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|. Resumo

As doencas de Alzheimer e de Parkinson sao as enfermidades
neurodegenerativas mais comuns atualmente. Em conjunto, essas duas
patologias acometem mais de 45 milhdes de pessoas ho mundo inteiro e séo
responsaveis pela grande maioria dos casos de deméncia. Apesar do
investimento em pesquisas ha area, a etiologia e 0s mecanismos
moleculares envolvidos na patogénese dessas doencas ainda ndo foram
totalmente elucidados e ndo existem farmacos capazes de retardar ou
impedir a morte neuronal caracteristica dos individuos afetados. Mutacdes
em genes especificos vém sendo associadas a uma pequena parcela dos
casos das doencas de Parkinson e Alzheimer. Porém, as vias em que estes
genes mutados estédo envolvidos e a interagdo com outros fatores que levam
a processos patolégicos ainda ndo sao claras. Redes regulatorias
especificas das doencas, inferidas a partir de algoritmos de engenharia
reversa, podem melhorar a nossa habilidade de caracterizar perturbacdes
sistemicamente. No presente trabalho, foram utilizados dados de
microarranjo adquiridos da plataforma publica Gene Expression Omnibus
(GEO) (GSE60862) para modelar redes de regulacdo transcricionais
especificas para o hipocampo e a substancia nigra, principais regides
danificadas nas doencgas de Alzheimer e Parkinson. A seguir, estudos caso-
controle (GSE5281 e GSE8397) foram usados para estabelecer assinaturas
génicas para as duas doencas neurodegenerativas de interesse e identificar
fatores de transcricdo (do inglés transcriptionl factors — TFs) cujos regulons
encontram-se diferencialmente expressos em cada uma dessas situacdes
patologicas, isto é, fatores de transcricdo que sdo os reguladores mestres
responsaveis pela modulacdo fenotipica que resulta na doenca. Para tanto,
foram realizadas duas analises, RMA (Master Regulator Analysis) e GSEA
(Gene Set Enrichment Analysis), e apenas TFs identificados como
Reguladores Mestres (Masters Regulators — MRs) por ambas foram
considerados no estudo. Como resultado, identificamos 117 TFs importantes
para a regulacdo da expressao génica no hipocampo e 123 na substancia
nigra. Propusemos 17 MRs envolvidos com a doenca de Alzheimer e 28 com



a doenca de Parkinson, alguns dos quais jA haviam sido descritos
anteriormente em processos relacionados a neurodegeneracdo (como YY1,
HMG20A, RREB-1 and SLC3A9). Esses resultados sdo de grande valor para
a caracterizacdo molecular das estruturas hipocampo e substancia nigra e
determinacdo das mudancas de padrdo de expressao que ocorrem nesses
tecidos quando afetados pelas doencas de Alzheimer e Parkinson. A analise
e validacao dessas assinaturas podem contribuir para elucidar o processo de
neurodegeneracdo e fornecer dados para a busca de novos alvos

terapéuticos.



Il. Introducéo

1. Doenca de Alzheimer

1.1. Epidemiologia

A Doenca de Alzheimer (DA) é a doenca neurodegenerativa mais
comum atualmente, responsavel por cerca de 70% dos casos de deméncia
[1]. Ela foi descrita pela primeira vez em 1906, pelo psiquiatra alemé&o Alois
Alzheimer, que estudava o caso de uma mulher que apresentava uma forma
“‘peculiar” de deméncia aos 51 anos. O pesquisador correlacionou danos
cognitivos e mudancas comportamentais da paciente com achados
histopatolégicos apds sua morte, descrevendo 0s principais componentes
neuropatoldgicos da doenca. A DA caracteriza-se pela morte gradual de
neurbnios em determinadas areas do cérebro (principalmente camada
piramidal do hipocampo, camada Il do cértex entorrinal e certas areas do
neocortex temporal, parietal e frontal) levando inevitavelmente a morte dos
pacientes em até 10 anos apés seu diagndéstico. Danos na memoria recente
sdo, geralmente, os primeiros sintomas da DA. Eles podem ser
acompanhados de outros déficits cognitivos, como perda da capacidade de
resolver problemas e dificuldade atencional. A medida que a doenca avanca,
prejuizos na fala, dificuldade visoespacial e mudancas na personalidade
(falta de iniciativa, depresséo, entre outros) frequentemente passam a ser

manifestados pelos pacientes [1].

O principal fator de risco para a DA é a idade. Essa enfermidade
acomete, em geral, pessoas maiores de 60 anos e sua prevaléncia aumenta
exponencialmente com o passar do tempo. Apos os 85 anos, a probabilidade
de um individuo ser diagnosticado com a doenca é maior que 33% [2]. O
namero alarmante de casos da doenca tende a tornar-se ainda maior no
futuro, uma vez que a expectativa de vida da populagcdo vem aumentando
com o desenvolvimento da medicina. Assim, calcula-se que o numero de
individuos com a DA, em 2040, sera trés vezes maior que nos dias de hoje,
chegando a 90 milhdes [3].



Através de estudos epidemiolégicos, muitos fatores de risco ja foram
descobertos para a DA, ainda que a forma exata como alguns deles agem
continue desconhecida. Dentre estes fatores pode-se citar o sedentarismo,

fumo, problemas cardiovasculares, diabetes tipo Il e dislipidemias [4].

1.2.  Caracteristicas Neuropatolégicas

Macroscopicamente, € comum a ocorréncia de atrofia cortical,
principalmente nos lobos temporais, fazendo com que os ventriculos laterais
parecam anormalmente dilatados [5]. Microscopicamente, as caracteristicas
principais sdo a presenca de placas amiléides no meio extracelular e
emaranhados neurofibrilares no interior dos neurdnios. Morte neuronal,
distrofia dos neuritos, perda sinaptica, reducdo de certos
neurotransmissores, danos oxidativos e inflamagcdo (proliferacdo de
astrocitos e microglia) também estdo presentes [1]. As principais

caracteristicas neuropatologicas da doenca estao ilustradas na Figura 1.

Figura 1: Caracteristicas neuropatolégicas da DA. (A) Comparacao entre fatias de
cérebros post-mortem de individuos com (a esquerda) e sem a doenca (a direita),
demonstrando severa atrofia. Cortes histologicos em que se pode identificar (B)
placas amildides e (C) emaranhados neurofibrilares corados com prata. Em (D),
uma placa amiléide marcada com anticorpo anti-AB (em vermelho), mostrando



infiltrado de microglias, coradas em verde. (Adaptado de Holtzman et al., 2011 e
O’Brien et al., 2011) [1, 6]

As placas amildides sdo compostas majoritariamente pelo peptideo -
amiléide (AB). Este é formado naturalmente no organismo e consiste em
uma cadeia de 36 a 43 aminoacidos derivados da clivagem de uma proteina
maior, chamada proteina precursora amiléide (APP) [3]. O processo de
clivagem e formacdo do peptideo estd ilustrado na Figura 2. O AB é
relativamente abundante no fluido cefalorraquidiano que banha o sistema
nervoso central, sendo encontrado em concentracdes de 10-20 ng/mL. O
aumento dessa concentragdo, ou da concentracao relativa de Ap42
(principal fragmento presente nas placas amiléides) implica na formacédo de

agregados e patogénese da Doenca de Alzheimer [1].
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Figura 2: Processamento da Proteina Precursora Amil6ide. A APP pode ser clivada
por duas vias. A maior parte ocorre através da ndo-amiloidogénica, que evita a
formacdo de AP (a esquerda) por consistir na clivagem dentro do dominio do
peptideo. A primeira clivagem enzimatica é mediada pela a-secretase e resulta na
liberacdo de dois fragmentos, um ectodominio comprido (sAPPa) e um fragmento
carboxiterminal (C83). Este pode, posteriormente, ser clivado pela y-secretase,
formando um residuo p3 e um dominio intracelular amilide (AICD). A via
amiloidogénica (a direita) € iniciada pela clivagem pela B-secretase, liberando um
residuo mais curto (sSAPP) e deixando um fragmento C99. Este também é clivado
pela y-secretase, resultando na producédo de AP e AICD, que é translocado para o
nucleo e age como um fator de transcrigcdo. (Retirado de Querfurth and LaFerla,
2010) [7]
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Os emaranhados neurofibrilares s&o estruturas formadas
intracelularmente que ocorrem tanto na DA quanto em outras desordens
neurodegenerativas, as chamadas tauopatias. O seu principal componente &
a proteina tau, que se encontra anormalmente fosforilada e agregada. Em
situagbes normais, a tau € uma proteina solivel abundante no axoénio e
promove a estabilidade dos microtubulos e transporte vesicular. Em estado
super fosforilado, porém, ela se torna insoluvel, perde afinidade pelos
microtubulos e junta-se formando inclusbes [8]. Estas sdo citotoxicas e

podem causam danos cognitivos [1].

1.3. Patogénese
Apesar da etiologia ainda desconhecida da doenca, propde-se que a
deposicdo do peptideo AB seja o evento inicial do processo, que leva a
formacgéo das placas senis e dos emaranhados neurofibrilares (hiptese da
cascata amiloide) [9]. Alguns mecanismos relacionados com a patogénese

da doenca sao descritos a seguir (revisados por Querfurth e LaFerla, 2010)
[7]:

e Falha sinaptica: os oligbmeros de AR afetam a plasticidade sinaptica
através da reducdo do numero de espinhos dendriticos e da capacidade
de gerar potenciais de longa duragédo (LTP), processo importante para a
formacdo da memdéria. Os AP facilitam a endocitose dos receptores de
NMDAr e AMPAr e ligam-se aos receptores neurotrofina p75 (p75NTr) e
BDNF. Ainda, os oligbmeros reduzem a liberagdo de acetilcolina dos

terminais presinapticos;

e Disfuncdo mitocondrial: os oligbmeros de AP inibem importantes
enzimas mitocondriais no cérebro, como a citocromo c oxidase, por
exemplo. Consequentemente, o transporte de elétrons, a producédo de
ATP, o consumo de oxigénio e o potencial de membrana sofrem
prejuizos. Além disso, a disfuncdo mitocondrial causa estresse oxidativo,

liberacdo do citocromo c e apoptose;

e Reducéo dos componentes da via de sinalizacéo de insulina: levam a

déficits energéticos, fazendo com que 0s neurdnios tornem-se vulneraveis

11



a oxidagdo e outros insultos metabdlicos e reduzindo a plasticidade
sinptica. Além disso, concentragfes elevadas de glicose sérica causam

danos ao hipocampo;

e Processo inflamatoério: na doenca, ocorre aumento da atividade das
microglias, células imunes do sistema nervoso, que internalizam e
degradam os AB. Porém, quando ativadas cronicamente, essas celulas
liberam quimiocinas e uma seérie de citocinas citotdéxicas, como
interleucina-1, interleucina-6 e fator de necrose tumoral a (TNF-a). O
processo inflamatoério provoca mudangas nos neuritos e pode levar ao

rompimento vascular da barreira hematoencefalica (AD);

e Perda do balanco de calcio — leva ao aumento das concentracfes
citosdlicas de célcio, estimulando a agregacédo de AR, que, por sua vez,
forma canais voltagem-dependentes nas membranas lipidicas, resultando

na captacdo de mais calcio e degeneracao de neuritos;

e Defeitos no transporte axonal: levam a deposicao de AR e ao acumulo
de APP, vesiculas sinapticas, kinesinas e outros componentes. Esses

problemas devem-se, majoritariamente, a funcéo alterada da proteina tau.

1.4. Fatores Genéticos

Com base na idade em gue os sintomas clinicos tém inicio, a doenca
de Alzheimer pode ser classificada em dois tipos: early onset Alzheimer’s
disease (EOAD) ou Alzheimer familiar e late onset Alzheimer’s disease
(LOAD) ou Alzheimer esporadico. A forma familiar, responsavel por 1-5% de
todos os casos da doenga, acomete individuos com menos de 65 anos e é
geralmente associada a uma rapida progressao e mutacdes genéticas de
padrdao autossomico dominante [10]. A forma esporadica apresenta uma

etiologia multifatorial, em que determinados polimorfismos estdo envolvidos.

MutacBes em trés genes tém sido fortemente associadas a forma
familiar da DP: APP, PSEN1 e PSEN2. Tais mutacdes levam ao aumento
dos niveis do peptideo AB42, sua agregacado e o inicio precoce da doenca,
gue ocorre na gquarta ou quinta década de vida. Em contraste, os genes
envolvidos no Alzheimer esporadico, considerados genes de

12



susceptibilidade, aumentam o risco da patologia em um padrdao néo-
Mendeliano [10]. O fator mais fortemente relacionado a LOAD é o alelo
APOEe4. A APOE é uma proteina da classe das apolipoproteinas que
transporta lipoproteinas, vitaminas e colesterol pela circulacdo. Ela é
expressa em humanos em trés diferentes isoformas, APOEeg2, €3 e €4,
sendo €3 considerado um alelo neutro, ¢4 um alelo de alto risco e €2 um
alelo protetor contra a doenca de Alzheimer [11]. Recentemente, estudos de
genome-wide association (GWA) identificaram variantes de outros genes,
como CLU, PICALM, CR1 e BIN1, como possiveis genes de susceptibilidade
[12-14].

2. Doenca de Parkinson

2.1. Epidemiologia

A Doenca de Parkinson (DP), segunda doenca neurodegenerativa
mais comum atualmente, foi descrita pela primeira vez em 1817, por um
médico inglés chamado James Parkinson. Na monografia publicada,
intitulada “An Essay on the Shaking Palsy” (“‘Um Ensaio sobre a Paralisia
Agitante”), ele descreveu os principais sintomas clinicos da doencga e fez
consideracdes a respeito de sua etiologia e tratamento. A DP é uma
desordem progressiva em que 0s sintomas iniciam, na maioria dos casos,
por volta 55 anos de idade, e cuja incidéncia aumenta significativamente
com a idade, de 20 em 100.000 habitantes na populacdo em geral para 120
em 100.000 em pessoas com mais de 70 anos [15]. A enfermidade é
caracterizada pela morte de neurdnios dopaminérgicos na via nigro-estriatal
e tem como principais sintomas bradicinesia, hipocinesia, rigidez, tremor de
repouso e instabilidade postural. Além dos disturbios motores, pacientes
com a doenca podem apresentar déficits cognitivos, como deméncia,

depresséao, psicose, confusao e disturbios de sono [16].

