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RESUMO

Introducio: O transtorno afetivo bipolar (TAB) ¢ caracterizado por alteragdes do humor e
progressiva piora nos prejuizos funcionais. Telomeros sdo estruturas complexas que se
localizam a extremidade dos cromossomos e os protegem de recombinagdao e degradacdo
cromossdmica. O encurtamento de teldmeros esta associado ao envelhecimento celular, ja que
acontece a medida em que ocorrem divisdes celulares, e pode ser acelerado em exposicao ao
estresse. Objetivo: Caracterizar a ocorréncia deste encurtamento, assim como verificar
fatores de risco para o mesmo. Método: Foram convidados 85 pacientes com TAB e 95
sujeitos controle pareados por idade, sexo e escolaridade. Ambos os grupos passaram por
entrevistas psiquiatricas e avaliagdes clinicas. O material genético, foi submetido ao PCR
quantitativo em tempo real para verificagdo do comprimento de telomeros. Resultados:
Pacientes apresentaram telomeros mais curtos quando comparados aos controles, apesar de
ndo apresentarem nenhum fator de risco especifico para tal encurtamento. O encurtamento
telomérico ndo ocorreu de forma homogénea ao longo do grupo de pacientes. Nao houve
diferencas quando comparados pacientes e controles de telomeros longos, este resultado
aponta para presenca de fatores de protecao neste subgrupo clinico de pacientes. Conclusoes:
E possivel que o encurtamento telomérico acelerado apresente-se como marcador de
vulnerabilidade no transtorno bipolar.

Palavras-chave: Transtorno Afetivo Bipolar, Telomeros, Saude Mental.



ABSTRACT

Introduction: Bipolar Disorder (BD) is a mood disorder with progressive worsening in
functional impairment. Telomeres are a nucleoproteic complex at chomossomes ends that
protect them from end to end fusion and DNA degradation. Telomeres shorten as cell division
occurs and it is associated with celular aging and can be accelerated as a result of stress
exposure. Objective: Characterize bipolar telomere shortening dynamics, as well as to verify
its risk factors in BD sample. Metlhod: Eighty five BD patients and 95 healthy controls were
paired for age, sex and educational level. Volunteers were submitted to a psychiatric interview
and clinical evaluation. It was performed a Real Time Quantitative PCR in order to verify
telomere length. Results: Patients presented shorter telomeres when compared to controls,
athough no specific clinical features was stablished as a risk factor. Telomere shortening did
not occur homogeneously along BD group, since no significant differences were found
between patients and controls belonging to long telomere category. Conclusions: This result
points to the presence of protective factors within this subgroup of BD patients. It can be
concluded that accelerated telomere shortening is a vulnerability marker, which is associated
with stress exposure.

Key-words: Bipolar Disorder, Telomeres, Mental Health.
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1. INTRODUCAO

1.1. TELOMEROS, "O PROBLEMA DO FINAL REPLICACAO"

Nos anos de 1960, Hayflick descreveu o processo de senescéncia em culturas celulares
de tecido humano. O processo de crescimento das culturas foi subdividido em trés fases,
sendo a primeira de crescimento inicial, quando a cultura se estabelece. Durante a fase 2 a
cultura cresce exponencialmente, e durante a fase 3, nomeada fase de degeneracdo, ocorre
aumento ocasional de células tetraploides e os ntcleos celulares apresentam-se com aparéncia
incomum. Os seus experimentos mostraram que as cepas de células humanas entram em
processo de senescéncia a partir de certo numero de mitoses, independentemente do tempo e
da fase em que ficaram congeladas (HAYFLICK, 1965). Este processo sugere que,
internamente, as células possuem mecanismo de "contagem", o qual monitora a quantidade
acumulada de divisdes celulares.

Na década de 70, foi observado que a replicacdo de DNA linear ocorria de forma
completa no sentido 5" para 3’, at¢é o fim da fita continua. Entretanto, a copia da fita
descontinua ndo era sintetizada na integra. A replicagdo da fita descontinua ocorre através de
primers de RNA, os quais sao estendidos e os fragmentos de Okazaki sao formados e ligados
uns aos outros ap6s a retirada do RNA iniciador. No entanto, conforme demonstrado pela
Figura 1, esse processo ndao permite a sintese da lacuna remanescente apds a retirada do
ultimo primer de RNA e o fim da mesma, o que inviabiliza a forma¢ao de um novo fragmento
de Okazaki e a replicagdo total da fita descontinua. A medida que repetidas mitoses ocorrem,
esse fragmento nao sintetizado também nao € sintetizado nas sucessivas divisdes celulares.
Este processo ¢ chamado de problema do "final da replica¢ao"(Figura 1), em que ocorre o

encurtamento progressivo de telomeros (RUDOLPH, 2010).
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Figura 1.1 O problema do final da replicagdo. A fita descontinua ¢ sintetizada a partir de uma
série de fragmentos de Okasaki, os quais necessitam primers iniciadores para sua formagao.
Ao final da fita descontinua ndo ¢ possivel preencher o espaco deixado entre o ultimo

fragmento de Okasaki e o fim da sequencia de telomeros (SHAY; WRIGHT, 2000).

3' o
S AN NN EEEEEEEEEEEEEEEEEEEEEEEEE) 3’

Fita continua

g' duusnagEunnnnguunnnguunnguunn’ fv—"
Fita descontinua Auséncia de DNA
(Fragmentos de Okazaki)

para um novo
priming
Fonte: Adaptada de: Shay, J. W., & Wright, W. E. (2000). Hayflick, his limit, and cellular

ageing. Nature reviews Molecular cell biology, 1(1), 72-76.

A extremidade dos cromossomos lineares estio localizados os telomeros, que sdo
nucleoproteinas complexas, que apresentam repeticdes de DNA ricas em G, circundadas por
diversas proteinas especificas (TRF1, TRF2, Tin2, Rapl, TPP1, POTI), compondo um
complexo de polipeptideos que interagem entre si € com as repeticdes (Figura 2). As porcdes
de DNA de fita dupla sdo interligadas pela TRF1 e TRF 2. A primeira apresenta papel central
na protecdo do teldmero, sua superexpressao esta relacionada ao encurtamento gradual do
teldomero, enquanto sua auséncia provoca alongamento telomérico. Ja a TRF2 esta envolvida
na sinalizacao de dano no DNA telomérico. A perda de TRF2 ativa a ATM, proteino-quinase
ativada para reparo de DNA diante de quebras de fita dupla, além da Apollo nuclease,
também envolvida em processos de reparo (BLASCO, 2007). A extremidade 3" do telomero ¢

circundada pela POT1, e duas outras proteinas, TIN2 e TPP1, que atuam como ligadoras da
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POT1 e TRF1 e 2, fazendo com que a extremidade dos telomeros assumam o formato de lago
(t-loop). Este perfil de finalizagao telomérica permite que as extremidades dos cromossomos
sejam distinguidas de quebras de DNA. Este complexo, assim como as proteinas envolvidas
no reparo de DNA atuam protegendo a por¢ao telomérica (HOHENSINNER; GORONZY;

WEYAND, 2011).

Figura 1.2 Complexo de proteinas teloméricas - Shelterin Complex

G
GGGTTAGGYE | TAGGL JGGTTAGGGTTAGGGTTAG()
CCCAATCCCAATCCCAATCCC

Fonte: Hohensinner, P. J., Goronzy, J. J., & Weyand, C. M. (2011). Telomere dysfunction,

autoimmunity and aging. Aging and disease, 2(6), 524.

Em células humanas telomeros sdo compostos de repeticdes da sequéncia de bases
TTAGGG e variam entre 6 a 12 (kb) kilobases de comprimento (AUBERT; LANSDORP,
2008).

A disfuncdo telomérica pode apresentar consequéncias como elevados niveis de
recombinac¢do de extremidades e fusdo cromossdmica, padrdes de expressdo gé€nica alterados
e instabilidade gendmica (BLACKBURN, E. H., 2001), indicando a capacidade protetiva dos

teldmeros.
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1.2 TELOMERASE

Para compensar o encurtamento telomérico, a replicagao dos telomeros ¢ mediada pela
transcriptase reversa nomeada telomerase (TERT - Telomerase Reverse Transcriptase),
enzima composta por um complexo de ribonucleoproteinas, a qual apresenta uma fita molde
de RNA intrinseco, que desempenha papel essencial. A telomerase reconhece a terminacao 3°
- OH na extremidade do cromossomo e acrescenta a sequencia telomérica por meio do
componente intrinseco de RNA, nomeado Terc (Telomerase RNA component). Bloqueando-
se a disponibilidade da Terc, a fungcdo da telomerase estara comprometida (HARLEY;
FUTCHER; GREIDER, 1990). A telomerase esta presente nas células tronco, no entanto, as
células somaticas sao carentes da enzima, fazendo com que estejam sujeitas a um ciclo vital
finito (HARLEY; FUTCHER; GREIDER, 1990).

