relagdo entre os niveis de selénio e o declinio
cognitivo sugerem que a deficiéncia de selénio pode ser um risco para as deméncias
(BERR 2000; GAO 2007, BERR 2012), entretanto os resultados ainda sao
contraditérios. Cardoso et al. (2010) e Vural et al., (2010) verificaram que 0s pacientes
com DA apresentavam grande deficiéncia de selénio quando comparados a idosos
saudaveis, ao passo que Ceballos-Picot et al. (1996) encontraram niveis aumentados de
selénio plasmatico em pacientes com DA guando comparados ao grupo controle. Em
um estudo de associagdo entre elementos-tracos e desempenho cognitivo em diferentes
grupos com doengas neurodegenerativas, Smorgon et al. (2014), encontraram correlagéo
direta entre concentragcdo de selénio plasmatico e nivel de funcdo cognitiva e, dessa
maneira, 0s pacientes com DA apresentaram niveis reduzidos desse mineral quando
comparados ao grupo controle.

Mesmo que grande parte dos estudos transversais ndo detectaram uma
diminuigdo significativa dos niveis de selénio no plasma/soro em pacientes com
Alzheimer (LOEF; SCHRAUZER; WALACH, 2011; CARDOSO et al.,, 2010;
MESEQUEIR et al., 1999) importantes estudos epidemioldgicos indicam o contrério.

As evidéncias desses estudos indicam que o baixo status nutricional de selénio em
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idosos pode ser associado com o declinio mais rapido das funcBes cognitivas e mau
desempenho nos testes de coordenagdo motora e de velocidade (SHAHAR et al., 2010;
GAO et al., 2007; CHEN; BERRY, 2004; BERR et al., 2004). Um estudo longitudinal
francés com 1.166 participantes com idades entre 60-70 anos, encontrou uma associacao
de baixos niveis de selénio no inicio do estudo, com o aumento no risco de declinio
cognitivo durante os primeiros quatro anos de acompanhamento. Depois de 9 anos, a
probabilidade de declinio cognitivo foi maior nos sujeitos que apresentaram maior
reducdo dos niveis de selénio no plasma (CHEN; BERRY, 2004).

E importante salientar que os exemplos encontrados na literatura abordam
fendtipos cognitivos extremos como 0s encontrados na Doenca de Alzheimer. Com
relacdo a memoria e os habitos alimentares, mais especificamente a importancia do
selénio na prevencdo dos déficitis de memdria, esta abordagem ainda é pouca abordada
na literatura (DA ROCHA et al., 2014). Além disso, os estudos citados nao
investigaram o perfil genético dos idosos, em relacdo a presenca de polimorfismos em
genes que codificam as selenoproteinas que podem acarretar em modificagdes nas taxas
de distribuicdo plasmatica do selénio (MATHERS; MEPLAN; HESKET, 2010).

2.6 Polimorfismos nos genes GPX1 e GPX4
As principais questdes quando se considera o papel do selénio dietético e 0s
fatores genéticos na determinacdo da susceptibilidade a doenca multifatorial, sdo se
existem variagdes genéticas comuns em selenoproteinas que possuem consequéncias
funcionais e se estas tém efeitos fenotipicos isolados ou apenas em combinagdo com
fatores alimentares (HESKETH 2008). Nesse sentindo, uma vez que o metabolismo do
selénio ocorre de maneira hierarquica, em que a deplecdo de selénio gera manutencédo
da sintese de algumas selenoproteinas em detrimento de outras, um polimorfismo em
gene que codifica determinada selenoproteina pode alterar sua prépria funcdo ou até
mesmo de outras selenoproteinas (MUTCH 2005; MATHERS; MEPLAN; HESKETH,
2010).
Dessa forma, a combinagdo de polimorfismos em genes que codificam
selenoproteinas com o consumo inadequado de selénio poderia influenciar, de forma
negativa, 0s mecanismos antioxidantes, aumentando a suscetibilidade para algumas

doencas. Por outro lado, variacbes em genes de selenoproteinas poderiam também
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interferir significativamente na resposta frente ao consumo de selénio (FERGUSON;
KARUNASINGHE, 2011).

No ano de 1999, Forsberg e colaboradores, desenvolveram um estudo cujo
objetivo era encontrar novos polimorfismos em genes que codificam para enzimas
antioxidantes. Detectaram um ponto de mutagdo na posicdo 593 C/T que causa a
substituicdo de uma prolina (Pro/C) por uma leucina (Leu/T) no cédon 198 no gene
GPX1 (rs1050450). Em relacdo a frequéncia genotipica, os estudos indicam que 0s
homozigotos T ocorrem em uma frequéncia de apenas 7-11% em europeus saudaveis,
mas em maior frequéncia (~15%) em afro-caribenhos saudaveis (FORSBERG 2000;
HU, DIAMOND 2003; RATNASINGHE et al., 2000).

A mudanga de aminoacido causada por este SNP produz mudancas funcionais,
com a variante Leu da proteina com menor atividade em lisados celulares transfectados.
N&o ha dados disponiveis sobre se este SNP afeta a funcdo de GPX1 in vivo ou qual
seria a ingestdo de selénio necessaria para manter a atividade GPX1, no entanto os
estudos sugerem uma associacdo da variante leucina deste SNP com a suscetibilidade
para o desenvolvimento de doencas como cancer de pulmdo, mama e bexiga
(ICHIMURA et al., 2004; HU, DIAMOND, 2003; RATNASINGHE et al., 2000).

A influéncia do rs1050450 foi investigada em pacientes brasileiros com DA.
Cardoso et al. 2012 buscou determinar a frequéncia do polimorfismo Pro198Leu no
gene GPX1 em pacientes com Doenca de Alzheimer e verificar sua relacdo com a
atividade enzimatica da GPX e altera¢6es na concentracdo de selénio. Neste estudo caso
controle realizado com somente 28 pacientes portadores da Doenca de Alzheimer, ndo
houve diferenca entre os grupos na distribuicdo dos gendtipos, assim como na atividade
da enzima GPX. No entanto, em relacdo a concentracdo de selénio no sangue, niveis
menores foram encontrados em pacientes com o genétipo Pro/Pro em relagcdo ao grupo
controle, sendo que essa caracteristica ndo foi encontrada entre os grupos portadores do
genotipo Pro/Leu. Além disso, a associacdo entre a concentracdo de selénio no sangue e
atividade da GPX foi afetada pelo gendtipo Pro198Leu (CARDOSO et al., 2010).
Outro estudo, realizado por Paz-Y- Mifio et. al 2010, apontou uma associagdo entre o
alelo T e 0 aumento do risco de DA.

O gene que codifica a GPX4 apresenta sete éxons e estd localizado no brago
curto do cromossomo 19 (19p13.3) (MEPLAN et al., 2008). Em 2002, Villete et al.

identificaram um polimorfismo de nucleotideo Unico na regido 3’UTR na posigdo 718
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(rs713041) que influenciava o metabolismo da lipoxigenase. Este polimorfismo também
se mostrou associado com cancer colorretal (BERMANO et al.,, 2007) e a sua
funcionalidade foi demostrada por meio de estudos in vitro com plasmideos contendo
ambos os possiveis alelos (GAUTREY et al., 2011).

A importancia desse polimorfismo deve-se ao fato de ele estar localizado
préximo ao sitio de incorporacdo do selénio durante o processo de traducdo. Bermano et
al. (2007) observaram que a variante C na regido 3’UTR ndo traduzida do gene GPX4 ¢
mais responsivo que a variante T na biossintese do gene repdrter na selenoproteina.
Meplan et al., observaram que os portadores do genétipo CC conseguem manter as
concentracdes séricas de selénio por mais tempo do que os portadores do genétipo TT
apos a retirada da suplementacdo com selénio. Até o0 momento este é o primeiro estudo
gue investigou a participacdo do polimorfismo rs713041 em déficits cognitivos.

A tabela 3 resume os principais resultados para os polimorfismos rs1050450
(GPX1) e rs713041 (GPX4).
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Tabela 3. Descri¢do dos principais resultados funcionais para os polimorfismos rs1050450 (GPX1) e rs713041 (GPX4).

Gene - SNP Posicao Efeitos descritos em cultura Efeito funcional in vivo Referéncias
celular
GPX1 rs1050450 €.599C>T Menor atividade do alelo Estudos de associacdo com vérias FORSBERG et al, 2000;
Leucina doencas, mas nem todos, sugerem FOSTER et al., 2006;
Pro198Leu que. T (Leu) aumenta a RAVN-HAREN et al,
suscetibilidade. 2006.
GPX4 rs713041 C.660T>A Estudos do gene reporter e com Afeta a atividade de GPX1 e BERMANO et al., 2007,
RNA e proteina demonstram GPX4 dos linfécitos, e nos niveis FOSTER et al.,, 2006;
3’UTR que alelo C apresenta maior de lipoxigenase. Dois estudos UDLER et al., 2007.

atividade

sugerem que o alelo C aumenta a
susceptibilidade ao cancer.

3’UTR: regido 3’ nao traduzida.
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3 JUSTIFICATIVA
Frente & tendéncia atual de envelhecimento populacional, é necessario o

desenvolvimento de pesquisas para uma das queixas mais frequentes durante o
envelhecimento: o declinio da memdria. Para melhorar a qualidade de vida da
populacdo de idosos e prevenir futuras desordens fisiopatoldgicas, estudos voltados para
a prevengdo e para a investigagdo das varidveis que interferem no bem-estar da
populacdo fazem-se necessarios. Uma vez que dentre os varios fatores que influenciam
a memoria humana se encontram os habitos alimentares, e levando em conta que a
memoria é uma caracteristica multifatorial, é perfeitamente possivel que a dieta possa
interagir com o perfil genetico individual para determinar a suscetibilidade de um
individuo desenvolver déficit de memoria.

A literatura demonstra que o selénio € um elemento traco nutricional
multifacetado, ora capaz de ser tdxico, ora revela-se como um importante agente
biolégico para as mais diversas fungdes organicas, incluindo a remocdo de espécies
reativas de oxigénio no cérebro, por exemplo. Ademais, estudos sugerem que o declinio
cognitivo esta associado com a concentracdo sérica de selénio. Diante disso, surge a
hipGtese de que o selénio poderia ser utilizado para reduzir ou até mesmo retardar o
déficit de memoria, no entanto, SNPs em genes que codificam selenoproteinas podem
alterar as necessidades individuais para selénio. Assim, esta pesquisa justifica-se por
abranger em sua investigacdo fatores ambientais e genéticos que podem conduzir aos
déficits de memoria na populacdo de adultos maduros e idosos. Conhece-los, podera
conduzir a estratégias para retardar ou até mesmo reduzir os déficits de memaria. Para
estudar a influéncia genética, propusemos em nossa investigacdo, a avaliacdo dos
polimorfismos em GPX1 (rs1050450) e GPX4 (rs713041). Tais polimorfismos foram
associados a doencgas neurodegenerativas, no entanto, ndo havia registro na literatura
sobre a influéncia desses polimorfismos sobre fendtipos como o CCL e memodria
episddica.

Além disso, propusemos em nossa investigacdo, avaliar o efeito dos
polimorfismos em GPX1 (rs1050450) e GPX4 (rs713041) em pacientes com doenca de
Alzheimer. Para 0 gene GPX1, os estudos evidenciam a associacdo do polimorfismo
rs1050450 e a doenga de Alzheimer, no entanto, ha resultados contraditorios acerca das
associacOes alélicas, o que reforca a necessidade de mais investigacfes. Também

constatamos a inexisténcia de estudos de associacdo e desfecho cognitivo para o
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polimorfismo rs713041 do gene GPX4, sendo este estudo pioneiro nesse sentido.
Assim, os dados provenientes deste estudo auxiliardo na construcdo de conhecimentos

essenciais para a compreensdo dos mecanismos moleculares subjacentes do

micronutriente selénio sobre a memoria humana.
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4 OBJETIVOS

4.1 Objetivo geral
Investigar a influéncia genética na memoria episodica através da avaliacdo de

polimorfismos em genes de selenoproteinas em adultos maduros e idosos.

4.2 Objetivos especificos

- Determinar a influéncia dos polimorfismos rs1050450 do gene GPX1 e rs713041 do
gene GPX4 sobre a variabilidade em escores de memoria;

- Determinar a influéncia dos polimorfismos rs1050450 do gene GPX1 e rs713041 do
gene GPX4 em individuos com e sem déficits para cada memdria episodica avaliada;

- Determinar a influéncia dos polimorfismos rs1050450 do gene GPX1 e rs713041 do
gene GPX4 sobre o comprometimento cognitivo leve e Doenca de Alzheimer;

- Determinar a influéncia dos polimorfismos rs1050450 do gene GPX1 e rs713041 do
gene GPX4 sobre as concentracdes séricas de selénio;

- Determinar a influéncia das concentracdes séricas de selénio sobre a memoria

episodica.
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5 ARTIGO CIENTIFICO 1

Association of GPX1 and GPX4 polymorphisms with episodic memory

and Alzheimer’s disease.

Publicado no periddico Neuroscience Letters em 11 de dezembro de 2017.
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ARTICLE INFO ABSTRACT

It is well established that healthy aging, mild cognitive impairment (MCI), and Alzheimer's disease (AD) are
associated with substantial declines in episodic memory. However, there is still debate about the roles of GPX1
McI and GPX4 polymorphisms. The aim of this study was to investigate the association of rs1050450 and rs713041
Episodic memory polymorphisms with memory. This research was composed of a cross-sectional study (334 subjects) and a case-
gﬁ}}g’ control study (108 healthy controls and 103 with AD-NINCDS/ARDA, DSM-IV-TR criteria). For the association of

the genetic polymorphisms with memory or cognitive loss, the phenotypes were analyzed as follows: 1) each
memory as a quantitative trait; 2) presence of deficit on a specific memory; 3) presence of MCI; 4) presence of
AD. To assess verbal learning and the ability to store new information, we used the Rey Verbal Learning Test.
Scores were recorded as a function of age as in the WMS-R testing battery. DNA was obtained from whole blood,
and genotypes for GPX1 (rs1050450) and GPX4 (rs713041) were detected by allelic discrimination assay using
TagMan® MGB probes on a real-time PCR system. GPX1 TT homozygotes had lower long-term visual memory
scores than CC/CT group (-0.28 = 1.03 vs. 0.13 * 1.03, respectively, p = 0.017). For the GPX4 rs713041, the
frequency of the TT genotype was higher in the group with normal scores than in the group with long-term visual
memory deficits (p = 0.025). In a multivariate logistic regression, GPX1 CC homozygotes had a 2.85 higher
chance of developing AD (OR = 2.85, CI95% = 1.04-7.78, p = 0.041) in comparison to the reference genotype.
No significant differences were observed regarding the MCI group between genetic variants. This study is one of
the first to show that polymorphisms in GPX1 and GPX4 are significantly associated with episodic memory and
AD in a South Brazilian population.