Embora quase dois séculos tenham passado desde sua descoberta,
0S mecanismos moleculares envolvidos na patogénese da DP ainda nao

foram elucidados e ndo existem farmacos capazes de retardar ou impedir a
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neurodegeneracao caracteristica da doenca. Apesar do desenvolvimento de
Levodopa (farmaco de escolha para sindromes parkinsonianas) ter
revolucionado o tratamento da DP, seu efeito é paliativo e seu uso
prolongado apresenta altos riscos de desenvolvimento de discinesias graves
e incapacitantes [17]. O processo de neurodegeneracdo tem inicio
aproximadamente uma década antes das primeiras manifestacdes clinicas,
de modo que, no momento do diagnostico, estima-se que ja haja morte de
cerca de 50-70% dos neurdnios da substancia nigra [18], o que representa

uma grande limitacdo para o tratamento da DP.

A ideia de que a DP pode ser causada por fatores ambientais surgiu
com a observacdo, em 1983, que a injecdo intravenosa de drogas
contaminadas com 1-metil-4-fenil-1,2,3,6-tetrahidropiridina (MPTP) causava
0s sintomas tipicos da doenca [19]. Outros fatores, tais como realizacdo de
atividades fisicas, exposicdo a pesticidas, trauma, depressdo, disturbios
olfatorios e ansiedade estdo sendo associados a um aumento no risco do

desenvolvimento da DP [15].

2.2. Caracteristicas Neuropatologicas
A Doenca de Parkinson tem como principais caracteristicas a morte
dos neurbnios dopaminérgicos da via nigro-estriatal e a presenca dos
Corpos de Lewy (LB) (Figura 3). Os LB séo inclusGes protéicas compostas
primariamente por alfa-sinucleina, parkina, ubiquitina e neurofilamentos, e

sdo encontradas em todas as areas do cérebro afetadas pela doenca [16].

Os corpos celulares dos neurdnios da substancia nigra pars compacta
(SNpc) projetam-se primariamente para o putamen. A perda dessas células,
que contém grande quantidade de melanina [20], leva a uma classica
caracteristica neuropatoldgica da DP: a despigmentacdo da SNpc (Figura
4B). Os neurdnios dopaminérgicos mesolimbicos, cujos corpos celulares
residem na area tegmentar ventral (VTA), sdo muito menos afetados na
doenca. Consequentemente, ha significativamente menos deplecdo de DA

no caudado, para onde eles se projetam (Figura 4A) [21].
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Figura 3: Neuropatologia da Doenca de Parkinson. (A) Uma representacdo
esquematica da via nigro-estriatal (em vermelho) em situagcdo normal, mostrando os
neurdnios dopaminérgicos cujos corpos celulares se localizam na substancia nigra
e 0s corpos se projetam para o estriado. Na doenca de Parkinson, (B) ha
despigmentacdo da substancia nigra em virtude da morte desses neurdnios
dopaminérgicos (linhas pontilhadas), especialmente aqueles que se projetam para o
putdmen. (C) Marcacao imunicitoquimica dos Corpos de Lewi, mostrando as
proteinas sinucleina e ubiquitina, importantes componentes dessas inclusdes.
(Retirado de Dauer e Przedborski, 2003) [15]

2.3. Patogénese
A patogénese da doengca vem sendo atribuida a dois principais
mecanismos distintos: (1) dobramento anormal e agregacao protéica e (2)
disfuncéo mitocondrial e estresse oxidativo, que podem ocorrer mutualmente

e interagir, conforme proposto na Figura 4.
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Figura 4: Mecanismos patogénicos envolvidos na Doenga de Parkinson. Evidéncias
apontam para que o dobramento anormal de proteinas é um evento central na
doenca. MutacBes patogénicas podem induzir diretamente a mudanca da
conformacéo protéica (como se acredita ser 0 caso da a-sinucleina) ou danificar a
maquinaria celular responsavel por detectar e degradar proteinas defeituosas,
como a via ubiquitina-proteassoma (Parkina, UCH-L1). O papel da DJ-1 ainda
precisa ser elucidado. O estresse oxidativo, associado a disfungdo mitocondrial e
metabolismo anormal de dopamina, também pode gerar proteinas com
conformacdes alteradas. (Retirado de Dauer e Przedborski, 2003) [15]

o Dobramento anormal e agregacdo protéica - a maior parte das
mutacdes responsaveis pela DP familiar resultam na formacéo de proteinas
com conformacao anormal ou interferem indiretamente nesse processo por
causar falhas nos mecanismos celulares de reconhecimento e
processamento de proteinas com dobramento incorreto. Mecanismos
relacionados com a alteracdo do metabolismo de proteinas disfuncionais
também vém sendo considerados como sendo as principais causas do

Parkinson esporadico, através de fatores que induzem modificacdes
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estruturais nas proteinas ou na via ubiquitina-proteassoma, como o

estresse oxidativo e herbicidas [22].

Além disso, a capacidade da célula de lidar com proteinas anormais
parece ser dependente da idade, uma vez que tanto a atividade das
chaperonas quanto do proteassoma parecem estar reduzidas em
individuos idosos. Desse modo, fatores implicados na patogénese da
doenca, como idade e estresse oxidativo, podem convergir para formar um

insulto proteotéxico a célula [23].

o Disfungdo mitocondrial e estresse oxidativo - a descoberta de que o
MPTP, composto que d& origem aos mesmos sintomas que a DP, por
causar a morte de neurdnios a partir do blogueio do complexo | da cadeia
respiratéria da mitocéndria, levou a ideia de que defeitos na fosforilacdo
oxidativa podem estar associados a patogénese da DP [24]. Estudos
subsequentes deram forca a essa hipotese ao identificar anormalidades na
atividade do complexo | em pacientes com DP, que levam ao estresse
oxidativo e falhas energéticas [25].

Além de apresentar marcadores biolégicos de dano oxidativo elevado,
a SNpc de individuos com a doenca também apresenta contetdo reduzido
de glutationa, um importante anti-oxidante do sistema nervoso [26]. Além
disso, o metabolismo da dopamina tem como consequéncia a formacéo de
peréxido de hidrogénio e radical superoxido, e a oxidacdo da dopamina
produz DA-quinona, que pode reagir com residuos de cisteina. As falhas
energéticas relacionadas a danos mitocondriais podem prejudicar o
armazenamento vesicular de DA e causar o extravasamento da mesma no
citosol [27]. Assim, 0os neurbnios dopaminérgicos, mais afetados na DP,
representam um ambiente particularmente fértii para a formacdo de
espécies reativas de oxigénio (ROS), suportando a ideia de que o estresse

oxidativo esta intimamente relacionado com a doenga.
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2.4. Fatores Genéticos

Assim como na DA, as causas da Doenca de Parkinson ndo sao
claras e acredita-se que mutacdes génicas sejam responsaveis por apenas
uma pequena proporcao dos casos (cerca de 10%). Pouco mais de dez
genes vém sendo associados a doenca de Parkinson, entre os quais pode-
se citar a-synuclein (SNCA), ubiquitin C-terminal hydrolase like 1 (UCH-L1),
parkina (PRKN), LRRK2, PINK1 e DJ-1. Apesar de esses genes serem
responsaveis apenas por uma pequena parcela dos casos da doenca, o
estudo das respectivas proteinas codificadas por eles vem auxiliando na
elucidacdo dos mecanismos por trds da patogénese da DP [28].

Além disso, diversos estudos de associacao estdo sendo realizados
para identificar genes que contribuam para o desenvolvimento do Parkinson
tipo esporadico, uma vez que se acredita que este dependa de uma
interacdo entre fatores ambientais e genéticos. Apenas alguns polimorfismos
(nos genes NAT2, MAOB, GSTT1, alelo €2 da APOE, por exemplo) parecem
estar associados a DP [28]. Porém, a suposta multifatoriedade envolvida na
doenca faz com que o estudo desses genes precise ser realizado e
analisado com cautela. Além do efeito individual de cada gene poder ser
pequeno e de dificil deteccao, certos polimorfismos podem representar um
fator de risco para a doenca apenas quando associados a determinadas

condi¢cdes ambientais [29].

lll. Biologia de Sistemas e Neurociéncias

Em virtude da imensa quantidade de informacdes geradas atualmente
nas mais diversas areas do conhecimento, a ciéncia moderna caracteriza-se
por sua crescente especializacdo. Assim, grandes areas de estudo sao
divididas em disciplinas que, por sua vez, estdo continuamente gerando
novas subdisciplinas [30]. Essa abordagem, conhecida como reducionista,
quando aplicada as ciéncias naturais, consiste na segregacéo de sistemas
biolégicos em suas partes constituintes, para que estas possam ser

estudadas aprofundadamente, através da utilizacdo de técnicas adequadas
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e conhecimento teorico especifico. Porém, os sistemas biolégicos sao
extremamente complexos e possuem propriedades emergentes que nao
podem ser explicadas ou preditas pelo estudo de suas partes de forma
individual [31].

A biologia de sistemas € um novo ramo da biologia que surgiu como
resultado da necessidade de integrar diferentes areas para possibilitar uma
visdo mais ampla dos processos biolégicos. Ela tem como foco a
compreensao ndo apenas dos componentes de um sistema individualmente,
mas também das interacdes entre eles e a relagdo do sistema com o
ambiente em que se encontra. Para tanto, a biologia de sistemas emprega
meétodos de gendmica e protedmica integrados a ferramentas desenvolvidas
na fisica e matematica, tais como dinamica nédo-linear, teoria de controle e
modelagem da dindmica de sistema, para elucidar processos fisiologicos
[32]. Além disso, diferentemente da visdo reducionista, em que o estudo se
dd com o objetivo de testar uma hipotese prévia (hypothesis driven), a
biologia de sistema tem como um de suas caracteristicas a realizacao e
andlise de experimentos utilizando uma filosofia holistica sobre a
funcionalidade e a complexidade dos sistemas biologicos (fishing
experiments) [33]. As principais diferengas entre as abordagens da biologia

classica e biologia de sistemas estéo ilustradas na Figura 6:

Classical biology

Detailed
pathways

Small-scale

Prediction modeling

Single-molecule
experiments

Hypothesis Measurements
Genome-wide

experiments

Network inference

Prediction Network integration

Abstract
networks

Systems biology

Figura 6: Visdo geral dos processos experimentais na biologia classica (acima) e
na biologia de sistemas (abaixo). (Retirado de Chuang et al., 2010) [33]
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Dados provenientes dos estudos Omicos sdo disponiveis em
plataformas publicas ou privadas para que possam ser continuamente
analisados a partir de diferentes abordagens e metodologias. Assim, o
mesmo estudo pode trazer resultados que vao além daqueles encontrados
no trabalho original. O Gene Expression Omnibus (GEO;
http://www.ncbi.nlm.nih.gov/geo/), mantido pelo “US National Institutes of
Health”, € o maior repositério de acesso aberto disponivel, onde sao
armazenados e disponibilizados milhares de bancos de dados de
microarranjo. Através da comparacdo entre diferentes estudos disponiveis
nesse repositério, € possivel avaliar diversos componentes de sistemas
bioldgicos e suas alteragcdes quando submetidos a diferentes condi¢des, o
qgue representa o alicerce sob o qual se iniciam as andlises de biologia de
sistemas. A partir de dados de expressdo génica, existem muitas
ferramentas que permitem modelar redes de interacdo entre os diversos
elementos estudados, conferindo uma visdo ampla e dinamica dos
componentes do organismo [34]. Um método envolvendo esta abordagem,
por exemplo, € a identificacdo de fatores de transcricdo (TFs) que se
encontram ativados ou inibidos em condicbes especificas, os chamados
reguladores mestres (MRs). No contexto da neuropatogénese, redes
regulatorias especificas das doencas, inferidas a partir de algoritmos de
engenharia reversa, podem prover acuracia suficiente para estimar a
atividade de fatores de transcricdo a partir de seus alvos transcricionais
(regulon) e identificar aqueles que sé&o os reguladores mestres da doenca
[35].

Apesar dos grandes avanc¢os na compreensédo de processos celulares
e moleculares envolvidos nas atividades neuronais, um dos maiores desafios
em neurociéncia atualmente é desvendar a maneira através da qual circuitos
cerebrais agem em nivel sistémico e a forma como interagem para dar
origem a propriedades complexas como memoéria, aprendizado e
comportamento, por exemplo [30]. A heterogeneidade celular do sistema
nervoso, a complexidade dos circuitos neurais e a escassez de material
post-mortem humano para ser estudado sdo algumas razdes que fazem com

que métodos genbmicos de triagem em high-throughput venham sendo
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adotados mais lentamente em neurociéncia quando comparado a outras
areas bioldgicas. Apesar disso, essa abordagem sistémica jA se mostrou
eficiente para a identificacdo das bases moleculares da diversidade
neuronal, sinaptogénese, vias metabdlicas, biomarcadores e mecanismos de

doencas [32].