Os experimentos com cultura celular de Hayflick apontaram para a finitude do
potencial de replicagdo celular. No entanto, quando a telomerase € inserida no procedimento,
o comprimento telomérico, independente da fase da cultura, ¢ estabilizado e o crescimento de
aberragdes cromossomicas era estancado (HAYFLICK, 1965; HAYFLICK; MOORHEAD;
OTHERS, 2006). Este processo sugere a acao da telomerase como mecanismo base para
estabilizacdo do comprimento telomérico (HARLEY; FUTCHER; GREIDER, 1990). O fato
de estar ativa em células-tronco e durante o desenvolvimento inicial assegura que o
encurtamento de telomeros seja contido e que seu comprimento seja constante, favorecendo
uma replicagdo celular adequada nessa fase do desenvolvimento. Nas células somaticas, a
medida que o encurtamento ocorre, os teldmeros configuram-se ineficazes na manutengao das
propriedades protetivas e regulatorias nas extremidades dos cromossomos (JIANG et al.,
2008).

A medida que o encurtamento telomérico ocorre a um nivel critico, inviabilizando a

funcdo e estrutura adequada do telomero, sinalizagcdes de reparo ocorrem. Esta funcdo ¢
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exercida principalmente pela proteina TRF2 e evita que células danificadas ou em risco,
permanegam em atividade replicativa (BLASCO, 2007). Assim, quando o teldmero encurta
criticamente, a fusdo e quebra cromossdmica sdao favorecidas, o que consequentemente gera
morte celular apoptdtica. Com o risco de apoptose aumentado, a proliferacao celular ¢
diminuida, o que compromete a renovagao celular (BLASCO, 2007) , viabilizando disfun¢do
tecidual e o envelhecimento ou senescéncia da célula. Através desta dindmica, o comprimento
telomérico ¢ considerado reldgio biologico para envelhecimento celular. O aceleramento do
encurtamento de telomeros estd associado a redugdao do tempo de vida em modelos animais
(WONG et al., 2003). Este achado ¢ corroborado em estudo com humanos, de modo que a
quantidade de teldmeros curtos em células mononucleares sanguineas periféricas (PBMCs)

aumenta de acordo com a idade (CANELA et al., 2007).

1.3 RELACAO ENTRE ESTRESSE E TELOMEROS

Os indices de encurtamento podem variar segundo algumas caracteristicas da cultura
celular, como a viabilidade da polimerase a posicionar o primer mais distal ou mais perto do
fim do cromossomo, como ocorre com fibroblastos humanos, que t€ém perda de 10 a 20bp por
duplicagdo de sua populagao (TAN, 1999). Além disso, o indice de encurtamento pode diferir
segundo comprimento telomérico inicial, influéncias genéticas (BROER et al., 2013) ou ainda
variar segundo os proprios niveis de replicacdo celular o que depende do tecido tratado. No
entanto, além desses fatores, a heterogeneidade no encurtamento de um mesmo tecido em
condicoes diferentes coloca em evidéncia influéncias do ambiente celular sobre a dinamica
telomérica (VON ZGLINICKI, [S.d.]).

Agentes oxidativos promovem danos ao DNA genomico, possibilitando apoptose e
outros mecanismos de controle independente dos telomeros, o que também estaria associado a

uma contencdo da proliferagao da cultura celular. Estas evidéncias geram questionamento
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sobre a influéncia agentes oxidativos sobre a dindmica de encurtamento de teldmeros. Em sua
revisao, (VON ZGLINICKI, 2002) verifica a independéncia ou a sobreposi¢do entre
senescencia replicativa, resultado do problema do final da replicagdo, e senescencia induzida
por estresse, comparando o comprimento telomérico em relacao a tratamentos de indugao de
estresse, tratamentos antioxidativos e cultura celular controle. Em condigdes de estresse
oxidativo elevado, apesar de que teldmeros sdao estruturas de DNA ricas em G, e sdo
altamente sensiveis a dano por alquilacdo, irradiacao ultravioleta (UV), e estresse oxidativo,
danos no DNA poderiam ocorrer também em outras regides do DNA. Nestas condi¢des os
danos sdao fortes o suficiente para deter o crescimento celular € ndo necessariamente
influenciar o comprimento telomérico. Dessa forma, além da inducdo de quebras de fita
dupla, em condi¢cdoes moderadas de estresse, foi verificada uma deficiéncia no reparo de
quebras de fita inica, além de uma maior frequéncia desse dano quando comparada a outras
por¢des do genoma (PETERSEN; SARETZKI; ZGLINICKI, 1998; VON ZGLINICKI;
PILGER; SITTE, 2000). Além destas evidencias, outros estudos demonstraram correlagdo
positiva entre a frequéncia de quebra de fita tnica e indice de encurtamento telomérico. Dessa
forma, senescéncia celular derivada da dindmica telomérica depende nao s6 dos niveis de
divisdo celular, através do problema do final da replicagdo, como das condigdes da cultura
celular, como o equilibrio entre estresse oxidativo e defesa antioxidante (VON ZGLINICKI,

2002).

1.4 TRANSTORNO AFETIVO BIPOLAR E ESTRESSE OXIDATIVO

O Transtorno Afetivo Bipolar (TAB) ¢ um transtorno caracterizado por episodios
recorrentes de mania ou hipomania e depressao. Ha dois subtipos principais do transtorno,
sendo que o tipo I ¢ caracterizado por um ou mais episodios maniacos ou mistos e, com

freqiiéncia, episddios depressivos. Ja o tipo Il envolve episddios de depressao e presenga de
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pelo menos um episdédio de hipomania (ASSOCIATION; DSM-IV, 2000). De acordo com
dados da Organizacdo Mundial da Saude (WHO, 2005), o TAB esté entre as dez doengas que

mais levam a incapacidade no exercicio das tarefas laborativas.

Os pacientes com TAB tipo I apresentam pior progndstico do que os com TAB tipo II,
sendo rebaixado o funcionamento global e superior o declinio cognitivo, quantidade de
episodios (CAVANAGH et al., 2002),e envolvimento em situagdes de risco.

O TAB representa perfil clinico com presenga de prejuizos funcionais e envolvimento
em situagdes com elevada carga de estresse. A natureza do estresse apresenta-se como
respostas do organismo rumo a adaptacdo ao meio (KORTE et al, 2005). Este estudo
apresenta o conceito de alostase para definicdo de “estresse”. Alostase ¢ concebida como
processo adaptativo de manutengdo ativa da estabilidade frente a mudangas (STERLING;
EYER, 1988). A idéia central ¢ que existe um custo ao organismo caso os mediadores da
alostase (hormonios adrenais, neurotransmissores, alteracdes respiratorias, cardiovasculares,
das imunologicas e desequilibrio oxidativo) sejam ativados de forma muito freqiiente e
disfuncional (KORTE et al., 2005). Este custo ¢ chamado de carga alostatica e confere
vulnerabilidade ao individuo, sendo resultado de uma exposi¢ao cronica ao estresse, situagdes
que demandam mudanca ou adaptagao.

O estresse oxidativo ¢ considerado um mediador da alostase (KAPCZINSKI et al.,
[S.d.]). Diversas evidéncias apontam para aumento de estresse oxidativo em pacientes com
TAB. (BENES et al., 2006), em estudo de perfil de expressao génica, demonstrou a presenca
de hipoativacdo de genes associados a processos antioxidativos. Além disso, genes
reguladores da funcdo mitocondrial sao hipoativados em regides frontais e hipocampais de
pacientes com TAB, acarretando aumento da producdo de substincias reativas ao oxigénio
(SRO) IWAMOTO; BUNDO; KATO, 2005; MACDONALD et al., 2006; SUN et al., 2006).

Em relacdo aos episodios de humor, foram encontrados aumentados niveis de TBARS -
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medida de peroxidacao lipidica, agente oxidativo, ao longo dos diversos episddios (Andraezza
et al., 2997a).