Keywords:
Alzheimer’s disease

1. Introduction related to the risk of memory deficits and neurodegenerative diseases,

such as Alzheimer's disease (AD). AD, the most common form of de-

Aging is associated with changes in a variety of cognitive functions,
including executive function, episodic memory, and working memory.
Studies of the cognitive neuroscience of aging have demonstrated that
episodic memory is considered the form of long-term memory that
displays the largest degree of age-related decline [1,2]. Episodic
memory is considered a major neurocognitive system that enables
conscious recollection of past experiences and, from a genetic stand-
point, can be defined as a complex behavioral trait with substantial
heritability estimates [3]. Specific life-style and genetic factors are

* Corresponding author at: Sarmento Leite 245/403, Porto Alegre, RS, 90050-170, Brazil.

mentia, is characterized by the loss of episodic memory and other
cognitive domains [4]. However, some people do not have explicit
clinical symptoms of dementia but rather exhibit an intermediate state
between normal aging and dementia. Mild cognitive impairment (MCI)
refers to cognitive decline in the elderly that is more pronounced than
in normal aging but does not constitute detectable dementia, although
it may be referred to as the preclinical stage of AD [5]. In a meta-ana-
lysis that included 13 clinical studies involving 4301 subjects, the an-
nual conversion rate of MCI to dementia was 9.6%, and throughout the
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follow-up period, 39.2% converted to dementia [6]. Although there is a
high degree of heritability for AD, with estimates ranging from 58 to
79% [71, a number of genetic risk factors are shared with MCI [5].
Mutations that predispose one to the occurrence of early-onset familial
Alzheimer's disease are already well characterized [8]. Genome-wide
association studies (GWAS) have identified several additional single
nucleotide polymorphisms (SNPs) that appear to predict the suscept-
ibility of memory performance [9,10] but do not explain all of the
heritability.

Oxidative stress has a central role in memory deficits, and under-
standing the function of SNPs involved with antioxidant enzymes is
fundamental. The glutathione peroxidase (GPx) family comprises eight
sequentially numbered isoenzymes that catalyze the reduction of H,O5
and organic hydroperoxides by glutathione (GSH) or other biological
reductants [11]. In the brain, GPx enzymes are expressed in neurons
and glial cells, where their free-radical-scavenging role protects against
oxidative stress. The human GPX1 gene is located at chromosome 3p21,
and a SNP at nucleotide 593 (rs1050450), which is a C to T substitution
in exon 2, results in an amino acid change from proline (Pro) to leucine
(Leu) at codon 198 [12]. In a study of an Ecuadorian population [13],
the Leu allele of GPX1 increased risk for AD. However, Cardoso [14] did
not observe differences in genotype frequencies between patients with
AD and a control group in a Brazilian population. The human GPx4
protein, unlike GPx1, is capable of metabolizing fatty acid hydroper-
oxides esterified to phospholipids, which are likely to occur in cell
membranes undergoing oxidative stress [15]. Furthermore, GPx4 is the
most widely expressed isoform in brain tissue and is found in neurons of
the cerebellum, hippocampus and hypothalamus, thus supporting the
hypothesis that GPx4 plays a role in preventing neurodegeneration
[11]. A study with mouse model suggest that mice with a neuron-spe-
cific deletion of GPx4 had mild neurological dysfunction [16]. The
GPX4 gene is located at chromosome 19p13.3 and has a SNP at nu-
cleotide 718, associated with a C to T substitution (rs713041) located in
the 3’ untranslated region (3’UTR), that modulates the synthesis of
GPx4 by changing the affinity of the SeCys insertion machinery [15].
Moreover, recent studies associated this polymorphism with anti-
oxidant function [17] and cancer [18]. However, to our knowledge, no
previous study has examined the effect of GPX4 polymorphisms on
episodic memory, AD and MCI. Therefore, the purpose of this study was
to evaluate the implications of GPX1 rs1050450 and GPX4 rs713041 on
memory by investigating a) individuals with and without deficits for
each episodic memory evaluated, b) individuals with and without MCI,
and c) AD patients and a control group. All participants were from a
South Brazilian population.

2. Material and methods
2.1. Study design and participants

This research was composed of a cross-sectional study and a case-
control study.

The cross-sectional study was composed of men and women (456
individuals in total). The selection of the participants was performed
according to the following criteria: minimum age of 50 years, fluency in
Portuguese, and the absence of any neurological or psychiatric illness
such as psychosis or depression.

The volunteers were asked about the occurrence of neurological
disease or psychiatric disorders and the use of anxiolytic drugs. The
Beck Depression and Anxiety Inventory and the Lipp Inventory of Stress
[19] were used to exclude volunteers who presented the indicated
symptoms. Volunteers were excluded if they presented a lower estimate
of intellectual function (IQ) <70. Using these exclusion criteria, 122
individuals were removed from the study. Evaluations of verbal and
visual memory were performed using the Wechsler Memory Scale-Re-
vised (WMS-R) [20]. This test allows the evaluation of 4 types of epi-
sodic memory: short-term visual memory, long-term visual memory,
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short-term verbal memory and long-term verbal memory. To assess
verbal learning and the ability to store new information, we used the
Rey Verbal Learning Test [21]. Scores were recorded as a function of
age as in the WMS-R testing battery. For each test, the final data were
transformed into standard deviations of the mean as a function of age,
resulting in a range from —4 to + 4. In order to evaluate the association
of the genetic polymorphisms with memory or cognitive loss, we ana-
lyzed the phenotypes as follows: 1) each memory as a quantitative trait;
2) presence of deficit on a specific memory (cognitive loss in relation to
each evaluated memory was determined when the score was < —1
standard deviation below the mean values normalized for age according
WMS-R testing battery); 3) presence of MCI (subjects with two or more
scores < —1 in the evaluated memories). The diagnosis of MCI was also
based on neuropsychological evaluations that included cognitive al-
teration but not dementia, and evidence of cognitive loss was verified
by subjective interviews and by objective evaluations, such as evalua-
tions of the preservation of activities of daily living.

For the case-control study, we compared a group of Alzheimer’s
disease patients to a group of healthy control subjects. A total of 103
elderly adults were diagnosed with probable AD according to the
NINCDS-ADRDA and DSM-IV-TR. This diagnosis, as well as the inclu-
sion and exclusion criteria for the AD group, was described in detail in
Pezzi et al. [22]. AD patients were recruited for convenience from two
academic outpatient neuropsychiatric services located in a southern
Brazilian city.

A control group of 108 healthy elderly volunteers with normal
cognitive function and gender matched to those individuals in the AD
group were enrolled in the study and recruited from the catchment
areas of the same academic services. The inclusion criteria were as
follows: age greater than 65 years, clinical dementia rating (CDR) of
0-27, Mini-Mental State Examination (MMSE) score higher than 26 and
independence in completing activities of daily living (ADL) [23]. Con-
trol volunteers were excluded if they presented chronic renal disease, a
history of significant head injury or stroke, a history of cancer, a family
history of dementia, other psychiatric conditions such as major affective
disorder or evidence of current depression, uncorrectable vision or
hearing loss or other conditions such as substance abuse or use of
medications that could impair cognitive function. All participants of
both groups were of European ancestry from southern Brazil.

Both studies were approved by the Ethics Committees of the parti-
cipating institutions and were performed in compliance with the
Declaration of Helsinki. All participants or their proxies in AD cases
provided written informed consent.

2.2. Genotyping

Genomic DNA was extracted from 500 pL. of EDTA-treated whole
blood using the salting out method [24], and the concentration was
assessed using a Biospec” Nano spectrophotometer (Shimadzu do
Brasil). The final concentration of DNA used was 10 ng/pL.

Polymorphisms of GPX1 (rs1050450) and GPX4 (rs713041) genes
were genotyped with the use of TagMan Genotyping Master Mix and
TagMan SNP Genotyping assays (Applied Biosystems"). The assays were
predesigned for rs713041 from Applied Biosystems (ID Assays
C_2561693_20) and custom-made for rs1050450 through the Custom
TagMan® Genomic Assays service.

For each reaction plate, genomic DNA control samples and non-
template controls (water) were included. A control of the TagMan SNP
genotyping assay was also performed (25% of randomly chosen samples
from both groups) to check for genotyping accuracy, and identical
genotypes were identified in all repeated samples. The researchers who
performed the genotyping were blinded to the patients’ diagnostic
status.
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2.3. Statistical analysis

The results were entered into a database, and the statistical package
SPSS® version 19.0 was used to perform the analyses. Continuous
variables were expressed as the mean = standard deviation. Allele
frequencies were estimated by gene counting. The agreement of geno-
type frequencies with Hardy—Weinberg equilibrium expectations was
tested using chi-square tests. Genotype distributions between groups
(memory deficit x normal memory and MCI group x no-MCI group)
were compared by chi-square or Fisher’s exact test. After adjustment for
sex and level of education through linear regression, specific memory
scores (short-term and long-term verbal memories, short-term and long-
term visual memories and verbal learning) were compared among
genotypes by Student’s t-test or ANOVA. In case of significant associa-
tions, the strength of the association was evaluated using Cramer’s V
(chi-square test) and partial Eta squared value (ANOVA). Univariate
analyses to verify the associations between the polymorphisms in the
genes GPX1 and GPX4 and Alzheimer’s disease were carried out by chi-
square association tests with a dominant model. Multivariate logistic
regression analysis was performed to estimate the AD outcome, with
polymorphisms as independent variables. The confounding variables
entered in the model were age and education based on the literature
review [25]. A two-tailed p < 0.05 was considered significant for all
analyses.

3. Results
3.1. Cross-sectional study

After application of the exclusion criteria, 122 subjects were ex-
cluded from the study. A total of 334 subjects remained in the study,
and the average of each episodic memory score, socio-demographic and
lifestyle characteristics of the study population are described in Table 1.
Overall, deficits in short-term verbal, long-term verbal, short-term vi-
sual and long-term visual memories were observed in 24.4%, 38.4%,
20.2%, and 19.3% of the sample population, respectively. Verbal
learning deficits were observed in 26.8% of the sample population (data
not shown). Mild cognitive impairment was observed in 45.9% of the
sample.

The genotypic frequencies observed did not show statistically sig-
nificant differences compared to those expected under Hardy—Weinberg
equilibrium. The allelic frequencies for the polymorphisms were 33%
for rs1050450T (GPX1) and 44.5% for rs713041T (GPX4). The observed

Table 1
Demographic characteristics of the cross-sectional study group.

Characteristic

n 334

Age (years) 63.4 = 79
Sex (% men) 69 (20.6)
Years of education 10.5 = 4.8
Hormonal replacement therapy, women only (%) 65 (19.4)
Age at completion of education (years) 25.9 = 135
Years without studying 35.1 * 17.7

Cigarette smoking

Never 231 (69%)
Past 90 (26.9%)
Current 14 (4.1%)

Mild cognitive impairment 146 (45.9%)

Memory scores

Short-term verbal memory 0.03 = 1.30
Long-term verbal memory —0.08 = 1.28
Short-term visual memory 0.05 = 1.02
Long-term visual memory 0.06 = 1.03

The values shown are the mean = standard deviation or numbers and percentages in
parentheses.
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allelic frequencies in this study were similar to those reported in SNP
databases (Entrez SNP, International HapMap Project and 1000
Genomes) and in previous studies analyzing European or European-
derived populations.

After adjusting each specific type of episodic memory for level of
education and sex, the comparison of the three genotypes of GPXI
rs1050450 showed a borderline association with scores for long-term
visual memory (p = 0.051, partial Eta squared = 0.1364, Table 2).
Using a recessive model, TT homozygotes had lower long-term visual
memory scores than CC/CT genotypes (—0.28 + 1.03 vs.
0.13 * 1.03, respectively, p = 0.017). For the GPX4 SNP rs713041,
the chi-square test demonstrated a significant association with deficit of
long-term visual memory. The frequency of the TT genotype is higher in
the group with normal scores than in subjects with deficits in long-term
visual memory (p = 0.025, Cramer’s V = 0.155) (data not show). No
significant differences were observed regarding the MCI group among
genetic variants.

3.2. Case-control study

The subjects of this study (n = 211) consisted of 103 individuals
with AD (61.5% females; aged 76.67 = 7.34years) and 108 healthy
elderly individuals (71% females; aged 74.96 + 7.73years).
Demographic characteristics, as well as the genotype and distribution of
GPX1 and GPX4 for each group, are shown in Table 3. Individuals with
AD showed significantly lower scores on the MMSE (p 0.0001) and
lower educational level (p < 0.0001) than healthy control subjects.
GPX1 TT homozygotes were more frequent among individuals in the
control group (15.7%) than in patients with AD (7.8%, p = 0.034)
(Table 3). In a multivariate logistic regression, GPX1 CC homozygotes
had a 2.85 higher chance of developing AD (OR = 2.85,
CI95% = 1.04-7.78, p = 0.041) compared to the reference genotype.

4. Discussion

In this study, we investigated the association of polymorphisms in
the GPX1 gene (rs1050450) and GPX4 gene (rs713041) with memory
and AD. The results of the cross-sectional study, conducted on 334 in-
dividuals, revealed that episodic memory scores may be associated with
GPX1 and GPX4 genotypes. We showed that for the GPX1 gene, TT
homozygotes presented lower scores of long-term visual memory.
Moreover, for GPX4 gene, qui-square test demonstrated that the TT
genotype is present at a higher frequency in the group with normal
scores for long-term visual memory. For the case-control study, the
GPX1 CC homozygotes had a higher chance of developing AD. No as-
sociation was found with MCIL

The rs1050450T (leucine) allele on GPX1 has been associated with a
higher risk of some disease conditions, such a lung and bladder cancers
[12,26,27], and the authors suggest that an important change in the
conformation of GPx1 may be responsible because Pro is the only amino
acid without a free unsubstituted amino group on the alpha carbon
atom [28]. However, the studies are not conclusive as the association of
Pro198Leu and the enzymatic activity of GPX1. Three studies mea-
suring the GPX1 activity (with respect to the rs1050450) in human
erythrocyte extracts have been reported the activity of CT/TT extracts
was found to be 9% lower than the activity in CC extracts [29] and the
activity was 13% lower in TT males as compared to CT/CC males [30],
while others did not verify differences between the genotypes [31-33].
Forsberg et al. suggested that GPX1 presents high stability and that its
activity can be stimulated in the presence of reactive oxygen species,
which would compensate for the reduction caused by the presence of
the variant allele [31]. Soerensen et al. also used this hypothesis in their
cohort study to explain the reduction in mortality in carriers of the T
allele, in addition, the author suggests that there may be an antagonistic
pleiotropic effect of the SNP in Danes since mortality reduction was
observed only in the elderly to very old age [34]. Based on this
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Table 2
Polymorphisms in GPX1 and GPX4 and the five types of episodic memories.
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Genotype n* Short-term Verbal Memory Long term Verbal Memory

Short-term Visual Memory

Long-term Visual Memory Verbal Learning Memory

GPx1 (rs1050450)

CcC 138 0.11 = 1.30 —0.00 = 1.33
CT 132 0.00 = 1.23 —-0.12 = 1.21
TT 41 —0.04 = 1.30 —0.19 = 1.34
P 0.615 0.586

GPx4 (rs711031)

CcC 89 0.07 = 1.28 —0.06 = 1.27
CT 144 0.01 = 1.35 —0.01 = 1.32
T 73 0.08 = 1.25 0.08 = 1.20
P 0.932 0.393

0.01 = 0.94 0.13 = 0.98 0.01 = 1.22
0.10 = 1.10 0.14 = 1.08 —0.08 = 1.13
—0.20 = 0.98 —0.28 = 1.03 -0.41 = 1.21
0.203 0.051%** 0.104

—0.01 = 1.00 —0.05 = 0.98 0.06 = 1.27
0.07 = 1.08 0.08 = 1.14 —-0.14 = 1.23
0.13 = 0.95 0.24 = 0.88 —-0.12 = 1.12
0.636 0.185 0.636

Each specific memory score was adjusted for sex and level of education through linear regression. * Sample composed by all subjects from the cross-sectional study. ** TT versus CT/CC,

p = 0.017.

Table 3
Demographic characteristics and genotype frequencies of GPX1 and GPX4 polymorphisms
of the healthy control and Alzheimer’s disease groups.