Uma area de estudo intensamente investigada em neurociéncias é o
desenvolvimento de terapias que nao apenas tratem o0s sintomas das
enfermidades que acometem o cérebro, mas que também modifiquem a
patogénese da doenca para preveni-la ou elimina-la. Para que essa meta
seja alcancada, muito da dinAmica das sinapses e circuitos neuronais ainda
precisa ser elucidado [32]. A identificacdo de mutacdes génicas associadas
com uma doenca é, muitas vezes, seguida da tentativa de desenvolver
terapias que tem como o0 objetivo corrigir a funcdo alterada. Porém, a
heterogeneidade genética e a falta de conhecimento acerca da contribuigdo
relativa de cada elemento para o desenvolvimento da doenca vem sendo
responsavel pelo fracasso de muitos estudos. Ainda, processos como
mielinizagdo, neuroinflamagdo, insultos isquémicos e envelhecimento
também estdo comumente envolvidos na patogénese de doencas
neurodegenerativas e precisam ser analisados em conjunto. A abordagem
holistica da biologia de sistemas tem o potencial de integrar esses diferentes
elementos, conectar vias moleculares a func¢des do sistema nervoso e, deste
modo, auxiliar e acelerar o processo de desenvolvimento de farmacos e

reduzir seus custos [34].
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Abstract

Alzheimer’s Disease (AD) and Parkinson’s Disease (PD) are the two
most common neurodegenerative disorders. It is estimated that more than 45
million people worldwide suffer from one of these pathologies. Despite the

large investment in the neuroscience field, etiology and molecular
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mechanisms underlying neuronal death remain unclear. Recently, a small
proportion of cases of AD and PD have been attributed to mutations in
specific genes. However, the many pathways in which their gene products
are involved and the interaction with other factors that might lead to
neuropathological changes are still poorly understood. In the current work,
microarray data acquired from the public platform Gene Expression Omnibus
(GEO) (GSE60862) was used to determine normal tissue-specific
transcriptional networks for hippocampus and substantia nigra, structures
specifically damaged in AD and PD, respectively. Case-control studies
(GSE5281 and GSE8397) were used to establish gene expression
signatures for the two neurodegenerative diseases and identify transcription
factors (TFs) that are pivotal to modulate phenotypic changes from normal to
pathological contexts, called master regulators (MRs), applying MRA and
GSEA. As results, we identified 117 important TFs regulating gene
expression in hippocampus and 123 in substantia nigra. We proposed 17
MRs involved with AD and 28 with PD, some of which have already been
described in the process of neurodegeneration (such as YY1, HMG20A,
RREB-1 and SLC3A9) and others not related to the pathologies so far. We
believe that these results might help in the understanding of AD and PD and

lead to the discovery of targets for potential therapeutic intervention.

Keywords: Alzheimer’s Disease, Parkinson’s Disease, transcription factor,

master regulator, gene signature.

1. Introduction

Neurodegenerative disorders represent one of the greatest healthcare
challenges faced by modern society. Alzheimer’s disease (AD) and
Parkinson’s disease (PD) are the most prevalent neurodegenerative
pathologies. They affect millions of people worldwide and generate huge
economic and human costs. These disorders are incurable, progressive

conditions that result from continuous degeneration of nerve cells, leading
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invariably to death within a few years (Skovronsky et al., 2006). Once the
prevalence and incidence of neurodegenerative diseases increase
dramatically with age, the number of individuals affected by these disorders
is expected to augment even more in the future as the life expectancy
continues to grow (Checkoway et al., 2011).  Despite of countless studies
being carried out and unquestionable advances reached in the last decades
in the neurosciences field, the etiology and molecular mechanisms
underlying the pathogenesis of these diseases are still poorly understood.
The identification neurodegenerative disorders is based on imaging methods
or clinical evaluation of the symptoms, which are generally manifested after
the irreversible loss of a great extent of neurons. Moreover, available therapy
is essentially palliative and incapable of halting or preventing the

degenerative process (Skovronsky et al., 2006).

Alzheimer’s disease is the most common neurodegenerative disease.
More than 35 million people worldwide suffer with the pathology, which is
characterized by the deterioration of memory and other cognitive domains.
The pathological hallmarks of AD include the presence of extracellular
amyloid plaques and intracellular neurofibrillary tangles accompanied by
reactive microgliosis, dystrophic neurites, and loss of neurons and synapses
(Serrano-Pozo et al., 2011). The initiating insult of the disease is not clear,
but it is believed to arise from alterations in the production and processing of
amyloid B (Reitz, 2012). Parkinson’s disease results mainly from the death of
dopaminergic neurons in the substantia nigra pars compacta and is
characterized by the presence of intracellular inclusions known as Lewy
Bodies (LB). Symptoms include resting tremor, rigidity, bradykinesia, postural

instability and cognitive deficits (Davie, 2008).

The causes of both PD and AD are still largely unknown. Even though
a small proportion of cases is driven by genetic mutations in specific genes,
the great majority of them (>90%) is considered to be sporadic and
idiopathic, induced by non-genetic factors probably in interaction with
susceptibility genes (Dauer and Przedborski, 2003). Therefore, the study of
isolated gene mutations related with these neuropathologies might
underestimate the complexity of the process of neurodegeneration. However,
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moving from single gene approaches to an understanding of interacting
signaling or metabolic pathways within cells, and further combination of these
data to achieve a systems-level comprehension of brain circuit function in
health and disease, represent one of the greatest challenges in the field of

neuroscience (Geschwind and Konopka, 2009).

In this context, system biology arises as an option to improve our
ability to characterize organisms and processes systemically. It is based on
the idea that biological systems are extremely complex and have emergent
properties that cannot be explained, or even predicted, by studying their
individual parts (Van Regenmortel, 2004). Therefore, system biology
approach relies on large-scale techniques, such as omic tools (genomic,
transcriptomic, proteomic and metabolomic). The adoption of functional
genomic or molecular systems methods that permit dynamic measurement of
elements in different hierarchical levels of the organism in a highly parallel
manner has the potential to provide a more integrative understanding of
nervous system function (Geschwind and Konopka, 2009). One of these
methods is the high-throughput microarray in situ hybridization, which
displays messenger RNA expression in a given section of brain and provides
valuable information regarding the spatial and temporal expression of every
gene in the nervous system under a certain condition. This distinct pattern of
gene expression throughout the brain, which grants different neuronal
features and tissue-specific functions, is mainly regulated by transcription
factors (TFs) (Qian et al., 2005). Therefore, the study of these components
provides insights into the molecular basis of central nervous system
development and processes that give rise to higher cognitive complexity.
Moreover, TFs’ ability to regulate targets is modulated by a variety of genetic
and epigenetic mechanisms, resulting in highly context dependent regulatory
networks (Bansal and Califano, 2012). Thus, the use of microarray
transcriptomic data enables the identification of TFs that are pivotal to
modulate phenotypic changes from normal to pathological contexts, the

called master regulators (MRs) for the condition (Carro et al., 2010).

In neurodegenerative diseases, the analysis of MRs might contribute
to the understanding of these pathologies and the discovery of targets for
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potential therapeutic intervention. Hence, our primary goals are to identify
tissue-specific transcriptional regulatory networks of hippocampus and
substantia nigra of healthy individuals and propose MRs responsible for
coordinating expression of genes that result in the pathological phenotype in

both Alzheimer’s disease and Parkinson’s disease.

2. Results

Clinical manifestations of Alzheimer’s and Parkinson’s diseases are
mainly attributed to the significant neuronal loss in hippocampus and
substantia nigra, respectively. In order to further understand the normal and
pathological states of these structures, we modeled tissue-specific
transcriptional networks for them, using mRNA expression data of both
tissues from post-mortem patients obtained from large-scale studies
available on GEO Consortium (GSE60862) and a list of TFs available on
Gene Ontology Consortium (GO:0003700).

The microarray data was pre-processed and probes with low variation
removed from the analysis. The relation between every TF and the group of
genes it modulates (its regulon) was established by computing the mutual
information (MI) between annotated transcription factors (TFs) and all
potential targets in the dataset. In this reference network each target could be
linked to multiple TFs and regulation could occur as a result of both direct (TF
— target) and indirect interactions (TF — TF — target). In order to preserve the
dominant TF — target pairs for the subsequent enrichment analyses, we
additionally applied the Data Processing Inequality (DPI) algorithm, which
removes the weakest interaction in any eventual triplet formed by two TFs
and a common target gene. Regulatory units with more than 100 targets

were considered relevant to the structure.

Out of 821 TFs considered (details in Supplementary Table 1), our
initial analysis revealed that 117 seem to be important for regulation of gene
expression in hippocampus and 123 in substantia nigra (Figures 1 and 2).
Moreover, both structures present tissue-specific and common TFs. Venn

diagram summarizing these results is shown in Figure 3.
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Next, the normal transcriptional network models inferred for each
structure were used to identify regulatory units for our diseases of interest.
For that, we performed differential expression analysis comparing mRNA
expression from AD or PD patients and controls, using data obtained from
two microarray studies (GSE5281 for AD and GSE8397 for PD). For the first
dataset, samples were obtained from post-mortem brains of male and female
individuals between 63 and 102 years diagnosed or not with Alzheimer’s
disease. Microdissection capture on 6 brain regions was carried out and layer
[Il pyramidal cells from the white matter in each region were collected. In the
second study, post-mortem brain tissue samples from substantia nigra, split
into medial and lateral portions, and frontal cortex, were obtained from 47
Parkinson's disease and control cases, of both genders, ranging from 46 to

89 years.

Two different analyses, Master Regulator Analysis (MRA) and Gene
Set Enrichment Analysis (GSEA), were used to test the expression
differences in regulons, thus identifying the MRs for the conditions. For PD,
71 TFs were identified as master regulators with MRA and 28 with GSEA.
For AD, 89 MRs were suggested by MRA and 18 by GSEA. (Figures 4 and
5, Supplementary tables 2-5). Common TFs inferred by both tests were
considered relevant master regulators to the diseases (Figure 6), some of
which are specifics for only one condition while others appear to be shared
by both of them (illustrated in Venn diagram in Figure 7).

3. Discussion

The brain is a highly complex organ, where many unique functions are
performed in discrete regions. Characterization of each region and
identification of its molecular singularity is critical to the understanding of
complexity of higher cognitive functions (Suzuki et al., 2004). Cellular
differentiation, histogenesis, and development are the consequences of
differential gene expression, which result mainly from the action of different
transcription factors. Moreover, TFs are a common way in which cells
respond to extracellular information, such as environmental stimuli and
signals from other cells (Clevidence et al., 1993). Therefore, the identification
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and characterization of region-specific gene regulatory networks might yield
insights into the comprehension of the molecular basis of a tissue's
development, normal function and pathology.

Our study allowed the identification of transcriptional networks which
seem to be responsible for morphological features and cellular activity of
hippocampus and substantia nigra, shown in Figures 1 and 2. The relative
contribution of 821 TFs for the molecular signature of both structures was
analyzed, out of which 117 seemed to be important in hippocampus and 123
in substantia nigra. As expected, due to the cellular heterogeneity and highly
specialized functions in each structure, several tissue-specific TFs were
found to play a role in either hippocampus or substantia nigra (Figure 3).
Among the 54 TFs identified exclusively in hippocampus, several were
consistent with data in previous reports, such as YY1, PPARA, NR3C2,
NFKB1, NEUROD2, MEF2A and EMX1 (Suzuki et al., 2004). Similarly,
among TFs found in substantia nigra only, is HIF1A, reported to be involved
in development of dopaminergic neurons (Milosevic et al., 2007), and several
TFs related to regulation of circadian rhythm. Interestingly, dysfunction of
circadian clock has recently been related to dopaminergic neuron loss in
animal models of PD (Tanaka et al., 2012, Willison et al., 2013). This
information indicates reliability of our results. Besides specific features of
each region, 63 common TFs were present in both of them, probably
contributing to general neuronal features and basic cellular processes
essential to cellular survivor.

Regarding the determination of regulatory units for Alzheimer’'s and
Parkinson’s diseases, common MRs identified by both MRA and GSEA were
investigated. Figures 4 and 5 show the inferred transcriptional networks for
hippocampus and substantia nigra and the regulons differentially expressed
in PD or AD using each of the analyses.

When comparing the MRs identified for the two pathologies,
summarized in Figure 6, it is possible to notice that most of the TFs
proposed are not exclusively related to a single disease (Figure 7). This
observation probably reflects the many common molecular events that might
underlie the process of neurodegeneration.
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In fact, only one MR, YY1, was identified exclusively in Alzheimer’s
Disease. This neurodegenerative condition’s hallmarks are the presence of
amyloid plaques (composed mainly by AB) and neurofibrillary tangles
(hyperphosphorylated tau). The transcription factor Yin Yang 1 (YY1)is a
multifunctional protein which possible relation in this disorder has already
been reported (He and Casaccia-Bonnefil, 2008). AB is proteolytically
cleaved from amyloid precursor protein (APP) by B and y-secretase and
BACE1 (beta-site amyloid precursor protein-cleaving enzyme 1) (O'Brien and
Wong, 2011). YY1 acts as an activator of the BACE1 promoter in neurons
and astrocytes, thus controlling the amount of AR generated. Still, there are
evidences that YY1 might regulate the levels of AR indirectly, by modulating
the expression of other molecules involved in APP processing, such as FE65
(Nowak et al., 2006, He and Casaccia-Bonnefil, 2008).

Related solely to Parkinson’s disease, our analysis suggested a total
of 10 MRs, among which some have also been previously reported to
possibly play a role in this disorder. Even though the pathogenesis of PD is
not clear yet, it is believed that two major mechanisms are responsible for the
initiation and progression of the pathology: (1) misfolding and aggregation of
proteins (mainly a-synuclein) and (2) mitochondrial dysfunction and oxidative
stress (Dauer and Przedborski, 2003). TFs affecting both mechanisms were
suggested as master regulators. HMG20A has been reported to inhibit a-
synuclein fibrillization, process which originates the inclusions called Lewy
Bodies, an important characteristic of Parkinson’s disease. Therefore,
changes in HMG20A expression might directly contribute to the disorder
(Shah, 2013, Lindersson et al., 2004). ECSIT (an evolutionary conserved
signaling intermediate in Toll pathways) is a key component of the oxidative
phosphorylation system. It is required for the assembly of mitochondrial
complex | (NADH:ubiquinone oxidoreductase) and its absence implicates in
accumulation of intermediates and mitochondrial dysfunction, resulting in the
activation of pro-apoptotic mechanisms, synaptic dysfunction and neuronal
death (Soler-Lopez et al., 2012). Abnormalities in complex | of the electron
transport chain were already described in PD patients (Greenamyre et al.,
2001) and underlie the mechanism behind some of the most used toxin-

based models of the disease (such as MPTP and rotenone, for example)
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(Dauer and Przedborski, 2003). Moreover, SREBF1 and RREB-1, identified
as MRs, have also been found to play a role in Parkinson’s disease in
previous studies (lvatt et al., 2014; Yamane et al., 2013).