Uma outra possivel fonte de estresse oxidativo pode estar relacionada a elevada
atividade dopaminérgica durante os episddios maniacos. A Dopamina (DA) ¢ metabolizada
via monoamina oxidase (MAQO) e produz, entre outras substancias, H,O, que se nao for
reduzido por mecanismos antioxidativos, pode reagir com metais de transi¢ao como o Ferro e
formar radicais hidroxila, o que potencializa os danos ao DNA (KAPCZINSKI et al., 2008).

As evidéncias sugerem presenga de desequilibrio entre agentes oxidativos e
antioxidativos no quadro de TAB. Além disso, a frequencia de doencgas clinicas associadas,
como as cardiovasculares, diabetes entre outras, apresentam-se em alta frequencia em
pacientes com TAB (ANGST et al.,, 2013). Além da elevada frequencia, as doencas
cardiovasculares representam a principal causa de morte entre pacientes bipolares (ANGST et
al., 2013). Considerando o encurtamento telomérico como um marcador de exposicdo ao
estresse no nivel celular e preditor das condigdes clinicas citadas, ¢ de grande relevancia a

verificacao de possiveis fatores de risco associados ao encurtamento telomérico.
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2. OBJETIVOS

Caracterizar o comprimento telomérico em pacientes com Transtorno Afetivo Bipolar

2.1 OBJETIVOS ESPECIFICOS

1- Comparar e descrever o comprimento telomérico de pacientes em comparagao aos sujeitos
controles.
2- Verificar caracteristicas clinicas inerentes ao TAB associadas a maior vulnerabilidade ao

encurtamento telomérico em pacientes com TAB.
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Abstract:

Introduction: Telomere length has been related to oxidative stress and age related diseases.
Considering the associations between these aspects and psychiatric disorders, telomere length
might be an important vulnerability marker for this population. Therefore, this study aimed to
review aspects related to telomere length and quality of life within this public. Method: A
systematic review was conducted through the combination of telomere and the following
terms: depression, bipolar disorder, mood disorders, schizophrenia and anxiety. Results: A
total of 35 original studies were included. The results suggested that telomere attrition was

present in psychiatric illness, and different risk and protective factors were described among
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disorders. Schizophrenia telomere length was associated with hereditary influences.
Discussion: More studies linking genetic influences, inflammatory and oxidative mechanisms
and psychosocial stress across various psychiatric disorders are needed in order to expand the
conclusions taken.

Key words: Depression, Bipolar, Schizophrenia, Anxiety, Telomere length.

3.1 INTRODUCTION:

Telomeres are tandem TTAGGG repeats of DNA located at the end of linear
chromosomes!'. Telomeres are supposed to be crucial for maintaining chromosomal integrity,
protection from loss of genetic material and end-to-end recombination®). Because of its
unique features, DNA polymerase does not replicate telomeres during cell replication. This so
called “the end replication problem” is in part circumvented by a special enzyme named
telomerase, however, it is not always effective, thus leading to shortening of telomeres with

time!?'.

Leukocyte telomere length is stated by genetic, epigenetic and environmental factors™"
’1 1t tends to decrease progressively with inflammation, oxidative stress and especially with
aging!®. Therefore, telomere shortening has been understood as a surrogate index for health
status as it reflects cellular injuries and lifespan'’). Different cell types have unique rates of
telomere shortening, because they have distinctive original telomere size, replication speed
and telomerase expression. Curiously, telomere shortening speed is higher during early
childhood and in the elderly! .

Studies have shown that telomere length is highly dependent on the activity of the
enzyme telomerase!”. It is a ribonuclease nucleoprotein complex mostly expressed in cells
with potential to proliferate. Nevertheless, the majority of somatic cells have low telomerase

activity. Therefore telomere has been understood as a biological counter!'”. In consonance
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with that, an elegant study found an inverse relation between mortality rates determined by
any causes and telomere length!' .

In psychiatry, studies have reported decreased telomere length in association with

[12-15 [16-20

anxiety ] and mood disorders ], Moreover, short telomeres have been associated with
higher levels of psychosocial and early life stressors!*!. Understanding factors associated with
telomere shortening in these conditions may shed light into new aspects relevant to longevity
and quality of life. Therefore, telomere dynamics in psychiatric disorders is a pertinent

question to be answered.
3.2 METHOD:

This study is a systematic review that sought to investigate data regarding telomere
length and psychiatric disorders. Inclusion criteria were all articles indexed in PUBMED and
SCOPUS database, published until October 2013 and written in English. Review articles were
excluded from analyses. Index terms used for search were: "telomere” and "mood

disorders"/"bipolar disorder"/"depression"/"schizophrenia"/"anxiety".

3.3 RESULTS:

3.3.1 Telomere length and mood disorders

Sixty-six articles were found through combination of terms "telomere” and

" o1

"depression"”, "mood disorders", "bipolar disorder". Forty-one of them were excluded.

Leukocyte telomere shortening was consistently observed to associated with major

[16,18,22-25] [19,26-29] 24,30]

depression , minor depressive symptoms and perceived stress! and
wellness™. However, some studies did not find these associations!'*1420-30-331
Depressive symptoms were considered an additional stressor for caregivers®®, heart

[19,28 [27] [14

failure patients!'®?*), chronic pain patients””), rape victims!'¥ and dwelling elderly®®*!. These
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data support the hypothesis that inflammation and stress may shorten telomeres. Recently an
index of disease burden, including cardiovascular and pulmonary function, glucose tolerance,
kidney function and brain imaging, has been proposed in order to quantify physiologic
stress”"2). To look for factors that may induce telomere shortening, a study compared whether
this index as well as age could predict leukocyte telomere length. They observed that both

parameters have an inverse relation with leukocyte telomere length and that the index itself

(32

was capable of predict 35% of of the effect!”. Therefore, it is suggested that such index is a

helpful noninvasive evaluation tool for inferences about how healthy is aging®?. On the other
hand, some studies showed that depression in heart failure patients was not associated®® and
did not predict telomere length variation after five years of follow-up!'®. However, there is

evidence suggesting that depressive symptoms in fibromyalgia patients with high levels of

pain are predictive of telomere shortening!”.

Six reports sought to determine the relationship between bipolar disorder and telomere
length. Five of them used leukocytes for measuring telomeres and one used brain tissue
samples®*. Regarding studies with leukocytes, two suggested that there was no difference in

telomeres length in the presence of bipolar disorder’®), two other studies did find shorter

17,36

telomeres in association with the disorder!'’*® and one found longer telomeres in patients

treated with Lithium compared to controls™®). Interestingly, they did not find clinical features

(35,37 35,36]

related to telomere length, such as rapid cycling subtype™>="), disorder duration™>~*, number

[35] [17

of previous hypomanic episodes®, or presence of anxiety as comorbidity!'”. However a

significant difference in telomere length was observed when patients were stratified by
number of depressive episodes™.

In cross-sectional studies, mood disorders may shorten telomeres by 660bp, after

adjusting for age and gender!'®. Considering major depression alone it is estimated a
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reduction of 142 bp'**! to 281 bp which would be equivalent to 7 years of accelerated aging
according to Wolklowitz!*".

Medication effects over telomere length were not controlled in most of these studies,
however, in a Major Depressive sample, medication and dosage was not associated with

18241 " Also in bipolar patients, it was observed no difference in telomere

telomere length!
length according to medication subtype (lithium, anticonvulsivants, antidepressants and
antipsychotics)*®. Although one study contradict these findings, analyzing the largest bipolar
patients sample among bipolar disorder studies, it was found that bipolar patients treated with
lithium had longer telomeres (34.5% higher than controls)™*”). Moreover, patients who did not
present clinical response to lithium therapy had longer telomere length than controls?”.
Therefore, it was suggested that lithium is a protective factor for telomeres” . In consonance
with that, another study observed that resilience may protect telomeres in major depressive
disorder™. Resilience comprises social connections; emotion regulation and health behaviors
like sleep and exercise. However, long-term studies were inconclusive about telomere
shortening and depression. One cohort study did not find difference in telomere length in
depressive patients, although after stratifying patients by age, younger adults with depressive
symptoms, assessed at baseline and with two and four years follow-up, showed shorter
telomeres™"). Another study suggested that not depression but anxiety might predict telomere
length after two years follow-up in adults!'®!. The other two cohort studies have not found any
association between telomere length and depressive symptoms in patients with coronary heart
19,29]

disease and elderlyt .

For measurement of telomere length, only two studies used cerebellar and prefrontal

34,39] 13,14,19,24—

cortex samples! while the others rely on leukocyte samples for quantification!