Variable Control Group AD Group P
(n =108) (n =103)
Sex (female) 77 (71) 64 (61.5) 0.146**
Age (years) means/ 74.96 (7.73) 76.67 (7.34) 0.099*
SD)
Education (years) 7.95 (4.17) 5.03 (3.06) < 0.0001*
MMSE 27.55(2.02) 12.72 (5.55) < 0.0001**
GPX1 (rs1050450)
CC (%) 44 (40.7) 59 (57.3)***
CT (%) 47 (43.5) 36 (35)
TT (%) 17(15.7) 8 (7.8) 0.034
GPX4 (rs713041)
CC (%) 34 (32.4) 28 (27.5)
CT (%) 42 (40) 49 (48)
TT (%) 29 (27.6) 25 (24.5) 0.504

AD, Alzheimer’s disease; MMSE, Mini Mental State Examination score

*Mann-Whitney test, ** Chi-square test, *** OR = 2.84, CI95% = 1.13-7.20, p = 0.027;
Adjusted OR = 2.85, CI95% = 1.04-7.78, p = 0.041. Adjusted OR calculated considering
age and educational level as confounders.

observation, we may presume that memory scores will change in a
different way in individuals with different GPX1 genotypes and that this
change may be a reflection of change enzymatic activity.

Recently, there has been considerable interest in the biological and
clinical consequences of GPX1 polymorphisms on AD risk [14], al-
though the precise mechanism by which the SNP influences AD and
cognitive decline are unclear. Paz-y-Mino [13] determined the pre-
valence of the rs1050450 polymorphism in an Ecuadorian population
and observed that the frequency the T allele is higher in the AD group
and that the TT genotype provides a relative risk of 7.2 for AD. In
contrast, we observed that the frequency of T homozygotes was sig-
nificantly higher in our control group and that the CC genotype was
associated with a 2.85-increase in the risk of AD (CI95% = 1.04-7.78,
p = 0.041). One of the reasons for these results might be the difference
in ethnic backgrounds and lifestyles of the study populations. In addi-
tion, if we assume that the T allele is responsible for the decrease in
memory scores, we will observe an antagonistic effect of rs1050450 in
the AD group, since, that the GPX1 TT shows some deficits in particular
memory domains with ageing, but then appears to be associated with
reduced risk of dementia. Here, we determined the genotype frequency
in a South Brazilian population, and the results regarding the homo-
zygous T frequency were quite similar to those of other studies [28-30],
including an additional study of a Brazilian population. Cardoso [14]
did not observe differences in genotype frequencies between patients
with AD and the control group. An important point to consider in these
previous studies [13,14] is the limited number of affected and control
individuals who were analyzed. Our case-control study consisted of 103
affected and 108 control individuals, a sample size almost twice bigger
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the size of the studies mentioned above. Moreover, in our case-control
study, the frequency of C homozygotes was higher in patients with AD,
in contrast to the hypothesis raised by Paz-Y-Mifo [13] that this allele
may have a protective effect against the disease.

Numerous studies characterizing the function of GPx4 have de-
monstrated that this selenoenzyme is protective against oxidative
stress. In neurodegenerative diseases, accumulating data suggest that
increased lipid peroxidation is an early symptom of AD. For example,
Williams [35] reported that subjects with MCI and early AD had sig-
nificantly elevated levels of biomarkers of lipid peroxidation in brain
regions. Ferroptosis, a newly identified oxidative cell death mechanism
triggered by massive lipid peroxidation, is implicated in the degen-
eration of neuron populations such as spinal motor neurons and mid-
brain neurons. Recently, Hambright et al. [16] reported the participa-
tion of this mechanism in neurodegeneration. Adult mice (3—4 months
of age), with neuronal GPx4 conditionally ablated in neurons via ta-
moxifen treatment, presented a striking paralysis phenotype associated
with motor neuron degeneration with ferroptosis-like features, whereas
neurons in the cerebral cortex were not affected. It is important to
highlight that these cited studies also serve to illustrate the absence of
neurobiological studies for GPX4 in humans.

Animal study model support the hypothesis of the antioxidant and
neuroprotective role of GPX4; however, there is a very important gap to
be filled regarding the effects of GPX4 polymorphisms on episodic
memory and neurodegenerative diseases. This is the first study that
evaluated the association of the rs713041 polymorphism in GPX4 with
human episodic memory in healthy subjects and patients with AD. Our
findings suggest that T homozygotes are more frequent in the subjects
without long-term memory deficits, which may reveal a neuroprotec-
tive role for this genotype. However, the genotype frequencies were not
significantly different between the AD and control groups.

Episodic memory is a major neurocognitive system that enables
conscious recollection of experiences. As described in this paper the
episodic memory can be classified according to their content to two
forms: visual and verbal. Visual episodic memory is directly involved in
the perception of the environment, being related to the ability to re-
member images, such as symbols, drawings, photos or other graphic
resources. On the other hand, verbal episodic memory consists of the
ability to store facts or events. Healthy aging is associated with im-
pairment of episodic memory, although not all forms of episodic
memory are equally affected by advancing age. In our study, we found
the participation of GPX1 and GPX4 polymorphisms only on visual
memory. This suggests that both polymorphisms selectively influence
only one component of memory. In this regard, it may be possible that
GPX1 and GPX4 genes variations may combine with other gene poly-
morphisms, as with other genes [36,37] to influence memory perfor-
mance.

In our cross-sectional study, we evaluated five kinds of episodic
memory in mature and elderly adults, and the results indicate that long-
term visual memory showed lower scores and that this was genotype
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dependent. We did not identify genotypic associations for the MCI
group, and our hypothesis for this conflicting result is that a long-
itudinal study is necessary to detect an association since the rate of
conversion from MCI to dementia is estimated to be between 5 and 10%
per year [38]. Moreover, there is controversy if MCI is a clinical entity
or prodromal dementia [39,40]. Many subjects identified with MCI do
not worsen over the time and MCI presents high heterogeneity, with
different clinical and etiological subtypes.

For the case-control design, individuals with AD also showed sig-
nificantly lower scores on the MMSE (P < 0.0001) and had a lower
educational level (P < 0.0001) than healthy control subjects. The
possibility of a connection between life experience and the prevalence
of dementia has long been discussed [41]. Epidemiologic studies sug-
gest that lifetime exposure, including educational and occupational
attainment and leisure activities late in life, could slow cognitive aging
or reduce the risk of dementia [42,43].

Despite a well-controlled protocol, this study had some limitations.
We did not measure oxidative stress markers such as malondialdehyde
and lipid peroxidation or determine the enzymatic activity of GPx1 and
GPx4, which is important since some studies suggest that cognitive
decline is associated with reduced enzyme activity. This is an ex-
ploratory study, which a small sample size that suggests association
between polymorphisms of GPX1 and GPX4 and memory and AD.
Therefore, these results need to be replicated in other samples.
Moreover, the analyzed observed p-values are marginal significant and
the effect size of each analyzed polymorphism is small.

In addition, as with any complex genetic trait, episodic memory is a
result of an assembly of phenotypes with gene-gene and gene-en-
vironment interactions in addition to epigenetic mechanisms. Despite
this obvious complexity, the literature supports the notion that beha-
vioral genetic studies of episodic memory successfully identify genes
and pathways associated with traits. In conclusion, our findings provide
the foundation for additional research regarding GPX1 and GPX4 and
the identification of molecular pathways related to human episodic
memory and Alzheimer’s disease.
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Abstract:

Selenium (Se) is an antioxidant micronutrient with potential interest for
brain function. However, the effects of serum Se in memory performance in
healthy population are largely unknown. Various functional single-nucleotide
polymorphisms (SNPs) may affect the efficacy of Se utilization. These include
the glutathione peroxidases GPX1 rs1050450 and GPX4 rs713041. This cross-
sectional study measured serum Se levels of 156 Brazilian healthy elderly.
Serum Se was measured using atomic absorption spectrophotometry. The
SNPs GPX1 rs1050450 and GPX4 rs713041 were determined by PCR real-
time. The evaluations of verbal and visual memory were performed using the
revised Weschler Memory Scale and the Rey’s verbal learning test. Significant
correlations between serum Se level and verbal memories were found and a
multiple linear regression model indicated that Se levels are a predictor for
Verbal Learning memory (multivariate regression coefficient = 0.541, standard
error = 0.244, p=0.028), accounting for 3.28% of variability of verbal learning
memory. In addition, we observed a significant correlation between schooling
and concentration of Se (r=0.211, p=0.009).No significant effects of GPX1 and
GPX4 genotypes on Se concentration were observed. These results indicate
that Se is associated with memory performance, especially verbal ones.

Abbreviations:
Se, Selenium; GPX, Glutathione peroxidases; SNP, Single-nucleotide
polymorphisms ; AD, Alzheimer disease; WMS-R, Weschler Memory Scale-

revised ; RDA, Recommended daily allowance.
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1.Introdution

Selenium (Se) has been widely recognized as a vital trace element of our
diet with multiple and complex effects on human health through its antioxidant
action. In the central nervous system, Se is an essential element involved in
diverse functions [1,2] its deficiency has been associated with cognitive decline
[3,4]. Se is incorporated as selenocysteine amino acid residue in a small but
vital family of proteins, namely the selenoproteins. In human, twenty five
selenoprotein genes have been characterized [5], and many selenoproteins are
of paramount interest in relation to neurobiology due to their antioxidant
function, such as glutathione peroxidase (GPX) 1 and 4 [6,7]. GPX1 and GPX4
are major forms of GPX in brain [8]. Se concentration variability may be
associated to single nucleotide polymorphisms (SNPs) in genes encoding
selenoproteins and negatively influence the normally protective roles against
oxidative stress [9]. Pay-Y-Mifio et al. reported an association between ther
rs1050450SNP in GPX1 and increased risk for Alzheimer disease (AD) and
Jablonska et al. suggested that SNPs in selenoprotein encoding genes might
affect the plasma selenium concentration [10,11].

GPX4 functions in various locations of the neuron including the cytosol,
mitochondria and nucleus [6] and seems to play a particularly important role in
the glutathione-dependant antioxidant system [12]. Although the level of GPX4
expression is correlated with antioxidant function of central nervous system, no
link has been found between a series of genetic variations and cognitive
decline. The GPX4 rs713041 C to T polymorphism can modulate GPx4 activity
by altering selenocysteine insertion and protein binding to the 3'UTR, [13,14]

and although research suggest the beneficial neurobiology properties of GPX4,
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to date there is no investigation of the role of polymorphism on memory in
healthy individuals. The term memory covers different systems that can be
differentiated by the type of information processed. Declarative memory is a
major neurocognitive system that involves the conscious recollection about
facts (semantic memory) and events (episodic memory) [15]. Decline in memory
performance, particularly episodic memory, is a major characteristic of
dementia, particularly in early-middle stages. However, it is also well
established that there is normal aging-associated decline of episodic memory in
the absence of dementia [16,17].

From a genetic standpoint, memory can be defined as a genetically
complex behavioral trait with substantial influence on the life-style including
education level and diet [18]. Although findings are not unanimous,
observational studies generally pointed out a positive correlation between
cognitive functions and antioxidant dietary intakes [19,20]. About Se levels,
studies in humans have reported negative correlations between cognitive
decline and Se levels [21]. Such insight assists in informing the development of
strategies to increase resistance to memory decline in older adults. Since Se
was shown to be involved in diverse functions of the central nervous system, we
suppose is that Se concentration is correlated to memory performance, and that
GPX1 and GPX4 polymorphisms may influence Se levels.

2. Materials and methods

2.1. Subjects

The sample was composed of men and women (334 individuals in total)
who were selected according to the inclusion criteria: minimum age of 50

years, absence of dementia, owning intellect enough to continue production, as
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determined by the National Institute of Mental Health [22]. The volunteers were
asked about the occurrence of neurological disease or psychiatric disorders and
the use of anxiolytic drugs. The Beck Depression [23], Anxiety Inventory [24]
and the Lipp Inventory of Stress [25] were used to exclude volunteers who
presented the indicated symptoms. Volunteers were excluded when presenting
with lower estimate intellectual function (Ql) <70, and individuals who use
vitamin supplements containing Se were also excluded. Using these exclusion
criteria, 122 individuals were removed from the study. This study followed the
principles outlined in the Declaration of Helsinki of 1975 as revised in 1983, and
registered at Brazil platform number 1.596.199.

2.2 Neuropsychological measures

Evaluations of verbal and visual memory were performed using the
Weschler Memory Scale-revised (WMS-R) [26]. For each test, the final data
were transformed into standard deviations of the mean as a function of age,
resulting in a range from -4 to + 4. To assess verbal learning and the ability to
store new information, we used Rey Auditory Verbal Learning Test (RAVLT)
[27]. Scores were recorded as a function of age, just as in the WMS-R testing
battery.

2.2 Selenium concentration

For the analysis of Se, blood was stored in metal-free tubes (BD
Vacutainer, Trace Elements Serum). Blood was allowed to clot at room
temperature for 30 min according to the manufacturer’s instructions. Once the
blood had clotted completely, it was centrifuged for 10 min at 2,500 rpm. After
centrifugation, the serum was fractionated into specific transport tubes and

frozen at -80°C until the completion of concentration measurements. The
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samples were sent to a third-party laboratory that analyzed the samples using
standardized methods, as previously described [28]. Se concentration was
measured for atomic absorption spectrometry in a graphite furnace, with a
linearity of 40 pg/dL, standard curve from 4 to 40 pg/dL, and a detection limit of
0.1 pg/dL. Serum reference values were 4.6-14.3 pg/dL for selenium [29]. A Se
level below the cutoff concentrations was considered low, levels between the
reference values were considered normal. These cutoff points were established
in order to determine differences in serum concentrations between genotype
groups on memory scores.

2.3 DNA extraction and genotyping

Genomic DNA was isolated from peripheral blood leukocytes using a
standard salting-out procedure [30]. DNA quality and purity were analyzed by
spectrophotometry using the Nanodrop ND-1000. Polymorphisms of GPX1
(rs1050450) and GPX4 (rs713041) genes were genotyped with the use of
TagMan Genotyping Master Mix and TagMan SNP Genotyping assays (Applied
Biosystems®).The assays were obtained as pre-designed from Applied
Biosystems for rs713041 (ID Assays C__ 2561693 20) and custom-made
through Custom TagMan ® Genomic Assays service for rs1050450.

2.4 Statistical analysis

The results were entered into a database, and statistical package
SPSS® version 19.0 was used to perform the analyses. Continuous variables
were expressed as the mean + standard deviation. Allele frequencies were
estimated by gene counting. The agreement of genotype frequencies with
Hardy—Weinberg equilibrium expectations was tested using y? tests. Univariate
analyses to verify the associations between the polymorphisms in the genes
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GPX1 and GPX4 and selenium concentration were carried out by ANOVA.
Pearson correlation and Student t-test were used to verify the association
between each evaluated memory and Se concentration. A multivariate
regression model was constructed to evaluate the contribution of sex, schooling
(years) and Se concentration (< and = 4.7ug/dL) on verbal memories. A two-

tailed p < 0.05 was considered significant for all analyses.

3. Results

A total of 156 healthy men and women aged 50 to 85 (mean 64.3 + 8.4
years) participated in the study. The mean serum Se concentration was 5.32 +
1.43 pg/dL and 22.2% of the sample present Se concentration below the
reference value. There was no difference between the Se concentration and the
sexes (data not shown). We observed a significant correlation between
schooling and concentration of Se. Pearson correlation indicated that the higher
the schooling the higher the concentration of serum Se (r=0.211, p=0.009).
Overall, deficits in Short-term verbal, Long-term verbal, Short-term visual, and
Long-term visual memories were observed in 22.1%, 27.5%, 18.1% and 17.4%
subjects, respectively. Verbal learning deficits were observed in 26.8% of the
sample. Baseline characteristics the population study are shown in Table 1.

