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Lista de Abreviaturas da Tese*:

3-NT: 3-Nitrotirosina

BD: Transtorno Bipolar (do inglés, Bipolar Disorder)

BDNF: Fator Neurotrofico Derivado do Ceérebro (do inglés, Brain-Derived Neurotrophic
Factor)

CAT: Catalase

CCL11: Eotaxina-1 (do inglés, C-C motif chemokine 11)

CCL24: Eotaxina-2 (do inglés, C-C motif chemokine 24)

FAST: Escala Breve de Funcionalidade (do inglés, Functioning Assessment Short Test)

GPx: Glutationa Peroxidase
GR: Glutationa Redutase
GSH: Glutationa

GST: Glutationa S-Transferase
IL-10: Interleucina-10

IL-6: Interleucina-6

SNC: Sistema Nervoso Central
SOD: Superoxido Dismutase
TB: Transtorno Bipolar

TNF-a: Fator de Necrose Tumoral Alfa (do inglés, Tumor Necrosis Factor Alpha)

*cada artigo tem sua lista especifica de abreviaturas.



Resumo:

Evidéncias apontam que o transtorno bipolar (TB) é uma doenca multifatorial associada a
alteracGes em neurotrofinas, em processos inflamatérios, em pardmetros cognitivos e no
funcionamento psicossocial. Além disso, constatou-se que no TB hé& sinais de um processo de
envelhecimento acelerado, como, por exemplo, o encurtamento de telémeros. O TB é uma
doenga com alto componente de herdabilidade. Dados apontam para a existéncia de alteragdes
neurobioldgicas em individuos ndo afetados com risco genético para TB, isto é, familiares de 1°
grau. Portanto, o objetivo deste estudo foi examinar marcadores bioldgicos, cognitivos e de
funcionamento em pacientes com TB, seus irm&os e controles saudaveis. Os resultados do estudo
desenvolvido para esta tese estdo agrupados em dois artigos : 1) “Comparagdo do desempenho
cognitivo e funcionamento psicossocial em pacientes com transtorno bipolar, irmaos e controles
saudaveis” e 2) “Comprimento de teldmeros, estresse oxidativo, inflamacéo e niveis de BDNF
entre irmdos de pacientes com transtorno bipolar: implicagdes para o envelhecimento celular
acelerado”. No primeiro artigo, relatamos os resultados da avaliagdo do funcionamento
psicossocial e dos testes neuropsicologicos. No segundo artigo, apresentamos dados sobre niveis
séricos de neurotrofinas, interleucinas, quimiocinas, marcadores de estresse oxidativo e
comprimento dos teldmeros. Ambos reforcam a ideia de que tracos ou alteraces neurobioldgicas
estdo presentes de forma atenuada em familiares de paciententes com TB. Resultados sugerem
que irmdos ndo afetados podem apresentar sinais de envelhecimento precoce (encurtamento de
teldmeros) e pior desempenho na funcionalidade psicossocial quando comparados com controles
saudaveis. Os presentes resultados podem contribuir para o desenvolvimento de marcadores em

estudos de populacB@es com risco genético e podem auxiliar em pesquisas que buscam identificar



endofendtipos. Pesquisas futuras sdo necessarias para melhorar o conhecimento nesta area, sendo
de fundamental importancia a realizacdo de estudos prospectivos com longo tempo de
seguimento.

Palavras chave: Transtorno Bipolar, Familiares de primeiro grau, teldbmeros, BDNF,

funcionamento, cognicao.




Abstract:

There is growing evidence that bipolar disorder (BD) is a multifactorial illness associated
with alterations in neurotrophins, inflammation, cognitive and psychosocial functioning. Also,
there is association between BD and signs of accelerated aging, such as telomeres shortening.
The high heritability of BD has been shown through familial incidence. Rising evidence supports
the existence of neurobiological trait abnormalities in individuals at genetic risk for BD.
Therefore, the aim of this study was to examine if there are differences in biological markers,
cognitive performance and functioning between BD patients, their siblings and healthy controls.
The results from this thesis are organized in two articles: 1) Comparison of cognitive
performance and psychosocial functioning in patients with bipolar disorder, siblings and healthy
controls and 2) Telomere length, oxidative stress, inflammation and BDNF levels among siblings
of patients with bipolar disorder: implications for accelerated cellular aging. In the first study
psychosocial functioning and a battery of neuropsychological tests were accessed. In the second
study, we measured serum brain-derived neurotrophic factor, interleukins, chemokines, oxidative
stress markers and telomere length. These studies reinforce the idea of functional and
neurobiological trait abnormalities in individuals at genetic risk for BD. The results suggest that
unaffected siblings may present accelerated aging features and poor functional performance
compared to healthy controls. These findings are in line with the similar genetic background to
patients with BD, and may contribute to development of prodromal markers or determining
endophenotypes traits. Future prospective studies are needed to confirm and further understand

the clinical meaning of these findings.
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functioning.
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1 - Apresentacéo

O nosso grupo de pesquisa estudava estadiamento no transtorno bipolar (TB) em 2011, e
um questionamento importante era a existéncia de um estagio latente ou ndo. A literatura
também aumentava o foco em estudos das alteragcdes bioldgicas em populagdes especiais como
pacientes apos primeiro episddio de mania, familiares, filhos e populacdes de alto risco para
desenvolvimento de TB. Considerando o acesso que tinhamos aos pacientes e a seus irmaos por
meio do ambulatério (Programa de atendimento ao transtorno bipolar do Hospital de Clinicas de
Porto Alegre),  tornou-se interessante entender quais alteragdes observadas nos pacientes
também estariam presentes nos irmdos que ndo apresentavam o TB. Ainda que os estudos
logitudinais pudessem trazer mais respostas, tal material poderia ser um passo inicial para guiar
quais alteracdes poderiam ter relevancia e diferenca entre esses grupos.

Esta tese de doutorado foi desenvolvida entre os anos de 2011 a 2015 no Laboratorio de
Psiquiatria Molecular e no ambulatorio do Programa de Transtornos do Afeto e Humor Bipolar
(PROTAHBI), ambos localizados no Hospital de Clinicas de Porto Alegre, sob orientacdo da
Prof.2 Dra. Marcia Kauer Sant’Anna. Recebemos também colaboragfes de outros grupos de
pesquisa, como as da Dra. Florencia M. Barbé-Tuana (Laboratorio de Biologia Molecular e
Bioinformatica - Departamento de Bioquimica, UFRGS) e as colaborac¢des dos Dra. Caterina del
Mar Bonnin e Dr. Eduard Vieta (Bipolar Disorders Program, Institute of Neurosciences, Hospital
Clinic, University of Barcelona) ambas as colaborag6es sob intermédio da Prof.2 Dra. Adriane R
Rosa. A presente tese de doutorado resultou em dois artigos: 1) “Comparison of cognitive
performance and psychosocial functioning in patients with bipolar disorder, siblings and healthy

controls” e 2) “Telomere length, oxidative stress, inflammation and BDNF levels among siblings
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of patients with bipolar disorder: implications for accelerated cellular aging”. Ambos seréo

apresentados no formato de artigo.
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2 - Introducéo

2.1 Transtorno Bipolar

Transtorno Bipolar é doenca cronica e multifatorial caracterizada por altera¢cdes no humor,
variando entre episddios de mania/hipomania e depressdo. Ha vérias subclassificacdes possiveis
para o TB, dentre elas podemos citar, segundo o Manual Diagndstico e Estatistico de Transtornos
Mentais (DSM-5), como diagnosticos principais TB tipo | (depressdo e mania), TB tipo Il
(depresséo e hipomania) e TB ndo-especificado (NOS) (Kessler et al., 1994; Yatham et al., 2005;
American Psychiatric Association, 2013). Na maioria dos casos, 0s pacientes com TB tém
sintomas residuais de depressdo persistentes por até um terco de vida (Judd et al., 2002), sendo a
depressdo a principal causa de incapacidade entre os pacientes. Além disso, eles comumente
apresentam sintomas psicoticos, prejuizos no funcionamento, comprometimento da qualidade de
vida e estigma (Geddes & Miklowitz, 2013). O TB esta associado a altas taxas de mortalidade
por suicidio e € considerado uma das doencas mentais mais incapacitantes. Segundo a
Organizacdo Mundial da Saide, TB esta entre as dez causas de maior incapacidade entre todas
as condi¢des médicas gerais (World Health Organization, 2004), sendo associada a altas taxas de
prejuizo funcional, mesmo durante a remissao dos sintomas de humor (Yatham et al., 2005).

A prevaléncia do TB na populacdo mundial esta estimada em cerca de 0.5-2.4% para TB
tipo 1 e (Bourdon et al., 1992) e 0.2-5.0% para TB tipo Il (Kessler et al., 1994), e sua
distribuicdo é semelhante entre os sexo feminino e masculino. Existe importante componente de
herdabilidade no TB, que fica claro ao observarmos que o risco na populacédo geral é em torno de
0,5 a 1,5%, enquanto em familiares de primeiro grau € 5 a 10% e em gémeos monozigdticos é
40 a 70% (Craddock & Jones, 1999). Alguns estudos chegam a apontar taxas ainda mais altas,

como 86% em um estudo inglés em gémeos (McGuffin et al., 2003) e 93% em um estudo
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populacional em gémeos do mesmo sexo na Finlandia (Kieseppa et al., 2004). Em relacéo a
comorbidades psiquiatricas, nos estudos clinicos, em média, metade dos pacientes com TB
apresentam algum transtorno de ansiedade ou abuso de substancias (McElroy et al., 2001).

As bases neurobioldgicas subjacentes ao TB permanecem pouco esclarecidas. Ha
evidéncias de que o TB (especialmente o namero de episddios ou tempo de doenca) esta
associado a um processo progressivo de deterioracdo clinica, cognitiva, funcional e a sinais de
envelhecimento neurobiolégico precoce. Especula-se quais vias neuroquimicas podem estar
associadas, visto que alteragcBes em neurotrofinas, marcadores inflamatorios e estresse oxidativo
ja foram demonstradas. Estudos sugerem que a fisiopatologia est4d associada a alteragdes
semelhantes aquelas encontradas no estresse cronico, similar a carga alostatica inadequadamente
compensada, em que se encontram alteragbes em quimiocinas e citocinas inflamatorias,
corticosteroides, neurotrofinas, fun¢do mitocondrial, e enzimas antioxidantes (Berk et al., 2011;
Kapczinski et al., 2008). Os desfechos clinicos observados ao longo do curso do TB que sugerem
progressao incluem a reducdo de intervalos interepisodio e a piora na capacidade de resposta ao
tratamento, culminando em declinio funcional em &reas sociais, ocupacionais e econdémicas.
Assim, Kapczinski et al. (2009a), baseado em seu modelo de estadiamento da doenca, ressalta a
importancia da detecg@o precoce, tratamento precoce e prevencdo. Essas medidas podem ter o
potencial para retardar a progressdo, diminuir a gravidade ou mesmo prevenir a perda funcional
(Berk et al, 2011;. Post et al, 2012). Até o momento, h4, no entanto, relativa escassez de
evidéncias sobre a real predi¢do clinica dos marcadores neurobioldgicos no TB. Os estudos de
marcadores em seguimentos longitudinais de longo prazo no TB serdo importantes para entender
a correlacdo com sintomas e resposta ao tratamento. Da mesma forma, o estudo em familiares de

primeiro grau ou populagdes de alto risco para desenvolver o TB pode contribuir com o melhor
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entendimento do significado desses achados neurobioldgicos para o desenvolvimento do TB e

potenciais alvos de intervencéo precoce.

2.1.1 Cognicdo, Funcionalidade e Transtorno Bipolar

O TB esta4 associado a prejuizo social, ocupacional, econdbmico e de relacionamento
interpessoal e familiar. O declinio no funcionamento psicossocial é marcado no TB, de forma
que em estagios mais avancados da doenca alguns pacientes podem necessitar de cuidado
constante, tornando-se dependentes. As incapacidades funcionais do TB ndo se limitam a
periodos sintomaticos, podendo permanecer ou até mesmo resultar em uma incapacidade
sustentada (Gardner et al., 2006; Gonzalez-Pinto et al., 2010). Um estudo prospectivo mostrou
que, depois de dois anos, 98% dos pacientes maniacos no primeiro episodio atingiram controle
sintomatico, enquanto apenas 38% deles atingiram recuperacdo funcional (Tohen et al., 2000).
Portanto, o prejuizo funcional ndo necessariamente esta vinculado aos sintomas vigentes (Tohen
et al., 2000; Keck et al., 2004 ). Rosa et al. (2014), seguindo o modelo de estadiamento do TB,
mostrou que pacientes em estagios tardios apresentam escores da escala FAST mais elevados
que aqueles em estagios iniciais ou controles saudaveis.

Além de prejuizo na funcionalidade, estudos também mostram que pacientes com
diagnostico de TB podem apresentar déficits em diversas areas da cognicdo. O prejuizo cognitivo
na doenca bipolar parece estar relacionado com a severidade da doenca, com o nimero de
episddios maniacos, com multiplos episodios, com numero de internacdes e com o tempo de
doenca (Martinez-Arén et al., 2007; Torres et al., 2007; Robinson & Ferrier, 2006). Estudos
realizados apds o primeiro episddio maniaco mostraram déficits em memoria visual, memaria

verbal, e memoria de trabalho (Barrett et al, 2009;. Hill et al, 2009; Torres et al, 2010). Os
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prejuizos em funcgdes executivas, atencdo e memdria tém sido relatados em pacientes bipolares,
mesmo quando eles estdo eutimicos (Martinez-Aran et al, 2007;. Mur et al, 2009; Torres et al,

2007; Mackala et al., 2014).