2628331 Both studies did not find difference in telomere length as measured in cerebellar or

[38,39]

dorsolateral prefrontal cortex samples from patients with mood disorders . Moreover,
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these two studies tried to identify genetic determinants of telomere length. One study aimed to
identify SNPs in regulatory regions of certain genes and their association with telomere length
in samples of human brain. They did not find any specific variant influencing telomere
lengthP®®. The other study examined expression of stress response genes (C-FOS, MSRA,
NEIL1, OGGI, TERF2, SODI1, SOD2, CAT, GPX1) in prefrontal cortex of depressed and
non-depressed patients and did not find any significant difference!®*’.

Studies have suggested that oxidative states caused by chronic stressors may
accelerate immunosenescence and telomere shortening. This could be one causative factor of
telomere shortening in depressive patients™®. For instance, it was found a positive association
between anti-CMV IgG and percentage of CD8+CD28- (= 0.33, p= 0.04, n=38) and NK
cells (r= 0.41, p= 0.01, n=34). Euthymic type I bipolar patients present significantly higher
positive serology for cytomegalovirus than healthy controls, which could foster an
inflammatory environment®®”). Another study did not observe differences in inflammatory and
oxidative markers in unmedicated depressive patients, although founding correlation between
those markers and telomere length in patients®”. The interface between brain and immune
system is complex and has evidence supporting it from the literature. For example, it has been
shown that depressive symptoms may change expression of many cytokines like TNF-a and
IL-107¢,

Stressful states are also associated with neuroendocrine alterations like increased
levels of cortisol indicating an altered hypothalamic-pituitary-adrenal (HPA) axis response.
To test whether neuroendocrine response in mood disorders could be responsible for changes
in telomere length, depressive patients with low cortisol levels had their leukocyte telomeres
measured. They found shorter telomeres in those patients!**. This is congruent with previous
finding that hypocortisolism is associated to some sort of exhaustion of the HPA axis during

chronic stress*”. The mechanisms linking HPA axis alterations and telomere shortening
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remains obscure. It has been suggested that low levels of cortisol may lead to an inflammatory
state and, therefore, an accelerated telomere shortening!**.

Studies have indicated that mood disorders may lead to disrupted immune responses
and consequently to telomere shortening®”. It is suggested that depression contributes to
telomere shortening””. However, aging and another disabilities like coronary heart disease
and chronic pain are additive to depression and, in the long range, may attenuate the strength
with which depression or its symptoms impacts over telomeres. It is possible that bearing an
adverse health condition such as mood disorder leads to non-specific alteration on telomere

dynamics. The reviewed studies also suggested that the underlying common mechanisms

involved in telomere shortening might involve inflammatory and oxidative states.

3.3.2 Telomere length and schizophrenia

Twenty-eight articles were found through combination of terms "telomere” and
"schizophrenia". Twenty-one of them were excluded and seven were included.

Telomere length decreases during cell replication; this shortening is an important
component of cell senescence. Oxidative stress increases the amount of telomeric DNA lost
during each replication cycle. There is some evidence that increased oxidation is associated
with schizophrenia (SCZ)"*". This may help explain the pathophysiology of shorter telomere
length among psychotic patients.

Experiments have shown that the relation of DNA telomere content (TC) to telomere
length is approximated. A score of 100% TC correlates to approximately 10 kb in telomere
length. Therefore, each 1% difference in TC reflects approximately a 100-bp difference in
telomere length!*?).

Some pathological features observed in schizophrenia, like structural brain

abnormalities and hypometabolism, are also find in aging related diseases like Alzheimer’s
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dementia**. Moreover, individuals with schizophrenia are prone to diseases associated with

(44431 "as well as a shorter natural

aging, including diabetes and cardiovascular complications
lifespan than the general population*”. Many factors are contributors, including increased
rates of suicide, poor health habits, and smoking. Antipsychotic and antidepressant
medications, which are widely used by patients with schizophrenia, are also associated with
adverse outcomes like weight gain, diabetes, and hypertension **.

Assuming that leukocyte telomere length may be a biomarker for exposure to stress,
short telomeres would be expected in patients with SCZ since these individuals experience
high levels of stress. Several studies have been undergone aiming to evaluate telomere length
of patients with schizophrenial*’*!. However, there are many confounding variables hard to
control.

One large study found that telomere length was significantly longer in patients with
SCZ™". The result remained the same even after adjustment for smoking. This result is
consistent with another study that investigated the association between telomere length and
history of psychiatric disorder and prescription of psychotropic medication”. They observed
that hospitalized psychiatric patients, receiving psychotropic medication, displayed longer
telomere length compared to healthy individuals. The authors hypothesized that psychotropic

59 Since all

medications may have antioxidative effects and thus prevent telomere attrition
hospitalized patients on the study received  psychotropic medication, this could have
contributed to this finding.

One interesting finding is that advanced paternal age is associated with increased
telomere length of the offspring after birth and during their entire lifel****'4. Curiously,
paternal age has also been identified as a consistent risk factor for SCZP. Studies suggest
that the underlying mechanism for this phenomenon is that the number of new mutations

55]

increases with paternal age, which in turn increases the risk for SCZP*!. Therefore, long
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telomeres observed in schizophrenic patients may be a marker of parental age at the time of
conception rather than a causal factor for the disease. However, this has to be replicated by
new studies.

Whether telomere length variations is a cause or a consequence of certain diseases

remains a matter of debatel®®

. The finding of longer telomere length in schizophrenic
patients'*’) may represent either a consequence of or a necessary condition for SCZ
development*”). Longitudinal study of telomere length has indicated that, besides age, the
most powerful predictor of shorter telomere length is their baseline length®”.

One case-control study did not find differences in telomere length between

schizophrenic patients and healthy individuals®*.

As reported recently, self reported
consanguinity was more frequent among the SCZ cases®. Using Pearson correlation test,
there was no significant correlation between telomere length and DNA based inbreeding
coefficient values among controls. However, a significant correlation between telomere
length and DNA based inbreeding coefficient values was noted among cases. ANCOVA
analyses using telomere length as the dependent variable, with age, sex and case/control status
as predictors did not indicate any significant group-wise differences. Linear regression
analyses using telomere length as the dependent variable, with age and case/control status,
gender and inbreeding coefficients as predictors also did not indicate any significant group-
wise differences. On the other hand, a significant association with inbreeding was observed.
One study measured telomere length from genomic DNA extracted from 155 brain
samples (gray matter of cerebellum) from patients of European ancestry with psychiatric

[34]

disorders . They measured mean telomere length by quantitative PCR with some

modifications”.

No difference was observed in mean telomere length between
schizophrenic, bipolar and depressive patients and controls. Also, age, gender, medication and

drug use had no effect on mean telomere length.
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Conversely, one study observed that psychotic patients had significantly decreased

(421 Although telomere length is

mean DNA telomere content compared with control subjects
related to gender”, they did not find differences of telomere content between men and
women; the two groups were also very similar regarding to gender composition. Another
study found significantly shorter telomeres in the schizophrenic patients compared to family
members and controls'**). Moreover, study suggests that disease severity correlates directly
with telomere length*.

As stated before, telomere length is quite dependable on telomerase. To test whether
telomerase activity is an important factor determining telomere length in psychiatric disorder,
one group studied lymphocytes telomerase in schizophrenic patients. They found considerable
variation in lymphocyte telomerase levels among patients and controls, suggesting that this
enzymatic activity is subject to physiological fluctuation in humans®”. No correlation
between telomerase activity and age, or association between telomerase activity and sex was
observed.

The highest telomerase levels were found in unaffected relatives of individuals
with schizophrenia, but these levels did not differ significantly from related family members
of patients with schizophrenia. The lowest telomerase levels were found in individuals with
schizophrenia. When all unaffected individuals, controls and family, were taken together and
compared with all individuals with schizophrenia, a nominally significant reduction in
telomerase activity was observed in patients with schizophrenia!®”’.

Yu et al.(2004)*" analyzed telomeric DNA from patients with schizophrenia who
responded differently to antipsychotics. They observed a significant telomere shortening in

peripheral blood leukocytes from patients with schizophrenia who were poor responders to

antipsychotics and no difference between good responders and the control subjects.
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It has been hypothesized that telomere shortening might serve as a biological clock
that could count mitotic time and indicate for cell senescence in culture. Loss of replicative
capacity leads to cell growth arrest, which occurs after accumulated doubling populations and
as a consequence of cell stressors such as mild chronic oxidative stress. Telomere
shortening has been seen in cell cultures subjected to different stressors such as chronic
hyperoxia. This was also observed in fibroblasts from patients with Fanconi’s anemia and in
peripheral blood leukocytes from patients with mitochondrial disorders; both diseases
result in increased oxidative stress''".