3.2 Allele, genotype frequency and selenium concentration

The genotypic frequencies observed did not show statistically significant
differences compared to those expected under Hardy—Weinberg equilibrium.
The allelic frequencies for the polymorphisms were 27% for rs1050450T
(GPX1) and 50% for rs713041T (GPX4). The observed allelic frequencies in

this study were similar to those reported in SNP databases (1000genomes) and
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in previous studies analyzing European or European-derived populations [31] .
No significant effect of GPX1 and GPX4 genotypes on Se concentration were
observed (supplementary Table 1).

3.3 Correlation between selenium concentration and memories

In our study, we tested the effect of Se concentration on memory using
two approaches. In the first approach, Se concentration was positively
correlated with all analyzed verbal memories (Table 2). Using Se cut-off values
(4.6 yg/dL and = 4.7ug/dL), we observed that subjects with decreased Se
concentration (< 4.6 ug/dL) showed lower scores of verbal memories (Table 3).

Considering that Se concentration, schooling and sex individually affect
memory, a multiple linear regression model was created to verify the effect of
these factors on each of verbal memory analyzed (Table 4). In this analysis, we
observed that, after correction for sex and schooling, Se levels remained a
statistical significant predictor for Verbal Learning memory (regression
coefficient = 0.541, standard error = 0.244, p=0.028), accounting for 3.28% of
variability of verbal learning memory.

4. Discussion.

In this study, we examined the possible association of Se serum
concentration with performance memory in elderly subjects. In addition, we
evaluated the association of GPX1 and GPX4 polymorphisms with Se
concentration. Our major findings were the positive correlation of Se and verbal
memories that suggest a beneficial effect of Se on memory.

Se could be implicated in the protection of cognitive function, however,
the influence of Se on cognitive performance has been investigated in cross-

sectional and prospective studies, and regardless of the design, there are
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contradictory results. Cardoso et al [21] and Vural et al [32] verified that AD
patients had lower Se levels than healthy elderly people whereas Ceballos-
Picot et al [33] found increased levels of plasma Se in patients with AD when
compared to the control group. On the other hand, Smorgon et al [34], when
evaluating the association between trace element and cognitive performance in
different groups with neurodegenerative diseases, found a direct correlation
between plasma Se concentration and cognitive function level, and, therefore,
patients with AD presented reduced levels of this mineral when compared to the
control group. In our population, Se had a consistent, dose-response relation
with verbal memories performance, such that higher selenium levels were
associated with better cognition. After correction for sex and schooling, Se
levels remained a statistical significant predictor for verbal learning memory
accounting for 3.28% of variability of verbal learning memory. Our data
corroborate with the cross-sectional study in Chinese population. The
neuropsychological evaluation of this group measured in general, verbal
memory, and identified that lower selenium levels were significantly associated
with lower cognitive scores [36]. The concentration of Se in plasma or serum is
often used as an index of Se status in epidemiologic and clinical studies [4,
37,38]. Our investigation is also in agreement with the longitudinal follow-up of
the Etude du Vieillissement Arteriel cohort [4] which cohort reported a significant
protective plasma Se level on cognitive decline. Our data also show that
volunteers with a better cognitive function have higher serum Se concentration.
The US recommended daily allowance (RDA) for Se is 55 pg/day being
the tolerable intake level the 400ug/day [39]. Thus, the level of Se in the body is

critical because low or too high concentration leads to serious health
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consequences. Furthermore, different geographic and ethnic population groups
showing varied conditions once optimum Se level may vary according to life
stage, general state of health and genotype [39,40]. The current study
evaluated memory performance in Brazilian healthy elderly that most of them
did not present Se deficiency. Although the serum is the favored biomarkers for
comparison of Se status among countries [41] few studies about Se status in
Brazilian elderly have been developed so far [42- 44], and some studies have
investigated Se participation in extreme cognitive phenotypes. Thus, this is the
first work that provides clues about Se and cognition in Brazilian healthy elderly
population.

The association between low education and dementia syndromes is
supported the majority studies [44,45], but little information exists concerning
the effects of lifestyle on Se requirements, other than that smoking [9]. In our
study, for example, schooling was directly correlated with the concentration of
Se. The hypothesis for this finding is that the level of schooling is a variable
capable of interfering with the way the population chooses their food, which can
be decisive for the quality of self-care and the ability to interpret information
health protection [46,47]. In this study, we also evaluated the association of
GPX1 rs1050450 and GPX4 rs713041 and Se concentration. Various functional
SNP may affect the efficacy of Se utilization and GPX1 and GPX4 genes were
studied and associations described in several pathologies [48-50]. These
researches are focused on identifying the possible phenotypic consequences
among which may lead to inter-individual variations in response to the
micronutrient Se. Thus, the combination of polymorphisms in selenoprotein-

encoding genes with inadequate Se consumption could negatively influence

60



antioxidant mechanisms, increasing susceptibility to some diseases. On the
other hand, variations in selenoprotein genes could also significantly interfere in
the response to Se consumption [38,39]. Although there is evidence of gene-
nutrient association for polymorphism GPX1 rs1050450, a limited number of
studies have investigated genetic variations within the GPX4 gene that could
potentially alter its function. To our knowledge, this is the first study examining
Se levels together with GPX1 and GPXA4.

The limitations of our study include the small sample size for some of the
comparisons, the low number of SNP, the absence of a 24-hour diet recall to
estimate the intake of Se. We did not use the 24-hour diet recall to estimate the
intake of Se because dietary intake accuracy based on 24-hour recalls is known
to be influenced by memory errors. This could result in overreporting or
underreporting of food intake, especially among the elderly.Finally, another
limitation, up to now there is no transparency whether the concentration of Se
in the brain can be adequately determined by measuring its content in hairs,
toenails, plasma, serum, erythrocytes and even cerebrospinal fluid and how the
different measurements relate to each other [51,52].

As the life stage is an important parameter to establish the ideal amount
of intake, and given the importance of Selenium to the central nervous system,
further studies in healthy elderly population are necessary to determine the
appropriate level for neuroprotection. Despite these limitations, this study is the
first to demonstrate the influence of Se in verbal memory, in healthy elderly.
Thus, are results of our study suggest that more research must be performed to
elucidate the role of Se in performance memory and polymorphisms in the

serum concentrations of Se.
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Table 1. Demographic characteristics of the study group (n=156).

Characteristic %
Age (years), mean (SD) 64.3+8.4
Sex (male) 13.1
Smoking status
Never smoker 68.0
Former smoker 28.7
Current smoker 3.3
European ancestry 71.2
Selenium (ug/dL)?, mean (SD) 5.32 +1.43
<4.6 22.2
4.7-14.3 77.8
Years of study, mean (SD) 11.5+4.6
Age at completion of education 27.3+13.1
(years) , mean (SD)
Years without studying, mean (SD) 33.4+17.4
Deficit in memory
Short-term Verbal Memory 22.1
Long-term Verbal Memory 27.5
Short-term Visual Memory 18.1
Long-term Visual Memory 17.4
Verbal Learning Memory 26.8

The values shown are percentages or mean + standard deviation (SD).

®The cutoff reference values were set according to [29]
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Table 2. Pearson correlation between selenium concentration (pg/dL) and memory scores.

Verbal memories Visual memories

Short-term Long-term Verbal Learning Short-term Long-term
r 0.299 0.270 0.199 0.078 0.038
p <0.001 0.001 0.015 0.346 0.648
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Table 3. Association between selenium concentration and memories scores.

Verbal memories Visual memories
Selenium n Short-term Long-term  Verbal Learning Short-term  Long-term
(Hg/dL)
<4.6 38 -0.46+1.53 -0.49+1.41 -0.81+1.16 -0.17+1.03  -0.21+0.80
4.7-14.3 118 0.13+1.16 0.06%1.20 -0.11+1.28 0.01+0.97 -0.00+0.93
p 0.017 0.025 0.005 0.357 0.242
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Table 4. Multivariate analysis for verbal memories scores.

Covariates Regression coefficient + Partial R* x P
standard error 100

Verbal Learning Memory

Constant -1.629 + 0.293

Female Sex 0.763 + 0.295 4.45 0.011

Years of education 0.072 + 0.022 6.71 0.002

Selenium = 4.7 pg/dL 0.541 +£0.244 3.28 0.028

Short-term verbal Memory

Constant -1.351 + 0.297

Female Sex 0.185 + 0.298 0.27 0.535

Years of education 0.093 + 0.023 10.49 <0.001

Selenium = 4.7 pg/dL 0.325 + 0.247 1.18 0.190

Long-term verbal memory

Constant -1.536 + 0.286

Female Sex 0.144 + 0.287 0.18 0.616

Years of education 0.111 + 0.022 15.05 <0.001

Selenium =2 4.7 pg/dL 0.248 £ 0.238 0.75 0.189
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Supplementary table 1. Levels of serum selenium according to genotype GPX1

and GPX4.

Genotype

Selenium pg/dL (mean + SD)

GPX1 rs1050450
CcC

CT

TT

P

GPX4 rs713041
CC

CT

1T

P

5.35+1.55

5.08 £ 5.08

5.57 +1.38
0.423

5.21+1.10

5.10+1.35

5.58 +1.66
0.212
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7 CONCLUSOES

O trabalho apresentado investigou a influéncia genética sobre a memoria
episddica através da avaliacdo de polimorfismos em genes de selenoproteinas em
adultos maduros e idosos bem como em portadores de doenga de Alzheimer.

A quantidade de estudos que avalia desordens neuropsicoldgicas e
principalmente a memdria tem aumentado e ganhado importancia, em especial aqueles
que focam em individuos com doenca de Alzheimer e doencas cerebrovasculares.

Em relacdo a memoria, tém sido investigados fatores que possam estar
associados a desordens ou alteragdes cognitivas, sendo que alguns fatores tém sido
frequentemente associados a essas altera¢fes, como por exemplo, a genética individual,
a idade, o fator educacional e ingestdo de alimentos antioxidantes como o selénio.
Nosso estudo realizou a abordagem desses fatores atraveés da investigacdo dos
polimorfismos em GPX1 e GPX4 e para avaliagao da influéncia do selénio, realizamos a
dosagem sérica desse elemento.

Assim como indica a literatura cientifica, a concentracdo sérica de selénio
exerceu efeito positivo sobre a memoria, no entanto, em nosso estudo, esse efeito foi
observado apenas sobre as memorias verbais. Além disso, observamos uma correlacao
significativa entre escolaridade e concentragéo de selénio.

Diferente do esperado, os polimorfismos rs1050450 e rs713041 néo refletiram
mudancas na concentracdo sérica de selénio, mas observamos que existe diferenca em
relacdo aos genoétipos e escores de memdria. Por exemplo, homozigotos TT para o
polimorfismo investigado em GPX1 apresentaram menores escores de memoria visual
de longo prazo do que o grupo CC/CT. Para o rs713041 (GPX4), a frequéncia do
gendtipo TT foi maior no grupo com escores normais do que no grupo com déficits para
memodria visual de longo prazo.

Este estudo apresenta algumas limitacfes, em especial por ndo ter avaliado a
atividade enzimatica de GPX1 e GPX4. Também € importante mencionar que multiplos
polimorfismos em genes de selenoproteinas e de outras enzimas antioxidantes podem
cooperar para gerar diferentes respostas fenotipicas, e assim os efeitos dos SNPs podem
ser alterados pela presenca de outros SNPs. Nesse contexto, estudos que associam
polimorfismos em genes de selenoproteinas e outros SNPs, relacionados a diferentes

condicBes ambientais e fatores dietéticos, sdo de grande valor.

73



Torna-se evidente a necessidade de futuras investigacfes para determinar o
valor dos efeitos fenotipicos dos polimorfismos em GPX1 e GPX4 aqui investigados,
mas deve-se reconhecer que o0s resultados aqui gerados fornecem uma melhor
compreensdo sobre o papel dos polimorfismos na neurobiologia da memdria, apontando
para novas oportunidades de prevencdo de déficits de memoria. A0 Nnosso
conhecimento, este estudo forneceu a primeira evidéncia neurobioldgica de associacao
do rs713041 em humanos.

Algumas considera¢des sdo importantes acerca do instrumento utilizado para a
avaliacdo da memodria. A escala de Memoria-Revisada WMS-R (do inglés Weschler
Memory Scale-Revised) € bastante utilizada internacionalmente para as avaliagBes de
memdria, principalmente se tratando da memoria visual e verbal, e foi o instrumento
escolhido para a avaliacdo da memadria no nosso estudo. Este teste € realizado em duas
partes, denominadas | e Il. No teste de memoria visual, se pretende verificar a
capacidade de retencdo de material visual, fazendo uso de desenhos geométricos
impressos em cartBes individuais. Cada um dos cartdes € apresentado individualmente,
por 10 segundos, para cada individuo. Solicita-se que ele reproduza a imagem em
seguida (forma I, correspondendo a memoria de curto prazo) e novamente, depois de 30
minutos (forma Il, correspondendo a memdria de longo prazo). O teste de memdria
verbal (também denominado memoria l6gica) foi realizado para verificar a capacidade
que cada individuo possui em reter o conteudo de duas histérias. Cada uma destas
historias € lida oralmente pela pessoa responsavel por realizar o teste, 0 examinador, de
uma maneira pausada, e em seguida o individuo deve reproduzir o texto o mais
fielmente possivel (forma I, correspondendo & memdria imediata). E solicitada nova
evocacdo das mesmas historias apos 30 minutos (forma Il, correspondendo a memdéria
tardia).

Neste momento, a fim de concluir, torna-se Gtil ressaltar que as consideractes
desta Tese, sugerem que um novo enfoque na questdo de avaliacdo da memdria deve ser
realizado, observando o status para o selénio também em outras populagdes,
principalmente no papel individual e em conjunto que variadas atividades possuem
sobre a memoria. Além disso, a crescente investigacdo de fatores genéticos pode
contribuir para a avaliagdo da influéncia conjunta entre os polimorfismos rs1050450 e
rs713041 e habitos de vida, vislumbrando no futuro formas personalizadas e individuais

de intervencdes e seus efeitos sobre memdria humana.

74



REFERENCIAS

ALBERTS, M.S. et al. The diagnosis of mild cognitive impairment due to Alzheimer’s
disease: recommendations from the National Institute on Aging-Alzheimer’sAssociation

workgroups on diagnostic guidelines for Alzheimer’s disease, Alzheimer’s
Dement.,v.7, n.3, p. 270-279, 2011.

AMERICAN PSYCHIATRIC ASSOCIATION, Diagnostic and Statistical Manual of
Mental Disorders, 5" ed. Washington, D.C: American Psychiatric Association, 2013.

ANSARI, M. A. et al. In vivo administration of D609 leads to protection of
subsequently isolated gerbil brain mitochondria subjected to in vitro oxidative stress
induced by amyloid beta-peptide and other oxidative stressors: relevance to Alzheimer’s
disease and other oxidative stress-related neurodegenerative disorders. Free Radic.
Biol. Med., v. 41,n.11, p. 1694-1703, 2006.

ANSTEY K.J. N. et al. Characterizing mild cognitive disorders in the young-old over 8
years:prevalence, estimated incidence, stability of diagnosis and impact on IADLSs,
Alzheimers Dement., v.9, n.6, p. 640-48, 2013.

ARGIMON I.I.L; STEIN L.M. Habilidades cognitivas em individuos muito idosos: um
estudo longitudinal. Cad. de Saude Publica., v, 21, n.1, p. 64-72, 2005.