2.1.2 Inflamacdo e Transtorno Bipolar

Citocinas sdo proteinas liberadas por células do sistema imune e sdo importantes
mediadores do processo inflamatério. O papel da inflamacdo em doencas cardiovasculares,
diabetes, cancer e doencas neurodegenerativas ja estd bem definido. No entanto, também é
crescente o interesse no papel de processos inflamatdrios em doengas neuropsiquidtricas,
classicamente na depressdo e na esquizofrenia e, mais recentemente, no TB (Haroon et al.,
2012).

No TB, os episodios de humor tém sido caracterizados como estados pro-inflamatorios,
com aumento principalmente das citocinas fator de necrose tumoral alfa (TNF-a) e interleucina-6
(IL-6). Em episadios depressivos (Ortiz-Dominguez et al.,2007; O'Brien et al., 2006; Goldstein
& Young, 2013) e maniacos (Maes et al., 1995; Brietzke et al., 2009; Goldstein & Young, 2013)
h& aumento de citocinas pré-inflamatérias como o TNF-a, enquanto em periodos de eutimia ha
achados apontando semelhanca entre pacientes e controles saudaveis (Brietzke et al., 2009;
Dickerson et al.,2007; Tsai et al., 1999 Goldstein & Young, 2013). No entanto, estudos também
descrevem aumento de citocinas pré-inflamat6rias em pacientes eutimicos, sobretudo naqueles
com doenca em estagios mais avangados, com varios anos de doenca (Kauer-Sant'/Anna et al.,
2009). Estudos preliminares também mostram que pode existir correlacdo entre niveis de
interleucinas e severidade de sintomas (Tsai et al., 2001; Brietzke et al., 2009; Dickerson et

al.,2007). Alem disso, ha indicios de que o uso de agentes como litio, valproato e antipsicéticos
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estdo associados a reducdo de citocinas pro-inflamatorias, mas esses achados sdo controversos
(Goldstein & Young, 2013).

Ademais, tem-se investigado a inflamacdo como possivel fator associado a
neuroprogressdo, uma vez que algumas citocinas tém o potencial de gerar toxicidade e morte por
apoptose em células da glia (Magalhaes et al., 2012a). Em artigo de revisdo, Bauer et. al. (2014)
encontrou  resultados o0s quais sugerem que niveis elevados de citocinas inflamatorias
periféricas, estresse oxidativo e redugdo de niveis de fatores neurotréficos estavam associados

a pior desempenho cognitivo em pacientes com TB.

2.1.3 Estresse oxidativo e Transtorno Bipolar

Estresse oxidativo pode ser compreendido como desequilibrio entre agentes oxidantes e
antioxidantes que pode levar ao dano a lipidios, a proteinas, a carboidratos e a0 DNA
(Pfaffenseller et al., 2013). O estado oxidativo pode ser causado tanto por elevacdo de agentes
oxidantes, quanto por reducdo de agentes anti-oxidantes (Magalh&es et al., 2012a; Pfaffenseller
et al., 2013). O cérebro ¢ especialmente suscetivel ao dano oxidativo, visto que o alto consumo
de oxigénio aumenta a producdo de radicais livres e também porque o cérebro possui baixo
potencial antioxidante (Olmez et al., 2012). Durante a cadeia transportadora de elétrons, na
mitocdndria, espécies reativas de oxigénio sdo liberadas e, se ndo adequadamente neutralizadas
por agentes antioxidantes, poderdo gerar o dano. Além disso, estudos recentes sugerem que no
TB ha disfuncdo mitocondrial (Berk et al., 2011). Os agentes antioxidantes podem ser de origem
enzimatica, como a catalase (CAT), a superdxido dismutase (SOD) e a glutationa peroxidase
(Gpx), ou de origem ndo enzimatica (Halliwell, 2011), esses ultimos representados
principalmente pela glutationa (GSH). No cérebro, predomina o sistema antioxidante nao

enzimatico, e a GSH tem papel central nessa funcao.
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No TB, foi verificado desbalanco entre o dano oxidativo e as defesas antioxidantes, de
forma que se acredita que o estresse oxidativo participa da fisiopatologia desta doenca
(Magalhdes et al., 2012a; Pfaffenseller et al., 2013). Estudos postmortem mostraram niveis
reduzidos de GSH no cértex pré-frontal de pacientes (Gawryluk et al., 2011) e alteracdes da
funcdo mitocondrial no complexo | da cadeia transportadora de elétrons (Andreazza et al, 2010).
Andreazza et al. (2007a) sugere que ha aumento de atividade oxidante em pacientes com
diagndstico de TB, tanto em episodios depressivos quanto em maniacos, mas ndo em pacientes
eutimicos. Esses achados foram confirmados em outros estudos (Machado-Vieira et al, 2007;
Kunz et al, 2008). H4, entretanto artigos que mostraram que a atividade da SOD estaria reduzida
em episddios de humor e na eutimia (Selek et al, 2008; Ranjekar et al., 2003). Em estudo de
caso-controle de base populacional, Magalhées et al. (2012b) concluiu ser possivel que alguma
forma de dano oxidativo esteja presente desde o inicio da doenca, pois encontrou niveis
aumentados de Carbonil (um marcador de dano proteico) em um grupo de pacientes em estagio
inicial do TB, o que se verificou também em estagios mais adiantados, independentemente do
tratamento em vigéncia ou do estado do humor. Uma metanalise mostrou que o éxido nitrico -
espécie reativa de oxigénio, e o acido tiobarbitdrico -marcador de dano lipidico- estdo elevados
no TB em todas as fases, sugerindo que o estresse oxidativo pode ser considerado um tragco da
doenca (Andreazza et al., 2008). Além disso, um estudo mostrou frequéncia elevada de dano ao
DNA em pacientes com TB, que se correlacionava com a gravidade dos sintomas e estava

possivelmente associado ao estresse oxidativo (Andreazza et al, 2007b).

2.1.4 Neurotrofinas e Transtorno Bipolar
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Neurotrofinas sdo proteinas que interagem com diferentes receptores em diferentes locais,
sendo especialmente importantes no desenvolvimento e na plasticidade do sistema nervoso
central (SNC) (Chao et al., 2006). O fator neurotrofico derivado do cérebro (BDNF) é a
neurotrofina mais amplamente distribuida no SNC e a mais estudada, sendo atribuido a esta
efeitos relacionados a plasticidade sinaptica, arborizacdo dendritica e conectividade neuronal
(Post, 2007). No hipocampo e no cortex pré-frontal, verificou-se que o BDNF apresenta funcdes
antidepressivas (Duman & Monteggia, 2006; Martinowich et al., 2007). Além de ser produzido
por neurbnios, o BDNF também pode ser produzido por macrofagos, linfécitos, células
endoteliais e células do musculo liso, mas a maior parte do BDNF circulante origina-se a partir
de neurdnios do SNC e da glia (Lommatzsch et al., 1999; Gielen et al, 2003). Um estudo recente
apontou que ha correlacéo entre 0 BDNF do plasma e o BDNF do liquor (Pillai et al., 2010).

Ha diversas pesquisas apontando reducdo dos niveis de BDNF no TB nos episédios
depressivos e maniacos (Goldstein & Young, 2013), sendo que uma metanalise mostrou
tamanhos de efeito de -0,81 para mania e -0,97 para depressao (Fernandes et al., 2011). Alguns
estudos ndo encontraram diferencas consistentes entre pacientes eutimicos e controles saudaveis
(Goldstein & Young, 2013). Entretanto, um estudo avaliou pacientes eutimicos em diferentes
estagios da doenca e mostrou que 0 BDNF esta aumentado em estagios mais avancados, ao
contrario de pacientes eutimicos em estagios iniciais da doenca (Kauer-Sant’Anna et al., 2009).
Esses achados abrem espaco para uma discussdo atual (Magalhdes et al., 2012a): 0 BDNF é
apenas relacionado a estados agudos ou é um traco da doenca? Mais estudos, principalmente
estudos longitudinais, serdo necessarios para esclarecer a discussdo; é possivel, no entanto, que

a neurotrofina tenha caracteristicas tanto de estado como de traco.
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Em relacdo ao tratamento, estudos demonstram que os niveis de BDNF podem variar
conforme o uso de medicages. Estabilizadores do humor vém se monstrando agentes capazes de
elevar os niveis de BDNF, sendo o litio uma das substancias que tem a propriedade de aumentar
0 BDNF e promover neuroprotecdo (De Sousa et al., 2011; Machado-Vieira et al., 2009).
Agentes com propriedades antidepressivas podem elevar os niveis de BDNF hipocampal (Post,
2007). Entretanto, um estudo encontrou aumento de BDNF em pacientes deprimidos apos o
tratamento, mas ndo em pacientes em epis6dios mistos ou maniacos nas primeiras semanas de
tratamento (Grande et al., 2012). Pfaffenseller et al. (2013), em artigo de revisdo, discutiu esses
achados considerando que talvez isso possa indicar que episddios maniacos e mistos poderiam
ser particularmente toxicos quando comparados a episodios depressivos, €, por isso, precisariam

de maior tempo para restabelecimento de niveis de BDNF.

2.1.5 Envelhecimento Precoce e Transtorno Bipolar

Teldmeros séo as extremidades dos cromossomos formados por complexos de proteinas e
de DNA néo codificante que compreendem centenas a milhares de repeticbes em tandem de
TTAGGG (de Lange et al., 2005), que se encurtam a cada divisdo mitética das células normais
(Bojesen, 2013). Assim, o comprimento dos teldmeros reflete quantas divisbes a célula sofreu
(Bojesen, 2013). Quando o teldmero chega a certo comprimento curto critico, a célula perde a
capacidade de dividir-se e entra na senescéncia (Nitta et al., 2011). Fatores como idade
(Weischer et al., 2012), sexo (Fitzpatrick et al., 2011), obesidade (Njajou et al., 2012), tabagismo
(Weischer et al., 2012) e estilo de vida (Cassidy et al., 2010; Sun et al., 2012) influenciam no
comprimento dos teldmeros (Hastie et al., 1990). Além disso, o comprimento do teldmero

também é determinado pela variacdo genética individual normal, a herdabilidade desta
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caracteristica varia entre 60% e 80% (Njajou et al., 2007; Atzmon et al., 2010). Bojesen (2013)
destacou em artigo de revisdo que o comprimento dos telémeros é um biomarcador bastante
promissor, pois: (1) fornece uma medida quantitativa que é, teoricamente, intimamente
relacionada com mecanismos biolégicos basicos, como a proliferacdo, senescéncia e
“imortalizacdo” de células; (2) registra o numero de divisdes celulares passadas; (3) ¢
reprodutivel no individuo e altamente correlacionado nos tecidos; (4) esta associado a estilos de
vida adversos e a outros fatores de risco, incluindo idade e sexo.

O encurtamento dos telébmeros estd associado a risco aumentado de morte precoce na
populacdo em geral, mas ndo esta claro se este € um fator causal ou um traco de risco (Bojesen,
2013). Telbmeros curtos ou mutacBes em genes que codificam a telomerase também estdo
associados a varias doencas clinicas como disceratose congénita, doenca hereditaria causada
por mutacdo deletéria de proteinas de telomerase, caracterizada por pigmentacdo da pele
irregular, leucoplasia e aumento do risco de céncer (Savage & Bertuch, 2010). Além disso,
pesquisas tém relacionado o encurtamento dos teldmeros com doencas psiquiatricas. Simon et al.
(2006) observou que ha reducdo do comprimento dos telémeros de leucécitos periféricos em
individuos com depressdo unipolar e TB comparados com controles saudaveis (Simon et al.,
2006).

Hartmann et al. (2010) mostrou que individuos com depressao, comparados com controles
saudaveis, tém menor comprimento dos teldmeros em leucdcitos e que o tempo de doenga e a
gravidade dos sintomas ndo estavam associados ao comprimento dos telémeros. Wolkowitz et al.
(2011), por sua vez, destacou que o numero de episddios depressivos anteriores foi um
determinante importante do encurtamento dos telébmeros, e que a atividade da telomerase pre-

tratamento estava significativamente elevada em individuos deprimidos quando comparados com
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controles saudaveis (Wolkowitz et al., 2012). Um estudo mostrou que o TB tipo Il est& associado
ao aumento de encurtamento de teldmeros, relacionado com o ndmero de episodios depressivos
ao longo da vida, mas ndo com a duracdo da doenga. O tratamento com litio parece ter efeito
positivo no comprimento do teldmeros (Martinsson et al., 2013), sugerindo que litio pode
exercer efeito protetor sobre o envelhecimento precoce. Lima et al. (2015) confirmou
recentemente que ha encurtamento de telémeros no TB. Rizzo et al. (2014) publicou uma reviséo
sobre a teoria de transtorno bipolar como doenca de envelhecimento acelerado, em que discutiu
que o envelhecimento e a senescéncia podem contribuir para a busca de novos alvos moleculares
para melhor compreender a fisiopatologia do TB, bem como para dar suporte a teoria da
neuroprogressdo no TB (Rizzo et al., 2014).

Ainda em relacéo a envelhecimento, a “C-C motif chemokine 11” (CCL11) € uma citocina
pro-inflamatoria,  conhecida também como eotaxina-1, que vem sendo associada ao
envelhecimento (Shurin et al., 2007). Villeda et al. (2011) mostrou em modelo animal um
mecanismo no qual a toxicidade sistémica pode ter efeitos diretos no hipocampo de ratos,
avaliando efeitos da CCL 11 e da “C-C motif chemokine 24” (CCL 24). Este estudo sugeriu que
a quimiocina CCL11 poderia prejudicar a plasticidade sinaptica, a neurogénese e a cognicao de
forma semelhante ao observado no envelhecimento. No contexto do TB, essa quimiocina foi
investigada recentemente por Magalhdes et al. (2014), em uma amostra de base populacional de
jovens, confirmando achados prévios que apontavam que a CCL11 pode desempenhar um papel

no processo fisiopatoldgico do TB (Barbosa et al, 2013; Brietzke et al, 2009).