Several studies have demonstrated that disruption of antioxidant capacity may
contribute to an oxidative state in schizophrenia. It has been shown that oxidative stress might
cause mitochondrial dysfunction and altered brain metabolism in schizophrenia and
shortening of telomeres*. This was supported by a report showing that oxidative DNA
damage was 10 times greater in postmortem hippocampi of elderly patients with “poor-

[62

outcome”  schizophrenial®. Further studies are needed to establish the status and role of

oxidative stress in the pathogenesis of schizophrenia.

3.3.3 Telomere length and anxiety disorders

The search of terms “telomere “and “anxiety” resulted in twenty-three articles,
however, many of them were excluded based because their data did not fit standardized
definitions of anxiety disorders.

In the study of Kananen et al. (2010)!"%! they compared telomere length in 282
individuals with anxiety disorder and 653 matched controls from Finland. A shorter telomere
length was found among older individuals with anxiety. In this study an interesting finding
was the fact that anxious individuals with history of early life stress, in special severe illness

during childhood, were associated with shorter telomeres and diagnosis of anxiety in
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adulthood"™. In consonance, a later work, Okereke et al. (2012)1 identified shorter
telomeres in a cross-sectional analyses of women with phobic anxiety and body mass index
higher than 25. Another study evaluated the association between anxiety and depressive
disorders and telomere length. Only anxiety was associated with shorter telomeres
independent of any environmental factor'*. More studies are needed to fully understand the

effect of anxiety over the length of telomeres.

3.4 DISCUSSION:

We sought to identify publications linking psychiatric disorders and telomere lengths.
Telomere attrition seems to be determined by various aspects of psychiatric disorders, for
example, psychosocial stress. The mechanisms underlying the telomere shortening phenotype

was most studied in depression and a clear involvement of altered HPA axis stress

[24 [20,26,36] [20,26]

response®* inflammation and oxidative stress were observed.

Regarding the dynamics of telomere shortening in Schizophrenia, some studies with

(47,50

large samples highlighted the presence of longer telomeres in patients!*’>%. Moreover, since

there is a positive correlation between consaguinity™ and paternal age at conception and

4,47-51

telomere length! ] it is relevant to consider telomere baseline length for the analyzes of

those studies. Noteworthy, according to Nordfjall¥ baseline longer telomere length are
associated with greater rates of attrition.

Among psychiatric disorders, telomere shortening risk factors include: psychotic

[42] [49]

symptoms severity*?], poor response to treatment®’, illness severity*’, for Schizophrenia;

number of previous depressive episodes for Bipolar Disorder®”; and adverse childhood
events in anxiety disorders!'?). In schizophrenia, a protective factor may include the use of

[50]

psychotropic drugs that is possibly related to antioxidant activity”-. In case of bipolar

disorders, lithium is also associated with longer telomere length®®. Despite lack of evidence
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for protection of telomere by medications in anxiety or depression, it is suggested that
resilience may be an important protection factor in depressive patients!>.

Whether telomere length is cause or consequence of psychiatric disorders remains
unclear®. Another important aspect is that psychiatric illnesses are quite heterogeneous
conditions that hampers generalizations. Nevertheless, it is relevant to continue the efforts to
describe and determine aspects related to telomere attrition in psychiatric context. New
findings can shed light into therapeutic targets and mechanisms of disease that may ultimately
lead to therapeutic benefits to patients.
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Abstract: Objectives: Investigate whether bipolar disorder (BD) and its clinical specificities
are associated with telomere shortening. Methods: Eighty five BD patients and 95 healthy
controls were paired for age, sex and educational level. Volunteers were submitted to a
psychiatric interview and clinical evaluation. Groups were compared as a whole sample and
within specific telomere ranges (short/medium and long telomeres). Intrapatients group
comparison involved type of BD and comorbidities. It was performed a Real Time
Quantitative PCR in order to verify telomere length in leukocytes. Results: Patients presented

shorter telomeres when compared to controls (p<0,001), athough no specific clinical features
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was stablished as a risk factor. Telomere shortening did not occur homogeneously along BD
group, since BD was predictive of telomere length in a specific group of subjects (f =-0.416,
p<0,001, R>=0.432). Conclusions: Taken together these data suggest that bipolar disorder is
directly associated with reduced telomere length, a feature similar to what is seen in aging but
with a heterogeneous expression among bipolar patients. This result points to the presence of

protective factors withing this subgroup of BD patients.

Key words: Bipolar Disorder, Telomere length, Stress, Aging.
4.1. INTRODUCTION

Telomeres are tandem TTAGGG repeats of DNA located at the end of linear
chromosomes (BLACKBURN, ELIZABETH H., 2000). They are crucial for maintaining
chromosomal integrity and to protect them from loss of genetic material and end-to-end
recombination (BLACKBURN, ELIZABETH H., 2005). Due to its unique features, the
enzyme named telomerase is in charge of replicating telomeric regions. However, in most
human somatic tissues, telomerase activity is insufficient to avoid telomere erosion over time
(CHAN; BLACKBURN, 2004). Consequently, telomeres shorten after each cell division and
may be used as a surrogate marker of biological aging (BLACKBURN, ELIZABETH H.,
2005). For instance, studies have suggested that telomere shortening may be associated with
aging related diseases such as psychiatric disorders, cardiovascular diseases and diabetes
(Brouilette et al., 2003) (Huzen et al., 2010) (Salpea et al., 2010).

Telomere length and telomerase activity are influenced by several factors including
polymorphisms on the gene encoding the telomerase reverse transcriptase, body mass index
status and cigarette consumption (BABIZHAYEV et al., 2011; BARRETT; RICHARDSON,
2011; VALDES et al., 2005). It has been hypothesized that these conditions and oxidative and

inflammatory stress states may trigger cellular responses that ultimately lead to senescence
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and telomere shortening (ZANNI; WICK, 2011). Therefore, it has been suggested that
telomere length may be the result of response to cellular stress (von Zglinicki, 2005).

Stress is defined as a threat to homeostasis. An organism responds to it by making
efforts to return to its previous state (MCEWEN; STELLAR, 1993). However, chronic stress
exposure and its accompanying cellular stress response may be dysfunctional (MCEWEN,
2003). For example, long term depression may lead to a state of hypocortisolism (WIKGREN
et al., 2012). Moreover, studies have shown that high levels of pro-inflammatory cytokines
during a depressive episode are associated with telomere shortening (DAMJANOVIC et al.,
2007). Therefore, a putative association between psychological stress and telomere
accelerated attrition has been suggested.

Bipolar disorder (BD) is a mood disorder that affects 2% to 4% of the general
population (MERIKANGAS et al., 2007). It is categorized into two main subtypes. Type |
BD is defined by the presence of at least one manic episode, independently of the occurrence
of depressive espisodes. Type II BD is marked by the presence of hippomanic and depressive
episodes (GOODWIN; JAMISON, 2007). BD is associated with poor quality of life (JUDD et
al., 2005), family disturbances (JUDD; AKISKAL, 2003) and mortality greater than the
general population (ANGST et al., 2012). Patients have more cardiovascular diseases which
account for one third of their deaths (WESTMAN et al., 2013). Other causes of death include
somatic diseases, external conditions and suicide. Curiously, despite being more frequent than
in the general population, suicide is not the main cause of death among BD patients
(WESTMAN et al., 2013). Therefore, studies have suggested higher health vulnerability
within this clinical group. BD can be hypothesized as presenting cumulative and chronic
stress, as mood episodes, drug abuse, and other stressors progressively occur (KAPCZINSKI
et al., 2008). An important issue is that Hypothalamic-pituitary-adrenal axis (HPA)

dysfunction persists even during remission of symptoms, indicating the prolonged
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consequences of stress response (VIETA; GASTO; MARTINEZ DE OSABA; et al., 1997).
Furthermore, patients with HPA dysfunction seem to be more vulnerable to relapse in bipolar
patients (VIETA; GASTO; MARTINEZ DE OSABA; ef al., 1997). These findings highlight
the importance of clarifying stress response dynamics to improve both clinical and psychiatric
prognosis.