ARPAWONG, T.E. et al. Genetic variants specific to aging-related verbal memory:
Insights from GWASs in a population-based cohort. PL0S One, v.12, n.8, p. 1-27,2017.

ATLAS DE EXPRESSAO GENETICA, disponivel em http://www.ebi.ac.uk/gxa/gene/
ENSG00000167468. Acessado em 20 de novembro de 2017.

BATES, J. M.; ST. GERMAIN, D. L.; GALTON, V. A. Expression profiles of the three
iodothyronine deiodinases, D1, D2, and D3, in the developing rat. Endocrinology,
v.140, n.1, p. 844-51, 1999.

BEHNE, D, et al. Application of nuclear analytical methods in the investigation and
identification of new selenoproteins. Biol Trace Elem Res, v, 45, n.43, p.287-97, 1994,

BEHNE, D, KYRIAKOPOULOS A. Mammalian selenium-containing proteins.
Review. Annu Rev Nutr, v. 21, p. 453-73, 2001.

BELLINGER, F. P. et al. Glutathione peroxidase 4 is associated with neuromelanin in
substantia nigra and dystrophic axons in putamen of Parkinson’s brain. Mol.

Neurodegener, v. 6, n.1, p.6-10, 2011.

BELLINGER, F. P. et al. Association of selenoprotein p with Alzheimer’s pathology in
human cortex. J. Alzheimers Dis, v. 15, n.3, p. 465-72, 2008.

BERMANO, G, et al., Evidence that a polymorphism within the 3'UTR of glutathione
peroxidase 4 is functional and is associated with susceptibility to colorectal cancer

75



Genes Nutr, v. 2, n.2, 225-32. 2007.

BERR, C. et al., Cognitive decline is associated with systemic oxidative stress: the EVA
study. Etude du Vieillissement Artériel. J Am Geriatr Soc, v.48, n. 10, 1285- 91, 2000.

BERR, C et al. Enzymatic antioxidant balance and cognitive decline in aging the EVA
study. Eur J Epidemiol, v. 19, n. 2, 133-8, 2004.

BERR, C.; ARNAUD, J.; AKBARALY, T.N. Selenium and cognitive impairment: a
brief-review based on results from the EVA study. Biofactors, v. 38, n.2, 139-144,
2012.

BERTOLUCCI, P.H.F. Capitulo 5: Demencia. In: Ortiz K.Z., et al.. Disturbios
neuroldgicos adquiridos. 12 Edicéo, Barueri, Editora Manole, 2005.

BENTON, D. Selenium Intake, Mood and Others Aspects of Psychological Funtioning.
Nutr Neurosci, v.5, n.6, p. 363-74, 2002

BOAVENTURA, G. T. Biodisponibilidade de selénio da dieta regional urbana de Mato
Grosso. 1991. 108 p. Dissertacdo (Mestrado em Ciéncias dos Alimentos) Faculdade de
Ciéncias Farmacéuticas, Universidade de S&o Paulo, So Paulo, 1991.

BOCK, A.; FORCHHAMMER, K.; HEIDER, J.; BARON, C. Selenoprotein synthesis:
an expansion of the genetic code. Trends Biochem. Sci, v. 16, n. 12, 463-67, 1991.

BRIGELIUS-FLOHE R, MAIORINO M. Glutathione peroxidases. Biochim Biophys
Acta, v. 1830, n. 5, p. 3289-33303, 2013.

BROWN, KM.; ARTHUR, J.R. Selenium, selenoproteins and human health: a review.
Public Health Nutr. v, 4, n 2B, 593-99, 2001.

BURK, R. F; HILL, K. E. Selenoprotein P-expression, functions, and
roles in mammals. Biochim. Biophys. Acta, v.1790, n.11, 1441-47, 2009.

BURLA, C. Panorama prospectivo das deméncias no Brasil: um enfoque demogréfico.
Cien Saude Colet; v.18, n. 10, 2949-56, 2013.

CANGADO, F.A.X.; HORTA M.L. Capitulo 19 — Envelhecimento Cerebral. In: DE
FREITAS E.V., et al.. Tratado de Geriatria e Gerontologia. 22 edi¢do, Rio de Janeiro,
Editora Guanabara Koogan, 2006.

CARDOSO, B.R et al., Nutritional status of selenium in Alzheimer’s disease patients.
Br J Nutri, v.103, n.6, p. 803-806, 2010.

CARDOSO, B.R. Glutathione peroxidase 1 Pro198Leu polymorphism in Brazilian

alzheimer's disease patients: relations to the enzyme activity and to selenium status. J
Nutrigenet Nutrigenomics. v. 5, n.2, 72-80, 2012.

76


https://www.ncbi.nlm.nih.gov/pubmed/11683552
https://www.ncbi.nlm.nih.gov/pubmed/22677746
https://www.ncbi.nlm.nih.gov/pubmed/22677746

CEBALLOS-PICOTT et al. Peripheral antioxidant enzyme activities and selenium in
elderly subject and in dementia of Alzheimer’s type-place of the extracellular
glutathione peroxidase. Free Rad Biol Med., v.20, p.579-587, 1996.

CHEN, J.; BERRY, M. J. Selenium and selenoproteins in the brain and brain diseases.
J. Neurochem, v. 86, n.1, 1-12, 2003.

CHEN, L. et al. Lipid peroxidation upregulates BACE1 expression in vivo: a
possible early event of amyloidogenesis in Alzheimer’s disease. J Neurochem, v. 107,
n.1, 197-207. 2008.

CHEN Z.; ZHONG C. Oxidative stress in Alzheimer’s disease, Neurosci Bull. v. 30, n.
2, p. 271-281, 2014.

CHEN, L.; NA, R.; GU, M.; RICHARDSON, A.; RAN. Q. Lipid peroxidation up-
regulates BACEL expression in vivo: a possible early event of amyloidogenesis in
Alzheimer’s disease. J. Neurochem, v.107,n.1, 197—-207, 2008.

COMINETTI, C et al. Considerations about oxidative strees, selenium and
nutrigenetics. Nutrire: Revista Brasileira de Nutricdo, v.36, n.3, p.131-153, 2011.

COWAN, N. What are the differences between long-term, short-term, and working
memory? Prog in Brain Res, 169: 323-338, 2008.

COX, D.G.; HANKINSON S.E.; KRAFT, P.; HUNTER D.J. No association between
GPX1 Pro198Leu and breast cancer risk. Cancer Epidemiol. Biomarkers Prev, v. 13,
n.1, p. 1821-22, 2004.

COX, D.G.; TAMIMI R.M.; HUNTER D.J. Gene x gene interaction between MnSOD
and GPX-1 and breast cancer risk: a nested case-control study. BMC Cancer, v. 6, p.
217-32, 2006.

CRACK, P.J. et al. Lack of glutathione peroxidase-1 exacerbates Abeta-mediated
neurotoxicity in cortical neurons. J. Neural Transm, v.113,n.5, p. 645-657, 2006.

DA ROCHA T.J et al. The effects of interactions between selenium and zinc serum
concentration and SEP15 and SLC30A3 gene polymorphisms on memory scores in a
population of mature and elderly adults. Genes Nutr, v. 9, n.1, p.377-384, 2014.

DEL PARIGI, A.et al. Nutritional factors, cognitive decline, and dementia, Review
Brain Res Bull.,v. 69, n.1, p.1-19, 2006.

DE FREITAS E.V. et al. Tratado de Geriatria e Gerontologia. 22 edi¢éo, Rio de Janeiro,
Editora Guanabara Koogan, 2006.

DE STROOPER, B. et al. Deficiency of presenilin-1 inhibits the normal cleavage of
amyloid precursor protein. Nature, v.391, n.6665, p.387-90, 1998.

77



DU, X. et al. Selenoprotein P and selenoprotein M block Zn21+ -mediated Ap42
aggregation and toxicity. Metallomics, v. 5, n.7, p. 861-70, 2013.

ESHKOOR, S.A et al. Mild cognitive impairment and its management in older people.
Clin Interv Aging, v.10, n.10, p.687-93, 2015.

FAIRWEATHER-TAIT, S.J. et al. Selenium in human health and disease. Am J Clin
Nutr, v. 14, n.7, p.1337-83, 2011.

FAVARQO, D.I, et al. Determination of various nutrients and toxic elements in different
brazilian regional diets by neutron activation analysis. J Trace Elem Med Biol,v.11,
n:3, p. 129-36, 1997.

FERGUSON, L. R.; KARUNASINGHE, N. Nutrigenetics, nutrigenomics, and
selenium. Front Genet, v. 2, n.5, p. 2-15, 2011.

FERGUSON, L.R, et al. Selenium and its’ role in the maintenance of genomic stability.
Mutat Res, v. 733, n, 1, p. 100-10, 2012.

FERRI, C. P.; et al. Global prevalence of dementia: a Delphi consensus study. Lancet.,
v, 366, n.9503, p. 2112-2117, 2005.

FRISONI, G.B et al., Mild cognitive impairment in the population and physical health:
data on 1,435 individuals aged 75 to 95, J. Gerontol. A Biol. Sci. Med. Sci., v.55, n.6,
p. 322- 328, 2000.

FLOHE, L. et al. Glutathione peroxidase: a selenoenzyme. FEBS Lett., v.15, n.32,
p.132-34, 1973.

FLORIAN, S. et al. Cellular and subcellular localization of gastrointestinal glutathione
peroxidase in normal and malignat human intestinal tissue. Free Radic Res, v.35, n.6,
p.655-63, 2001.

FORSBERG, L, et al. Phenotype determination of a common Pro-Leu polymorphism in
human glutathione peroxidase 1. Blood Cells Mol. Dis, v.26, n.5, p. 423-26, 2000.

FORSBERG, L. et al. Low Yield of Polymorphisms From EST Blast Searching:
Analysis of Genes Related to Oxidative Stress and Verification of the P197L
Polymorphism in GPX1. Hum. Mutat., v.13, n.4, p.294-300, 1999.

FOSTER, C.B. et al. 2006. Polymorphism analysis of six selenoprotein genes: support
for a selective sweep at the glutathione peroxidase 1 locus (3p21) in Asian
populations.BMC Genet, v.1, n.56, p. 1-20, 2006.

FRADEJAS, N. et al. SEPS1 gene is activated during astrocyte ischemia and shows
prominent antiapoptotic effects. J. Mol. Neurosci, v. 35, n.3, p.259- 65, 2008.

78



GANGULI M. et al. Mild cognitive impairment,amnestic type: an epdiemiological
study, Neurology, v. 63, n.1, p. 115- 21, 2004.

GAQO, S. et al. Selenium Level and Cognitive Function in Rural Elderly Chinese. Am J
Epidemiol, v. 165, n.8, p.955-965,2007.

GARCIA, T et al, Oxidative stress status and Rna expression in hippocampus of an
animal model of Alzheimer's disease after chonic exposure to aluminum.
Hippocampus, v. 20, n.1, p.218-25, 20009.

GAUTREY, H. A T/C polymorphism in the GPX4 3'UTR affects the selenoprotein
expression pattern and cell viability in transfected Caco-2 cells. Biochim Biophys Acta,
v. 1810, n.6, p. 584-91, 2011.

GRADY, C. Trends in Neurocognitive Aging. Nat Rev Neurosci, v.13, n.7, p. 491
505, 2012.

HATFIELD, L.Selenium and selenocysteine: roles in cancer, health, and development.
Trends Biochem Sci, v.39, n.3, p. 112-20, 2014.

HEBERT, L.E. Age-specific incidence of Alzheimer’s disease in a community
population. JAMA, v. 273, n.17, p. 1354-59, 1995.

HERBETTE, D.L. ROECKEL-DREVET, P, DREVET, J.R. Seleno-independent
glutathione peroxidases: More than simple antioxidant scavengers. FEBS J, v.274, p.
2163-2180, 2007.

HERRERA, E.J. Epidemiologic survey of dementia in a community-dwelling Brazilian
population. Alzheimer Dis Assoc Disord, v.16, n.2, p. 103-8, 2002.

HESKETH, J Nutrigenomics and selenium: gene expression patterns, physiological
targets, and genetics. Annu Rev Nutr, v. 28, p. 157-77, 2008.

HESKETH, J.; MEPLAN, C.Transcriptomics and funtional polymorphisms as
biomarkers of micronutrient funtion: focus on selenium as an exemplar. Proc Nutr Soc,
v.3, p.1-9, 2011.

HU, Y.J.; DIAMOND, A.M. Role of glutathione peroxidase 1 in breast cancer: loss of
heterozygosity and allelic differences in the response to selenium. Cancer Res, v, 63,
n.12, p.3347-51, 2003.

ICHIMURA, Y. et al. Increased risk of bladder cancer associated with a glutathione
peroxidase 1 codon 198 variant. J. Urol, v.172, n.2, p.728-3, 2004.

INSTITUTE OF MEDICINE. National Academies Press. Dietary reference intakes
for vitamin C, vitamin E, selenium, and carotenoids. Washington: National
Academy Press, 2000. Disponivel em: http://books.nap.edu/catalog/9810.html. Acesso
em; 07/12/17.

79


https://www.ncbi.nlm.nih.gov/pubmed/?term=Roeckel-Drevet%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17419737
https://www.ncbi.nlm.nih.gov/pubmed/?term=Drevet%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=17419737
https://www.ncbi.nlm.nih.gov/pubmed/18494599

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA-IBGE. Sintese de
Indicadores Sociais Uma andlise das condi¢cfes de vida da populacédo brasileira
2016. Rio de Janeiro, 2016.

IZQUIERDO I. Memdria.2? edicdo, Porto Alegre, Editora Artmed, 2002

IZQUIERDQO, I et al., Different molecular cascades in different sites of brain control
consolidation. Trends Neurosci, v. 29, n.9, p. 496-505, 2006.

IZQUIERDO, I et al., Mechanisms for memory types differ. Nature, v. 393, n.6686, p.
635-6, 1998.

IZQUIERDO, I. Different forms of post training memory processing. Behavioral and
Neural Biology, v. 51,n.2, 171-202, 1989.

IZQUIERDO, I.; IZQUIERDO L.A. Neurobiologia da memoria. In: Kapczinski F. et al.
Bases bioldgicas dos transtornos psiquiatricos. 22 Edicdo, Porto Alegre, Editora Artmed,
2004.

JOLLES, J. etal., The Maastricht aging study (MAAS). The longitudinal perspective of
cognitive aging, Tijdschr Gerontol Geriatr, v. 29, n.3, p. 120-9, 1998.

KESSE-GUYOT E, et al., French adults cognitive performance after daily
supplementation with antioxidant vitamins and minerals at nutritional doses: a post hoc
analysis of the supplementation in vitamins and mineral antioxidants. Am J Clin Nutr
v. 94, n.3, p. 892-899, 2011.

KNOPMAN, D.S.; PETERSEN R.C., Mild cognitive impairment and mild dementia:a
clinical perspective, Mayo Clin. Proc, n.89, n.10, p. 1452- 59, 2014.

KRYUKOV, G. V. et al. Characterization of mammalian selenoproteomes. Science, V.
300, n. 5624, p. 1439-43, 2003.

KWOK, J.B et al. Novel Leu723Pro amyloid precursor prorein mutation increases
amyloid beta42(43) peptide levels and induces apoptosis. Ann Neurol., v.47, n.2.p.249-
253, 2000.

LEE, B. C. et al. MsrB1 and MICALSs regulate actin assembly and macrophage function
via reversible stereoselective methionine oxidation. Mol. Cell, v. 51, n.3, p. 397-404,
2013.

LEI, X.G.; CHENG, W.H.; MCCLUNG, J.P.et al., Metabolic Regulation and Function
of Glutathione Peroxidase-1. Annu Rev Nutr., v.27, p.41-61, 2007.