2.1.6 Conceitos de Estadiamento no Transtorno Bipolar
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A histéria natural do TB apresenta-se com evolugdo bem menos favoravel do que
previamente se supunha, com melhora sintomatica muitas vezes apenas parcial e prejuizo
cognitivo persistente (Martinez-Arén et al., 2004a; Martinez-Aran et al., 2004b). Pesquisas
revelam que o tempo de eutimia diminui ao longo do tempo enquanto a chance de recorréncia de
sintomas aumenta a cada novo episddio (Kessing et al, 1998, Kessing et al., 2004). A
vulnerabilidade a fatores estressantes bem como a frequéncia dos episodios e a gravidade desses
aumentam ao longo do tempo. O curso do TB ndo € igual em todos os casos, de forma que
alguns pacientes apresentam multiplos episodios, mas com boa recuperacdo e periodos de
eutimia, enquanto outros pacientes ja iniciam a doenca com quadros graves e de dificil controle
(Berk et al., 2007a; Kapczinski et al., 2009a). Portanto, o nimero de episddios ndo seria 0 Unico
fator determinante, mais importante seria 0 grau de prejuizo persistente observado no periodo do
interepisodio.  Isso levaria em conta, além das caracteristicas da doenga, também as
vulnerabilidades individuais.

Nos tdpicos acima, foi citado que alteracdes de biomarcadores, alteracfes anatdmicas no
SNC, alteracgdes cognitivas e de funcionalidade psicossocial evidenciam-se no TB a longo prazo.
Baseado nesses achados, desenvolveu-se um dos conceitos de estadiamento no TB, que tem sido
amplamente estudado e utilizado devido a grande aplicabilidade clinica e potencial predicdo de
tratamento (Kapczinski et al., 2009a). Tal modelo divide-se em: Estagio Latente (alto risco para
desenvolver TB), Estagio | (auséncia de prejuizo relevante no periodo interepisodio), Estagio 1l
(alteracBes clinicas e de biomarcadores no periodo interepisddio), Estagio Il (prejuizo
importante clinico e de biomarcadores no periodo interepisédio) e Estagio IV (prejuizo
importante clinico e de biomarcadores no periodo interepisodio — nesse estagio, o paciente

necessita de cuidador e perde a capacidade de autonomia e autocuidado) (Kapczinski et al.,
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2009b). E importante ressaltar que os familiars de pacientes com diagnostico de TB s&o
considerados estégio latente devido a historia familiar positiva.

Propostas anteriores de estadiamento foram sugeridas. McGorry et al. (2007) foi um dos
precurssores no estadiamento em doencas mentais, este autor acreditava que o estadiamento
clinico seria especialmente interessante em dependéncia quimica e em transtornos de humor.
Berk et al. (2007a; 2007b) propds um modelo de estadiamento clinico para o TB, ressaltando a
importancia de acrescentar a compreensdo do TB a dimensdo temporal ao curso da doenca, em
vez de uma compreensdo transversal. Afirmava ainda que o estadiamento seria Util para planejar
tratamento e para avaliar prognostico. Os estadiamentos propostos ndo contemplavam, no
entanto, o uso de biomarcadores, atualmente estabelecido por Kapczinski et al. (2007a; 2009b).

Abaixo, tabela 1 sintetiza 0 modelo de estadiamento e suas caracteristicas em cada estagio

(Kapczinski et al., 2009a).
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Tabela 1 — “Clinical Staging in Bipolar Disorder” Fonte: “Clinical Implications of a staging

model for bipolar disorder” (Kapczinski et al., 2009a).

Table 1. Clinical staging in bipolar disorder.

Latent

v

At risk for developing BD,
positive family history,
mood or anxiety
symptoms without criteria
for threshold BD

Well-defined periods of
euthymia without overt
psychiatric symptoms

Symptoms in interepisodic
periods related to
comorbidities

Marked impairment in
cognition and functioning

Unable to live
autonomously owing to
cognitive and functional
impairment

Polyrmorphisms that
confer susceptibility
to BD

T TNF-at
T 3-nytrotyrosine

T TNF-a
1 BDNF
T 3-nytrotyrosine

Morphometric changes
in brain may be present
T TNF-oe

1 BDNF

T 3-nytrotyrosine

Ventricular enlargement
and/or white matter
hyperintensities

T TNF-or

| BDNF

T Glutathione reductase
and transferase

T 3-nytrotyrosine

BD: Bipolar disorder; BDNF: Brain-derived neurotrophic factor.

Mo impairment

Nao impairment

Transient impairment

Severe cognitive
impairment associated
with functioning
impairment (unable to
work or very impaired
performance)

Cognitive impairment
prevents patients
from living
independently

1 Exposure to
pathogens

Mood stabilizer
monotherapy;
psychoeducation

Combined treatment
(pharmacotherapy +
psychotherapy; focus
on the treatment of
comorbidities)

Complex regimens
usually required;
consider innovative
strategies

Palliative;
daycare center

Good prognosis
when protected
from pathogens

Good prognosis with
careful prophylaxis

Prognosis depends on
how well comorbidities
can be managed. Worse
than stage |

Reserved prognosis;
rescue therapy required

Poor prognosis

2.2 Familiares de Primeiro Grau de Pacientes com Transtorno Bipolar - Risco, Biomarcadores,

Cognicdo e Funcionalidade

A fisiopatologia do TB ndo é completamente compreendida, mas evidéncias apontam
para a contribuicdo genética, em conjunto com outros fatores (Craddock & Sklar, 2013). Os
pacientes com TB que relatam histéria familiar de TB parecem apresentar sintomas mais
proeminentes do que aqueles sem historia na familia, dados apontam que apresentam perfil
clinico mais grave quando buscam tratamento e pior curso da doenca (Antypa & Serretti, 2014).

O Estudo BRIDGE (Angust et al., 2011) ressalta a relevancia da associa¢do entre historia

familiar e diagndstico de TB em pacientes com depressao. O risco de TB intrafamiliar diminui ao
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passo que a relacdo de parentesco fica mais distante (Craddock & Sklar, 2013). Como
mencionado anteriormente, a prevaléncia do TB na populacéo geral € de 0,5 a 1,5%, 0 risco em
irmao de pacientes € de cerca de 10%, e o risco de gémeos monozig6ticos varia entre 40 a 70%
(Craddock & Jones, 1999). Nesse sentido, estudar familiares de primeiro grau de pacientes com
diagndstico de TB é uma oportunidade para buscar melhor compreensdo de fatores genéticos
compartilhados que podem estar associados a fisiopatologia da doenca. Além disso, é uma forma
de conhecer melhor tal populagao e suas vulnerabilidades.

Dados da literatura mostram que, mesmo antes de desenvolver TB, filhos de pacientes com
TB apresentaram maior prevaléncia de psicopatologia quando comparados a filhos de pais
saudaveis. Hirshfeld-Becker et al. (2006) examinou filhos de pacientes com BD, filhos de
pacientes com panico ou depressao maior, e filhos de pais saudaveis. Encontrou resultados cujos
indices apontavam que filhos de pacientes com TB apresentavam maior frequéncia de
transtornos de conduta e transtornos de ansiedade, sugerindo que psicopatologias podem ser ja
evidentes na primeira infancia (Hirshfeld-Becker et al., 2006).

Ademais, foi comprovado que individuos com risco genético apresentam alguns tragos de
alteragdes neurobiolodgicas. Fusar-Poli et al. (2012) realizou revisdo sistemética sobre estudos
com neuroimagem em individuos com risco genético para TB (gémeos, irmaos, filhos, parentes
de primeiro e segundo graus) e encontrou alteracOes significativas estruturais e funcionais.
Estudos de neuroimagem que avaliam impacto a estimulos emocionais também apontam para
alteracGes nos irmdos de pacientes com TB, mostrando reducdo de ativacdo do cortex frontal
medial de pacientes, enquanto, em seus irm&os, ha aumento desse indicador, dando margem para

especular um possivel efeito compensatorio no grupo de irmaos (Kruger et al., 2006).
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Além disso, embora os achados ainda sejam controversos, pesquisadores também
encontraram alteracGes cognitivas em familiares de primeiro grau, principalmente em funcdes
executivas e memoria verbal, situando as alteragdes cognitivas como potenciais endofenétipos.
Kulkarni et al. (2010) e Nehra et al. (2014) encontraram alteracbes em memoria verbal em
irmédos de pacientes com TB comparado com controles saudaveis, enquanto Civil Arslan et al.
(2014) e Clark et al. (2005) ndo encontratam alteragdes em memoria verbal em familiares de
primeiro grau. Enquanto isso, Arts et al. (2008) realizou metanalise e mostrou que em familiares
de primeiro grau de pacientes com TB ha alteragdes em funcgdes executivas e memdria verbal,
mas com pequeno tamanho de efeito.

Em relacdo a funcionalidade psicossocial, Linnen et al. (2009), Ellenbogen et al. (2013) e
Ostiguy et al. (2012) investigaram o dominio de relacionamento interpessoal em filhos de
bipolares e encontraram maior frequéncia de dificuldade de relacionamento. Bella et al. (2011)
realizou estudo no qual avaliou outros dominios alem de relacionamento interpessoal e também
encontrou prejuizo nos filhos dos pacientes com TB; nédo foi possivel, porém, encontrar estudos
que avaliassem funcionalidade psicossocial em irméos saudaveis de pacientes com TB.

Marcadores de estresse cronico também parecem mostrar alguma alteracdo nessa
populacdo. Filhos de pacientes com TB mostraram aumento de secrecdo de cortisol durante o
dia, sugerindo alteracdes no eixo hipotalamo-hipofise-adrenal que talvez possam  estar
associadas ao aumento de vulnerabilidade a transtornos de humor (Ellenbogen et al., 2010). Mais
recentemente, Fries et al. (2014) mostrou que a atividade do eixo hipotdlamo-hipd6fise-adrenal
em irmaos de pacientes com TB apresenta-se com valores intermediarios entre pacientes com TB

e controles saudaveis, provavelmente devido a reatividade dos receptores de glicocorticoides.
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Em relacdo aos biomarcadores que avaliam inflamacdo, estresse oxidativo e as
neurotrofinas, extensamente pesquisados no TB, ndo foi possivel encontrar na literatura estudos
com irmdos saudaveis de pacientes com TB, que tenham avaliado esses pardmetros. Ha,
entretanto, trés diferentes estudos que avaliaram os filhos de pacientes com TB. Ferensztajn et
al. (2014) avaliou biomarcadores e o temperamento da prole de pacientes com diagnéstico de TB
e comparou os filhos entre si, dividindo-os de acordo com a resposta do paciente ao litio (filhos
de pacientes excelentes respondedores x respondedores intermediarios x ndo respondedores).
Encontrou filhos de excelentes respondedores que mostraram perfis de temperamento e
neurobioldgico diferentes. Park et al. (2015) pesquisou o polimorfismo Val66Met do gene do
BDNF em filhos de pacientes bipolares em comparacdo com controles saudaveis, e encontrou
que filhos de pacientes com TB com o genotipo val/Val mostraram maiores niveis de sintomas
ansiosos. Mesman et al. (2015) realizou estudo prospectivo de dez anos com filhos de pacientes
com TB, cujos resultados sugerem estado neuroimune aberrante na prole de pacientes com TB,
persistente muitas vezes na idade adulta e estava presente independentemente do tempo de vida

ou de transtornos de humor futuros.

2.3 Conceitos de Endofenotipos

Endofendtipos consistem em biomarcadores que se relacionam com uma doenca, pelo
menos em parte, sob influéncias genéticas compartilhadas (Glahn et al., 2014). Trata-se de
fatores de risco hereditarios que estdo presentes tanto em individuos afetados quanto em
individuos ndo afetados e que, por vezes, apresentam melhor potencial para identificar genes
resposaveis pela doenca do que o diagnostico por si s6 (Almasy & Blangero, 2001; Blangero,

2004; Gottesman & Gould, 2003). O termo foi definido por outros autores como uma
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caracteristica mensuravel que ndo é observada a olho nu e que se aproxima mais da genética do
que de caracteristica do fenotipo clinico (Gottesman & Gould, 2003).

Em psiquiatria, a busca por endofenétipos e o seu uso para compreender melhor a
arquitetura genética das doencas mentais ainda é pouco frequente. Em outras areas da medicina,
observa-se, contudo, que pesquisas vém apresentando resultados animadores, principalmente em
doengas complexas como doencas cardiovasculares, diabetes melitus e osteoporose (Glahn et al.,
2014; Glahn et al., 2012; Kathiressan,2009; Sing, 2003; Comuzzie et al., 1997). Critérios para
identificacdo de endofendtipos em psiquiatria foram propostos por Gershon e adaptados por

Gottesman (Gottesman & Gould, 2003; Gershon & Goldin, 1986), conforme figura abaixo:

1. The endophenotype is associated with illness in the
population.

2. The endophenotype is heritable.

3. The endophenotype is primarily state-independent
[manifests in an individual whether or not illness is active).
4. Within families, endophenotype and illness co-segre-
gate.

Subsequently, an additional criterion that may be useful
for identifying endophenotypes of diseases that display
complex inheritance patterns was suggested (29):

5. The endophenotype found in affected family members
is found in nonaffected family members at a higher rate
than in the general population.

Figura 1: Critérios para identificacdo de endofenétipos em psiquiatria. Fonte: “The
Endophenotype Concept in Psychiatry: Etymology and Strategic Intentions” (Gottesman &

Gould, 2003).