Within bipolar disorder evaluation of telomere length, although one study
(MANSOUR et al., 2011) did not find any differences between groups, there is some
evidence of shorter telomere length in bipolar patients in contrast with controls (RIZZO et al.,
2013; SIMON et al., 2006) and also of a greater proportion of short telomeres within the
bipolar group (ELVSASHAGEN et al., 2011). (ELVSASHAGEN et al., 2011) suggested that
the number of previous depressive episodes might be related to telomere attrition in bipolar
disorder. Considering that only a few studies have investigated telomere attrition and even
fewer have analyzed clinical features related to it, it becomes relevant to target these aspects
in order to clarify stress dynamics and health vulnerability in BD.

In this study, the aim was to verify whether bipolar disorder and its clinical
specificities are associated with telomere shortening. The clinical aspects considered were
those reported to be involved in BD patient prognosis, including comorbidities and disorder
subtype (DALTON et al, 2003) (VIETA; GASTO; OTERO; et al, 1997). It was
hypothesized that these factors could provide additional stress, aggravating telomere

shortening.

4.2 METHODS

4.2.1 Sample

The sample comprised 85 patients and 95 control subjects matched by age, gender and

sex. All patients were diagnosed with bipolar disorder and classified by a senior psychiatrist
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according to its subtype and the following comorbidities: Generalized Anxiety Disorder,
Panic, Alcoholism, Drug Abuse, Eating and Obsessive Compulsive Disorder. The instrument
used for classification was a structured interview - MINI Plus 5.0 (SHEEHAN et al., 1998)
which follows DSM-IV criteria for Axis I psychiatric disorders. In addition, data for the
presence of Borderline Personality Disorder was collected. The control group was selected
using the structured interview cited above (AMORIM, 2000; SHEEHAN et al., 1998) and
subjects were included if they had no past or present history of psychiatric disorders.
Procedures used in this study, including the interview and DNA analyses, were
explained to all subjects, who provided informed consent. This study was approved by the

local ethics committee (CAAE: 21185713.2.00005149) COEP.

4.2.2 Telomere length assay

Peripheral blood samples were collected in tubes containing EDTA, followed by DNA
extraction with high salt method (LAHIRI; SCHNABEL, 1993). DNA was quantified using a
NanoDrop Spectrophotometer Thermo Scientific, Nanodrop 200 model, and diluted to 75ng
in 96 well plates.

Telomere length was measured using a relative quantification method that has been
used and described before (CAWTHON, 2002). Briefly, two master mixes were prepared
using the following primer pairs: for telomeres GGTTTTT-
GAGGGTGAGGGTGAGGGTGAGGGTGAGGGT and
TCCCGACTATCCCTATCCCTATCCCTATCCCTATCCCTA, for control gene 36B4
CAGCAAGTGGGAAGGTGTAATCC and CCCATTCTATCATCAACGGGTACAA. Each
reaction was performed in triplicate for each sample and averaged for further calculations. For
PCR reactions, PlatinumTaq (Invitrogen) was used and amplicon formation was monitored

using SYBR-Green fluorescent dye (Invitrogen). All PCR reactions and fluorescence
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measures were carried out in an ABI-7500 real-time PCR machine (ABI). Each reaction was
performed in triplicate for each sample and averaged for further calculations.

For telomere length quantification, cycle thresholds (Ct) for each telomere and control
gene 36B4 PCR reaction were calculated using the ABI software algorithm. The
telomere/control gene 36B4 (T/C) ratio reflects the size of telomere for each sample.
Considering the exponential kinetics of the PCR reaction, this ratio may be expressed as the
following equation: 2 ~* ", where - A Ct = - (Ct telomere - Ct control gene 36B4) of sample n.

-ACt
2

For group comparisons, values for each sample were grouped and analyzed together.

Experiments were performed at least twice.

4.2.3 Statistical analyses

Groups were paired for demographic variables. Age was the only continuous variable
with normal distribution and Student’s t-test was used to check for significant difference
between means. For telomere length comparison (T/C ratio), the Mann-Whitney U test was
used to test for significant difference between means. For categorical variables, x? test was
performed.

Within the BD group telomere length and clinical features were compared after
dividing the experimental group in categories, according to subtype of BD, comorbidities and
presence of borderline personality disorder.

Later, telomere length was also categorized in long and short telomeres in order to
investigate possible risk factors among those patients with short telomeres. Volunteers with
telomere length lower than whole sample median were compounded Short telomere group,
those with telomere higher than median were Long telomere category. It was conducted

comparisons between patients and controls within each range, and effect size calculated.
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4.3 RESULTS

4.3.1 Bipolar disorder is associated with reduced telomere lengths

To evaluate if bipolar disorder is associated with shorter telomeres, telomere length of
patients and control subjects were measured after dividing the patient group in categories
according to subtypes of disorder. Groups were matched for age, sex and educational level
(Table 1). BD patients had shorter mean telomere length compared to control subjects - with
a moderate effect size of 0.36, regardless of the disorder subtype (Table 2). It is noteworthy
that there was no significant difference in telomere length between BD subtypes and they
were pooled together for further analysis. Therefore, these data suggest that bipolar disorder is
associated with reduced telomeres.

Table 4.1 Sample Characteristics

Patients Control
P value
N= 85 N=96
Telomere length (Median) 296.48 412.74 0.00
Age (Mean +- SD Years) 39.46 (10.63) 38.33 (11.02) 0.48
Sex, Woman, n (%) 21(24.7) 35 (36.5) 0.06
Educational Level
Primary school, n (%) 17 (20) 26 (27.4)
Secondary school, n (%) 39 (45.9) 42 (44.2) -
Undergraduation, n (%) 29 (34.1) 27 (28.4)

Telomere length maintenance is a dynamic process that may suffer the influence of
many variables present other comorbidities, it is possible that telomere shortening represents a

secondary event. In order to evaluate whether some other specific feature of BD patients has
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a major role in telomere shortening, the presence of clinical comorbidities and mean telomere
length in the BD group was compared (Table 3). There was no specific clinical comorbidity
associated with a greater reduction of telomeres. This suggests that bipolar disorder is
directly associated with telomere shortening and that, at least in this sample, no other clinical
aspect evaluated had a major impact over the phenotype.

Table 4.2 Comparisons per type of bipolar disorder

Telomere length P- value
median (effect size — Rosenthal 7 )

Control 412.74
BDI 295.06 0.00
BD II 309.08
Control 412.74 0.00
BD I 295.06 (-0.36)
Control 412.74 0.003
BD II 309.08 (-0.27)
BDI 295.06 0.85
BDII 309.08 (-0.02)

Recently, a study has shown that a relative telomere length difference of 118.07
corresponds to approximately 278.9 base pairs difference (WOLKOWITZ et al., 2011). This
i1s comparable to seven years of aging (WOLKOWITZ et al., 2011). Curiously, in the control
group, age has a positive significant correlation with telomere length shortening (rho= - 0.27,
p = 0,008) that is not mirrored in the BD group (rho= 0.60, p= 0.58). This suggests that

bipolar disorder may mimic the effect of chronological age over telomere length.
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Table 4.3 Comparisons according to comorbidity

Present Absent
n (%) n (%) P- value
Median Median

Generalized Anxiety 32 (38.6) 51(61.4) 0.60

Disorder 294.57 297.55

Panic 20 (24.1) 63 (75.9) 0.22
276.75 323.49

Borderline 21 (25.3) 62 (74.7) 0.23
293.65 297.01

Alcoholism 25 (30.1) 58 (69.9) 0.92
291.40 300.78

Drugs 9(11) 73 (89) 0.74
371.88 295.48

Eating Disorder 5(6.2) 75 (93.8) 0.13
392.60 295.48

Obsessive Compulsive 6 (7.5) 74 (92.5) 0.83

Disorder 384.57 294.57

4.3.2 Bipolar disorder does not predict telomere length in a sample of long telomere
subjects

Shorter telomeres were observed for BD patients when control and patient subjects
were all taken together for comparison. However, it could be that this patient versus control

difference was not homogenous for all telomere ranges, which could further suggest



56

protective or risk factors for patients in a specific category. Therefore, in order to investigate
bipolar and control telomere difference across various ranges of telomere length, the whole
sample was subdivided according to median and patients and controls were compared within
each range.