LINDENAU, J.; NOACK, H.; ASAYAMA, K., WOLF, G. Enhanced -cellular

glutathione peroxidase immunoreactivity in activated astrocytes and in microglia during
excitotoxin induced neurodegeneration. Glia, v. 24,n. 2, p. 252-56, 1998.

80



LOEF M.; SCHRAUZER, G.N., WALACH, H. Selenium and Alzheimer's disease: a
systematic review. J Alzheimers Dis, v.26, n.1, p.81-10,2011.

LOPEZ, O.L. Prevalence and classification of mild cognitive impairment in
the Cardiovascular Health StudyCognition Study: part 1. Arch Neurol, v.60, n.10, p.
1385-9, 2013.

LOVELL, M. A. et al. Decreased thioredoxin and increased thioredoxin reductase levels
in Alzheimer’s disease brain. Free Radic. Biol. Med. v.28, n.3, p. 418- 27, 2000.

MATHERS, JC, MEPLAN C, HESKETH, JE. Polymorphisms affecting trace element
bioavailability. Int J Vitam Nutr Res, v. 80, n.4, p. 314-8, 2010.

MEPLAN, C et al.,Functional effects of a common single
nucleotide polymorphism (GPX4c718t) in the glutathioneperoxidase 4 gene: interaction
with sex. Am J Clin Nutr, v. 87, n.4, p.1019-27, 2008.

MEPLAN, C. Trace elements and ageing, a genomic perspective using selenium as an
example. J Trace Elem Med Biol, v. 25, n.1, p.11-6, 2011.

MESEGUER . et al. Cerebrospinal fluid levels of selenium in patients with Alzheimer's
disease. J. Neural Transm, v.106, n.(3-4), p.309-15, 1999.

McGAUGH , J.L. Memory- A century of consolidation. Science, v. 287, n.5451, p. 248-
51, 2000.

McGAUGH, J.L. Time-dependent processes in memory storage. Science, v. 153,
n,3742, p.1351-58, 1966.

MCKENZIE, R.C.; ARTHUR, J.R.; BECKETT, G.J. Selenium and the regulation of
cell signaling, growth, and survival: molecular and mechanistic aspects. Antioxid
Redox Signal, v. 4, n. 2, p.339-51, 2002.

MITCHELL, A.J. Risk of dementia and mild cognitive impairment in older people with
subjective memory complaints: meta-analysis. Acta Psychiatr Scand,v.130, n.6, 2014.

MOLLER, H.J.; GRAEBER, M.B. The case described by Alois Alzheimer in 1911.
Historical and conceptual perspectives based on the clinical record and
neurohistological sections. Eur Arch Psychiatry Clin Neurosci, v. 248, v.1, p.111-
122, 1998.

MOSKOVITZ, J. et al. Induction of methionine-sulfoxide reductases protects neurons
from amyloid beta-protein insults in vitro and in vivo. Biochemist, v. 50, n.4, p. 10687—
10697, 2011.

MUTCH, D. M.; WAHLI, W.; WILLIAMSON, G. Nutrigenomics and nutrigenetics:
the emerging faces of nutrition. FASEB J, v. 19, n. 12, p. 1602-16, 2005.

81



NAJ, A.C,.; SCHELLENBERG, G.D. Alzheimer's Disease Genetics Consortium
(ADGC). Genomic variants, genes, and pathways of Alzheimer's disease: An overview.
Am J Med Genet B Neuropsychiatr Genet, v.174, n.1, 5-26, 2017.

NAKAYAMA, A. et al. All regions of mouse brain are dependent on selenoprotein P
for maintenance of selenium. J. Nutr, v.137,n.3, p. 690-93, 2007.

NAVARRO-ALARCON, M. ; CABRERA-VIQUE, C. Selenium in food and the human
body: a review. Sci. Total Environ, v.400, n.(1-3), p.115-141, 2008.

NAZIROGLU, M. Role of Selenium on Calcium Signaling and Oxidative Stress-
Induced Molecular Pathways in Epilepsy. Neurochem Res, v.34, n.12, p.2181-91,
2009.

NYBERG, L. et al. Memory aging and brain maintenance. Trends Cogn Sci, v.16, n.5,
p. 292-305, 2012.

NOVOSELOV, S. V. et al. Selenoprotein H is a nucleolar thioredoxin-like protein with
a unique expression pattern. J. Biol. Chem, v. 282, n.16, p. 11960-968, 2007.

OLDFIELS, J.E. Selenium World Atlas. Selenium-Tellurium Development Association,
p.7, 2002.

PANEE, J.; LIU, W.; NAKAMURA, K.; BERRY, M. J. The responses of HT22 cells
to the blockade of mitochondrial complexes and potential protective effect of selenium
supplementation. Int. J. Biol. Sci, v. 3, n.5, p. 335-341, 2007.

PANEE, J.; STOYTCHEVA, Z. R.; LIU, W.; BERRY, M. J. Selenoprotein H is a
redox-sensing HMG family DNA-binding protein that upregulates genes involved in
glutathione synthesis and phase Il detoxification. J. Biol.chem, v. 282, n.33, p. 23759-
23765, 2007.

PAPP, L.V.; HOLMGREN, A.; KHANNA, K.K. Selenium and selenoproteins in health
and disease. Antioxid Redox Signal. v.12, n.7, p. 93-5, 2010.

PARENTE M.A.M.P. et al. Cognig¢do e envelhecimento. Porto Alegre, Editora
Artmed, 2006.

PARLETTA, N.; MILTE, C.M.; MEYER, B.J. Nutritional modulation of cognitive
function and mental health. J Nutr Biochem, v.24, n.5, p.725-43, 2013.

PAZ-Y-MINO et al., Genetic polymorphisms in apolipoprotein E and glutathione
peroxidase 1 genes in the Ecuadorian population affected with Alzheimer's disease. Am
J Med Sci, v.340, n.5, p. 373-77, 2010.

PERRY, T. L. YONG, V. W. Idiopathic Parkinson’s disease, progressive supranuclear
palsy and glutathione metabolism in the substantia nigra of patients. Neurosci. Lett, v.
67, n.3, p. 269-274, 1986.

82


http://www.ncbi.nlm.nih.gov/pubmed?cmd=historysearch&querykey=6

PETERSEN, R.C. Mild cognitive impairment: clinical characterization and outcome.
Arch Neurol, v. 56, n.3, p. 303-308, 1999.

PETERSEN R.C., Mild cognitive impairment as a diagnostic entity, J. Intern.Med, v.
256, n.3, p.183-194, 2004.

PETERSEN R.C. et al., Mild cognitive impairment: ten years later, Arch. Neurol, v.66,
n.12, p.1447-1455, 2009.

PETERSEN R.C. Mild cognitive impairment: a concept in evolution, J. Intern. Med,
v.275, n. 3, p. 214-228, 2014.

PRAUCHNER, C.A. A importancia do Selénio para a agropecuéria e saide humana. Ed
da UFSM, 2014.

PIECZYNSKA J, GRAJETA H. The role of selenium in human conception and
pregnancy, J Trace Elem Med Biol., v.29, p.31-8, 2015,

PILLAI, R.; UYEHARA-LOCK, J.H.; BELLINGER, F.P.
Selenium and selenoprotein function in brain disorders. IUBMB Life, v.66, n.4, p.229-
39, 2014.

QUERFURTH, H. W.; LAFERLA, F. M. Alzheimer's disease. N Engl J Med, v. 362,
n. 4, p. 329-44, 2010.

RAO, A.V.; BALACHANDRAN, B. Role of oxidative

stress and antioxidants in neurodegenerative diseases. Nutr Neurosci, v.5, n.5, p.291-
309, 2002.

RATNASINGHE, D, et al. Glutathione peroxidase codon 198 polymorphism variant
increases lung cancer risk. Cancer Res, v.60, n.22, p. 6381-83, 2000.

RAYMAN, M. P. Food-chain selenium and human health: emphasis on intake. Br. J.
Nutr, v.100, n.2, p. 254-268, 2008.

RAYMAN, M. P. Selenium and human health. Lancet, v.379, n1, p.1256-1268, 2012.

RAYMAN, M. P. The use of high-selenium yeast to raise selenium status: how does it
measure up? Br. J. Nutr, v. 92, n.3, p.557-73, 2004.

RAYMAN, M. P.; INFANTE, H. G.; SARGENT, M. Food-chain selenium and human
health: spotlight on speciation. Br. J. Nutr, v.100, n.4, p.238-53, 2008.

83


https://www.ncbi.nlm.nih.gov/pubmed/24668686
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=12385592

REEVES, M.A, HOFFMANN, P.R. The human selenoproteome: recent insights into
functions and regulation. Cell Mol Life Sci, v.66, n.15, p.2457-78, 2009.

REEVES, M. A.; BELLINGER, F. P.; BERRY, M. J. The neuroprotective functions of
selenoprotein M and its role in cytosolic calcium regulation. Antioxid. Redox Signal,
v.12,n.7, p. 809-818, 2010.

REISBERG B., S.; et al.,Stage-specific behavioral, cognitive, and in vivo changes in
communityresiding subjects with age-associated memory impairment and primary
degenerative dementia of the Alzheimer type, Drug Dev. Res, v.15, n.1, p.101-114,
1988.

REITZ, C. Genetic diagnosis and prognosis of Alzheimer's disease: challenges and
opportunities. Expert Rev Mol Diagn, v.15, n.3, p. 339-48,2015.

RITCHIE, K. Mild cognitive impairment: an epidemiological perspective. Clin.
Neurosci, v. 6, n.4, p. 401- 08, 2004.

RIZZI, L; ROSSET, D; RORIZ-CRUZ, M. Global Epidemiology of Dementia:
alzheimer’s and Vascular Types. Biomed Res Int, v. 2014, p.1-8, 2014.

RONNLUND, et al. Stability, growth, and decline in adult life span development of
declarative memory: cross-sectional and longitudinal data from a population-based
study, Psychol. Aging, v. 20,n.3, p. 3-18, 2005.

ROTRUCK, J. T. et al. Selenium: Biochemical Role as a Component of Glutathione
Peroxidase. Science, v. 179, n.4073, p.588-90, 1973.

SAREWRO MM, POPA C, DAHLER AL et al. Alterations in gene expression and
activity during squamous cell carcionoma development. Cancer Res, v. 62, n.2, p.
3759-3765, 2002.

SAVASKAN, N.E.; BORCHERT, A.; BRAUER, A.U.; KUHN, H. Role for glutathione
peroxidase-4 in brain development and neuronal apoptosis: specific induction of
enzyme expression in reactive astrocytes following brain injury. Free Radic. Biol.
Med, v.43, n.2, p.191-201, 2007.

SCHELLENBERG, G. D.; MONTINE, T. J. The genetics and neuropathology of
Alzheimer's disease. Acta Neuropathol, v. 124, n. 3, p. 305-23, 2012.

SCHELTENS, P.et al., Efficacy of a medical food in mild Alzheimer’s disease: a
randomized, controlled trial. Alzheimers Dement, v.6, n.3, p. 1-10, 2010.

SCHWEIZER, U. et al. Selenium and brain function: a poorly recognized liaison. Brain
research. Brain research reviews, v. 45, n. 3, p. 164-78, 2004.

SQUIRE, L.R. Memory systems of the brain:a brief history and current perspective.
Neurobiol Learn Mem, v.82, n.3, p.171-7, 2004.

84



SCHOMBURG, L. Selenium, selenoproteins and the thyroid gland: interactions in
health and disease. Nat Rev Endocrinol, v.8, n.3, p.160-71, 2011.

SCHOMBURG, L.; SCHWEIZER, U.; KOHRLE, J. Selenium and selenoproteins in
mammals: extraordinary, essential, enigmatic. Cell Mol Life Sci, v.61, n.16, p.1988-95,
2004.

SCHOMBURG, L.; SCHWEIZER, U.; Hierarchical regulation of selenoprotein
expression and sex-specific effects of selenium. Biochimica et Biophysica Acta,
v.1790, p.1453-1462, 2009.

SELENIUS, M. et al. Selenium and the selenoprotein thioredoxin reductase in the
prevention, treatment and diagnostics of cancer. Antioxid. Redox Signal, v. 12, n.7,
867-880, 2010.

SHAHAR, A et al. Plasma selenium is positively related to performance in neurological
tasks assessing coordination and motor speed. Mov Disord, v. 25, n.12, p. 1909-15,
2010.

SMORGON, C et al. Trace elements and cognitive impairment: an elderly cohort study.
Arch. Gerontol. Geriatr. Suppl., v.9, n.9, p.393-402, 2004.

SOROLLA, M. A. et al. Proteomic and oxidative stress analysis in human brain samples
of Huntington disease. Free Radic. Biol. Med, v.45, n.5, p.667—-678, 2008.

STEFANIUK, M.; LUKASIUK, K. Cloning of expressed sequence tags (ESTS)
representing putative epileptogenesis-related genes and the localization of their
expression in the normal brain. Neurosci. Lett, v.482, n.3, p.230-234, 2010.

SUH, G.H; SHAH A. A review of the epidemiological transition in dementia—cross-
national comparisons of the indices related to Alzheimer’s disease and vascular

dementia. Acta Psychiatr Scand,v.104, n.3, p.4-11,2001.

TAKIZAWA, S.; MATSUSHIMA, K. Immunohistochemical localization of glutathione
peroxidase in infarcted human brain. J. Neurol. Sci, v.122, n.1, p. 66-73, 1994,

TAPIERO, H et al. The antioxidante role of selenium and seleno-compounds. Biomed
Pharmacoth, v.57, n (3-4), p.134-144, 2003.

TONDO, M. et al. Selenium concentration in cerebrospinal fluid samples from a
paediatric population. Neurochem res, v. 35, n. 8, p. 1290-1293, 2010.

TRAPP, G. A.; MILLAM, J. The distribution of 75Se in brains of selenium-deficient
rats. J. Neurochem, v. 24, n.3, p. 593-95, 1975.

TULVING, E. Concepts of memory. In: Tulving, E.; Craik, FIM., editors. The Oxford
Handbook of Memory. New York, NY: Oxford University Press, Inc; 2000. p. 33-43.

85



UDLER, M, et al. Common germline genetic variation in antioxidant defense genes and
survival after diagnosis of breast cancer. J. Clin. Oncol, v. 25, n.21, p.3015-23, 2007.

URSINI, F.; MAIORINO, M.; GREGOLIN, C. The selenoenzyme phospholipid hydro-
peroxide glutathione peroxidase. Biochim. Biophys. Acta, v. 839, n.1, p. 62—70,1985.

VILLETTE, S. et. al. A Novel Single Nucleotide Polymorphism in the 3’ Untranslated
Region of Human Glutathione Peroxidase 4 Influences Lipoxygenase Metabolism.
Blood Cells Mol Dis, v.29, n.2, p.174-8, 2002.

VURAL, H. et al., Alterations of plasma magnesium, copper, zinc, iron and selenium
concentrations and some related erythrocyte antioxidant enzyme activities in patients
with Alzheimer’s disease. J Trace Elem Med Biol., v.24, n.3,p.169-173, 2010.

WESCHLER D. Weschler Memory Scale — revised manual. San Antonio: The
Psychological Corporation, 1987.

WECHSLER D. WAIS-11I: Escala de inteligéncia Wechsler para adultos. WMS-III:
Escala de memdria Wechsler - manual técnico. 1997. Traducdo Maria Cecilia de
Vilhena Moraes Silva. Sdo Paulo: Casa do Psicélogo, 2004.

WIRTH EK et al. Neuronal selenoprotein expression is required for interneuron
development and prevents seizures and neurodegeneration. FASEB J, v.24, n.3, p. 844—
52, 2010.