Endofenétipos  podem  ser  bioquimicos,  neurofisiolégicos,  neuroanatémicos,

enddcrinoldgicos, cognitivos ou neuropsicoldgicos (Gottesman & Gould, 2003). Dentre o0s
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estudos com endofenétipos, as variaveis mais pesquisadas sdo neuroimagem, estudos
eletrofisioldgicos e cognicdo. Entretanto, segundo Glahn et al. (2014), essas caracteristicas
tendem a ter arquiteturas genéticas complexas que poderiam limitar a sua utilidade para a
descoberta e caracterizacdo do gene (Glahn et al., 2014), pois ndo necessariamente sua
arquitetura genética é menos complexa do que a da doenca associada a essa caracteristica. O
autor sugere ainda que uma possivel saida para esse impasse seria tentar realizar pesquisas de
endofendtipos em doenca mental que se aproximasse mais da acdo do gene, como pesquisas com
protedmicas e transcriptomicas (Glahn et al., 2014).

Além da busca por endofenétipos, existem também tentativas de criar algoritimos
preditores de risco para desenvolver TB, 0s quais seriam essenciais no auxilio de pesquisas que
visam a prevencdo primaria. Um dos modelos propostos (Brietzke et al., 2012) sugere trés
pilares, considerando que o TB é uma doenca multifatorial: 1) Alto risco genético (referindo-se a
familiares de primeiro grau de pacientes com TB); 2) Alto risco ambiental (referindo-se a
individuos com histdéria de trauma na infancia); 3) Perfil de biomarcadores de alto risco
(referindo-se a marcadores de estresse oxidativo, inflamacdo e neurotrofinas). Embora, nesse
mesmo artigo, o item ‘3’ estivesse amparado pela relevancia desses biomarcadores na
fiopatologia de pacientes com TB, ndo havia, no entanto, registro na literatura de resultados
desses biomarcadores em familiares de primeiro grau. Até o momento, registros de resultados
desses biomarcadores em familiares de primeiro grau sdo escassos, conforme previamente

mencionado.
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3 — Justificativa e Objetivos

3.1 Justificativa

Ainda que o TB tenha alta herdabilidade, h& relativa escassez de estudos avaliando
familiares de primeiro grau. Este tipo de estudo tem o potencial de contribuir para compreenséo
de endofendtipos, de prodromos e de biomarcadores; e consequentemente ampliar o
entendimento da fisiopatologia do TB. Alguns estudos demonstraram alteragdes clinicas e
cognitivas nos familiares de pacientes com TB, mas até o0 momento nenhum estudo avaliou o
perfil de biomarcadores (de neuroplasticidade, de inflamacdo e de envelhecimento precoce) em

irmaos de pacientes com TB.

3.2 Objetivo Geral

Estudar o impacto da condigé@o genética/ambiental compartilhada por irméos néo afetados

de pacientes com TB na cognicdo, funcionalidade, e neurobiologia.

3.2 - Objetivos Especificos

- Investigar o impacto da relacdo familiar de primeiro grau na cognicdo, dando especial
enfoque para funcdes executivas, memdria verbal e funcionalidade psicossocial em irmédos nédo
afetados de pacientes com TB, comparando-os com pacientes com TB e com controles
saudaveis.

- Comparar os niveis plasmaticos de BDNF; marcadores inflamatorios interleucina-10
(IL-10), IL-6, CCL11 e CCL24; e marcadores de estresse oxidativo glutationa S-transferase
(GST), 3-nitrotirosina (3-NT), glutationa redutase (GR) e GPx entre pacientes com TB, irmaos

ndo afetados e controles saudaveis.
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- Avaliar o encurtamento de telomeros, como medida de envelhecimento precoce, em

pacientes com TB, em irmdos ndo afetados e em controles saudaveis.
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Abstract:

Objectives: The objective of this study was to assess cognitive performance and psychosocial
functioning in patients with BD, in unaffected siblings, and in healthy controls.

Methods: Subjects were patients with BD (n=36), unaffected siblings (n=35), and healthy
controls (n=44). Psychosocial functioning was accessed using the Functioning Assessment Short
Test (FAST). A subgroup of patients with BD (n=21), unaffected siblings (n=14) and healthy
controls (n=22) also underwent a battery of neuropsychological tests: California Verbal Learning
Test (CVLT), Stroop Test and Wisconsin Card Sorting Test (WCST). For clinical and
sociodemographic characteristics analysis was used (ANOVA) or the chi-square test;
(MANCOVA) was performed to examine differences in neuropsychological variables.

Results: Patients with BD showed higher FAST total scores (23.90£11.35) than healthy controls
(5.86+5.47; p<.001) and siblings (12.60+£11.83; p<.001). Siblings and healthy controls also
showed statistically significant differences in FAST total scores (p=.008). Patients performed
worse than healthy controls on all CVLT subtests (p<.03) and in the number of correctly
completed categories on WCST (p=.03). Siblings did not differ from healthy controls in
cognitive tests.

Conclusions: Unaffected siblings of patients with BD may show poorer functional performance
compared to healthy controls. FAST scores may contribute to the development of markers of
vulnerability in at-risk populations and of endophenotypic traits.

Keywords: Bipolar Disorder; Siblings; Functional Impairment; Cognition; Endophenotype.
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Introduction:

The high heritability of bipolar disorder (BD) has been demonstrated in several twin and
adoption studies [1]. The risk of first-degree relatives developing BD is approximately 10-fold
higher than that of the general population [2]. Despite the evidence supporting the existence of
neurobiological trait abnormalities in individuals at genetic risk for BD, most individuals with a
family history of BD will not develop the disorder [2]. Conversely, they may present subtle
symptoms or vulnerabilities, which are less studied.

BD is associated with psychosocial functioning decline, and greater impairment is
commonly observed at later stages of the illness [3]. Functional disabilities in BD are not limited
to symptomatic periods; they may remain present or result in sustained disability [4]. In a follow-
up study, after 2 years, 98% of first-episode manic patients had symptomatic recovery, whereas
only 38% had functional recovery [5]. Therefore, the inability of patients with BD to function
socially and occupationally, and to live independently, are not necessarily associated with

symptom status [5].

Neurocognitive deficits have been consistently correlated with functional impairment in
BD, pointed as one of the most relevant predictors of functionality in BD [6][7][8]. Patients with
low functioning showed poorer cognitive performance, in particular on verbal memory and
executive function, even when euthymic [6][7][9][10][11]. Forcada et al. (2011) emphasized that 1Q,
total white matter volume and depressive illness course were independently associated with functional

outcome (with GAF scale), but not in relatives (siblings and offspring).  Studies with first-episode
manic patients have consistently shown deficits in visual, verbal, and working memory when

compared to healthy controls [12][13].
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Some studies have suggested the presence of cognitive dysfunction in unaffected first-
degree relatives of patients with BD when compared to healthy controls, particularly in executive
function and/or verbal memory [14][15][16]. Arts et al. (2008), in a meta-analysis, showed a
small effect size (d<.5) for executive function and verbal memory parameters in first-degree

relatives.

Moreover, there is evidence supporting the existence of neurobiological trait
abnormalities in individuals at genetic risk for BD [17]. A systematic review of neuroimaging
studies involving individuals at high genetic risk for BD (twins, siblings, offspring, first-degree
and second-degree relatives of patients) found accumulating structural and functional imaging
evidence suggesting abnormalities in this population [17].

Even though BD has a strong genetic underpinning, little is known about clinical or
biological features associated with risk for the illness. In this sense, a better understanding of
familial risk for BD in siblings and of how this familial risk is clinically manifested could help
researchers identify heritable subphenotypes of the disorder, as this population has high genetic
loading for BD because of the shared DNA. It may shed light on the pathophysiology of the
condition, and possibly encourage further research into the genetic architecture of BD.

Therefore, the objective of this study was to investigate the presence of neurocognitive
and functioning impairment in patients with BD, in unaffected siblings, and in healthy controls,
comparing siblings to the two other, in an attempt to characterize neuropsychological
performance and psychosocial functioning in a Brazilian population at genetic risk of developing
BD. Considering that cognitive deficits are one of the most relevant predictors of functioning in
BD, it would be interesting to asses cognitive performance and functioning in unaffected

siblings. We hypothesized that patients with BD and unaffected siblings would show impaired
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performance on cognitive and psychosocial functioning tests when compared with healthy

controls.

Methods:
Participants:

This is a cross-sectional study reporting data obtained at the Bipolar Disorder Program, at
Hospital de Clinicas de Porto Alegre, southern Brazil. Participants included outpatients receiving
a diagnosis of BD type | at the program, one or more unaffected siblings of each patient
included, and healthy controls. Thirty-six patients with BD, 39 unaffected siblings, and 44
healthy subjects were included. All patients were tested for mood symptoms and psychosocial
functioning; a subgroup of 21 patients, 14 siblings, and 22 healthy controls underwent a battery
of neuropsychological tests. Inclusion criteria for patients were: having a diagnosis of BD type |
according to the Structured Clinical Interview for DSM-1V Axis | Disorders (SCID-I), being on
current pharmacological treatment, being euthymic for at least 45 days, presenting scores < 7 on
the Hamilton Depression Rating Scale (HDRS) and the Young Mania Rating Scale (YMRS), not
having neurological diseases or severe clinical illnesses, having siblings without a diagnosis of
BD, agreeing to participate in the study.

Siblings were included if they did not have a psychiatric diagnosis according to DSM-1V,
if they scored < 7 on HDRS and YMRS, did not have neurological diseases or severe clinical
illnesses, and if they agreed to participate in the study.

Finally, controls were volunteer blood donors invited and recruited at the Blood Bank of
Hospital de Clinicas de Porto Alegre. Inclusion criteria for the control group were: not having a

psychiatric diagnosis according to DSM-IV, scoring < 7 on HDRS and YMRS, not having
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neurological diseases or severe clinical illnesses, having a negative psychiatric history, having a
negative family history of psychiatric disorders (considering all first degree-relatives), agreeing
to participate in the study. Individuals with unstable inflammatory diseases were excluded. All
controls underwent a comprehensive clinical interview conducted by a well-trained psychiatrist,
using a short version of the SCID-I.

All the procedures described in this study were approved by the local research ethics
committees. Written informed consent was obtained from all the participants prior to any study

procedures.

Assessment:

Depressive and manic symptoms were assessed using HDRS and YMRS, respectively.
Cognitive performance was assessed with a focus on executive function and verbal memory,
areas that have been demonstrated to be relevant in BD [18]. Executive function was evaluated
using the Stroop Color Reading Interference Test [19] and the standard score of the Wisconsin
Card Sorting Test (WCST) [20]. Verbal memory was measured using the California Verbal
Learning Test (CVLT) [21].

Psychosocial functioning was assessed using the Functioning Assessment Short Test
(FAST), a 4-point Likert-type scale containing 24 items whose scores may range from 0 to 72;
higher scores indicate poorer functional status [22]. The scale covers six specific areas of
psychosocial functioning: autonomy, occupational functioning, cognitive functioning, financial
issues, interpersonal relationships, and leisure time. The FAST has been validated for use both in
the Brazilian population [23] and in patients with BD [22], and has been reported to be sensitive

to change [24][25].
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Statistics:

Statistical analyses were performed using the Statistical Package for the Social Sciences
(SPSS) for Windows, version 19 (SPSS Inc., Chicago, IL). The three groups (patients, siblings,
and healthy controls) were compared with regard to clinical and sociodemographic
characteristics using either analysis of variance (ANOVA) or the chi-square test, as appropriate.
Multivariate analysis of covariance (MANCOVA) was performed to examine differences in
neuropsychological variables between groups. Cognitive variables were used as dependent
variables, mood symptoms (HDRS and YMRS results) as covariates, and the group was the main
factor. Comparisons showing significant effects were further analyzed using MANCOVA
followed by Tukey’s HSD post-hoc tests.

Pearson’s correlation was used to evaluate the relationship between functioning, cognitive
variables, and clinical variables in the group of patients with BD. A linear regression model was
used to identify the best predictors of psychosocial functioning; all clinical variables showing
correlation with FAST scores were tested. All analyses were two-tailed. Significance was set at

p<.05.

Results:

Thirty-six patients with BD, 39 unaffected siblings, and 44 healthy subjects were included
in the study. Sociodemographic variables and mood rating scale scores are shown in Table 1.
Variables, including gender, age and years of education were not significantly different between

patients, siblings and control groups.
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Patients, siblings, and healthy controls all showed very low subthreshold symptoms, as
indicated by mood rating scale scores. However, there were statistical differences in depressive
and manic symptom scores between patients and healthy controls (p<.01) and between siblings
and healthy controls (p<.01). As expected, patients with BD showed higher FAST total scores
(23.91£11.35) when compared to both healthy controls (5.86+5.48; p<.001) and siblings
(12.60+11.83; p<.001). Siblings and healthy controls also showed statistical differences in FAST
total scores (p=.008, Figure 1).

Patients also showed higher functional impairment than healthy controls when FAST
domains were analyzed separately (all p<.004). When compared with siblings, patients showed
higher functional impairment in the autonomy (p<.001), occupational (p<.001), cognition
(p=.004), financial (p=.03), and interpersonal relationships (p=.01) domains. There were also
statistical differences between siblings and healthy controls, with siblings showing higher
impairment in cognition (p=.01), interpersonal relationships (p=.003), and leisure time (p=.04).
FAST scores obtained for all three groups are shown in Table 2.

Because the groups differed in terms of HDRS scores, MANCOVA was used to control for
potential confounders, using the group as the main factor. The analysis revealed significant
differences in functioning between the groups, even when HDRS was used as a covariate
(Pillai’s F=3.620, df=2, p<.001).