In short telomere group, patients and controls differed significantly within this group,
with a moderate effect size of 0.47. However, there was no difference when comparing
subjects in the long telomere group (Figure 1). Furthermore, no differences were found
between Short and Long telomere group regarding the following clinical variables: presence
of panic disorder, obsessive compulsive disorder, generalized anxiety disorder, borderline
personality disorder, type of bipolar disorder, number and type of past suicide attempt and
number of comorbidities. Therefore, it was not possible to identify specific clinical factors
that could explain the differences between patients and controls occurring only in the Short
telomere group.

Figure 4.1. Comparison regarding telomere length category
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4.4 DISCUSSION

In this study, the authors sought to discern any relation between bipolar disorder and
telomere length, evaluating also some effects of comorbidity and BD subtype on telomere
size. A reduction in telomeres of individuals suffering from BD was observed. In this sample,
telomere size was not associated with any other clinical feature analyzed. Taken together
these data suggest that bipolar disorder is directly associated with reduced telomere length, a
feature similar to what is seen in aging. The set of comorbidities were selected because of
their connection with poorer BP outcome (DALTON et al., 2003; VIETA; GASTO; OTERO;
et al., 1997). It is hypothesized that they increase organismal stress and, therefore, patients
presenting them may have shorter telomere length. However, in this study, those
comorbidities were not associated with shorter telomeres. This is in accordance with other
studies that did not observe this association (ELVSASHAGEN et al., 2011; MARTINSSON

etal.,2013; RIZZO et al., 2013; SIMON et al., 2006)
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In addition, some studies have shown that depression does not present any additional
effect over accelerated telomere shortening, when associated with other conditions such as
heart failure (HUZEN et al., 2010) or aging (SANDERS et al., 2012). These findings may
indicate that some conditions may cover up the effects of others with regard to telomere
attrition, which can be more sensitive than specific when reacting to life stress conditions
(EPEL, ELISSA S. et al., 2004). It can be supposed that BD is also disruptive and stressful
enough, regardless of subtype, for any association with comorbidities not to have any
additional effect on telomere size.

In addition to clinical aspects, age (SVENSON et al., 2011), sex (BARRETT;
RICHARDSON, 2011) and socioeconomic status (BATTY et al., 2009) were reported to be
associated with telomere length. It was observed that age determines telomere length in the
control group but not in the BD group, suggesting that bipolar disorder may be a stressful
condition that masks the age effect, breaking the linear relation of age and telomere
shortening in patients.

It was investigated whether accelerated telomere shortening was homogenous
throughout the BP patient sample. In the Long telomere group, patients and controls had
similar telomere lengths while in the Short telomere group patients had significantly shorter
telomeres. It was not found specific clinical vulnerability factors in Short telomere patients in
contrast to Long telomere patients that could explain this patients X control difference
occurring only in Short telomere group. Therefore, this result suggests that Long telomere
patients may show protective factors that reduce vulnerability to telomere attrition. These
features may not be shared with subjects in the Short Telomere Group. Further investigation
should shed light on that finding, revealing new aspects of the modulation of the biology of

neuropsychiatry disorders.
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Studies have suggested that psychotropic drugs in schizophrenia and lithium treatment
in BP are associated with protection against telomere shortening (SAVOLAINEN et al.,
[S.d.]) (MARTINSSON et al., 2013). In view of this, the medication data of a subsample of
30 BD patients was analyzed, which represents about 30% of patients. However, the results
indicated no significant difference in telomere length when comparing users of the two most
used mood stabilizers - Valproic acid versus Lithium - nor when comparing lithium users
versus users of any other medication (data not shown). Since the patients came from a tertiary
centre, polypharmacy was very frequent, which might have hidden any potential protective
effect on the telomeres. It was not feasible to identify potential risk or protective factors.
Apart from this limitation, some studies have shown BMI, genetic and environmental
(BATTY et al., 2009; VALDES et al., 2005) interference on telomere length. However, these
conditions could not be controlled in this study.

(ELVSASHAGEN et al., 2011) suggest an association between number of previous
depressive episodes and accelerated telomere shortening. Although this information was not
collected from all patients we could gather data regarding number of previous manic and
depressive episodes, as well as number and type of suicide attempt (absent, non-violent and
violent) from 40 (47%) of the 85 patients included in this major study. None of these
variables showed association with telomere length. Both hypotheses were tested as correlation
analyses performed with continuous variables (data not shown).

In conclusion, this study has highlighted the heterogeneity of telomere dynamics in
bipolar disorder. Understanding this aspect may be useful in understanding the disease in
order to reduce bipolar patient’s vulnerability to aging related diseases, thus enhancing their

longevity and quality of life.
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5. COMPARACAO SEGUNDO TIPO DE TRATAMENTO E ASPECTOS

CLINICOS ASSOCIADOS

Alguns estudos com transtornos psiquidtricos encontraram associagdes entre
tratamento medicamentoso e efeitos protetivos em relacdo aos teldomeros. (MARTINSSON et
al., [S.d.]) encontrou que o uso de litio esta associado a teldmeros longos. J& os achados de
(SAVOLAINEN et al., [S.d.]) sugerem que uso de medicagdes psicotropicas para o
tratamento da esquizofrenia também pode oferecer acdo protetiva estando associado a
telomeros mais longos.

Com a finalidade de wverificar possiveis viéses relacionados aos resultados
demonstrados no topico anterior, foram feitas andlises com uma subamostra (N=29) de
pacientes apos a coleta dos dados sobre a mediagdo utilizada no periodo em que foi feita a
coleta de sangue. As medicagdes (tabela 5.1) foram subdivididas segundo as classes
correspondentes e as analises foram feiras através de teste de hipotese ndo paramétrico para
comparacgdo de grupos (teste de Mann-Whitney), tendo em vista que os dados a respeito do
comprimento telomérico ndo apresentava distribui¢do normal. A primeira comparagdo foi
realizada comparando-se o tratamento de litio (n= 12), mesmo quando associado a outros
medicamentos versus pacientes que nao utilizavam litio em seu tratamento (n=17). Os
resultados nao indicaram diferencas significativas entre o comprimento telomérico dos grupos

(U= 81,00, p= 0,35)..
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Tabela 5.1 Descricao do tipo de medicagdo utilizada segundo a classe medicamentosa

Classe N Porcentagem %
Antidepressivos 10 30, 30
Benzodiazepinico 15 51,72
Estabilizadores do humor 24 82,76
Antipsicoticos 14 48,28
Outros 4 13,79

Os dados consideraram uma subamostra total de 29 pacientes

Posteriormente, foi feita comparagdo entre os principais estabilizadores do humor
utilizados sendo o Carbonato de Litio (n= 12) versus Acido Valproico (n=11), a qual também
nao demonstrou resultados significativos (U= 48,00, p= 0,27).

Em uma terceira comparagdo considerando-se a medicagdo, os pacientes que
apresentavam uso de antipsicoticos em contraposicdo com os demais ndo demonstraram
qualquer tipo de associagdo entre comprimento telomérico e uso de antipsicoticos (U=
102,00; p= 0,89).

Os resultados apontam para auséncia de efeitos da medicagdo sobre o comprimento
telomérico. De toda forma, cabe a ressalva de que os pacientes inseridos neste estudos fazem
uso de tratamento medicamentoso combinado, o que dificulta a caracterizacdo de efeitos
isolados, além de a subamostra utilizada ser reduzida (N=29).

Em relagdo aos aspectos clinicos que poderiam estar associados a um agravamento da
experiéncia de estresse e, consequentemente, a um prejuizo ainda maior relacionado ao
comprimento telomérico, (ELVSASHAGEN et al., [S.d.]) indica que sujeitos com historico
de numero de episodios depressivos maior ou igual a 20 apresentaram maior carga de

telomeros curtos. Nos que diz respeito aos demais aspectos clinicos avaliados por estudos
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prévios como presenca do tipo ciclagem rapida de TAB (MARTINSSON et al., [S.d.]),
niimero de episodios hipomaniacos (ELVSASHAGEN et al., [S.d.]), duracdo da doenca
(ELVSASHAGEN et al., [S.d.]) ou associag¢ido de quadro de ansiedade ao TAB (SIMON et
al., [S.d.]), nenhum deles encontraram associagcdes entre aspectos clinicos e encurtamento
telomérico.

Diante da impossibilidade de coleta de dados de todos os sujeitos, neste estudo
avaliamos aspectos clinicos especificos de uma subamostra de 29 pacientes. Foram realizadas
analises de correlagdo entre o comprimento telomérico e nimero de episodios depressivos
(rho=0,008; p=0,96), episodios maniacos prévios (rho=- 0,051; p=0,76), além de dados a
respeito de historico de tentativas de suicidio (ndo violenta, violenta, e ausente) - Tabela 5.2.
Se o paciente apresentou pelo menos uma tentativa de suicidio violenta no passado, ele foi

incluido na classe historico de tentativas violentas.