Furthermore, our analysis identified 17 regulons differentially
expressed in both Alzheimer’s and Parkinson’s diseases. Even though
neurodegenerative diseases are a group of pathologies characterized by
separate etiologies with distinct morphological and pathophysiological
features, they are thought to share several common degenerative processes
that contribute to neuronal death. Among these, the most important seem to
be (a) abnormal protein dynamics with defective protein degradation and
aggregation, (b) oxidative stress and free radical formation, (c) impaired
bioenergetics and mitochondrial dysfunction, and (d) exposure to metal
toxicity and pesticides (Sheikh et al., 2013). In this context, we identified
some interesting TF shared by AD which might be involved with the two
diseases through one of the mechanisms mention above. CERSS6, for
example, is a TF which mediates apoptosis driven by oxidative stress (White-
Gilbertson et al., 2009). Moreover, some MRs, such as ATF-2 (a member of
the activator protein -1 family), are known to provide clinical significance in
neurodegenerative diseases, but the way through which they do it is not
understood (Pearson et al., 2005; Yamada et al., 1997).

Several MRs identified, such as ZFP69B, CSRNP2, PHTF-1,
HMG20A and FOXC2 have been previously linked to the incidence of
diabetes, specially type Il (T2D) (Douroudis et al., 2010; Perry et al., 2012).
Interestingly, T2D, AD and PD are commonly associated with growing age
and T2D is now known to be a risk factor for neurodegenerative diseases.
The precise mechanism behind T2D-related cognitive dysfunction remains to
be elucidated, but some hypothesis have been proposed. It is possible that
constant high glucose levels per se damage cause neuronal damage through
osmotic insults and oxidative stress, generating advanced glycation
endoproducts (AGESs), which can reactivate microglia in the central nervous
system, stimulating the immune response. In addition, studies have
demonstrated that insulin signaling in the brain prevents the pathological
binding of AB oligomeres to synapses, thus the reduction of this molecule
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might be also contributing to AD through a specific mechanism (Luchsinger,
2012).

In summary, the present work identified tissue-specific transcriptional
regulatory networks of hippocampus and substantia nigra, important to the
elucidation of both common and specific cellular processes which happen in
these structures, contributing to the understanding of molecular basis of
development, function and disease of the brain. Moreover, we analyzed
these TFs in the context of disease and proposed 18 MRs of AD and 28 MRs
of PD. Many of these TFs had already been related to the same pathologies
in previous studies, ensuring the reliability of our results. However, further
analyses are required in order to make the results more robust. First, other
microarray data from case-control studies of PD and AD are needed in order
to validate the MRs identified here. Second, it is extremely important to
determine whether the regulons regulated by MRs are over- or under-
expressed in the context of the disease, applying two-tailed GSEA. Finally,
experimental approaches such as chromatin immunoprecipitation are of
paramount importance to validate the MRs activity. Moreover, once the MRs
of the diseases are established, this data can be used to search not only for
drugs that act on these regulatory components but also for compounds
capable of producing perturbations that change expression pattern from
normal to pathological states. Therefore, we believe that these results,
coupled with further analysis, might help in the understanding Parkinson’s
and Alzheimer’s diseases’ pathogenesis and etiology and lead to the

discovery of targets for potential therapeutic intervention.

4. Experimental Procedures
4.1. Microarray Data

Data used to reconstruct the transcriptional associations in normal
human hippocampus and substantia nigra were obtained from a large-scale
microarray study (GSE60862) extracted from the Gene Expression Omnibus

(GEO) (http://www.ncbi.nlm.nih.gov/geo/). In order to establish diseases
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gene expression signatures, independent microarray studies (GSE5281 and
GSE8397, for AD and PD, respectively) were used (see Table 1 for details).

4.2. Transcriptional network inference

The transcriptional networks were constructed using the R package
RTN (Fletcher et al., 2013). Gene probes were filtered based on their
coefficient of variation (CV) and mutual information (MI), calculated in the R
package minet (Meyer et al., 2008). The regulatory structure of the network
was derived by mapping the significant interactions between known
transcription factors and all potential targets in the gene expression matrix.
Interactions that were below a minimum Ml threshold were eliminated by
permutation analysis. Unstable interactions were additionally removed by
bootstrap analysis using five thousand bootstrap samples and a p value
cutoff of 0.001 to create the consensus bootstrap network (i.e. the relevance
network). In an additional step the Data Processing Inequality (DPI) algorithm
was applied with tolerance = 0.0 in order to eliminated interactions that are
likely mediated by another TF (Margolin et al., 2006). As the DPI removes the
weakest edge of each network triplet, the vast majority of the interactions that
were likely to be indirect were eliminated in this step. The resulting DPI-
filtered transcriptional network was subsequently interrogated in the

enrichment analysis.

4.3. Master regulator and gene set enrichment analysis

The master regulator analysis (Fletcher at al. 2013) and Gene Set
Enrichment Analysis (GSEA) were used to assess if a given transcriptional
regulatory unit (regulon) was differentially expressed among 2 classes of
microarrays. The GSEA uses a rank-based scoring metric obtained from the
differentially expressed signatures in order to test the association between
gene sets and the ranked phenotypic difference. Here regulons were treated
as gene sets and AD or PD signatures as the phenotype, an extension of the
GSEA analysis as previously described (Subramanian et al., 2005). The

analyses were performed in the R package RTN. Both MRA and GSEA
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considered P-value cutoff of 0.05 using Benjamin-Hochberg (BH) adjusting p-
value method and a minimum regulon size of 100. The number of

permutations used in GSEA was 1000.

4.4. Analysis of gene expression data

The R project Bioconductor package limma (Wettenhall and Smyth,
2004) was used to call differentially expressed genes, and the log fold
change (logFC) metric was used to obtain the ranked phenotypes required
for the GSEA analysis.
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Figure Legends:

Figure 1: Transcriptional network inferred for substantia nigra. TFs are
shown with their respective regulon, represented by circles. Grey nodes
correspond to regulons with between 25 and 99 targets. Red nodes
represent regulons with 100 or more targets, considered relevant to the

structure and used for further identification of MRs in Parkinson’s disease.

Figure 2: Transcriptional network inferred for hippocampus. TFs are shown
with their respective regulon, represented by circles. Grey nodes correspond
to regulons with between 25 and 99 targets. Red nodes represent regulons
with 100 or more targets, considered relevant to the structure and used for

further identification of MRs in Alzheimer’s disease.

Figure 3 — Venn diagram showing important regulons (>100 targets)
identified in hippocampus (red), substantia nigra (blue) and both

(intersection).

Figure 4 — Master regulators of Parkinson’s disease inferred with MRA (pink)
and with both MRA and GSEA (red), identified from a tissue-specific

transcriptional network previously determined for substantia nigra.

Figure 5 — Master regulators of Alzheimer’s disease inferred with MRA (pink)
and with both MRA and GSEA (red), identified from a tissue-specific

transcriptional network previously determined for hippocampus.

Figure 6 - Master regulators of Parkinson’s Disease (left) and Alzheimer’s
Disease (right) inferred with both MRA and GSEA. Colors represent different

p-values.
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Figure 7: Venn diagram illustrating MRs found exclusively in Alzheimers’s
disease (red), Parkinson’s disease (blue) or shared by the two conditions

(intersection).
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Table 1

Table 1 - Microarray data used to infer transcriptional networks and identify MRs of AD and

PD.
Condition Series Description Samples (n) Reference
Normal GSE60862 Gene-level analysis of Hippocampus (n  Trabzuni et al., Nat
Brain 1231 samples originating = 122)/ Commun (2013) 4:
from 134 Caucasian Substantia nigra  2771.
individuals - microarray (n=101)

Alzheimer' GSE5281
s Disease

Parkinson' GSE8397
s disease

data from 16 regions of
post-mortem brains.

Alzheimer's disease and
the normal aged brain -
microarray data from 16
regions of post-mortem
brains.

Expression profiling of the
Parkinsonian Brain -
microarray data from 3
regions of post-mortem
brains.

Healthy subjects
(n=13) /AD
patients (n = 10)

Healthy subjects
(n=16) /PD
patients (n = 24)

Kang et al.
Nature (2011)
478(7370): 483-9.

Moran et al.,
Neurogenetics (200
6) 7(1): 1-11.
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Supplementary Table 1 - Tissue-specific transcriptional network inferred from mRNA analysis

Transcription .Regulon SIZ.e Regulon size in ?lgmflcant TF Significant TF in S|grnf|cant TF

Factor in sul:)stantla hippocampus in sut?stantla hippocampus in both
nigra nigra structures

AATF 50 83

ADNP 69 75

ADNP2 110 154 SN HIP SN, HIP

AEBP1 45 127 HIP

AFF1 20 64

AFF4 137 136 SN HIP SN, HIP

AHCTF1 0 5

AHR 60 68

ALX1 0 0

ALX3 37 66

ALX4 72 70

ANKRD30A 0 0

AR 66 16

ARID3A 10 11

ARID4A 142 164 SN HIP SN, HIP

ARNT 141 92 SN

ARNT2 0 0

ARNTL2 0 0

ARX 114 45 SN

ASCL1 35 65

ASCL2 7 6

ATF1 34 32

ATF2 507 248 SN HIP SN, HIP

ATF3 1 14

ATF4 0 3

ATF5 0 0

ATF6 111 154 SN HIP SN, HIP

ATF7 45 52

ATOH1 0 5

BACH1 52 97

BACH2 7 12

BARX1 19 18

BARX2 11 17

BATF 9 30

BATF2 11 3

BATF3 0 0

BCL3 76 213 HIP

BCL6 36 16

BHLHE40 11 8

BHLHE41 165 77 SN

BLZF1 250 172 SN HIP SN, HIP

BNC1 0 4

BRD8 115 191 SN HIP SN, HIP

BSX 18 5

BTAF1 176 237 SN HIP SN, HIP

BUD31 37 26

Clorf85 64 108 HIP

CAPN15 14 103 HIP

CARF 0 0

CBFA2T2 93 147 HIP

CBFA2T3 57 52

CBFB 113 132 SN HIP SN, HIP

CBL 48 170 HIP

CCRNA4L 112 78 SN

CDX2 64 47

CDX4 9 5

CEBPA 22 12

CEBPB 24 18

CEBPD 29 15

CEBPE 29 17

CEBPG 78 126 HIP
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CERS2 116 113 SN HIP SN, HIP
CERS3 1 0