Neuropsychological results are shown in Table 3. MANCOVA (Pillai's F=1.481, df=2,
p<.001) was performed for the main effect and revealed significant differences in cognitive
performance between the groups. Patients performed worse than both healthy controls and
siblings on all CVLT subtests (all p<.01). Executive function showed significant differences

between patients and healthy controls in the number of correctly completed categories on WCST
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(p=.03). The same pattern was found when HDRS and YMRS scores were used as covariates in
MANCOVA. Medications currently in use by the patients who performed neuropsychological
tests are shown in Table 1.

Correlations were found between CVLT long delayed free recall and HDRS (r=-.44,
p=.02), and between CVLT total recall and HDRS (r=-.51, p<.01). There were also significant
positive correlations between FAST total scores and HDRS (r=.65, p<.001), number of previous
depressive episodes (r=.55, p=.002), number of previous manic episodes (r=.63, p<.001), and
number of previous hospitalizations (r=.38, p=.03).

Finally, in the linear regression model, HDRS scores, number of depressive episodes,
number of psychiatric hospitalizations, and number of manic episodes were entered
simultaneously as predictors into a regression equation using FAST total scores as the dependent
measure. Only HDRS scores remained a significant predictor of FAST total scores (B=1.81,

SE=.57, p=.004).
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Table 1. Demographic and clinical characteristics of patients with bipolar disorder, unaffected siblings, and healthy
controls.

Characteristics Patients (n=36) Siblings (n=39) Controls (n=44) P-Value
Mean(SD) Mean(SD) Mean(SD)

Years of education* 10.28(3.93) 10.54(4.77) 12.11(5.23) .167
Age (years)* 47.25(10.16) 49.76(15.02) 45.84(12.15) .359
HDRS score* 4.11(2.94) 3.59(3.50) .70(1.15) >.001
YMRS score* .94(1.53) .10(1.53) .09(.36) .001
Sex** N(%0) N(%b) N(%) 134

Male 9(25) 12(30,76) 20(45,45)

Female 27(75) 27(69,23) 24(54,54)
IlIness duration*** 19.78(11.54)
Current medications**** N(%)

Lithium 14(58.33)

Valproic acid 12(50.00)

Typical antipsychotics 2(8.34)

Atypical antipsychotics 12(50.01)

Antidepressants 2(8.34)

Benzodiazepines 3(12.51)

*Mean and standard deviation, P-Value by ANOVA; **Absolute (N) and frequencies, P-Value by chi-square test;
***|lIness duration calculated considering age at diagnosis of bipolar disorder; ****Medications currently in use by
patients who completed the neuropsychological battery (n=21). YMRS score, Young Mania Rating Scale; HDRS
score, Hamilton Depression Rating Scale.
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Table 2: Psychosocial functioning as assessed by specific FAST domains in patients with bipolar disorder,
unaffected siblings, and healthy controls.*

Patients®» (n=33)  Siblings® (n=35)  Controls (n=43) F/P-Value
Mean(SD) Mean(SD) Mean(SD)

FAST total score 23.91(11.35) 12.60(11.83) 5.86(5.48) 32.01/<.001
FAST autonomy 3.41(2.85) 1.26( 2.47) .63(1.04) 15.80/<.001
FAST occupational 5.38(4.79) 1.69(2.55) .86(1.39) 21.20/<.001
FAST cognitive 6.47(3.49) 4.11(3.11) 2.14(2.29) 19.83/<.001
FAST financial 1.94(2.09) .97(1.58) .53(.85) 7.81/.001
FAST interpersonal 4.69(3.05) 2.86(3.37) .79(1.47) 19.72/<.001
relationships
FAST leisure time 2.03(1.59) 1.71(1.84) 91(.97) 5.89/.004

*Mean and standard deviation, p value by ANOVA. @ Patients showed higher functional impairment than healthy
controls (all p <.004). ® Patients showed higher impairment than unaffected siblings in autonomy (p=.001),
occupational functioning (p<.001), cognition (p=.004), financial (p=.03), and interpersonal relationships (p=.01).¢
Unaffected siblings showed higher impairment than healthy controls in cognition (p=.01), interpersonal relationships
(p=.003), and leisure time (p=.04). FAST, The Functioning Assessment Short Test.
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Table 3. Cognitive performance of patients with bipolar disorder, unaffected siblings, and healthy controls

Patients (n=21) Siblings (n=14) Controls (n=22) ANOVA Post-hoc
F/P-Value
Mean(SD) Mean(SD) Mean(SD)

CVLT total recall 42.61(10.57) 50.56(8.07) 51.65(10.75) 5.45/.007 P<HC, s*
CVLT short delayed 8.22(2.96) 10.89(2.11) 11.39(2.65) 9.40/<.001 P<HC, §*
free recall 1
CVLT long delayed 8.78(2.84) 11.11(2.65) 10.11(2.97) 5.63/.006 P<HC,S®
free recall 2
CVLT short delayed 9.43(2.46) 11.50(1.65) 11.65(2.55) 6.45/.003 P<HC, §*
cued recall 1
CVLT long delayed 9.22(2.71) 11.78(2.13) 11.70(2.40) 7.77/.001 P<HC, $°
cued recall 2
Stroop interference 107.93(69.13) 82.77(19.05) 79.60(56.81) 1.80/.173 P=HC=S
WCST 83.61(13.93) 80.06(15.14) 88.13(16.30) 1.46/.240 P=S=HC
perseverative errors
WCST number of 2.70(1.29) 2.89(1.53) 3.74(1.35) 3.62/.033 P<HC®
correctly completed
categories

1- p<.01 between patients and healthy controls; p=.01 between patients and unaffected siblings.

2- p=<.01 between patients and unaffected siblings; p<.01 between patients and healthy controls.

3- p<.01 between patients and healthy controls; p<.01 between patients and unaffected siblings.

4- p<.01 between patients and unaffected siblings; p<.01 between patients and healthy controls.

5- p=<.01 between patients and unaffected siblings; p<.01 between patients and healthy controls.

6- p=.03 between patients and healthy controls.

SD, standard deviation; P, patients; S, siblings; HC, healthy controls; CVLT, California Verbal Learning
Test.
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Discussion:

To the authors’ knowledge, this is the first study to compare cognitive performance and
psychosocial functioning between patients with BD, unaffected siblings, and healthy controls.
The findings of this research can be summarized as follows: 1) there were significant differences
in memory tasks and executive function between patients and healthy controls, but not between
siblings and controls; 2) patients showed higher functional impairment according to FAST scores
compared to both healthy controls (all domains) and unaffected siblings (some domains); 3)
there were statistical differences between siblings and healthy controls in FAST total scores and
in specific domains of the scale, namely, cognition, interpersonal relationships, and leisure time.

With regard to patients and healthy controls, our findings are consistent with previous
studies that have shown higher cognitive impairment, in particular in executive function and
verbal memory, in remitted patients with BD compared to controls [7][10][11], as well as greater
functioning impairment in patients vs. heathy controls [3].

However, our study also showed poorer psychosocial functioning in unaffected siblings of
patients with BD compared to healthy controls, as measured by the FAST. To our knowledge,
this is the first study to evaluate psychosocial functioning in siblings using this instrument.
Linnen et al. (2009), Ellenbogen et al. (2013), and Ostiguy et al. (2012) investigated
psychosocial functioning in the offspring of patients with BD, but those authors evaluated
specifically interpersonal relationships; all three studies found some degree of impairment in the
domain assessed. Bella et al. (2011) evaluated other areas in addition to interpersonal
relationships in children of patients with BD, and also found impairment. However, we could not
find other studies assessing psychosocial functioning in unaffected siblings of patients with BD.

The FAST scores obtained in the present study placed siblings in an intermediate position

between patients with BD and healthy controls, suggesting that psychosocial functioning could
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be either an endophenotypic trait or a sign of vulnerability and/or resilience in this population.
Rosa et al. (2014) found higher FAST scores in late-stage BD patients than in early-stage
patients, and suggested that FAST scores could have the potential to distinguish between patients
in early versus late stages of BD. We could speculate that the results obtained with siblings in the
present study are consistent with the staging model of BD] — siblings might have a so-called
latent-stage BD [30], as a result of the biological underpinnings of BD that they share.
Conversely, it is also possible that the siblings selected for the present study had a high level of
resilience, as they remained without psychiatric diagnosis despite the genetic and environmental
factors shared with the patients. Of note, the mean age of siblings in our sample was 45.6 years,
which is beyond the first peak age of BD onset (BD type | has two peaks of onset age, the first at
15-24 years and the second at 45-54 years) [31].

Neurocognitive deficits in patients with BD, an established part of the disorder, have been
strongly correlated with poor functioning [6][7][8] and with other clinical factors, such as disease
severity, chronicity, and residual symptoms [9][32]. Another study has shown that patients with
multiple-episode BD have poorer functioning, especially in the FAST domains of autonomy,
occupational, interpersonal relationships, and leisure time, compared to first-episode patients
[33]. Finally, Forcada et al. (2011) showed that intelligence quotient (I1Q), total white matter
volume, and a predominantly depressive illness course were independently associated with
functional outcomes in patients with BD, but not in their relatives.

In line with the findings described above, the present study found poor cognition and
functioning in patients with BD. CVLT parameters in patients were different from those obtained
for controls and also for siblings, reinforcing the effect of the disease on cognitive outcomes.

This finding highlights the damage caused by number of episodes and number of
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hospitalizations, as suggested by Strakowski et al. (2002), who have shown abnormalities in
neural circuits involved in mood regulation and cognition in multiple-episode patients. In the
present study, CVLT, Stroop Test, and WCST results were similar in siblings and controls.

There are studies reporting significant impairment of verbal working memory in siblings of
patients with BD compared to healthy controls [35][36]. Similar results have been found in
comparisons between first-degree relatives (siblings, parents) and healthy controls [37][38].
Conversely, other authors have reported negative results for verbal learning, with no differences
between first-degree relatives of patients with BD and healthy control groups [39][40]. However,
comparison across those studies is limited, as samples are not homogenous with regard to the
type and age of first-degree relatives included (siblings, offspring, and parents).

Kulkarni et al. (2010) assessed sample similar to ours, i.e., middle-aged siblings and
controls. In that study, unaffected siblings performed poorly on the Tower of London test (TOL)
(a planning test) and on Rey’s Auditory Verbal Learning Test (RAVLT), but there were no
significant differences between siblings and healthy controls on the Stroop Test, the WCST, and
the lowa Gambling Task (IGT). Nehra et al. (2014) also reported poor performance of middle-
aged unaffected siblings of patients with BD in verbal learning tests, assessed using the Hopkins
Verbal Learning Test-Revised. Again, these controversial findings reported for unaffected
relatives may be explained by heterogeneous samples (type and age of relative assessed) and by
methodological differences, e.g., in the cognitive tests employed. Moreover, in our study, only a
subgroup of participants (smaller sample size) underwent the neurocognitive test battery,
reducing the power to detect subtler impairments —which we would expect to be the case with
siblings, considering their intermediate position between patients and controls in terms of

functional scores. Further studies are warranted to assess cognitive reserve in siblings of patients
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with BD, given the apparently relevant role played by this variable in cognitive impairment in
BD [32].

Our findings need to be considered in light of two major limitations: first, our small
sample size; second, the cross-sectional design of our study. It would be interesting to see the
effects of a larger sample and of a longitudinal design on the results here reported.

In conclusion, the present study suggests that unaffected siblings of patients with BD may
have poorer functional performance when compared to healthy controls, probably as a result of
the genetic background that they share with the patients. The use of FAST scores may contribute
to the development of markers in at-risk populations, and may be considered as an
endophenotypic trait. It remains to be known whether the impairment of psychosocial
functioning found in unaffected siblings has any effect on their quality of life. Further
prospective studies are needed to improve our knowledge in this area and help identify

endophenotypes.
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Abstract:

Background: Bipolar disorder (BD) is a multifactorial illness associated with changes in
neurotrophins, inflammation, and oxidative stress. Also, BD has also been associated with
telomere shortening, a biomarker of aging. Growing evidence supports the existence of
neurobiological trait abnormalities in individuals at genetic risk for BD. The aim of this study
was to examine potential differences in biological markers between patients with BD, their
siblings, and healthy controls.

Methods: Thirty-six patients with BD type I, 39 siblings and 44 healthy controls were assessed.
After blood collection, serum levels of brain-derived neurotrophic factor, interleukin (IL)-6, IL-
10, C-C motif chemokine (CCL) 11, CCL24, and 3-nitrotyrosine (3-NT) were measured, as were
the activities of glutathione peroxidase (GPx), glutathione reductase (GR), and glutathione S-
transferase (GST), in all subjects. Telomere length (T/S ratio) was measured using quantitative
polymerase chain reaction (QPCR). Biomarkers were analyzed using either one-way analysis of
variance (ANOVA) followed by Tukey’s post-hoc test, or Kruskal-Wallis’s followed by Mann-
Whitney’s test, as appropriate. Telomere length results were analyzed using the Jonckheere-
Terpstra test. Bonferroni corrections were applied to control for multiple comparisons.