Tabela 5.2 Comparagdes de comprimento telomérico de pacientes segundo o
historico de tentativa de suicidio

Comprimento telomérico médio

Historico de tentativas de

Mediana H p
suicidio
Ausénte 277,66
Violenta 282,59 1,69 p=0,43
Nao-violenta 379,64

? Foi realizado o teste nao-paramétrico de Kurskal-Wallis

Os resultados apontam para auséncia de relagdo entre os aspectos clinicos avaliados e

encurtamento de telomeros, achado que estd em consonancia com alguns dos estudos citados.
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Os resultados sugerem que apesar de os pacientes apresentarem telomeros mais curtos em
relagdo aos controles, as varidveis clinicas consideradas nao representam medidas acuradas do
efeito de estresse oxidativo associado ao transtorno, mecanismo considerado mediador entre
condi¢gdes psiquiatricas, encurtamento telomérico e vulnerabilidade a doencgas associadas

(doengas cardiovasculares, diabetes).
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6. DISCUSSAO

Os resultados indicam que pacientes, em comparagdo com controles, pareados por
sexo, idade e escolaridade apresentam encurtamento telomérico mais acelerado. Este dado
sugere que ¢ possivel que este grupo se apresente em vulnerabilidade quanto a fatores que
predispdem tal aceleramento. Um destes fatores pode estar relacionado aos elevados niveis de
estresse oxidativo, evidenciados em pacientes com transtornos do humor e especificamente,
no transtorno bipolar (KAPCZINSKI et al., [S.d.]). A presenca de estresse oxidativo tem sido
apontada como mecanismo envolvido no encurtamento telomérico, independente do problema
do final da replicacdo (VON ZGLINICKI; PILGER; SITTE, 2000). Os resultados deste
estudo corroboram a hipotese inicial que de o estresse oxidativo oriundo da psicopatologia
pode gerar vulnerabilidade a nivel de senescencia celular e, possivelmente, a maior
predisposicao a doengas relacionadas ao envelhecimento.

Outro fator de grande relevancia para o agravamento do encurtamento telomérico ¢ a
presenca de agentes proinflamatorios (HOHENSINNER; GORONZY; WEYAND, 2011) os
quais se apresentam em abundancia em pacientes com TAB (KIM et al., 2007). Mecanismos
inflamatérios estdo associados a proliferagdo celular de leucdcitos, consequentemente
aumentando a perda de DNA telomérico através das sucessivas mitoses (HOHENSINNER;
GORONZY; WEYAND, 2011). Os elevados niveis de estresse representam condigdes de
simulagcdes antigénicas que impdem demanda por aumento da atividade de células
imunolégicas (HOHENSINNER; GORONZY; WEYAND, 2011).

Apesar da maior vulnerabilidade do grupo clinico, nao foi possivel verificar nenhum
fator clinico especifico que contribuisse para esse aceleramento, sugerindo o rapido
encurtamento como indicio molecular de uma carga geral de estresse vivenciado. Este dado
esta de acordo com estudos que apontam para encurtamento telomérico em diversas

condigdes, como em cuidadores (DAMJANOVIC et al, [S.d.]), pacientes deprimidos
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(WIKGREN et al., [S.d.]), vitimas de (VALDES et al., [S.d.]) adversidades na infancia
(KIECOLT-GLASER et al., 2011), tabagistas (VALDES et al., [S.d.]), e ainda pacientes
sedentarios referencia (VALDES et al., [S.d.]).

No entanto, além de os dados indicarem que o encurtamento ¢ uma medida sensivel a
diferentes tipos de estresse, o encurtamento aparentemente ndo ocorre de forma homogénea
entre a amostra de sujeitos com TAB. Em concordancia com esta heterogeneidade, outros
estudos encontraram fatores de protecdo e risco associados ao encurtamento telomérico
(MARTINSSON et al., [S.d.]; PUTERMAN et al., 2013). Neste estudo, pacientes e controles
da categoria de teldomeros longos ndo apresentarem diferencas quanto ao comprimento
telomérico. No entanto, ndo foi possivel identificar potenciais fatores de risco que
explicassem as diferengas entre pacientes e controles na categoria de telomeros curtos.

O quadro de TAB apresenta elevada comorbidade com doencgas cardiovasculares, as
quais sdao as principais causas de morte no mundo, sendo o risco de morte por doengas
cardiovasculares duplicados na populagao com TAB tipo 1 em comparagao com a populagdo
geral (ANGST et al., 2013). Tendo em vista a associacdo entre comprimento telomérico,
doencas cardiovasculares e cancer, principais patologias associadas a mortalidade global
(“WHO | Reports”, [S.d.]), ¢ possivel considerar o comprimento telomérico como um
marcador de vulnerabilidade.

Os achados deste estudo apontam para a possibilidade de o encurtamento telomérico
ser marcador de vulnerabilidade a doengas clinicas crdnicas, e ainda ao estresse, sugerindo
que além do problema do final da replicagdo, associados ao niumero de mitoses realizadas,

outros processos podem afetar a velocidade de tal encurtamento.
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7. CONCLUSAO E PERSPECTIVAS FUTURAS

A disfuncionalidade que acomete pacientes com Transtorno Afetivo Bipolar envolve
maior vulnerabilidade ao desemprego, inadimpléncia, baixa qualidade de vida, além de
prejuizos cognitivos (JUDD et al., [S.d.]; JUDD; AKISKAL, [S.d.]), e condi¢des medicas
gerais piores. Considerando o maior risco de doengas cronicas nesta populagao clinica e os
elevados niveis de mortalidade e disfuncionalidade em pacientes com Transtorno Afetivo
Bipolar (ANGST et al., 2013), é possivel considerar o transtorno como sendo psiquico e
somatico, conferindo maior vulnerabilidade geral a saude do individuo.

O encurtamento telomérico em pacientes psiquiatricos, neste caso com TAB, ¢ uma
evidéncia da integracdo entre diversos aspectos relacionados a saude, como imunologia,
reatividade ao estresse, habitos de vida, entre outros. A literatura mostra encurtamento de
telomeros em diversas condi¢des psiquiatricas € ndo-psiquiatricas. Um dos fatores subjacentes
comuns a estas diversas patologias e condicdes ¢ a exposicdo ao estresse e condicdes
adversas.

O estresse, processo de adaptacdo do individuo ao longo da vida pressupde a alostase,
ativacdo de mecanismos mediadores do processo de restabelecimento da homeostase
(STERLING; EYER, 1988). Um dos mediadores da alostase sdo respostas do sistema
neuroenddcrino, sistema nervoso autondmico e sistema imunologico, ativados em resposta a
estressores ou fatores de vida didria. Essas respostas, em geral sao benéficas (MCEWEN,
2003). No entanto, quando ocorrem disfungdes através da sua ativacao exacerbada, mudangas
graduais vao ocorrendo neste organismo gerando um custo de adaptacdo, que ¢ chamado de
carga alostatica (STERLING; EYER, 1988) .

Considerando que mecanismos pro-inflamatdrios e estresse oxidativo sist€émico sao
mediadores da carga alostatica e que o comprimento telomérico estd associado a estes fatores

(VON ZGLINICKI, [S.d.]) , € possivel conceber o comprimento de telomeros, como uma,
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mas nao a unica, medida de vulnerabilidade global do organismo, de modo que as condigdes
psiquidtricas e clinicas estdo intimamente ligadas

Assim, o fato de o encurtamento ocorrer em diversas patologias ou condi¢des € a
dificuldade de determinar fatores de risco especificos apontam para o comprimento
telomérico como indicador do reflexo de uma série de sistemas afetados pela quebra na
homeostase do organismo. A inespecificidade do achado indica integracao entre eles e aponta
para uma resposta do organismo como um todo a estas condi¢des adversas e de estresse.

Diante da necessidade reduzir a vulnerabilidade e disfuncionalidade de pacientes com
TAB e aqueles submetidos a condi¢cdes adversas, pesquisas futuras devem continuar
verificando estratégias que desacelerem o encurtamento de teldmeros, como modificacao de
habitos de vida (EPEL, ELISSA et al., 2009), e que confiram correspondente reducdo da

vulnerabilidade geral a esses sujeitos.
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