CERS4 80 43

CERS5 54 53

CERS6 676 246 SN HIP SN, HIP
CIR1 11 21

CITED1 19 27

CITED2 66 126 HIP

CLOCK 132 45 SN

CNBP 96 93

CNOT7 239 254 SN HIP SN, HIP
CNOT8 2 29

CREB1 20 23

CREB3 222 109 SN HIP SN, HIP
CREB3L2 79 86

CREB3L3 5 18

CREB3L4 1 66

CREBS 74 67

CREBBP 71 60

CREBL2 37 82

CREBRF 24 NA

CREBZF 25 13

CREM 81 37

CRX 15 18

CSRNP1 0 4

CSRNP2 463 410 SN HIP SN, HIP
CTBP1 254 104 SN HIP SN, HIP
CTCF 39 44

CTNNB1 92 95

CUX1 27 28

CUX2 182 73 SN

DBX1 5 15

DBX2 72 33

DDIT3 215 7 SN

DLX1 61 28

DLX2 80 48

DLX3 39 17

DLX4 143 165 SN HIP SN, HIP
DLX6 18 1

DMBX1 2 3

DMRT1 33 64

DMRT2 14 7

DMRT3 0 4

DMRTA1 0 31

DMRTA2 19 13

DMRTB1 69 38

DMRTC2 205 66 SN

DMTF1 1 4

DPRX 0 0

DRAP1 34 106 HIP

DRGX 14 14

DUXA 0 0

E2F1 0 16

E2F2 55 80

E2F3 204 62 SN

E2F4 30 19

E2F5 46 96

E2F7 83 42

E2F8 45 21

E4F1 0 0

EBF1 14 12

ECSIT 277 210 SN HIP SN, HIP
EGR1 9 5

EGR2 2 3

EGR3 4 38

EGR4 21 65

EHF 3 0

ELF1 73 144 HIP




ELF2 25 51

ELF3 65 61

ELF4 10 26

ELF5 51 9

ELK1 3 1

ELK3 6 25

ELK4 4 10

EMX1 46 100 HIP
EMX2 22 29

EN1 45 14

EN2 8 7

ENO1 344 9 SN

EOMES 82 23

ERG 42 20

ESR1 35 58

ESR2 3 1

ESX1 0 0

ETS1 31 15

ETS2 16 15

ETV2 291 193 SN HIP SN, HIP
ETV3 23 57

ETV3L 2 4

ETV4 75 6

ETV5 59 68

ETV6 55 23

ETV7 0 36

EVX1 7 16

EVX2 13 23

FBXW7 167 281 SN HIP SN, HIP
FEV 31 27

FLI1 4 3

FOS 9 22

FOSB 3 2

FOSL1 75 14

FOSL2 45 15

FOXA1 165 11 SN

FOXA2 35 100 HIP
FOXA3 6 6

FOXC1 50 38

FOXC2 34 180 HIP
FOXD1 6 3

FOXD2 6 20

FOXD3 33 31

FOXD4 0 0

FOXE1 22 38

FOXE3 56 32

FOXF2 8 3

FOXH1 70 22

FOXI1 16 55

FOXJ1 0 182 HIP
FOXK2 0 0

FOXL1 21 4

FOXL2 23 14

FOXM1 29 24

FOXN2 187 202 SN HIP SN, HIP
FOXO03 0 0

FOX04 35 80

FOXP2 89 94

FOXP3 64 21

FOXS1 14 6

FUBP1 228 331 SN HIP SN, HIP
GABPA 0 0

GABPB1 20 19

GAS7 64 20

GATA1 44 29

GATA2 31 46

GATA3 1 27

GATA4 81 71
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GATAS 14 23

GATA6 119 39 SN

GATAD1 142 87 SN

GBX1 94 60

GBX2 8 10

GCFC2 175 191 SN HIP SN, HIP
GCM1 65 14

GLI2 43 21

GLI3 10 72

GLIS3 135 52 SN

GMEB1 32 18

GPBP1 41 111 HIP
GSC 50 17

GSC2 22 21

GSX1 27 4

GSX2 42 28

GTF2H3 275 216 SN HIP SN, HIP
GTF2H4 8 1

GTF2I 59 37

GTF2IRD1 5 19

HCFC1 115 95 SN

HDAC1 89 55

HDAC2 102 30 SN

HDX 32 98

HELT 6 3

HES1 34 3

HES6 24 35

HESX1 0 0

HEY1 86 86

HEY2 71 12

HEYL 25 5

HHEX 3 4

HIC1 50 46

HIF1A 116 14 SN

HIF3A 16 8

HINFP 48 115 HIP
HIRA 70 118 HIP
HLF 75 190 HIP
HLX 42 24

HMBOX1 289 31 SN

HMG20A 211 349 SN HIP SN, HIP
HMG208B 39 32

HMGA1 44 46

HMGB1 32 86

HMGB2 0 8

HMX1 15 19

HMX3 1 8

HNF1A 81 77

HNF1B 96 9

HNF4A 121 57 SN

HNF4G 5 1

HNRNPAB 42 145 HIP
HOPX 1 45

HOXA1 65 17

HOXA10 32 38

HOXA11 40 7

HOXA13 10 6

HOXA2 2 2

HOXA3 22 33

HOXA4 10 3

HOXA5 17 16

HOXA6 2 11

HOXA7 3 16

HOXA9 14 14

HOXB1 8 15

HOXB13 3 17

HOXB2 8 1

HOXB3 1 0




HOXB4 19 18

HOXB5 5 16

HOXB6 12 4

HOXB7 17 5

HOXB8 5 1

HOXB9 57 14

HOXC10 12 10

HOXC12 46 24

HOXC13 44 34

HOXC6 8 33

HOXC8 60 40

HOXC9 1 20

HOXD1 0 0

HOXD10 12 7

HOXD11 30 11

HOXD12 11 24

HOXD13 1 2

HOXD3 7 17

HOXD4 55 23

HOXD8 54 30

HOXD9 26 25

HR 8 18

HSF1 14 11

HSF2 233 31 SN

HSF4 28 0

HSF5 4 0

ID1 10 4

ID3 9 5

IKZF1 77 43

IKZF3 5 11

IKZF4 65 17

IRF2 24 50

IRF3 84 7

IRF4 23 8

IRF5 7 4

IRF6 16 26

IRF9 0 0

IRX1 21 85

IRX2 8 65

IRX3 88 14

IRX4 17 23

IRX5 55 43

IRX6 20 4

ISL1 9 59

ISL2 111 5 SN

ISX 7 17

JDP2 3 8

JUN 15 15

JUNB 8 7

JUND 11 18

KAT7 242 139 SN HIP SN, HIP
KDM1A 243 190 SN HIP SN, HIP
KDM3A 102 57 SN

KDMSA 180 218 SN HIP SN, HIP
KDMS5B 105 52 SN

KLF1 19 16

KLF10 7 3

KLF11 3 0

KLF12 54 307 HIP
KLF16 45 277 HIP
KLF17 3 9

KLF2 3 86

KLF3 34 112 HIP
KLF4 0 6

KLF5 127 31 SN

KLF7 175 108 SN HIP SN, HIP
KLF9 11 5

KMT2A 0 0

51



52

KMT2B 125 83 SN

L3MBTL1 53 33

L3MBTL4 37 82

LBX1 6 20

LBX2 80 23

LEF1 40 23

LEUTX 22 0

LHX1 0 20

LHX2 60 28

LHX3 63 44

LHX4 4 1

LHX5 15 18

LHX6 47 62

LHX8 9 18

LHX9 0 0

LMO4 63 127 HIP
LMX1A 6 72

LZTR1 268 138 SN HIP SN, HIP
LZTS1 92 25

MAF 1 15

MAFA 0 54

MAFB 9 4

MAFF 13 13

MAFG 50 86

MAFK 1 0

MAX 12 19

MBD1 19 26

MECOM 25 14

MECP2 34 4

MEF2A 41 146 HIP
MEF2B 51 34

MEF2C 21 78

MEF2D 182 96 SN

MEIS2 37 67

MEIS3P1 0 0

MEOX1 0 14

MEOX2 0 0

MESP1 3 20

MESP2 1 13

MGA 187 110 SN HIP SN, HIP
MKL1 19 28

MKL2 41 110 HIP
MLLT10 145 222 SN HIP SN, HIP
MLX 1 16

MLXIPL 121 22 SN

MMP14 12 26

MNT 56 50

MNX1 12 20

MSC 13 77

MSL3 32 1

MSRB2 206 40 SN

MTA1 101 17 SN

MTA2 52 48

MTA3 144 221 SN HIP SN, HIP
MTF1 10 15

MXD1 13 43

MYB 1 48

MYBL2 28 196 HIP
MYC 1 6

MYCL 0 2

MYF6 12 13

MYNN 168 166 SN HIP SN, HIP
MYOG 83 41

MYPOP 147 43 SN

MYRF 172 205 SN HIP SN, HIP
MYRFL 0 0

MYT1 44 6

MYTIL 0 0




MZF1 19 2

NANOGNB 34 5

NANOGP1 0 0

NCOR1 86 100 HIP
NEUROD1 1 102 HIP
NEUROD2 96 164 HIP
NEUROG1 11 21

NFAT5 0 0

NFATC1 55 47

NFATC2 27 12

NFATC3 47 77

NFE2 0 0

NFE2L1 106 135 SN HIP SN, HIP
NFE2L2 156 67 SN

NFE2L3 32 60

NFIA 89 69

NFIC 47 11

NFIL3 4 2

NFIX 22 17

NFKB1 143 180 SN HIP SN, HIP
NFKB2 34 31

NFX1 117 204 SN HIP SN, HIP
NFXL1 297 254 SN HIP SN, HIP
NFYA 72 53

NFYB 9 27

NFYC 0 0

NKX1-2 52 84

NKX2-1 62 25

NKX2-2 70 17

NKX2-3 54 19

NKX2-4 54 90

NKX2-5 0 10

NKX2-6 23 4

NKX2-8 28 14

NKX3-1 0 0

NKX3-2 68 86

NKX6-1 0 12

NKX6-2 167 229 SN HIP SN, HIP
NKX6-3 34 18

NME2 29 38

NOBOX 64 48

NOTCH1 81 101 HIP
NPAS1 49 42

NPAS2 0 7

NPAT 458 201 SN HIP SN, HIP
NROB2 0 3

NR1H4 3 0

NR1I3 19 60

NR2C1 4 34

NR2C2 56 89

NR2F1 6 69

NR2F6 98 38

NR3C1 65 118 HIP
NR3C2 37 181 HIP
NR5A2 47 26

NRL 23 6

ONECUT3 1 6

oTP 0 5

OoTX1 20 57

0TX2 14 1

PA2G4 1 86

PAX3 0 10

PAX4 32 55

PAX5 16 23

PAX6 0 0

PAX7 14 175 HIP
PAX8 23 25

PAXBP1 84 151 HIP
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PBX1 299 41 SN

PBX2 60 9

PBX3 78 65

PBX4 5 0

PCGF2 73 9

PCGF6 13 3

PDX1 43 36

PFDN1 0 0

PGBD1 30 79

PHF1 107 20 SN

PHF5A 3 6

PHOX2A 44 32

PHOX2B 21 20

PHTF1 320 118 SN HIP SN, HIP
PITX1 9 8

PITX2 17 45

PITX3 80 145 HIP
PKNOX1 14 52

PKNOX2 121 25 SN

PLAG1 22 14

PLAGL2 0 0

POU1F1 1 0

POU2F1 44 79

POU2F2 3 5

POU2F3 29 54

POU3F1 31 61

POU3F2 72 18

POU3F3 12 21

POU3F4 1 0

POUSF1 0 0

POUSF1B 0 0

POUSF2 0 0

POUG6F1 40 81

POUG6F2 2 88

PPARA 94 183 HIP
PPARD 105 104 SN HIP SN, HIP
PPARG 29 58

PRDM1 0 1

PRDM2 71 42

PROP1 61 23

PROX1 32 69

PRRX1 80 42

PRRX2 19 23

PTTG1 17 37

PURB 0 0

RARA 12 21

RARG 2 11

RAX 138 246 SN HIP SN, HIP
RAX2 159 92 SN

RB1 122 179 SN HIP SN, HIP
RBPJ 110 89 SN

RBPJL 72 48

RCAN1 44 29

RCOR2 0 13

REL 73 96

RELA 80 49

RELB 72 26

RERE 28 40

REST 49 114 HIP
REXO4 0 0

RFX3 60 168 HIP
RFX5 50 16

RFXANK 9 25

RFXAP 18 6

RHOXF1 9 0

RHOXF2 0 0

RNF4 0 0

RORA 36 29




RORB 31 53

RREB1 31 143 HIP

RUNX1 81 65

RUNX1T1 0 0

RUNX2 45 30

RUNX3 20 53

RXRA 41 55

RXRB 109 71 SN

SALL1 0 0

SALL2 95 18

SATB1 52 110 HIP

SATB2 26 27

SCAND1 20 59

SCAND2P 0 0

SCAND3 284 391 SN HIP SN, HIP
SCMH1 25 24

SCML1 13 8

SCML2 14 18

SCRT1 29 3

SEBOX 1 0

SHOX2 17 46

SIM1 27 132 HIP

SIM2 1 3

SIN3A 30 68

SIX1 6 9

SIX2 15 7

SIX4 5 0

SIX5 70 22

SIX6 0 11

SLC26A3 160 31 SN

SLC2A4RG 3 24

SLC30A9 305 595 SN HIP SN, HIP
SMAD1 66 18

SMAD2 11 89

SMAD3 27 42

SMADS 166 133 SN HIP SN, HIP
SMADG6 11 3

SMAD7 14 13

SMADS9 51 47

SNAI3 7 28

SNAPC2 123 30 SN

SNAPC4 137 23 SN

SNAPC5 26 17

SOHLH1 35 15

SOX1 23 16

SOX13 11 6

SOX15 22 17

SOX21 34 75

SOXx4 8 32

SOX5 47 91

SOX6 16 0

SOX7 16 5

SOX8 41 12

SOX9 117 84 SN

SP1 55 36

SP140 13 67

SP4 52 4

SPDEF 41 49

SPEN 46 90

SPI1 100 81 SN

SPIB 3 12

SPIC 0 0

SREBF1 62 30

SREBF2 175 154 SN HIP SN, HIP
SRF 22 60

ST18 217 139 SN HIP SN, HIP
STAT1 132 140 SN HIP SN, HIP
STAT2 218 123 SN HIP SN, HIP
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STAT3 101 77 SN