Results: Telomere length was different between the three groups (p = 0.041). Patients showed
increased levels of IL-6 (p = 0.005) and IL-10 (p = 0.002) compared to controls, as well as
increased levels of IL-6 (p = 0.014) and CCL24 (p = 0.016) compared to their siblings. CCL11
levels were increased in siblings compared to controls (p = 0.015). GPx activity was decreased in
patients compared to both controls (p = 0.006) and siblings (p = 0.025). No differences were

found between the groups for the other markers.
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Conclusions: The present results reinforce the hypothesis of neurobiological trait abnormalities
in individuals at genetic risk for BD and suggest that unaffected siblings may present accelerated
aging features compared to healthy controls. These neurobiological findings may contribute to
the development of markers for population studies and may be considered as endophenotypic
traits. Further prospective studies are warranted to confirm these results and to clarify the clinical

meaning of these biological abnormalities.
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Introduction

Bipolar disorder (BD) is among the most disabling mental illnesses affecting adults: it is
associated with high rates of functional impairment even during remission of mood symptoms
(Yatham et al., 2005). BD has classically been seen as a cyclic disease, but recent evidence
supports progressive features of the condition (Fries et al., 2012; Mansur et al., 2013), reframing
BD as both a cyclic and a progressive disorder. Clinical evidence and biomarker studies (Kauer-
Sant’Anna, 2009) have shown that individuals at early and late stages of BD present substantial
differences in clinical presentation severity and treatment response; this has led to the
development of an illness staging model based on clinical symptoms, biomarkers, and
neurocognitive performance progression (Kapczinski et al., 2009; Berk et al., 2011). Several
biomarkers have been associated with BD, but the neurobiological underpinnings that underlie
these associations remain to be discovered.

The deleterious neuropathological processes seen in BD, including its accelerating,
progressive course, have led investigators to believe that the pathophysiology of the condition is
probably associated with poor metabolic stress compensation (Berk et al., 2011). A growing
body of evidence suggests that changes in oxidative stress, inflammatory cytokines,
neurotrophins, neurogenesis, mitochondrial energy generation, and stress-related hormones may
play a role in BD neuropathology (Berk et al., 2011). In addition, recent studies have suggested
that telomeres are shorter in patients with BD compared to controls (Rizzo et al., 2013; Simon et
al., 2006; Elvsashagen et al., 2011; Lima 2015).

Telomeres are structures found at the ends of chromosomes. They consist of protein
complexes and non-coding DNA comprising hundreds to thousands of tandem repeats of

TTAGGG (de Lange et al., 2005), which are crucial for maintaining chromosomal integrity and
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protecting them from loss of genetic material and end-to-end recombination (Blackburn, 2005).
Telomere length (TL) is determined by the number of divisions that the cell has undergone, the
higher the number of divisions, the shorter the length (Bojesen, 2013); at a certain critical short
length, the cell loses the ability to divide and enters senescence (Nitta et al., 2011). Therefore,
telomere shortening has been used as a biological marker of aging (Blackburn, 2005).

Short telomeres have been associated with increased risk of early death in the general
population, but it is unclear whether the former are the cause or only represent a trait of risk for
the latter (Bojesen, 2013). Of note, some studies have suggested that telomere shortening may be
associated with aging-related diseases, such as cardiovascular disease and diabetes (Salpea et al.,
2010; Wong et al., 2010). Moreover, factors such as age, sex, obesity, smoking, and lifestyle are
known to influence TL (Weischer et al., 2012; Fitzpatrick et al., 2011; Njajou et al., 2012;
Cassidy et al., 2010; Sun et al., 2012; Hastie et al., 1990). Finally, heritability (i.e., the variation
in TL explained by hereditary factors) has been found to vary between 60 and 80% (Njajou et al.,
2007; Atzmon et al., 2010).

There is evidence suggesting that high levels of pro-inflammatory cytokines during a
depressive episode are associated with telomere shortening (Damjanovic et al., 2007). Simon et
al. (2006) reported a reduction in TL in peripheral leukocytes in individuals with major
depression disorder (MDD) and BD compared with healthy controls, and other authors have
confirmed telomere shortening in BD (Lima et al., 2015; Elvsashagen et al., 2011; Martinsson et
al., 2013). Rizzo et al. (2014) published a review focusing on a theory of BD as an illness of
accelerated aging. According to those authors, investigation of aging and senescence processes
could contribute to the search for new and promising molecular targets to help explain and

ameliorate neuroprogression in BD (Rizzo, 2014).
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In line with the aging approach, Villeda et al. (2011) suggested a mechanism whereby
systemic toxicity could have direct effects on the central nervous system (CNS); this study
showed that C-C motif chemokine 11 (CCL11) could cause deficits in synaptic plasticity,
neurogenesis and cognition that are associated with aging. Magalhdes et al. (2014), in a
population-based sample of young adults, confirmed previous findings (Barbosa et al., 2013;
Brietzke et al., 2009) that pointed to a role played by CCL11 in BD-related neuropathological
processes.

Siblings of patients with BD may represent a vulnerable group, as BD has a strong
component of heritability (Antypa and Serretti, 2014). The risk for BD in first-degree relatives is
approximately 10-fold higher than in the general population (Kessler et al., 1994), and patients
with BD reporting a family history of mood disorder have been shown to present a worse clinical
profile upon presentation for treatment and a more symptomatic course of the disorder (Antypa
and Serretti, 2014). Recent evidence has suggested the existence of neurobiological trait
abnormalities in individuals at genetic risk (siblings or offspring), including neuroimaging
findings (Fusar-Poli et al., 2012), cognitive parameters (Arts et al., 2008), and hypothalamic-
pituitary-adrenal (HPA) axis functioning (Ellenbogen et al., 2010; Fries et al., 2014).
Specifically, Fries et al. (2014) showed that HPA axis activity in siblings of patients with BD lies
somewhere between that of controls and patients with BD.

Despite the evidence supporting the existence of neurobiological trait abnormalities in
individuals at genetic risk for BD, most individuals with a family history of BD do not develop
the disorder (Kessler et al., 1994). Thus, a better understanding of the familial risk for BD in
siblings of patients (a population with a high genetic load for BD) could help researchers to

identify endophenotypes of the disorder. Assessing how this familial risk is clinically manifested
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could provide insights into characterizing subphenotypes of the disorder, shed light on the
pathophysiology of the condition, and foster further research into the genetic architecture of BD.
In an attempt to advance knowledge in this area, in this paper we investigate the role played by
telomere shortening and aging pathways in this pathological process.

In order to characterize the neurobiological profile of a population at genetic risk for BD,
the aim of this study was to examine potential differences in biological markers between patients
with BD, their unaffected siblings, and healthy. We hypothesized that biomarkers would be

altered in patients with BD and in unaffected siblings of BD when compared to control subjects.

Methods
Participants

This is a cross-sectional study presenting data from the Bipolar Disorders Program of
Hospital de Clinicas de Porto Alegre, Brazil. Participants were outpatients of the referred
program with a diagnosis of BD type | (n = 36), unaffected siblings of each BD patient included
(n = 39), and healthy controls (n = 44).

Inclusion criteria for patients were: BD type | diagnosis according to the Structured
Clinical Interview for DSM-IV Axis | Disorders (SCID-I), current pharmacological treatment,
euthymia for at least 45 days, Hamilton Depression Rating Scale (HDRS) and Young Mania
Rating Scale (YMRS) scores < 7, absence of neurological or severe clinical illnesses, and having
siblings without a diagnosis of BD. Siblings were included if they were free from any psychiatric
diagnosis according to the Diagnostic and Statistical Manual of Mental Disorders, 4th edition
(DSM-1V), if they scored < 7 on HDRS and YMRS, and if they did not have any neurological or

severe clinical illnesses.
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Controls were volunteer blood donors from the Blood Bank Program of Hospital de
Clinicas de Porto Alegre, invited and recruited to this research. Inclusion criteria for the control
group were: not fulfilling criteria for any psychiatric diagnosis according to DSM-1V (checked
with SCID-I), HDRS and YMRS scores < 7, absence of neurological or severe clinical illnesses,
a negative history of psychiatric disorders, and a negative history of psychiatric disorders in first
degree-relatives. Individuals with unstable inflammatory diseases were excluded. All controls
underwent a comprehensive clinical interview conducted by a well-trained psychiatrist, using a
short version of the SCID-I, HDRS and YMRS.

All study procedures were approved by the Research Ethics Committee of Hospital de
Clinicas de Porto Alegre. Written informed consent was obtained from all participants (patients

with BD, siblings, and controls) prior to their inclusion in the study.

Brain-derived neurotrophic factor (BDNF) analysis

Ten milliliters of blood were withdrawn from each subject by venipuncture into a vacuum
tube without anticoagulant. The blood was centrifuged at 4,000 g for 10 min, and serum was kept
frozen at -80°C until assayed. BDNF serum levels were measured with sandwich enzyme-linked
immunosorbent assay (ELISA) using a commercial kit according to the manufacturer’s
instructions (Millipore, Billerica, MA, USA). Briefly, 96-well flat-bottom microtiter plates were
coated for 24 h at 4 °C with the samples diluted 1:100 in sample diluent and a standard curve
ranging from 7.8 to 500 pg of BDNF. Plates were then washed four times with buffer followed
by the addition of biotinylated mouse anti-hnuman BDNF monoclonal antibody (diluted 1:1000 in
sample diluent), which was incubated for 3 h at room temperature. After washing, a second

incubation with streptavidin-horseradish peroxidase conjugate solution (diluted 1:1000) for 1 h at
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room temperature was carried out. After the addition of substrate and stop solution, the amount
of BDNF was determined (absorbance set at 450 nm). The standard curve demonstrated a direct
relationship between optical density (OD) and BDNF concentration. Intra- and inter-assay

variation of the kit was 3.7 and 8.5%, respectively.

Oxidative stress parameters

Oxidative stress parameters included glutathione peroxidase (GPx), glutathione reductase
(GR), glutathione S-transferase (GST), and 3-nitrotyrosine (3-NT). GPx, GR, and GST activities
were measured using commercial kits from Cayman Chemical (Ann Arbor, MI, USA), and 3-NT
levels were assessed using a commercially available competitive ELISA kit (Millipore, Billerica,

MA, USA), according to the manufacturer’s instructions.

Inflammatory markers

IL-6 and IL-10 concentrations were determined by flow cytometry using the BD™
Cytometric Bead Array (CBA) Human Enhanced Sensitivity Flex Set (BD Biosciences, San
Jose, CA, USA). Sample processing and data analysis were performed using a FACScalibur flow
cytometer (BD Biosciences), according to the manufacturer’s instructions. Samples for the
measurement of eotaxin-1/CCL11 and eotaxin-2/CCL24 chemokines were assayed by sandwich
ELISA according to the manufacturer’s instructions (DuoSet, R&D Systems, Minneapolis, MN,

USA).

Measurement of relative telomere length (T/S ratio)
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Whole peripheral venous blood was used for genomic DNA (gDNA) extraction using a
commercial kit (lllustra blood genomicPrep Mini Spin Kit, GE Healthcare), according to the
manufacturer’s instructions. Nucleic acid quantification and purity were assessed
spectrophotometrically (BioPhotometer Plus, Eppendorf, Hamburg, Germany), and samples were
stored at -20 °C for subsequent analysis. gDNA (25 ng/reaction) was used as template for the
quantification of mean relative telomere length (T/S) using real-time gqPCR, with minor
modifications to the method previously described (Cawthon et al., 2002). Briefly, for each
sample, two separate gPCR assays were performed, in triplicate, in separate 96-well plates, and
in the same position. One reaction amplified the telomere (T) repeat sequence, while the other
amplified a single copy gene (S), 36B4, which served as quantitative control. For each

participant, relative TL was expressed as T/S ratio. Previously published primer sequences

(Cawthon et al., 2002) were (5°—3"): tel 1,
GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGAGGGT; tel 2,
TCCCGACTATCCCTATCCCTATCCCTATCCCTATCCCTA,; 36B4u,

CAGCAAGTGGGAAGGTGTAATCC; and 36B4d, CCCATTCTATCATCAACGGGTACAA.
T and S master mix reactions were identical in a final volume of 20 puL with 0.1x SYBR® Green
(Molecular Probes, CA, USA), 2 mM MqgCl,, 0.1 mM of each deoxynucleotide (dNTP), 1%
dimethyl sulfoxide (DMSO), and 0.5 U of Platinum® Taq DNA Polymerase (Invitrogen). Final
primer concentrations for telomere amplification were 270 and 1,125nM for telomere primers,
respectively; and 300 and 500 nM for 36B4u and 36B4d primers, respectively. PCR reactions
were performed using the StepOnePlus™ Real-Time PCR System (Applied Biosystems,
Carlsbad, CA, USA) and analyzed using StepOne™ Software v2.3. (Applied Biosystems). The

thermal cycling profile used for telomere amplification consisted of an initial incubation step for
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10 min at 94 °C to activate hot start Platinum Tag DNA Polymerase, followed by 22 cycles of
denaturing at 94 °C for 15 s and annealing and extension for 2 min at 54 °C. For 36B4,
amplification consisted of 30 cycles of denaturing at 94 °C for 15 s followed by annealing and
extension for 2 min at 60 °C. The specificity of the amplification was confirmed at the end of
each run using melting curve analysis. Additionally, PCR products were confirmed using agarose
gel electrophoresis. In each run, a reference sample was included as a calibrator to normalize the
participant’s T/S ratio and calculate the final T/S ratio. Finally, in order to check for PCR
amplification efficiency, standard curves for telomere and 36B4 amplification were generated

from the reference sample over a 5-fold range by serial dilution from 100 to 0.16 ng of gDNA.

Statistical analysis

Demographic data were compared using one-way analysis of variance (ANOVA) or chi-
square tests, as appropriate. All continuous variables were initially tested for normality using the
Kolmogorov-Smirnov test. T/S ratios obtained in the different groups were compared using the
Jonckheere-Terpstra trend test for continuous variables. BDNF levels, as well as GPx and GR
activities, showed a normal distribution and were therefore analyzed using one-way ANOVA
followed by Tukey’s post-hoc test. All other biochemical parameters showed a non-normal
distribution and were analyzed using Kruskal-Wallis’s followed by Mann-Whitney’s tests. P
values lower than 0.05 were considered significant, except when Bonferroni correction was

applied to control for multiple comparisons (in this case, p < 0.016 was considered significant).