YASSUDA, M. S. et al. Treino de Memoria no Idoso Saudavel: Beneficios e
Mecanismos Memory Training in Healthy Elders Psicologia: Reflex&o e Critica, v.18,
n.78, p. 470-481, 2000.

YASSUDA, M. S.; BATISTONI, S. S. T.; FORTES, A. G.; Neri, A. L. Treino de
memoria no idoso saudavel: Beneficios e mecanismos. Psicologia Reflexdo e
Critica, v.19, n.3,p. 470-481, 2006.

YASSUDA, M. S.; LASCA, V. B.; NERI, A. L. Meta-memoria e auto-eficacia: um
estudo de validacdo de instrumentos de pesquisa sobre memadria e envelhecimento.
Psicologia: Reflexdo e Critica, v. 18, n. 1, p. 78-90, 2005.

YIM, S. Y. et al. ERK activation induced by selenium treatment significantly
downregulates beta/ gamma-secretase activity and Tau phosphorylation in the
transgenic rat overexpressing human selenoprotein M. Int. J. Mol. Med, v. 24,n.1, p
91-96, 2009.

YOO, M-H. et al. Delineating the Role of Glutathione Peroxidase 4 in Protecting Cells
Against Lipid Hydroperoxide Damage and in Alzheimer’s Disease. Antioxid Redox
Signal, v.12, n.7, p. 819-27, 2010.

86



YOUN H.S. et al. Selenium suppresses the activation of transcription factor NF-kappa
B and IRF3 induced by TLR3 or TLR4 agonists. Int immunopharmacol, v.8, n.3, p.
495-501, 2008.

YUYAMA, L.K. et al. Determinag&o dos teores de elementos minerais em alimentos
convencionais e ndo convencionais da regido amazonica pela técnica de analise por
ativagdo com néutrons instrumental. Acta Amaz, v.27, n.3, p.183-195,1997.

YUZBASIOGLU, A. et al. Changes in the expression of selenoproteins in mesial
temporal lobe epilepsy patients. Cell Mol. Neurobiol, v.29,n.3, p. 1223-31, 2009.

ZAMROZIEWICZ, et al. Predictors of Memory in Healthy Aging: Polyunsaturated
Fatty Acid Balance and Fornix White Matter Integrity. Aging Dis, v, 8, n.4, p. 372-383,
2017

ZHANG X. et al. Selenotranscriptomic Analyses Identify Signature Selenoproteins in
brain Regions in a Mouse Model of Parkinson's Disease. PL0oS One, v.11, n.9, 2016.

ZHANG, S. ROCOURT, C.; CHENG, W.H. Selenoproteins and the aging brain. Mech.
Ageing Dev, v.131, n.4, p.253-260, 2010.

87



ANEXOS

88



ANEXO 1 - NORMAS DA REVISTA JOURNAL NUTRITIONAL
BIOCHEMISTRY

89



" THE JOURNAL OF NUTRITIONAL
% BIOCHEMISTRY

TABLE OF CONTENTS

° Description p.-1
° Audience p-1
° Impact Factor p-1
° Abstracting and Indexing p.2
° Editorial Board p.2
° Guide for Authors p.-4
ISSN: 0955-2863
DESCRIPTION

Devoted to advancements in nutritional sciences, The Journal of Nutritional Biochemistry presents
experimental nutrition research as it relates to: biochemistry, molecular biology, toxicology, or

physiology.

Rigorous reviews by an international editorial board of distinguished scientists ensure publication of
the most current and key research being conducted in nutrition at the cellular, animal and human level.
In addition to its monthly features of critical reviews and research articles, The Journal of Nutritional
Biochemistry also periodically publishes emerging issues, experimental methods, and other types of
articles.

Benefits to authors
We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
on Elsevier publications and much more. Please click here for more information on our author services.

Please see our Guide for Authors for information on article submission. If you require any further
information or help, please visit our Support Center

AUDIENCE

Nutritionists, Physicians, Cell and Molecular Biologists, Biochemists, Dietitians.

IMPACT FACTOR

2016: 4.518 © Thomson Reuters Journal Citation Reports 2017

AUTHOR INFORMATION PACK 21 Jul 2017 www.elsevier.com/locate/jnutbio 1


http://www.journals.elsevier.com/the-journal-of-nutritional-biochemistry/editorial-board/
http://www.elsevier.com/authors/author-services
http://www.elsevier.com/journals/the-journal-of-nutritional-biochemistry/0955-2863/guide-for-authors
http://service.elsevier.com/app/home/supporthub/publishing/

ABSTRACTING AND INDEXING

BIOSIS

Elsevier BIOBASE
Current Contents
MEDLINE®

EMBASE

Research Alert
SCISEARCH

Science Citation Index
Scopus

EDITORIAL BOARD

Editor-in-Chief

Bernhard Hennig, University of Kentucky, Lexington, Kentucky, USA

Associate Editors

Steven Post, University of Arkansas for Medical Sciences, Little Rock, Arkansas, USA
Michal Toborek, MD, PhD, University of Miami, Miami, Florida, USA

Editorial Manager

Joseph Ryan Richardson, University of Kentucky, Lexington, Kentucky, USA

Founding Editor

Steven H. Zeisel, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA

Board of Editors
Ludwig Aigner

G. Harvey Anderson
Xabier Arzuaga

Reto Asmis

Fariba M. Assadi-Porter
Hans-Christian Bauer
Ina Bergheim

Sarah Berry

Jesse Bertinato
Amanda Bird

Peggy R. Borum
Richard S. Bruno
Margherita Cantorna
Matthew C. Cave
Zhiyong Cheng

Adam J. Chicco

Kate J Claycombe
Jimmy W Crott

Juan Cui

Dana Dolinoy

Sarah Egert

Ahmed El-Sohemy
Jenifer Fenton

Jan Frank

Kevin Fritsche
Wenjiang J Fu

Naomi K. Fukagawa
Christopher Gentile
Trevor George

Janet L Greger
Wendy Hall

Jason M. Hansen
Claus Hellerbrand
Andrea Hill-McAlester
Emily Ho

Folami Y. Ideraabdullah
Qing Jiang

AUTHOR INFORMATION PACK 21 Jul 2017

www.elsevier.com/locate/jnutbio



Nishan Kalupahana
Erik Karlsson

Carl L. Keen

Arion Kennedy
Young-In Kim
Dorothy Klimis-Zacas
Sung I Koo

Joshua D. Lambert
Ji-Young Lee
Vanessa Leone
Xiang-An Li

Bo L. Lonnerdal
Daniel Lupu

Ruth S MacDonald
Eunice Mah

Kristina Martinez
Craig J. McClain
Michael K McIntosh
L. Preston Mercer
Gregory D Miller
Naima Moustaid-Moussa
Shanmguam Nagarajan
Andrew Neilson
Mihai Niculescu
Michael Petriello
Joseph Pierre

Lothar Rink

Patrizia Riso

Donato F. Romagnolo
Rebecca J. Schmidt
Helmut Schroder
Saame Raza Shaikh
Chwan-Li (Leslie) Shen
Rebecca A. Simmons
Carolyn M. Slupsky
Francesco Sofi
Pamela E. Starke-Reed
Matam Vijay-Kumar
Jan Vondracek

Shu Wang

Bruce A. Watkins
Walter H. Watson
Dayong Wu

Guoyao Wu

Hang Xiao

Michael B. Zemel
Janos Zempleni

Ling Zhao

AUTHOR INFORMATION PACK 21 Jul 2017

www.elsevier.com/locate/jnutbio



GUIDE FOR AUTHORS

INTRODUCTION

The editors of The Journal of Nutritional Biochemistry (JNB) welcome the submission of original
manuscripts on experimental and clinical nutrition as it interfaces with biochemistry, molecular
biology, physiology, and toxicology. The scope of the journal includes the broad area of in vitro
and in vivo studies of mechanistic aspects of nutritional sciences. The criteria for acceptance of
papers submitted for publication are originality, quality and clarity of the content. Each manuscript is
internally reviewed and prioritized before a full external review takes place. All contributions must be
based on original, unpublished research and will be peer reviewed. All authors bear responsibility for
ensuring the integrity and quality of their reported research. It is the author's responsibility to secure
permission to use figures or tables that have been published elsewhere.

Contributions may be classified as original research or review articles. Most review articles are invited
by the editor. Authors interested in submitting a review article should contact the editorial office.
The rapid publication of original manuscripts is a goal of the journal. Manuscripts must be written in
English. Each manuscript is considered for publication with the understanding that it has not been
submitted to any other journal. Upon acceptance for publication, papers are subject to editorial review
and revision.

All manuscripts submitted to JNVB are checked for plagiarism. Any suspect of plagiarism or data
manipulation will result in automatic rejection of a manuscript, independent of stage of review or
publication process.

Dr. Bernhard Hennig, Editor-in-Chief

The Journal of Nutritional Biochemistry
University of Kentucky

900 Limestone Street

Rm. 599, Wethington Health Sciences Building
Lexington, KY 40536-0200

E-mail address: INB@uky.edu

Fax: 859-257-1811

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

AUTHOR INFORMATION PACK 21 Jul 2017 www.elsevier.com/locate/jnutbio 4



e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. If there are no conflicts of interest then please state this:
'Conflicts of interest: none'. More information.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Sources of funding for the article should
be acknowledged in a footnote on the title page. Affiliations of authors should include corporate
appointments relating to or in connection with products or companies mentioned in the article,
or otherwise bearing on the subject matter thereof. Other pertinent financial relationships, such
as consultancies, stock ownership or other equity interests or patent-licensing arrangements,
should be disclosed to the Editor-in-Chief in the cover letter at the time of submission.
Such relationships may be disclosed in the Journal at the discretion of the Editor-in-Chief
in footnotes appearing on the title page. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. See also http://www.elsevier.com/conflictsofinterest.
Further information and an example of a Conflict of Interest form can be found at:
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.

The cover letter must state that: all authors listed have contributed to the work, all authors have read,
approved and agreed to submit the manuscript to JNB, no part of the work has been published before,
except in abstract form, and all human and animal studies have been reviewed by the appropriate
ethics committees. All authors listed in a manuscript submitted to JNB must have contributed
substantially to the work, participated in the writing of the manuscript, and seen and approved the
submitted version. All individuals who have contributed to the writing of the manuscript must be listed
as authors. The editor reserves the right to reject manuscripts that do not comply with the above-
mentioned requirements

All authors should meet the following criteria:

(1) Authors must have been involved in the the conception and design of the study, or acquisition of
data, or analysis and interpretation of data,

(2) Authors must have drafted the article or revised it critically for important intellectual content,
(3) Authors must have given final approval of the version to be submitted,

(4) Authors must agree to be accountable for all aspects of the work in ensuring that questions that
may arise related to the accuracy or integrity of any part of the work are appropriately investigated
and resolved.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such

AUTHOR INFORMATION PACK 21 Jul 2017 www.elsevier.com/locate/jnutbio 5


http://service.elsevier.com/app/home/supporthub/publishing/
http://www.elsevier.com/publishingethics
http://www.elsevier.com/journal-authors/ethics
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
http://www.elsevier.com/authors/journal-authors/policies-and-ethics
http://www.elsevier.com/editors/plagdetect

a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a humber of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

After acceptance, open access papers will be published under a noncommercial license. For authors
requiring a commercial CC BY license, you can apply after your manuscript is accepted for publication.

This journal offers authors a choice in publishing their research:

Open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse.

e An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

¢ No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.
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For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering free
lectures, interactive training and professional advice to support you in publishing your research. The
College of Skills training offers modules on how to prepare, write and structure your article and
explains how editors will look at your paper when it is submitted for publication. Use these resources,
and more, to ensure that your submission will be the best that you can make it.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via
http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=INB.

Please submit with the manuscript, the names, addresses and e-mail addresses of 4 to 6 potential
reviewers. Please be sure to give complete contact information with the e-mail address being the
most important. Note that the editor retains the sole right to decide whether or not the suggested
reviewers are used.

PREPARATION

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
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processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 X
13 c¢cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Highlights

Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). You can view example Highlights on our information site.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

o Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

¢ A running title of up to 50 characters;

e Grants, sponsors, and funding sources;

e Up to six key words

A concise and factual abstract is required. The abstract should state briefly (up to 250 words) the
purpose of the research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References should
be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.
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Divide your article into clearly defined and numbered sections consisting of Introduction, Materials
and Methods, Results, and Discussion. Subsections should be nhumbered 1.1 (then 1.1.1, 1.1.2, ...),
1.2, etc. (the abstract is not included in section numbering). Use this numbering also for internal
cross-referencing: do not just refer to 'the text'. Any subsection may be given a brief heading. Each
heading should appear on its own separate line.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Embedded math equations
If you are submitting an article prepared with Microsoft Word containing embedded math equations
then please read this (related support information).

All laboratory data should be presented in SI units. See Young, DS. Implementation of SI units for
clinical laboratory data. J Nutr Biochem 1990; 1: 599-633.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the published version.
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e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.
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List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1] Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51-9.

Reference to a book:

[2] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

[3] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281-304.
Reference to a website:

[4] Cancer Research UK. Cancer statistics reports for the UK, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13.03.03].

Reference to a dataset:

[dataset] [5] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1; 2015. https://doi.org/10.17632/
xwj98nb39r.1.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first 6
should be listed followed by 'et al.' For further details you are referred to 'Uniform Requirements for
Manuscripts submitted to Biomedical Journals' (J Am Med Assoc 1997;277:927-34) (see also Samples
of Formatted References).

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
S0 you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of such
citations should be in the same style as all other references in the paper.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/the-journal-of-nutritional-biochemistry

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.
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Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum size
of 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed instructions please
visit our video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that give them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).
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Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 250 USD is payable for publication in Data in Brief. This fee applies to articles submitted
before 31 December 2017. Full details can be found on the Data in Brief website. Please use this
template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Revised Manuscripts

Please provide a separate file that clearly addresses the reviewers concerns. Authors should use a red
colored font to mark any changes to the text in the revised manuscript. Once a revised manuscript
is accepted for publication, a proof is prepared and submitted for final review to the corresponding
author. Subsequently, the corrected proof will be published in JNB online as an 'article-in-press'
available for immediate citation. The authors are solely responsible for the accuracy of their articles.
Once a manuscript is selected for inclusion in an issue, the article will be updated with volume, issue,
and page information.

Scientific Correspondence
Letters to the Editor will be considered for publication at the discretion of the editor. Submission of a
letter constitutes permission for publication. Letters are subject to editing and abridgement.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
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stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
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HIGHLIGHTS

® This study first investigated the association among DNMT1 and DNMT3B polymorphisms with Parkinson Disease (PD) and showed an original result.
e The DNMT3B polymorphism rs2424913 was associated with Parkinson’s Disease (PD). The presence of the T allele increased the odds ratio to PD.

® No significant difference was observed for others SNPs investigated in DNMT3B and DNMT1.

® This association suggests a role for a DNA methylation enzyme in PD, highlighting the hypothesis of epigenetic mechanisms to PD pathogenesis.
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ABSTRACT

Parkinson’s disease (PD) is a common and complex neurodegenerative disorder, the second most preva-
lent, only behind Alzheimer’s disease. Recent studies suggest that environmental factors may contribute
for neurodegeneration through induction of epigenetic modifications, such as DNA methylation, that is
carried out by enzymes, such as DNMT1 and DNMT3B.

This present study targeted to investigate the association among DNMT1 and DNMT3B polymorphisms
with PD.