STAT4 114 66 SN

STATSA 4 44

STATSB 187 36 SN

STAT6 16 25

STRN3 337 346 SN HIP SN, HIP
SUPT4H1 296 244 SN HIP SN, HIP
SUPTEH 96 92

T 2 19

TADA2A 49 173 HIP
TADA3 19 15

TAF10 70 45

TAF12 84 95

TAF13 78 85

TAF1B 259 61 SN

TAF4 6 5

TAF4B 397 70 SN

TAF5 15 53

TAF5L 6 23

TAF6 134 151 SN HIP SN, HIP
TAF7 338 95 SN

TAL1 12 19

TARDBP 90 NA

TBPL2 4 6

TBR1 36 44

TBX10 39 11

TBX15 1 0

TBX18 25 15

TBX19 0 1

TBX2 33 6

TBX20 17 15

TBX21 51 16

TBX22 11 0

TBX3 28 11

TBX4 50 83

TBX5 17 13

TBX6 39 52

TCEAL1 40 57

TCF12 152 89 SN

TCF15 11 36

TCF19 8 25

TCF20 74 90

TCF25 400 82 SN

TCF3 60 92

TCF4 11 108 HIP
TCF7 70 27

TCF7L1 26 17

TCF7L2 2 8

TCFLS 106 59 SN

TEAD2 17 3

TEAD3 10 8

TEAD4 7 4

TEF 25 8

TFAM 48 35

TFAP2B 70 9

TFAP2C 0 3

TFAP2E 19 8

TFCP2 44 37

TFCP2L1 0 4

TFDP1 17 12

TFDP3 4 20

TFE3 93 19

TFEB 79 54

TFEC 125 148 SN HIP SN, HIP
TGIF1 18 20

TGIF2 10 0

THRA 49 55

THRB 63 128 HIP




TLX1 46 75

TLX2 176 167 SN HIP SN, HIP
TLX3 5 5

TMEM229A 17 39

TP53 0 0

TP63 228 84 SN

TP73 43 51

TPRX1 0 0

TRIM22 98 23

TRIM25 0 0

TRIM28 47 153 HIP
TRIM29 13 18

TRPS1 214 131 SN HIP SN, HIP
TSC22D1 325 443 SN HIP SN, HIP
TSC22D2 6 11

TSC22D3 4 10

TSC22D4 76 38

TSHZ1 8 24

TSHZ2 0 0

TSHZ3 29 49

TULP4 84 154 HIP
TWIST2 0 0

UBN1 7 12

UBP1 46 64

UHRF1 1 0

UNCX 34 122 HIP
USF2 0 0

VAV1 99 66

VAX1 2 18

VAX2 41 30

VDR 7 18

VENTX 13 2

VSX1 2 1

VSX2 8 3

WNT5A 50 27

WT1 108 44 SN

XBP1 33 13

YBX3 2 19

YEATS4 92 109 HIP
YY1 35 222 HIP
ZBTB17 8 24

ZBTB18 17 108 HIP
ZBTB25 56 29

ZBTB38 37 67

ZBTB48 2 4

ZC3H8 22 23

ZEB1 71 28

ZEB2 79 92

ZFHX3 54 59

ZFHX4 119 57 SN

ZFP36L1 43 79

ZFP36L2 36 47

ZFP37 24 17

ZFP42 17 19

ZFP69B 87 123 HIP
ZGLP1 71 47

ZGPAT 0 0

ZHX1 71 31

ZHX2 3 4

ZHX3 28 45

ZIC1 6 5

Z1C2 12 15

Z1C3 3 0

ZIC5 0 0

ZKSCAN1 69 65

ZKSCAN3 2 2

ZKSCAN4 0 0

ZKSCANS 23 51
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ZKSCAN8 80 59

ZNF131 15 30

ZNF132 38 10

ZNF133 23 7

ZNF134 66 53

ZNF135 3 44

ZNF138 0 0

ZNF140 12 12

ZNF148 232 208 SN HIP SN, HIP
ZNF154 103 31 SN

ZNF155 0 0

ZNF157 0 0

ZNF165 0 0

ZNF169 0 0

ZNF174 53 89

ZNF175 34 56

ZNF189 92 87

ZNF19 0 0

ZNF197 44 58

ZNF202 2 3

ZNF207 164 110 SN HIP SN, HIP
ZNF213 4 12

ZNF215 5 130 HIP
ZNF217 127 32 SN

ZNF219 136 33 SN

ZNF232 23 2

ZNF236 18 52

ZNF24 30 41

ZNF256 21 39

ZNF263 1 23

ZNF268 4 0

ZNF274 13 2

ZNF277 220 187 SN HIP SN, HIP
ZNF281 72 212 HIP
ZNF287 36 78

ZNF3 59 90

ZNF33A 27 33

ZNF35 0 0

ZNF367 0 0

ZNF37A 40 63

ZNF394 6 55

ZNF397 19 26

ZNF41 77 86

ZNF445 111 54 SN

ZNF449 36 26

ZNF45 41 2

ZNF483 283 256 SN HIP SN, HIP
ZNF500 0 0

ZNF518A 136 29 SN

ZNF639 46 23

ZNF69 0 0

ZNF70 45 7

ZNF71 0 3

ZNF75D 5 20

ZNF80 6 5

ZNF81 18 18

ZNF83 18 47

ZNF85 0 0

ZNF90 0 0

ZNF92 2 28

ZNF93 168 1 SN

ZRANB2 281 254 SN HIP SN, HIP
ZSCAN10 9 10

ZSCAN12 23 22

ZSCAN16 3 6

ZSCAN2 0 13

ZSCAN20 19 0

ZSCAN21 29 49




ZSCAN22 3 1
ZSCAN23 46 7
ZSCAN25 1 0
ZSCAN26 42 49
ZSCAN30 10 56
ZSCAN31 0 1
ZSCAN4 35 12
ZSCAN9S 25 16
ZXDC 0 0
GATAD2A NA 151 HIP
SMAD4 NA 51
ZXDA NA 0
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Supplementary Table 2: MRs in PD
identified with MRA

Supplementary Table 3: MRs in PD
identified with GSEA

Transcription | Regulon Adjusted Transcription | Regulon Adjusted
Factor size p-value Factor size p-value

SCAND3 386 2.4e-52 SCAND3 386 0.003224
SLC30A9 595 1.5e-49 CERS6 242 0.003224
TSC22D1 438 4.9e-36 TSC22D1 438 0.003224
CERS6 242 1.3e-33 ZFP69B 123 0.003224
CSRNP2 410 1.6e-30 RREB1 142 0.003224
FBXW7 281 4.7e-27 HLF 187 0.003224
CNOT7 254 3.1e-22 ZNF215 130 0.003224
ATF2 248 5.8e-21 FBXW7 281 0.003224
SUPT4H1 244 4.0e-15 CITED2 123 0.003224
KLF12 305 8.0e-14 ZBTB18 107 0.003224
HMG20A 348 9.5e-13 PHTF1 118 0.003224
ECSIT 210 6.8e-11 NKX6-2 227 0.003224
ZNF483 255 9.6e-11 CNOT7 254 0.003224
RREB1 142 1.5e-10 ATF2 248 0.003224
FOXC2 180 5.7e-10 CSRNP2 410 0.003224
PHTF1 118 6.7e-10 ST18 138 0.003224
BCL3 213 8.2e-10 KLF12 305 0.003224
ZNF215 130 3.2e-09 SLC30A9 595 0.003224
ST18 138 3.7e-09 CBFB 132 0.003224
ZFP69B 123 1.1e-08 SATB1 110 0.011349
STAT1 140 1.9e-08 ECSIT 210 0.003224
CBFB 132 4.9e-08 ZNF483 255 0.003224
MEF2A 146 9.4e-08 SUPT4H1 244 0.003224
NKX6-2 227 4.9e-07 LMO4 127 0.039405
CEBPG 126 1.7e-06 MTA3 220 0.011349
FOXN2 202 2.6e-06 FOXC2 180 0.0092516
YEATS4 109 3.1e-06 HMG20A 348 0.024552
HLF 187 3.6e-06
STAT2 123 5.1e-06
KDM1A 190 5.9e-06
TCF4 108 1.6e-05
STRN3 346 1.9e-05
BTAF1 237 2.0e-05
MGA 110 2.4e-05
TAF6 150 4.3e-05
MTA3 220 8.6e-05
ADNP2 154 8.8e-05
PAXBP1 150 9.0e-05
PPARD 104 9.1e-05
CITED2 123 0.00015
ZBTB18 107 0.00017
CERS2 113 0.00024
YY1 222 0.00035
LMO4 127 0.00065
THRB 128 0.00075
RFX3 165 9.0e-04
KAT7 139 0.001
GTF2H3 215 0.0014
NFXL1 254 0.0015
ELF1 144 0.0021




CTBP1 104 0.0021
SREBF2 154 0.0023
HIRA 118 0.0023
ZRANB2 254 0.0039
NR3C1 118 0.0045
ZNF281 212 0.0045
REST 114 0.0047
SATB1 110 0.0051
NFKB1 180 0.0051
BRD8 191 0.0059
ZNF277 187 0.011
GPBP1 111 0.011
KLF3 112 0.012
NR3C2 180 0.013
NCOR1 100 0.015
PPARA 182 0.016
HNRNPAB 145 0.019
NFX1 204 0.019
GCFC2 191 0.035
NPAT 201 0.035
LZTR1 138 0.041

Table 4: MRs in AD identified with MRA

Table 5: MRs in AD identified with GSEA

Transcription | Regulon Adjusted Transcription | Regulon Adjusted
Factor size p-value Factor size p-value
SLC30A9 595 7.6e-78 RREB1 142 0.0088911

SCAND3 386 9.5e-51 ZBTB18 107 0.011855
CSRNP2 410 1.1e-47 SCAND3 386 0.0088911
TSC22D1 438 1.3e-41 CERS6 242 0.0088911
ATF2 248 1.7e-40 HLF 187 0.011855
CNOT7 254 3.8e-35 TSC22D1 438 0.0088911
KLF12 305 5.8e-31 CNOT7 254 0.0088911
HMG20A 348 1.4e-30 ZNF215 130 0.02092
ZNFA483 255 5.6e-29 MTA3 220 0.0088911
STRN3 346 1.1e-27 ZFP69B 123 0.011855
HNRNPAB 145 2.1e-27 CSRNP2 410 0.0088911
ZNF281 212 7.6e-27 KLF12 305 0.0088911
STAT1 140 1.1e-26 FBXW7 281 0.0088911
YY1 222 7.8e-26 ZNFA483 255 0.016671
NFXL1 254 1.8e-24 YY1 222 0.011855
FOXC2 180 4.2e-24 ATF2 248 0.011855
CERS6 242 5.2e-24 NKX6-2 227 0.039516
CEBPG 126 1.7e-22 SLC30A9 595 0.0088911
ZNF148 208 3.8e-22

SUPT4H1 244 2.3e-21

INF277 187 3.3e-21

FUBP1 331 1.0e-20

ADNP2 154 6.7e-20

KAT7 139 6.4e-19

NPAT 201 2.4e-18

FBXW7 281 2.9e-18

PHTF1 118 1.8e-17

GTF2H3 215 6.3e-17
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KDM1A 190 1.5e-16
AFF4 136 2.1e-16
TULP4 154 1.4e-15
MEF2A 146 1.8e-15
NFX1 204 1.1e-14
ATF6 154 1.8e-14
ECSIT 210 2.9e-14
TRIM28 153 4.1e-14
ZNF215 130 4.6e-14
BTAF1 237 4.6e-14
CBL 169 6.0e-14
GPBP1 111 2.7e-13
BLZF1 172 6.3e-13
BRD8 191 6.2e-12
ZRANB2 254 7.5e-12
HIRA 118 7.5e-12
MTA3 220 4.1e-11
LZTR1 138 2.0e-10
ZFP69B 123 2.2e-10
NFE2L1 135 6.4e-10
TCF4 108 2.7e-09
BCL3 213 3.8e-09
GCFC2 191 6.0e-09
RB1 178 6.6e-09
YEATS4 109 1.2e-08
ARID4A 164 9.3e-08
SREBF2 154 9.4e-08
RREB1 142 1.4e-07
MYNN 166 8.9e-07
SMAD5 132 9.1e-07
PAXBP1 150 1.2e-06
MGA 110 1.3e-06
NFKB1 180 4.2e-06
FOXN2 202 4.5e-06
NR3C1 118 4.8e-06
TAF6 150 6.1e-06
CREB3 109 6.3e-06
NCOR1 100 8.3e-06
ZBTB18 107 9.0e-06
PPARD 104 9.8e-06
Clorf85 108 1.2e-05
ZNF207 108 2.9e-05
KDMS5A 218 7.4e-05
MKL2 109 8.7e-05
TADA2A 172 0.00012
KLF16 276 0.00013
HLF 187 0.00022
KLF7 108 0.00034
CTBP1 104 0.0029
LMO4 127 0.003
GATAD2A 151 0.0034
RFX3 165 0.0046
TRPS1 130 0.0047
STAT2 123 0.0052
CBFB 132 0.0062
DRAP1 106 0.013




HINFP 115 0.016
THRB 128 0.018
NKX6-2 227 0.019
NR3C2 180 0.025
MLLT10 221 0.048
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V. Conclus®es e perspectivas

A grande complexidade do cérebro deve-se a presenca de tipos
celulares e mecanismos moleculares especificos nas suas diversas regioes,
que interagem para possibilitar a emergéncia de processos cognitivos
superiores. Essa heterogeinicidade, por sua vez, € possivel apenas pela
acado diferencial de fatores de transcricdo, que foram alvo de nossas
andlises. No presente trabalho, redes de regulacdo transcricionais do
hipocampo e substancia nigra foram moduladas e fatores de transcricdo
importantes para a caracterizacdo de cada uma das estruturas foram
identificados. Esse dado € de grande relevancia para a compreensado das
bases moleculares que controlam o desenvolvimento e as fungbes do

sistema nervoso central.

Ainda, a partir da rede inferida para cada estrutura e dados de
microarranjo de individuos saudaveis e acometidos por pelas doencas de
Parkinson e Alzheimer, propusemos TFs que agem como reguladores
mestres nessas desordens. A identificagdo das mudancas de expressao
génica que ocorrem em situacdes patoldgicas possibilita a compreensédo de
processos que subjazem a degeneracdo e, assim, direciona a busca por

novos farmacos capazes de reverter esse padrao.

Com isso em mente, o trabalho tem como principais perspectivas:

» Utilizar mais dados de estudos caso-controle adquiridos do GEO para
a determinacdo de reguladores mestres, conferindo mais

confiabilidade e robustez aos resultados aqui obtidos;

» Validar alvos selecionados do presente trabalho em bidpsias de tecido
cerebral post-mortem derivado de pacientes com DA e DP, através da
analise imunohistoquimica semi-quantitativa, western blot e

protebmica;

= Validar alvos selecionados em modelos celulares da DA e DP, através
de experimentos de imunoprecipitagdo da cromatina (ChiPseq),

perturbacdes por silenciamento e protedmica;
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Buscar, através de analise de mapas de conectividade, selecionar o
perfil de farmacos que antagonisam as assinaturas moleculares das
DP e DA,

Determinar o real efeito e a eficacia das drogas obtidas a partir das

analises de bioinformatica em modelos celulares das doencgas.
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2011), Brain Research Reviews has ceased publication as a distinct journal
separate from Brain Research. Review articles accepted for Brain Research are
now published in that journal.

N.B. Review articles are by invitation only; inquiries and suggestions for reviews
should be directed to the Brain Research Editorial Office (bres@elsevier.com).

In the journal's Table of Contents, published papers will be shown under one of the
Section titles listed below. Authors will be given the opportunity to choose the most
appropriate section upon manuscript submission.

SECTIONS

«Cell Biology, Signaling and Synaptic Transmission

Senior Editors: Leonard K. Kaczmarek (New Haven, CT, USA), Diane Lipscombe
(Providence, RI, USA) Studies investigating the cellular, molecular and genetic
bases of structure, function and signaling (both intracellular and intercellular) in
nervous systems.
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*Development, Degeneration and Regeneration, and Aging

Senior Editors: Fen-Biao Gao (Worcester, MA, USA), Michael E. Selzer
(Philadelphia, PA, USA), Flora M. Vaccarino (New Haven, CT, USA)

Studies concerning neuronal and glial development and the formation of the nervous
system, molecular and cellular aspects of degeneration and regeneration, and
changes associated with the aging brain.