Results
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The three groups were similar with regard to demographic data, e.g., age, gender, body
mass index (BMI), smoking status, and years of education (Table 1). Conversely, patients and
siblings showed higher HDRS and YMRS scores when compared to controls, even though all of
the participants were euthymic at enroliment. Groups also differed in regard to the prevalence of
hypothyroidism, diabetes mellitus, and dyslipidemia (Table 1).

Subjects with BD presented shorter telomeres (T/S ratio) when compared to their siblings
and controls (patients’ mean = 1.007; siblings’ mean = 1.017; healthy controls’ mean = 1.300,
Figure 1). The Jonckheere-Terpstra test revealed a significant negative trend for T/S ratio (p =
0.041) between the three groups. Further comparisons revealed that patients had significantly
shorter telomeres than healthy controls (U = 339, p = 0.033), and that siblings also had shorter
telomeres than controls (U = 550, p = 0.05). However, no differences were found between
patients and siblings (U = 292, p = 0.837). Differences in T/S ratios remained significant after
adjustment for age (f = -0.141, p = 0.171) and BMI (B = 0.057, p = 0.586) in a multivariate
model (t,129), p = 0.036).

Our results also showed similarities between the groups, namely, for BDNF levels (F2,10s)
= 0.844, p = 0.433; Figure 2), GR activity (F100 = 0.313, p = 0.732; Figure 3b), GST activity
(X2 = 5.182, p = 0.072; Figure 3c), and 3-NT levels (x?z = 0.99, p = 0.607; Figure 3d). GPx
activity, in turn, was significantly lower in patients with BD compared to both controls (F 2 101) =
5.548, p = 0.006; Figure 3a) and siblings (p = 0.025), but similar between siblings and controls
(p =0.864).

Regarding inflammatory markers, IL-6 levels were significantly higher in patients than in
controls (U = 405, p = 0.005; Figure 4a), but no significant differences were found between

patients and siblings (U = 486, p = 0.150) or between siblings and controls (U = 609, p = 0.092).
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Also, patients presented significantly higher levels of IL-10 when compared to controls (U =
270, p = 0.002; Figure 4b), whereas no differences were found between patients and siblings (U
= 334.5, p = 0.180) or between siblings and controls (U = 493.5, p = 0.397). CCL11 levels were
significantly increased in siblings compared to controls (U = 458.5, p = 0.015; Figure 4c), and a
similar tendency was found in the comparison between patients and controls (U = 367, p =
0.045). Of note, patients and siblings showed similar CCL11 levels (U = 506.5, p = 0.879).
Finally, CCL24 levels were increased in patients compared to siblings (U = 339, p = 0.016;
Figure 4d), whereas no differences were found for the other comparisons (patients vs. controls, U

=404, p = 0.087; siblings vs. controls, U = 588.5, p = 0.392).
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Table 1. Characteristics of controls, siblings, and patients with bipolar disorder

Characteristic Controls Siblings Patients
(n = 44) (n=39) (n = 36) P
Age (years)*® 458 (12.1) 49.7 (14.4) 47.2(10.1)  0.359
Gender (male/female)* 20/24 12/27 9/27 0.134
HDRS¢ 0.7(1.15) 359(3.5  4.11(29) <0.001
YMRS** 0.09 (0.36) 1.1(1.5) 0.94 (1.53) 0.001
Body mass index®* 27.6 (4.8) 26.6 (5.09) 29.22 (5.5) 0.124
Smoking® 11.36% 21.6% 27.7% 0.173
Years of education® 12.1(5.2) 105(4.7) 10.2 (3.9) 0.167
Age at illness onset® 27.47 (10.5)
Length of illness (years)? 19.7 (11.54)
Number of manic episodes® 5.06 (4.85)
Number of depressive episodes? 7.6 (7.8)
Number of hospitalizations® 4.89 (7.8)
Comorbidities, %
Hypothyroidism® 2.27 16.2 33.3 0.001
Hypertension® 18.1 21.6 33.3 0.265
Diabetes mellitus® 2.27 0 16.6 0.005
Dyslipidemia® 4.5 27.02 19.44 0.02
Obesity* 0 0 2.7 0.313
Other® 22.7 45.9 27.7 0.107
Psychiatric medication, n (%)
Lithium 19 (52.78)
Valproic acid 14 (38.89)
Typical antipsychotic 6(16.67)
Atypical antipsychotic 15 (41.66)
Antidepressants 3(8.33)
Benzodiazepines 6 (16.67)

*Mean (standard deviation); "median (interquartile range); °chi-square test; “one-way ANOVA.
HDRS = Hamilton Depression Rating Scale; YMRS = Young Mania Rating Scale.
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interleukin; CCL11 = C-C motif chemokine 11; CCL24 = C-C motif chemokine 24.
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Discussion

To our knowledge, this is the first study to show a significant negative trend in telomere
shortening in patients with BD, siblings and healthy controls. We found evidence to sustain the
hypothesis of progressive development of a senescent phenotype supported by a pro-oxidative
and pro-inflammatory milieu that may contribute to the maintenance of the aging phenotype in
patients with BD.

The findings of this research can be summarized as follows: 1) TL was reduced in patients
compared to healthy controls, but did not differ between patients and siblings; in addition,
siblings showed a tendency to be different from healthy controls; 2) CCL11, also an aging
marker, was significantly increased in siblings compared to controls, and a similar tendency was
also found between patients and controls; 3) IL-6 and IL-10 levels were significantly higher in
patients than in controls, but no significant differences were found between patients and siblings;
4) GPx activity was significantly reduced in patients when compared to controls, whereas there
were no differences in GR and GST activities or in 3-NT levels between the groups; and 5)
BDNF did not differ between the groups.

This study reinforces that aging is probably associated with the neuropathological
processes seen in BD, and shows that unaffected siblings may present senescence features, which
is an original finding. This new finding is supported by the fact that 60 to 80% of TL is
determined by heritability (Njajou et al., 2007; Atzmon et al., 2010), as patients and siblings
share genetic background. Moreover, the results found in our patients are in line with previous
studies suggesting that telomeres play a role in the neurobiological underpinnings of BD (Simon
et al., 2006; Lima et al., 2015; Elvsashagen et al., 2011). In BD type Il, an increased load of short

telomeres has been associated with lifetime number of depressive episodes, but not with illness
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duration (Elvsashagen et al., 2011). Association of telomere shortening with depressive episodes,
but not with illness duration, has also been observed in MDD (Hartmann et al., 2010; Wolkowitz
etal., 2011).

Previous studies have linked certain BD biological markers to aging. Yatham et al. (2009)
have suggested that the pathophysiology of BD could be associated with an accelerated aging
process, as suggested by the accelerated decrease observed in BDNF levels with age in patients
with BD. Also, older euthymic patients with BD have shown greater levels of oxidative lipid
damage than older controls, supporting the hypothesis of a persistent effect, into late life, of
reactive oxygen species in patients with BD (Andreazza et al., 2015). In fact, oxidative stress has
been related and intrinsically connected to aging and life span (Finkel & Holbrook, 2000;
Harman, 2009). For instance, oxidative stress causes DNA damage and stimulates inflammatory
activation (Rizzo et al., 2014). Moreover, Epel et al. (2004) have pointed out that greater
perceived stress was associated with higher oxidative stress and shorter TL, mediated in part by
stress-related hormones (Aschbacher et al., 2013). In our sample, patients with BD showed
higher levels of inflammatory and oxidative markers, and siblings showed intermediate values
between those of patients and healthy controls, despite the absence of statistically significant
differences in relation to patients. A tendency in siblings to present intermediate values was also
found for HPA axis functioning in previous analyses of our group (Fries et al., 2014).

Our results are in accordance with previous studies showing high levels of CCL11 in
patients with BD (Barbosa et al., 2013; Brietzke et al., 2009; Magalhdes et al., 2014).
Interestingly, CCL11 levels were higher in siblings compared to patients. This may be explained
by the fact that patients are usually medicated (all our patients were), using lithium or other

medications with neuroprotective properties (Berk et al., 2011). Martinsson et al. (2013) reported
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a positive effect of long-term lithium treatment on TL, and longer telomeres were associated
with improved lithium response in patients with BD; these findings suggest that lithium exerts a
protective effect against telomere shortening and thus against aging, especially when
therapeutically effective. In this vein, the findings reported by Villeda et al. (2011), which
showed direct effects of systemic toxicity on the CNS, particularly of CCL11 on synaptic
plasticity, neurogenesis and cognition, may shed light on the possible neurobiological
vulnerability of siblings, underscoring the need to devote more attention and research to this
population. From a different perspective, it could be speculated that the siblings included in the
present study were resilient, as they remained without a psychiatric diagnosis despite the higher
levels of CCL11 and the genetic and environmental factors shared with the patients. Of note,
mean age in the group of siblings was 45.6 years, which is beyond the first peak age range of BD
onset (Kroon et al., 2013).

Our findings need to be considered in light of some limitations. First, our sample size was
small, and this was a cross-sectional study. It would be interesting to see the effects of a larger
sample on our results, especially in parameters that showed a tendency toward intermediate, non-
significant results.

In conclusion, our results reinforce the hypothesis of neurobiological trait abnormalities in
individuals at genetic risk for BD and suggest that unaffected siblings may present accelerated
aging features compared to healthy controls, which is in line with the genetic background shared
with patients. These findings may contribute to the development of markers in genetic risk
population studies and may be considered as endophenotypic traits of BD. Further prospective
studies are needed to advance knowledge in this area and to clarify whether unaffected siblings

are a resilient or a vulnerable group.
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5 - Discussao e Consideracdes Finais:

prime

A partir dos dados apresentados, nossos resultados sugerem que a relagcdo de parentesco de

iro grau com pacientes com TB esta associada a mudangas em biomarcadores, sobretudo

marcadores de envelhecimento precoce, e na funcionalidade psicossocial deste grupo de

individuos.

1)

2)

3)

4)

5)

Em sintese, os achados dessa tese séo:
Houve diferengas significativas entre pacientes e controles saudaveis em relacdo a
memoria verbal e funcBes executivas, mas ndo entre os irmaos e controles. Os pacientes
apresentaram pior desempenho nas tarefas cognitivas avaliadas.
Os pacientes apresentaram maior prejuizo funcional em comparacdo com controles
saudaveis em todos os dominios da FAST, e pior funcionalidade em comparagédo com 0s
irmaos; os irmdos, por sua vez, apresentaram pior funcionalidade em relacdo aos
controles apenas nos dominios cognicéo, relacionamento interpessoal e lazer da FAST.
Verificou-se encurtamento de teldmeros em pacientes quando comparados aos controles
saudaveis, mas ndao ha diferencas entre 0s pacientes e 0s irmaos; 0s irmaos mostraram
tendéncia a ser diferentes dos controles (p=0.05).
A citocina CCL11, considerada um marcador de envelhecimento, estava
significativamente aumentada em irmdos quando comparada aos controles; e uma
tendéncia foi encontrado para a comparagdo entre pacientes e controles.
Os niveis de IL-6 e IL-10 foram significativamente maiores em pacientes gquando
comparados aos controles, mas ndo foram encontradas diferencas significativas entre os

pacientes e 0s irmaos.
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6) A atividade de GPx estava significativamente reduzida em pacientes quando comparados
aos controles e a irmdos; os irmaos apresentaram valores intermediarios. Ndo houve
diferencas nos niveis de atividade GR, GST, nem nos niveis séricos de 3-NT entre 0s
grupos.

7) O BDNF néo diferiu entre 0s grupos.

Esses dados em irmdos de pacientes com TB sdo originais, principalmente em relacdo a
avaliacdo de funcionalidade, de marcadores de envelhecimento precoce e de biomarcadores de
estresse oxidativo, inflamacdo e neurotrofinas. Em relacdo a cognigdo em irméos, existem
estudos prévios que avaliaram memdria verbal e funcdes executivas em familiares de primeiro
grau de pacientes com TB. Os resultados foram amplamente discutidos e comparados com dados
da literatura na sesséo “Discussion” nos artigos 1 e 2 (acima).

O presente estudo sugere que irmdos ndo afetados apresentam pior funcionalidade
psicossocial que os controles saudaveis; tal achado possivelmente se relaciona ao fato de
dividirem caracteristicas geneticas com o0s pacientes e também possivelmente a fatores
ambientais compartilhados ou néo.

Além disso, destacam-se achados de envelhecimento precoce em irmdos ndo afetados,
reforcando a ideia de que o envelhecimento precoce pode fazer parte dos processos
fisiopatoldgicos do TB, reforcando também que estados pro-inflamatérios e pro-oxidativos
podem contribuir com esse processo. Essa caracteristica encontra-se presente em individuos nao
afetados pelo TB, o que também pode estar associado tanto a fatores genéticos quanto a
ambientais, e estda em conformidade com a ideia de endofenotipos.

Quando analisado em conjunto, os achados presentes levantam questionamentos

importantes:
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Os irméos ndo afetados de pacientes com TB podem ser considerados vulnerdveis sob o
ponto de vista neurobioldgico e merecem mais cuidado e atengdo de pesquisas que visem a
prevengdo ou ao desenvolvimento de intervencdes precoces?

Ou estamos diante de individuos resilientes, que apesar de apresentarem caracteristicas
genéticas semelhantes e altera¢cBes em biomarcadores, ndo desenvolveram TB ou outras doencas
psiquiatricas porque apresentam mecanismos de protecao?

Né&o temos substrato para responder a essas perguntas. Mas qualquer que seja a resposta,
ela reforca a importancia de seguir estudando familiares de primeiro grau. E importante salientar
que a média de idade dos irmédos nessa pesquisa é 45.6 anos, que esta fora do pico de idade de
inicio do TB (Kroon et al., 2013). Esse foi um dos motivos pelos quais decidimos estudar irmaos
em vez de filhos de pacientes bipolares, ja que filhos podem, na realidade, tratar-se de futuros
pacientes e esse seria fator maior de confusdo; irm&os, entretanto, também podem vir
futuramente a desenvolver a doenca, embora seja menos provavel considerando a idade média de
inicio do TB.