Five hundred and twenty-two participants (214 PD patients following UK Brain Bank criteria and 308
healthy individuals) were evaluated. DNA was obtained from whole blood and genotypes were detected
by an allelic discrimination assay using Taqum® MGB probes on a real-time PCR system. The poly-
morphisms studied were rs2162560 and rs759920 (DNMTT1) and rs2424913, rs998382 and rs2424932
(DNMT3B).

Was found association between DNMT3B 152424913 in T allele carriers with PD. The presence of the
T allele was associated with PD (OR=1.80, 95% CI 1.16-2.81, p=0.009). No significant difference was
observed for others DNMT3B SNPs. Also, no association between PD and the control group were observed
for DNMT1 polymorphisms.

This is the first study addressing an association between DNMT3B polymorphism and PD. The polymor-
phism may play a role in the pathogenesis of PD.

© 2017 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

risk [25], schizophrenia [30], and Alzheimer’s disease (AD) [27].
Parkinson’s disease (PD)is a progressive age-related neurodegener-

In the last years, it was arisen a bunch of studies regarding epige- ative disorder, being the second most prevalent after AD [34]. Most
netic in neuropsychiatric disorders, such as depression with suicide of the cases of PD are sporadic [19] and, like AD, PD is understood as

* Correspondence to: Rua Taquara, 564/306, Porto Alegre, RS, 90460-210, Brazil.
E-mail addresses: julio.pe@hotmail.com (J.C. Pezzi), anacamoz@gmail.com

(A.L. Camozzato).

http://dx.doi.org/10.1016/j.neulet.2016.12.058

amulti-factorial disorder, where environmental and genetic factors
are complexly linked [23]. So, epigenetic mechanisms may have a
role mediating gene-environment interaction mechanisms in PD.
DNA methylation is one of the most important epigenetic mod-
ifications and modulates gene expression [30]. An increased global

0304-3940/© 2017 Elsevier Ireland Ltd. All rights reserved.
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methylation was suggested as an inducing factor to parkinsonism
in animal model [3], as well as, changes in the DNA methylation
of human a-synuclein (SNCA) in brain [15,24] and in leukocytes
[33] of Parkinson’s disease patients have been reported. A tendency
for hypomethylation of the tumor necrosis factor alpha gene (TNF-
«), a key inflammatory cytokine associated to dopaminergic cell
death in PD, was also described [28]. Recently, a meta-analysis of
Parkinson’s disease genome-wide association studies identified six
loci associated with both methylation and expression changes in
brain tissues [26]. Additionally, in other study, it was demonstrated
hypermethylation of enhancers in dopaminergic neurons from PD
patients that were related to gene or protein downregulation of
relevant PD transcription factors [10].

This process of DNA methylation is driven by DNA methyl-
transferases enzymes (DNMTs) which add a methyl group to
position 5 of the cytosine pyrimidine ring in the CpG dinucleotide
[4]. DNA (cytosine-5)-methyltransferase 1 (DNMT1) is a mainte-
nance enzyme and DNA (cytosine-5-)-methyltransferase 3 beta
(DNMT3B) is responsible to establish de novo methylation pat-
terns during embryonic development. Mutations in DNMT1 gene
were associated with a myriad of neurodegenerative disorders,
probably mediated through its role in protein homeostasis and
autophagy [1]. Polymorphisms in DNMT3B gene were associated
with an increased DNA methylation in post-mortem brain tissue
in patients with psychiatric diseases and suicide attempt [25].
Recently, our group found an association between polymorphisms
in gene encoding the enzyme DNMT3B and AD. Individuals carrying
the DNMT3B TGG haplotype (rs2424932, rs998382 and rs2424913)
presented an increased risk of Alzheimer’s disease (OR=3.03, 95%
CI1.63-5.63,p<0.001)[27]. A possible association between DNMTs
gene polymorphisms and PD has not yet been studied. Taking into
account that epigenetic process may be enrolled either in AD and
PD, this study aims to evaluate if our previous finding was spe-
cific for AD or if it is also present in another neurodegenerative
disorders, like PD.

2. Methods and materials
2.1. Participants

A case-control study was conducted. Two hundred and fourteen
PD patients were recruited from an outpatient Movement Disorder
clinic and underwent a structured interview for collecting clini-
cal and demographic data. The diagnosis of PD was determined
based on UK Brain Bank criteria [14]. Evaluation of PD clinical
features was accessed by modified Hoehn-Yahr Scale [13,31] and
Schawb-England Scale [21]. A control group of 308 age-matched
healthy individuals were recruited from the same catchment area.
The inclusion criteria were absence of any Parkinson symptom and
independence for activities of daily living (ADL) [16,20]. Controls
were excluded if they presented cognitive deficit, chronic renal dis-
ease, history of significant head injury or stroke, history of cancer,
family history of dementia, psychiatric conditions such as major
mood disorder, evidence of current depression or substance abuse,
and finally uncorrectable vision or hearing loss.

All participants were of European ancestry from southern Brazil.
The study was performed in compliance with the Declaration of
Helsinki. All participants provided written informed consent.

2.2. Genotyping

Genomic DNA was extracted from 500 uL of EDTA-treated
whole blood using the salting out method [17]. After extraction, the
DNA was quantified on a UV visible spectrophotometer (Biospec®
Nano). The final concentration of DNA used was from 10 ng/mL. The

Table 1

Demographic variables: descriptive and comparative analyses.
Variable Controls PD P
N 308 214
Age (years), mean (SD) 66.7 (9.6) 67.8(9.9) 0.190%
Sex (male), % 20.1 51.9 <0.001°
Education (years), median (p25-p75) 11(5-13) 5(4-9) <0.001¢

Note: PD: Parkinson disease.
2 Student t-test.
b Chi-square test.
¢ Mann-Whitney test.

selection criteria and genotyping methods for DNMT1 rs2162560
(C..2774680_30, Applied Biosystems), rs759920 (C___2355506_20,
Applied Biosystems) and DNMT3 B rs2424932 (C___2488770_10,
Applied Biosystems), rs998382 (C._._7500184.10, Applied Biosys-
tems) and rs2424913 (C_.25620192.20, Applied Biosystems)
polymorphisms were described in previous report [27]. Briefly,
the selection was performed using the HapMap (HapMap Genome
Browser release #24) (Phases 1 and 2—full dataset) using the fol-
lowing settings for the tool “annotate TagSNP Picker”: European
population (CEU), minimum frequency of the rarer allele of 20%
and a coefficient of determination (R2) of 80%. The five polymor-
phisms were genotyped with the use of TaqMan® Genotyping
Master Mix and TaqMan® SNP Genotyping assays (Applied Biosys-
tems). A control on the genotyping assay was also performed (25%
of randomly chosen samples from both groups) to check for geno-
typing accuracy, and identical genotypes were identified in all
repeated samples. The researchers who performed the genotyping
were blinded to the patients’ diagnostic status.

2.3. Statistical analysis

Descriptive analyses were firstly carried out. Normality dis-
tribution was tested by the Kolmogorov-Smirnov test. Age and
education difference between cases and controls were calculated
by Mann-Whitney test, and sex were compared by chi-squared
association test.

Genotype frequency was used to estimate allelic frequencies,
and agreement with Hardy-Weinberger equilibrium was ascer-
tained by chi-square test. Pairwise linkage disequilibrium (LD)
statistics (D’ and r?) and haplotype frequencies were estimated
with Haploview 4.2 [2] and Gabriel definitions of linkage disequi-
librium were used to determine haplotype blocks [11].

Univariate analyses to verify the associations between the
polymorphisms in the genes encoding the enzymes DNMT1 and
DNMT3B and PD were carried out by chi-square association test
with a dominant model. The Bonferroni correction was performed
for multiple comparisons.

Carriers of the T allele were pooled together due to previous
studies showing that CT had similar characteristics of TT subjects
[12,25,27]. In all of these studies, T carriers confer a disease risk.

Multivariate logistic regression analysis was performed for PD
outcome, with polymorphisms as independent variable. The con-
founders entered in the model were education and sex.

Statistical analyses were performed with SPSS (version 18.0)
(SPSS, Chicago, IL, USA), considering p <0.05 as significant.

3. Results

Demographic sample’s characteristics are summarized in
Table 1. The mean age of PD patients and healthy controls was simi-
lar. Educational attainment was significantly lower in the PD group.
PD was more prevalent in male population (51.5%). Among the PD
patients, 84% were physically independent and scored stage 3 or
bellow on modified Hoehn-Yahr Scale. The mean score on Schawb-
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Table 2

Genotype and Allelic Frequencies of DNMT3B gene polymorphisms rs2424913, rs998382, rs2424932 and DNMT1 rs2162560, rs759920 in PD and healthy control groups:

descriptive and univariate analyses.

Genotype Frequency

Allelic Frequency

% % % % %
DNMT3B rs2424913 cC CT T C T
Control 37.0 44.5 18.5 59.3 40.7
Parkinson 24.2 50.2 25.6 493 50.7
P 0.0179% (0.006") 0.006% (0.002") (OR=
1.5; 95% CI=1.16-1.94)
rs998382 AA AG GG A G
Control 40.9 41.2 179 61.5 38.5
Parkinson 31.9 48.1 20.0 56.0 44.0
P 0.113 0.082 (OR=1.26;
95%Cl=0.97-1.63)
rs2424932 AA AG GG A G
Control 15.3 46.1 38.6 38.3 61.7
Parkinson 11.2 44.2 44.7 333 66.7
P 0.258 0.112 (OR=1.25;
95%CI=0.95-1.63)
DNMT1 rs2162560 AA AG GG A G
Control 16.6 48.7 34.7 40.9 59.1
Parkinson 124 46.2 414 355 64.5
P 0.236 0.093 (OR=1.26;
95%Cl=0.96-1.64)
rs759920 AA AG GG A G
Control 24.0 51.3 24.7 49.7 50.3
Parkinson 244 519 23.6 50.5 49.5
P 0.958 0.849 (OR=0.97;
95%CI=0.76-1.24
Note: Control: Control Group. Parkinson: Parkinsonis disease Group.
2 Bonferroni correction.
b Uncorrected p values.
Table 3
Multiple logistic regression analysis for outcome PD.
Variables in the Model B OR 95% ClI P
DNMT3B r52424913* 0.590 1.80 1.16-2.81 0.009
Education (years) —0.184 0.83 0.79-0.87 <0.001
Sex (male) 1.367 3.92 2.58-5.98 <0.001

Note: *DNMT3B rs2424913 categories: T carriers (TT+CT) x CC (reference); OR: Odds Ratio; B: estimated coefficient; 95% CI: Confidence Interval 95%.

England Scale was 75.5% (£23.8%) and the first symptoms were
observed at 59.1 +10.8 years.

The genotypic frequencies of DNMT1 and DNMT3B poly-
morphisms were consistent with Hardy-Weinberg equilibrium
(P>0.05). The haplotype structure and pairwise LD values (r?)
for DNMT3B gene demonstrated strong linkage disequilibrium
between rs998382-rs2424932 (D’=0.95), but a low determina-
tion coefficient (r2 =0.36). Three haplotypes were observed in the
LD block (haplotype GG, frequency = 0.402; AA, frequency=0.357;
AG, frequency =0.235). For rs2424913-rs998382 and rs2424913-
1s2424932 pairs the 95% confidence interval of D’ was lower than
90%, indicating evidence of historical recombination.

Table 2 describes genotypic and allelic frequencies related to
each gene polymorphism and their association with PD. Univariate
analyses showed significant association between the DNMT3B poly-
morphism rs2424913 genotype and PD (P=0.0179) and that the T
allele of DNMT3B polymorphism rs2424913 was associated with
PD (P=0.006). There was no significant association of polymor-
phisms with age of disease onset or with PD disability, measured
by Hoehn-Yahr and Schawb-England scales (data not shown).

In order to verify whether the effect of the DNMT3B rs2424913
was independent of age, sex and education, a multivariate logistic
regression analysis was performed. For this analysis we categorized
the DNMT3B rs2424913 in T carriers (individuals with genotypes
TT and CT) and individuals with CC genotype. The presence of the T

allele (TT+CT) was associated with PD (OR=1.80, 95% CI 1.16-2.81,
P=0.009). These results are shown in Table 3.

4. Discussion

The present study evaluated the relation of polymorphisms
in DNA methyltransferase enzymes, which are responsible for
important epigenetic mechanism, and Parkinson disease. The main
result described herein was the association between T allele of the
152424913 polymorphism in the DNMT3B gene and PD. No associ-
ation was found for polymorphisms in DNMT1.

To the best of our knowledge, this is the first study showing
an association between polymorphisms of DNA methyltransferase
and PD. Previous studies have shown a relationship between poly-
morphisms of DNA methyltransferases with aging [6], cancer [18],
psychiatric [25] and neurodegenerative syndromes [5,7,27]. Our
previous study shows a positive association between DNMT3B TGG
haplotype and Alzheimer’s disease [27]. PD shares similar mecha-
nisms with AD: both disorders are age-related and resulted from
an abnormal handling of proteins. Considering these results, one
might hypothesize that a common dysfunctional methylation pat-
tern, influenced by DNMT3B polymorphisms, could contribute to
abnormal protein accumulation and neurodegenerative process in
a broader way.
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A variety of studies suggested epigenetic mechanisms in PD.
In the context of gene-specific methylation process, DNA methy-
lation of CpG islands of human a-synuclein (SNCA) intron 1 and
demethylation of the SNCA CpG in brains of PD patients can regulate
SNCA gene expression [15,33]. Besides, studies regarding methyla-
tion status of SNCA in leukocytes have demonstrated controversial
results. While one investigation in one hundred patients with PD,
paired with one hundred healthy control subjects, indicated that
CpG-2 island was hypomethylated [33], other study reported no
evidence for differential methylation of alpha-synuclein in leuko-
cyte DNA of Parkinson’s disease patients [29]. On the other hand, an
increased global methylation was observed in aging animal model
with a consequent dopamine, norepinephrine, and serotonin deple-
tion and acetylcholine increase, causing hypokinesia and tremor.
These findings suggested increased methylation as an inducing fac-
tor in parkinsonism [3].

The 152424913 is located in noncoding region of DNMT3B and
its functionality is still unclear, however in vitro essays showed an
increase of 30% in DMNT3B promoter activity [32]. Therefore we
may hypothesize that this genetic variability could upregulate the
DNMT3B expression with consequent increase of methylation and
expression of several PD candidates genes.

Another potential epigenetic deregulation in PD was related to
the brain-derived neurotrophic factor (BDNF) gene. Reduction of
BDNF levels has been verified in patients with PD and other neu-
rodegenerative disorders [35], also is known that BDNF expression
isregulated by histone acetylation as well as DNA methylation [22].

Interestingly, the presence of T allele of rs2424913 was previ-
ously associated with decreased risk of cancer, the same allele that
in our sample was associated with AD and PD [9]. Recent epidemio-
logical studies are depicting an inverse correlation between cancer
and neurodegenerative disorders [8]. Epigenetic mechanisms are
a possible explanation for the fact that individuals with neurode-
generative disorders, like PD, are protected against some types of
cancer. The same methylation patterns that could predispose to
cell death in PD might protect the individual against abnormal cell
proliferation in cancer.

Some limitations need to be pointed out. There is a sex difference
between the groups. However, we controlled this possible con-
founding factor in the multivariate analysis. This is an exploratory
study, which suggests association between the polymorphism of
DNMT3B and PD. This results need to be replicated in other samples.

The findings described in this paper suggest a role for an impor-
tant DNA methylation enzyme in Parkinson disease. Understanding
the complexity of PD neurodegeneration, the influence of environ-
mental factors on phenotypic constitution as well as the attractive
hypothesis of epigenetic mechanisms contributing to PD pathogen-
esis, justifies further researches on this field.
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