*Systems Neuroscience and Behavior

Senior Editors: Gary Aston-Jones (Charleston, SC, USA), Leslie C. Griffith
(Waltham, MA, USA), David J. Perkel (Seattle, WA, USA)

Studies concerning structure and organization of neural circuits, sensory and motor
systems, internal regulatory systems and the control of behaviors.

*Cognition and Computation

Senior Editors: Francesco Battaglia (Amsterdam, Netherlands), Erich Schroger
(Leipzig, Germany), Christina L. Williams (Durham, NC, USA)

Studies of the neural mechanisms of cognition and behavior in humans and animal
models including basic behaviors and higher mental functions; as well as studies
dealing with realistic simulation, analysis and prediction of the structure and
functions of nervous systems and individual neuronal and glial elements within
nervous systems.

*Neurobiology of Disease

Senior Editors: Lorraine lacovitti (Philadelphia, PA, USA), Jae-Young Koh (Seoul,
Korea), Brian A.

MacVicar (Vancouver, Canada), Peter H. Reinhart (Boston, MA, USA), J. Paul
Taylor (Memphis, TN,

USA)

Studies whose primary focus is on clinically diseased nervous systems or disease
models, including molecular, cellular, systems and behavioral approaches and
analysis of therapeutic interventions.

*Reviews

Senior Editor: Irwin B. Levitan (Philadelphia, PA, USA)

Invited reviews on all aspects of nervous system structure and function. The editors
welcome suggestions for specific review topics.

TYPES OF PAPERS

1.Research Reports reporting results of original fundamental research in any branch
of the brain sciences. Papers describing new methods or significant developments
of recognised methods which provide significant insight into the structure or function
of the nervous system, the pathophysiology of a disease, or its treatment may also
be submitted. Articles should be written in sufficient detail to allow others to
verify/replicate the described methods.

2. Reviews: Reviews are by invitation only. Inquiries and suggestions for reviews
should be directed to the Brain Research Editorial Office (bres@elsevier.com).

Brain Research will also regularly publish thematic special issues highlighting
important new developments in neuroscience research.

AUDIENCE

70



Neuroscientists,  neurophysiologists, = neuroendocrinologists,
neuroanatomists, neuropharmacologists, neurologists.

IMPACT FACTOR

2013: 2.828 © Thomson Reuters Journal Citation Reports 2014

ABSTRACTING AND INDEXING

BIOSIS

Elsevier BIOBASE

Chemical Abstracts

Current Contents/Life Sciences
MEDLINE®

EMBASE

Pascal et Francis (INST-CNRS)
PsycINFO Psychological Abstracts
RIS (Reference Update)
Scopus

EDITORIAL BOARD

Editor-in-Chief
Irwin B. Levitan, Philadelphia, Pennsylvania, USA

Deputy Editor-in-Chief
Gary Aston-Jones, Charleston, South Carolina, USA
J. Paul Taylor, Memphis, Tennessee, USA

Senior Editors

Gary Aston-Jones, Charleston, South Carolina, USA
Francesco Battaglia, Nijmegen, Netherlands
Fen-Biao Gao, Worcester, Massachusetts, USA

Mary Heinricher, Portland, Oregon, USA

Lorraine lacovitti, Philadelphia, Pennsylvania, USA
Leonard Kaczmarek, New Haven, Connecticut, USA
Anthony E. Kline, Pittsburgh, Pennsylvania, USA
Jae-Young Koh, Seoul, South Korea

Brian MacVicar, Vancouver, British Columbia, Canada
Ramesh Raghupathi, Philadelphia, Pennsylvania, USA
Peter Reinhart, Cambridge, Massachusetts, USA
Erich Schroger, Leipzig, Germany

Michael Selzer, Philadelphia, Pennsylvania, USA

J. Paul Taylor, Memphis, Tennessee, USA

Flora Vaccarino, New Haven, Connecticut, USA
Barry Waterhouse, Philadelphia, Pennsylvania, USA
Christina Williams, Durham, North Carolina, USA

Editorial Board

S. Ackerman, Bar Harbor, Maine, USA
C. Alain, Toronto, Ontario, Canada

K. Alho, Helsinki, Finland

C.J. Aoki, New York, New York, USA
L.H.M.C. Arckens, Leuven, Belgium
E.C. Azmitia, New York,

New York, USA F.

Barcel6, Palma de

Mallorca, Spain

neurochemists,

71



R.T. Bartus, San Diego, California, USA

M. Baudry, Los Angeles, California, USA
R.J. Bodnar, Flushing, New York, USA

D. Boire, Quebec, Quebec, Canada

C. Borlongan, Tampa, Florida, USA

P. Chan, Beijing, China

J.D. Cohen, Princeton, New Jersey, USA
J.F. Cryan, Cork, Ireland

C.G. Cusick, New Orleans, Louisiana, USA
M. Dragunow, Auckland Mail Centre, Auckland, New Zealand
S. Einheber, New York, New York, USA

P. Emson, Babraham, Cambridge, UK

P. Gabbott, Milton Keynes, Bucks, UK

C.M. Gall, Irvine, California, USA

L-M. Garcia-Segura, Madrid, Spain

F. Georges, Bordeaux Cedex, France

A. Gintzler, Brooklyn, New York, USA

U. Heinemann, Berlin, Germany

T.L. Hodgson, Exeter, UK

T. Hokfelt, Stockholm, Sweden

B.L. Jacobs, Princeton, New Jersey, USA

J. Kaiser, Frankfurt, Germany

L.A. Krubitzer, Davis, California, USA

J.C. LaManna, Cleveland, Ohio, USA

C. Lance-Jones, Pittsburgh, Pennsylvania, USA
J.D. Levine, San Francisco, California, USA
E.H. Lo, Charlestown, Massachusetts, USA
G. Lubec, Vienna, Austria

C.L. Masters, Melbourne, Victoria, Australia
J.F. McGinty, Charleston, South Carolina, USA
D. Morilak, San Antonio, Texas, USA

E.J. Mufson, Chicago, lllinois, USA

K.A. Nave, Géttingen, Germany

E.J. Nestler, MD, PhD, New York, New York, USA
R.L. Neve, Belmont, Massachusetts, USA

K. Noguchi, Hyogo, Japan

J. Oberdick, Columbus, Ohio, USA

K.C.H. Pang, East Orange, New Jersey, USA
G.W. Pasternak, New York, New York, USA
G. Perry, San Antonio, Texas, USA

P.M. Pilowsky, Sydney, New South Wales, Australia
R. Pinaud, Rochester, New York, USA

J. Raber, Portland, Oregon, USA

M.N. Rajah, Verdun, Quebec, Canada
M.G.P. Rosa, Clayton, Australia

A. Ryabinin, Portland, Oregon, USA

J. Russeler, Magdeburg, Germany

K. Schilling, Bonn, Germany

C. Schmitz, Maastricht, Netherlands

R.S. Sloviter, Tucson, Arizona, USA

D.A. Steindler, Gainsville, Florida, USA

R.L. Stornetta, Charlottesville, Virginia, USA
M. Tohyama, Suita-Shi, Osaka, Japan

D. Trotti, Philadelphia, Pennsylvania, USA
L.L. Uphouse, Denton, Texas, USA

E.J. Van Bockstaele, Philadelphia, Pennsylvania, USA
J.C. Vickers, Hobart, Tasmania, Australia
M.W. Vogel, Baltimore, Maryland, USA

V. Walsh, MD, London, England, UK

X. Wang, Charlestown, Massachusetts, USA
I.S. Zagon, Hershey, Pennsylvania, USA

X. Zhang, Shanghai, China

J. Zuo, Memphis, Tennessee, USA

72



GUIDE FOR AUTHORS

INTRODUCTION

Brain Research publishes papers reporting interdisciplinary investigations of
nervous system structure and function that are of general interest to the international
community of neuroscientists. As is evident from the journals name, its scope is
broad, ranging from cellular and molecular studies through systems neuroscience,
cognition and disease. Invited reviews are also published; suggestions for and
inquiries about potential reviews are welcomed.

Note: With the appearance of the final issue of the 2011 subscription, Vol. 67/1-2
(24 June 2011), Brain Research Reviews has ceased publication as a distinct
journal separate from Brain Research. Review articles accepted for Brain Research
are now published in that journal.

In the journals Table of Contents, published papers will be shown under one of the
Section titles listed (in bold type) below. Authors will be given the opportunity to
choose the most appropriate section upon manuscript submission.

SECTIONS

Cell Biology, Signaling and Synaptic Transmission

Senior Editors: Leonard K. Kaczmarek (New Haven, CT, USA), Diane Lipscombe
(Providence, RI, USA) Studies investigating the cellular, molecular and genetic
bases of structure, function and signaling (both intracellular and intercellular) in
nervous systems.

Cognition and Computation

Senior Editors: Francesco P. Battaglia (Amsterdam, Netherlands), Erich Schréger
(Leipzig, Germany), Christina L. Williams (Durham, NC, USA)

Studies of the neural mechanisms of cognition and behavior in humans and animal
models including basic behaviors and higher mental functions; as well as studies
dealing with realistic simulation, analysis and prediction of the structure and
functions of nervous systems and individual neuronal and glial elements within
nervous systems.

Development, Degeneration and Regeneration, and Aging

Senior Editors: Fen-Biao Gao (Worcester, MA, USA), Michael E. Selzer
(Philadelphia, PA, USA), Flora M. Vaccarino (New Haven, CT, USA)

Studies concerning neuronal and glial development and the formation of the nervous
system, molecular and cellular aspects of degeneration and regeneration, and
changes associated with the aging brain.

Neurobiology of Disease

Senior Editors: Lorraine lacovitti (Philadelphia, PA, USA), Jae-Young Koh (Seoul,
Korea), Brian A. MacVicar (Vancouver, Canada), Peter H. Reinhart (Boston, MA,
USA), J. Paul Taylor (Memphis, TN,

USA)

Studies whose primary focus is on clinically diseased nervous systems or disease
models, including molecular, cellular, systems and behavioral approaches and
analysis of therapeutic interventions.

Reviews
Senior Editor: Irwin B. Levitan (Philadelphia, PA, USA)
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Invited reviews on all aspects of nervous system structure and function. The editors
welcome suggestions for specific review topics. .

Systems Neuroscience and Behavior

Senior Editors: Gary Aston-Jones (Charleston, SC, USA), Leslie C. Griffith
(Waltham, MA, USA), David J. Perkel (Seattle, WA, USA)

Studies concerning structure and organization of neural circuits, sensory and motor
systems, internal regulatory systems and the control of behaviors.

TYPES OF PAPERS

1.Research Reports reporting results of original fundamental research in any
branch of the brain sciences. Papers describing new methods or significant
developments of recognised methods which provide significant insight into the
structure or function of the nervous system, the pathophysiology of a disease, or its
treatment may also be submitted. Articles should be written in sufficient detail to
allow others to verify/replicate the described methods.

2. Reviews: Reviews are by invitation only. Inquiries and suggestions for reviews
should be directed to the Brain Research Editorial Office (bres@elsevier.com).

Brain Research will also regularly publish thematic special issues highlighting
important new developments in neuroscience research.

The Neuroscience Peer Review Consortium

Brain Research is a member of the Neuroscience Peer Review Consortium (NPRC).
The NPRC has been formed to reduce the time expended and, in particular, the
duplication of effort by, and associated burden on reviewers involved in the peer
review of original neuroscience research papers. It is an alliance of neuroscience
journals that have agreed to accept manuscript reviews from other Consortium
journals. By reducing the number of times that a manuscript is reviewed, the
Consortium will reduce the load on reviewers and Editors, and speed the publication
of research results.

If a manuscript has been rejected by another journal in the Consortium, authors can
submit the manuscript to Brain Research and indicate that the referees' reports from
the first journal be made available to the Editors of Brain Research.

It is the authors' decision as to whether or not to indicate that a set of referee's
reports should be forwarded from the first journal to Brain Research. If an author
does not wish for this to happen, the manuscript can be submitted to Brain
Research without reference to the previous submission. No information will be
exchanged between journals except at the request of authors. However, if the
original referees' reports suggested that the paper is of high quality, but not suitable
for the first journal, then it will often be to an author's advantage to indicate that
referees' reports should be made available.

Authors should revise the original submission in accordance with the first journal's
set of referee reports, reformat the paper to Brain Research's specification and
submit the paper to Brain Research with a covering letter describing the changes
that have been made, and informing the Editors that the authors will ask for the
referee's reports to be forwarded from the first Consortium journal. The authors then
must contact the first journal, and ask that reviews be forwarded, indicating they
have submitted to Brain Research, and providing the new manuscript ID number.
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The Editors of Brain Research will use forwarded referees' reports at their discretion.
The Editors may use the reports directly to make a decision, or they may request
further reviews if they feel such are necessary.

Visit http://nprc.incf.org for a list of Consortium journals, as well as further
information on the scheme.

Contact Details for submission

Submission of manuscripts to Brain Research is entirely online at
http://ees.elsevier.com/bres. Queries about the submission or editorial processes
may be directed to the Brain Research Editorial Office, Elsevier, 525 B Street, Suite
1800, San Diego, CA 92101-4495, USA; Fax: (1)-619-699.6850, Email:
bres@elsevier.com

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-
authors/ethics.

Policy and ethics

The work described in your article must have been carried out in accordance with
The Code of Ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving humans
http://www.wma.net/en/30publications/10policies/b3/index.html; EC Directive
86/609/EEC for animal experiments
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm; Uniform
Requirements  for manuscripts submitted to Biomedical  journals
http://www.icmje.org. This must be stated at an appropriate point in the article.

For other policy issues, authors are referred to the policy guidelines of the Society
for Neuroscience (see their website http://www.jneurosci.org/misc/itoa.shtml).