Tais achados precisam ser considerados a luz das suas limitacdes: temos um tamanho
amostral relativamente pequeno para detectar diferencas mais sutis e este € um estudo
transversal. Seria interessante ver os efeitos de uma amostra maior em nossos resultados,
especialmente em parametros que apresentaram tendéncia a ser intermediarios, mas nao
apresentaram relevancia estatistica. Por outro lado, precisamos avaliar a real relevancia/traducéo
clinica e tamanho de efeito destes achados neurobiologicos intermediarios, que somente serdo
esclarecidos em estudos prospectivos de longo prazo. Ainda, podemos estar diante de fatores
inespecificos associados a psicopatologia, dependendo dos achados em outros transtornos,

considerando que achados em marcadores de envelhecimento precoce e neuroplasticidade ja

90



foram descritos na depressdo e esquizofrenia e este estudo incluiu apenas familiares de pacientes
com TB.

A despeito das limitagOes citadas acima, os achados deste trabalho podem auxiliar no
avanc¢o do conhecimento sobre a neurobiologia de familiares de primeiro grau de pacientes com
TB, considerados populacdo com risco genético. Além disso, funcionalidade psicossocial,
encurtamento de telébmeros e niveis séricos de CCL11 talvez possam ser considerados
endofendtipos, ou mais recentemente, ser considerados mais proximos de integrar um aspecto de
RDoc (Research Domain Criteria) quando os sintomas subclinicos ou aspectos da cognicao
puderem ser associados a fatores neurobioldgicos consistentes. O conjunto de dados produzido
neste trabalho avanca na direcdo da identificagcdo precoce do TB e na melhor compreensdo das

alteracdes em um provavel estagio latente e qual seu significado clinico.
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ANEXO A - Termos de Consentimento Livre e Esclarecido
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO PARA PACIENTES

Gostarifamos de convida-lo a participar do estudo: ‘FATORES ASSOCIADOS A
VULNERABILIDADE VERSUS RESILIENCIA NO TRANSTORNO DE HUMOR BIPOLAR — UM ESTUDO
COM FAMILIARES EM ALTO RISCO’". Em caso de qualquer duvida quanto ao estudo vocé
poderd contatar a pesquisadora executora Mirela P Vasconcelos Moreno ou a
pesquisadora supervisora Marcia Sant’Anna pelo telefone: (51) 3359-8845 (Laboratério
de Psiquiatria Molecular — HCPA) ou o Comité de Etica pelo telefone: (51) 3359-8304.

Qual o objetivo desta pesquisa?

Esse estudo tem por objetivo entender melhor como funciona a relagdo entre o
Transtorno de Humor Bipolar e os familiares de primeiro grau dos pacientes com essa
doenga. Ou seja, conhecer caracteristicas clinicas dos familiares dos pacientes com
Transtorno de Humor Bipolar e tentar avaliar se ha associagdo dessas caracteristicas
com o Transtorno de Humor Bipolar.

O gue acontecera neste estudo?

Depois que vocé responder as questdes em estudo através de questionarios, sera feito
um exame de sangue. Esse exame sera utilizado para observar se ha alteracdes de
substancias encontradas no sangue e para pesquisar possiveis alteragdes genéticas;
ambos relacionados ao Transtorno de Humor Bipolar.

Quais os beneficios em participar deste estudo?

A sua participagao neste estudo podera, no ambito pessoal, permitir a identificacdo de
algum possivel problema antes ndo conhecido, e no ambito coletivo, ajudar a
desenvolver maior conhecimento sobre familiares de primeiro grau de pacientes com
Transtorno de Humor Bipolar.

Quais sdo os direitos dos participantes?

Cs pesquisadores desse estudo talvez precisem examinar os seus registros, a fim de
verificar informagdes. No entanto, os seus registros médicos serdo sempre tratados
confidencialmente. Os resultados desse estudo poderdo ser enviados para publicagdo
em um jornal cientifico, mas vocé ndo sera identificado por nome. Sua participagdo ou
do seu familiar no estudo € voluntdria, de forma que caso vocé decida, em qualquer
momento do estudo, ndo participar, isto ndo afetara o tratamento normal a que vocé
tem direito. Além disso, sua participacdo na pesquisa néo significa que seu familiar sera
acompanhado em programa de ambulatério desta instituicdo. Em caso de necessidade
de atendimento médico, o participante (familiar) sera encaminhado a Unidade Basica de
Saude mais proxima a sua casa ou, tratando-se de emergéncia psiquiatrica, ao Posto
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da Cruzeiro do Sul — PACS (participantes residentes em Porto Alegre) ou ao IAPI
(participantes residentes na Zona Norte de Porto Alegre) ou ao Hospital Sdo Pedro
(participantes que néo residem em Porto Alegre).

Os procedimentos da pesquisa ndo serdo cobrados do participante, e este recebera
uma segunda via desse Termo para arquivo em documentos pessoais.

Quais sdo os riscos que envolvem este estudo?

Este estudo possui riscos minimos que sdo inerentes do procedimento de puncao
venosa, como mal-estar passageiro e/ou manchas roxas no local. Além disso, vocé
podera sentir-se desconfortavel ao responder o questiondrio proposto, pois no mesmo
constam perguntas relativas a sua vida pessoal.

Quais sdo as responsabilidades dos participantes?

Os participantes desse estudo comprometem-se a responder os questionarios sem
omitir informagdes.

Deciaro que:

1. Concordo voluntariamente em fazer parte desse estudo. Estou ciente de que tenho
total liberdade de desistir do estudo a qualquer momento. Concordo em liberar as
informagoes dos meus registros médicos sob o entendimento de que elas seréo
tratadas confidencialmente.

Nome do paciente:

Assinatura do Paciente
Data:(__/ [ )

Nome do responsavel legal (se aplicado):

Assinatura do Responsavel
Data: (__/ /)

Assinatura do pesquisador
Data: ( [/ )
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ANEXO A - Termos de Consentimento Livre e Esclarecido
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO PARA FAMILIARES

Gostarfamos de convida-lo a participar do estudo: “FATORES ASSOCIADOS A
VULNERABILIDADE VERSUS RESILIENCIA NO TRANSTORNO DE HUMOR BIPOLAR — UM ESTUDO
COM FAMILIARES EM ALTO RISCO”. Em caso de qualquer duvida quanto ao estudo vocé
podera contatar a pesquisadora executora Mirela P \Vasconcelos Moreno ou a
pesquisadora supervisora Marcia Sant’Anna pelo telefone: (51) 3359-8845 (Laboratério
de Psiquiatria Molecular — HCPA) ou o Comité de Etica pelo telefone: (51) 3359-8304.

Qual o objetivo desta pesquisa?

Esse estudo tem por objetivo entender melhor como funciona a relagdo entre o
Transtorno de Humor Bipolar e os familiares de primeiro grau dos pacientes com essa
doenga. Ou seja, conhecer caracteristicas clinicas dos familiares dos pacientes com
Transtorno de Humor Bipolar e tentar avaliar se ha associacdo dessas caracteristicas
com o Transtorno de Humor Bipolar.

O que acontecerd neste estudo?

Depois que vocé responder as questdes em estudo através de questionarios, sera feito
um exame de sangue. Esse exame sera utilizado para observar se ha alteragdes de
substancias encontradas no sangue e para pesquisar possiveis alteragdes genéticas;
ambos relacionados ao Transtorno de Humor Bipolar.

Quais os beneficios em participar deste estudo?

A sua participagao neste estudo podera, no ambito pessoal, permitir a identificagdo de
algum possivel problema antes ndo conhecido, e no ambito coletivo, ajudar a
desenvolver maior conhecimento sobre familiares de primeiro grau de pacientes com
Transtorno de Humor Bipolar.

Quais sdo os direitos dos participantes?

Seus dados médicos obtidos no estudo serdo sempre tratados confidencialmente. Os
resuliados desse estudo poderdo ser enviados para publicagdo em um jornal cientifico,
rmas vocé nao sera identificado por nome.
Sua participagdo na pesquisa ndo significa que vocé sera acompanhado em programa
de ambuiatério desta instituicdo. Em caso de necessidade de atendimento meédico, o
participante sera encaminhado 4 Unidade Basica de Saude mais proxima a sua casa
ou, tratando-se de emergéncia psiquiatrica, ao Posto da Cruzeiro do Sul — PACS
(participantes residentes em Porto Alegre) ou ao IAPI (participantes residentes na Zona
Norte de Porto Alegre) ou ao Hospital Sdo Pedro (participantes que ndo residem em
Porto Alegre).
HCPA / GPPG
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Os procedimentos da pesquisa n3o serdo cobrados do participante, e este recebera
uma segunda via desse Termo para arquivo em documentos pessoais.

O participante tem direito de desistir da pesquisa a qualquer momento, sem que haja
prejuizo ao tratamento regular que seu familiar realiza no PROTAH BI.

Quais sdo os riscos que envolvem este estudo?

Este estudo possui riscos minimos que sdo inerentes do procedimento de puncio
venosa, como mal-estar passageiro e/ou manchas roxas no local. Além disso, vocé
podera sentir-se desconfortavel ao responder o questionario proposto, pois no mesmo
constam perguntas relativas a sua vida pessoal.

Quais sdo as responsabilidades dos participantes?

Os participantes desse estudo comprometem-se a responder os questionarios sem
omitir informacaées.

Declaro que:

1. Concordo voluntariamente em fazer parte desse estudo. Estou ciente de que
tenho total liberdade de desistir do estudo a qualquer momento. Concordo em
liberar as informagdes dos meus registros médicos sob o entendimento de que
€la seia tratada confidencialmente.

Nome do paciente:

Assinatura do Paciente
Data:( / /1 )

Nome do responsavel legal (se aplicado):

Assinatura do Responsavel

Data: (__/ /)

Assinatura do pesquisador

Data: (__/_ /) HCP4 UM R
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ANEXO A - Termos de Consentimento Livre e Esclarecido
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO PARA CONTROLES

Gostariamos de convida-lo a participar do estudo: ‘FATORES ASSOCIADOS A
VULNERABILIDADE VERSUS RESILIENCIA NO TRANSTORNO DE HUMOR BIPOLAR - UM ESTUDO
COM FAMILIARES EM ALTO RISCO". Em caso de qualquer duvida quanto ao estudo vocé
podera contatar a pesquisadora executora Mirela P Vasconcelos Moreno ou a
pesquisadora supervisora Marcia Sant’Anna pelo tzlefone: (51) 3359-8845 (Laboratario
de Psiquiatria Molecular — HCPA) ou o Comité de Etica pelo telefone: (51) 3359-8304.

O que é o grupo conirole, nesse estudo?

E um grupo de pessoas sem doenga psiquiatria e sem familiar com doenca psiquiatrica
que se disponibilizara a contribuir fornecendo seus dados que serdo usados como
referéncia padrédo no estudo.

Qual o objetivo desta pesquisa?

Esse estudo tem por objetivo entender melhor como funciona a relacdo entre o
Transtorno de Humor Bipolar e as familiares de primeiro grau dos pacientes com essa
doencga.

O que aconiecera neste estudo?

Depois que vocé responder as questées em estudo através de questiondrios, sera feito
um exame de sangue. Esse exame ser4 utilizado para observar se ha alteracdes de
substancias encontradas no sangue e para pasquisar possiveis alteragdes genéticas;
ambos relacionados ao Transtorno de Humar Bipolar.

Quais os beneficios em participar deste estudo?

A sua participacao neste estudo podera, no ambito pessoal, permitir a identificacao de
algum possivel problema antes nao conhecido, & no ambito coletivo, ajudar a
Gesenvolver maior conheciments sobre familiares de primeiro grau de pacientes com
‘ranstorno de Humor Bipolar.

Quais sdo os direitos dos participantes?

Seus dados serdo sempre tratados confidencialmente. Os resultados desse estudo
poderdo ser enviados para publicagdo em um jornal cientifico, mas vocé nao serd
iazntificado por norne.
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Sua participagdo na pesquisa ndo significa que vocé sera acompanhado em programa
de ambulatério desta instituicdo. Em caso de necessidade de atendimento médico, o
participante sera encaminhado & Unidade Basica de Satide mais préxima a sua casa
ou, tratando-se de emergéncia psiquiatrica, ao Posto da Cruzeiro do Sul ou ao IAPI ou
ao Hospital Sao Pedro.

Os procedimentos da pesquisa ndo serdo cobrados do participante, e este recebera
uma segunda via desse Termo para arquivo em documentos pessoais.

O participante tem direito de desistir da pesquisa a qualquer momento, sem que isso
acarrete qualquer tipo de prejuizo.

Quais sdo os riscos que envolvem este estudo?

Este estudo possui riscos minimos que sdo inerentes do procedimento de pungao
venosa, como mal-estar passageiro e/ou manchas roxas no local. Além disso, vocé
podera sentir-se desconfortavel ao responder o questiondrio proposto, pois no mesmo
constam perguntas relativas a sua vida pessoal.

Quais sdo as responsabilidades dos participantes?
Cs participantes desse estudo comprometem-se a responder os questionarios sem
omitir informagées.

Oeclaro que:

1 Concordo volunitariamente em fazer parte desse estudo. Estou ciente de que
tenho total liberdade de desistir do estudo a qualquer momento. Concordo em liberar as
informagdes dos meus registros médicos sob o entendimento de que ela sera tratada
confidencialmente.

Nome do paciente:

Assinatura do Paciente
Data: (/| )

Nome do responsavel legai (se aplicado);

Assinatura do Responsavel

Data: (__ / /| )

Assinatura do pesquisador
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