All authors are requested to disclose any actual or potential conflict of interest
including any financial, personal or other relationships with other people or
organizations within three years of beginning the submitted work that could
inappropriately influence, or be perceived to influence, their work. See also
http://www.elsevier.com/conflictsofinterest. Further information and an example of a
Conflict of Interest form can be found at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

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

Contributors
Each author is required to declare his or her individual contribution to the article: all
authors must have materially participated in the research and/or article preparation,
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so roles for all authors should be described. The statement that all authors have
approved the final article should be true and included in the disclosure.

Addition, deletion, or rearrangement of author names in the authorship of accepted
manuscripts Before the accepted manuscript is published in an online issue
Requests to add or remove an author, or to rearrange the author names, must be
sent to the Journal Manager from the corresponding author of the accepted
manuscript and must include:The reason the name should be added or removed or
the author names rearranged. Written confirmation (email, fax, letter) from all
authors that they agree with the addition, removal or rearrangement. In the case of
addition or removal of authors, this includes confirmation from the author being
added or removed.

Requests that are not sent by the corresponding author will be forwarded by the
Journal Manager to the corresponding author, who must follow the procedure as
described above. Note that: Journal Managers will inform the Journal Editors of any
such requests. Publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue

Any requests to add, delete, or rearrange author names in an article published in an
online issue will follow the same policies as noted above and result in a
corrigendum.

This policy concerns the addition, deletion, or rearrangement of author names in the
authorship of accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or
remove an author, or to rearrange the author names, must be sent to the Journal
Manager from the corresponding author of the accepted manuscript and must
include: (a) the reason the name should be added or removed, or the author names
rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or
removal of authors, this includes confirmation from the author being added or
removed. Requests that are not sent by the corresponding author will be forwarded
by the Journal Manager to the corresponding author, who must follow the procedure
as described above. Note that: (1) Journal Managers will inform the Journal Editors
of any such requests and (2) publication of the accepted manuscript in an online
issue is suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add,
delete, or rearrange author names in an article published in an online issue will
follow the same policies as noted above and result in a corrigendum.

This journal offers authors a choice in publishing their research: Open access and
Subscription.

For subscription articles

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

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

For open access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement’ (for more information see
http://www.elsevier.com/OAauthoragreement). Permitted reuse of open access
articles is determined by the author's choice of wuser license (see
http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more
information on author rights for:

Subscription  articles please see http://www.elsevier.com/journal-
authors/author-rights-and-responsibilities. Open access articles please see
http://www.elsevier.com/OAauthoragreement.

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

Elsevier has established agreements and developed policies to allow authors whose
articles appear in journals published by Elsevier, to comply with potential manuscript
archiving requirements as specified as conditions of their grant awards. To learn
more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

This journal offers authors a choice in publishing their research:

Open access

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

e An open access publication fee is payable by authors or their research
funderSubscription

¢ Articles are made available to subscribers as well as developing countries and
patient groups throughour access programs (http://www.elsevier.com/access)

* No open access publication fee

All articles published open access will be immediately and permanently free for
everyone to read and download. Permitted reuse is defined by your choice of one of
the following Creative Commons user licenses:

Creative Commons Attribution (CC BY): lets others distribute and copy the article,
to create extracts, abstracts, and other revised versions, adaptations or derivative
works of or from an article (such as a translation), to include in a collective work
(such as an anthology), to text or data mine the article, even for commercial
purposes, as long as they credit the author(s), do not represent the author as
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endorsing their adaptation of the article, and do not modify the article in such a way
as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for
noncommercial purposes, lets others distribute and copy the article, to create
extracts, abstracts and other revised versions, adaptations or derivative works of or
from an article (such as a translation), to include in a collective work (such as an
anthology), to text and data mine the article, as long as they credit the author(s), do
not represent the author as endorsing their adaptation of the article, do not modify
the article in such a way as to damage the author's honor or reputation, and license
their new adaptations or creations under identical terms (CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for
noncommercial purposes, lets others distribute and copy the article, and to include
in a collective work (such as an anthology), as long as they credit the author(s) and
provided they do not alter or modify the article.

To provide open access, this journal has a publication fee which needs to be met by
the authors or their research funders for each article published open access.

Your publication choice will have no effect on the peer review process or
acceptance of submitted articles.

The open access publication fee in this journal is $1,800, excluding taxes. Learn
more about Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Please write your text in good English (American or British usage is accepted, but
not a mixture of these). Authors who feel their English language manuscript may
require editing to eliminate possible grammatical or spelling errors and to conform to
correct scientific English may wish to use the English Language Editing service
available from Elsevier's WebShop (http://webshop.elsevier.com/languageediting/)
or visit our customer support site (http://support.elsevier.com) for more information.

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
source files to a single PDF file of the article, which is used in the peer-review
process. Please note that even though manuscript source files are converted to PDF
files at submission for the review process, these source files are needed for further
processing after acceptance. All correspondence, including notification of the
Editor's decision and requests for revision, takes place by e-mail removing the need
for a paper trail.

Submit your article
Please submit your article via http://ees.elsevier.com/bres

Section, Senior Editor and Reviewers

Authors will be asked during manuscript submission to select a section of the
journal, and a senior editor from that section whom they consider most appropriate
to edit their manuscript. While every effort will be made to honor authors' selections,
the assignment to a handling editor will be made by the Editor-in-Chief. Please
submit, with the manuscript , the names, addresses and email addresses of 3
potential reviewers. Note that the handling editor retains the sole right to decide
whether or not the suggested reviewers are used.

Please submit the names and institutional e-mail addresses of several potential
referees. For more details, visit our Support site. Note that the editor retains the sole
right to decide whether or not the suggested reviewers are used.
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Additional information

Cover illustrations: Authors are encouraged to submit visually and scientifically
interesting figure(s) representative of their data, though not necessarily as they
appear in the manuscript, for potential cover illustrations (see specific instructions
for submission of cover art under PREPARATION / Color Artwork below). The use
of illustrations for journal covers is at the discretion of the Editors; only those related
to articles accepted for publication will be considered. At the end of each year, all
published covers will automatically be considered in a competition for the year's best
cover illustration, and will be judged on their aesthetic value and scientific interest.
The author(s) of the winning image will receive US$ 500 from Elsevier.

PREPARATION

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

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

Subdivision

Divide your article into clearly defined and numbered sections (e.g. Abstract, 1.
Introduction, 2. Results, 3. Discussion, 4. Experimental Procedure,
Acknowledgements, References). Subsections should be numbered 1.1 (then 1.1.1,
1.1.2, ..), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to " the text" . Any
subsection may be given a brief heading. Each heading should appear on its own
separate line.

Introduction
State the objectives of the work and provide relevant background information.
Published studies should be described concisely, and be cited appropriately.

Results

The results should be described clearly and in logical order without extended
discussion of their significance. Results should usually be presented descriptively
and be supplemented by photographs or diagrams.

Discussion

The results of the research should be discussed in the context of other relevant
published work; Extensive citations and discussion of published literature should be
avoided. The main conclusions of the study may be presented in a short
Conclusions section, which may stand alone or form a subsection of a Discussion
section.

79



Experimental Procedure
This section should contain all the details necessary to reproduce the experiments.
Avoid re-describing methods already published; only relevant modifications should
be included in the text.

o Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.
. Author names and affiliations. Where the family name may be ambiguous

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

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

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

Abstract

The abstract should state briefly (in no more than 250 words) the purpose of the
research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s).
Also, non-standard or uncommon abbreviations should be avoided, but if essential
they must be defined at their first mention in the abstract itself.

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the contents
of the article in a concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x
1328 pixels (h x w) or proportionally more. The image should be readable at a size
of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF,
EPS, PDF or MS Office files. See http://www.elsevier.com/graphicalabstracts for
examples.

Authors can make use of Elsevier's lllustration and Enhancement service to ensure
the best presentation of their images and in accordance with all technical
requirements: lllustration Service.

Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a
separate file in the online submission system. Please use 'Highlights' in the file
name and include 3 to 5 bullet points (maximum 85 characters, including spaces,
per bullet point). See http://www.elsevier.com/highlights for examples.
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Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, "and", "of"). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
purposes.

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research
(e.g., providing language help, writing assistance or proof reading the article, etc.).

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

Elsevier encourages authors to connect articles with external databases, giving their
readers oneclick access to relevant databases that help to build a better
understanding of the described research. Please refer to relevant database
identifiers using the following format in your article: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN). See
http://www.elsevier.com/databaselinking for more information and a full list of
supported databases.

Minimal Data Standards

Resources reported in neuroscience articles often lack sufficient detail to enable
reproducibility or reuse. To facilitate resource identification in the neuroscience
literature , we recommend to include relevant accession numbers and identifiers in
your article, which will be converted into links to corresponding data repositories and
embedded enrichments once the article is published and appears on SciencDirect.
Please consider inclusion of GenBank accession numbers, antibody identifiers,
species specific homenclatures, and software identifiers in the method section of
your article. The complete set of recommendations with detailed instructions is
available at: http://www.elsevier.com/about/content-innovation/minimal-data-
standards

Electronic artwork General points

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

 Embed the used fonts if the application provides that option.

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

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

¢ Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the printed version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:

http://www.elsevier.com/artworkinstructions
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You are urged to visit this site; some excerpts from the detailed information are given

here. Formats

If your electronic artwork is created in a Microsoft Office application (Word,

PowerPoint, Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic

artwork is finalized, please 'Save as' or convert the images to one of the following

formats (note the resolution requirements for line drawings, halftones, and

line/halftone combinations given below):

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

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

300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a

minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color

or grayscale), keep to a minimum of 500 dpi.

Please do not:

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

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Cover art: lllustrations to be considered for the cover should be related to the
authors' submitted article and be representative of their data, but need not
necessarily be as they appear in the manuscript. Cover art should be formatted to
occupy an area of 18X21 cm and should be submitted in digital format (TIFF,
Photoshop, JPEG or Powerpoint) with a resolution of at least 300 dpi. Please also
include a descriptive text with your cover art submission. The files should be
uploaded to a specified FTP site - please contact the Editorial Office at
bres@elsevier.com for instructions. For authors who wish to postal mail a CD with
the cover art, please send it to:

Brain Research Editorial Office, Elsevier, 525 B Street, Suite 1800, San Diego, CA
92101-4495, USA. Please ensure that the manuscript reference number is included
on all materials.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF) or MS Office files) and with the correct resolution. If, together with
your accepted article, you submit usable color figures then Elsevier will ensure, at
no additional charge, that these figures will appear in color on the Web (e.qg.,
ScienceDirect and other sites) in addition to color reproduction in print. For further
information on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

Figure captions

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

Number tables consecutively in accordance with their appearance in the text. Place
footnotes to tables below the table body and indicate them with superscript
lowercase letters. Avoid vertical rules. Be sparing in the use of tables and ensure
that the data presented in tables do not duplicate results described elsewhere in the
article.
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Citation in text

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

Reference links

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

Web references

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

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.

Reference formatting

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the pagination must be present. Use of DOI is
highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be
highlighted at proof stage for the author to correct. If you do wish to format the
references yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and
the year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al." and the year of
publication. Citations may be made directly (or parenthetically). Groups of
references should be listed first alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).

Kramer et al. (2010) have recently shown ....'

List: References should be arranged first alphabetically and then further sorted

chronologically if necessary. More than one reference from the same author(s) in

the same year must be identified by the letters 'a’, 'b', 'c’, etc., placed after the year
of publication.

Examples:

Reference to a journal publication:

83



Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific
article. J. Sci.

Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman,
New York. Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your
article, in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-
Publishing Inc., New York, pp. 281-304.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word
Abbreviations:

http://www.issn.org/services/online-services/access-to-the-ltwa/.

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by
referring to the video or animation content and noting in the body text where it
should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation
material is directly usable, please provide the files in one of our recommended file
formats with a preferred maximum size of 50 MB. Video and animation files supplied
will be published online in the electronic version of your article in Elsevier Web
products, including ScienceDirect: http://www.sciencedirect.com. Please supply
'stills" with your files: you can choose any frame from the video or animation or make
a separate image. These will be used instead of standard icons and will personalize
the link to your video data. For more detailed instructions please visit our video
instruction pages at http://www.elsevier.com/artworkinstructions. Note: since video
and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article
that refer to this content.

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

Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, highresolution images, background datasets, sound
clips and more. Supplementary files supplied will be published online alongside the
electronic version of your article in Elsevier Web products, including ScienceDirect:
http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats.
Authors should submit the material in electronic format together with the article and
supply a concise and descriptive caption for each file. For more detailed instructions
please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.
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You can enrich your online articles by providing 3D neuroimaging data in NIfTI
format. This will be visualized for readers using the interactive viewer embedded
within your article, and will enable them to: browse through available neuroimaging
datasets; zoom, rotate and pan the 3D brain reconstruction; cut through the volume;
change opacity and color mapping; switch between 3D and 2D projected views; and
download the data. The viewer supports both single (.nii) and dual (.hdr and .img)
NIfTI file formats. Recommended size of a single uncompressed dataset is 100 MB
or less. Multiple datasets can be submitted. Each dataset will have to be zipped and
uploaded to the online submission system via the '3D neuroimaging data'
submission category. Please provide a short informative description for each dataset
by filling in the 'Description’ field when uploading a dataset. Note: all datasets will be
available for downloading from the online article on ScienceDirect. If you have
concerns about your data being downloadable, please provide a video instead. For
more information see: http://www.elsevier.com/3DNeuroimaging.

The following list will be useful during the final checking of an article prior to sending

it to the journal for review. Please consult this Guide for Authors for further details of

any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with

contact details: « E-mail address

¢ Full postal address

¢ Phone numbers

All necessary files have been uploaded, and contain:

o Keywords

¢ All figure captions

o All tables (including title, description, footnotes)

Further considerations

¢ Manuscript has been 'spell-checked' and '‘grammar-checked'

¢ References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources
(including the Web)+ Color figures are clearly marked as being intended for color
reproduction on the Web (free of charge) and in print, or to be reproduced in color
on the Web (free of charge) and in black-and-white in print « If only color on the
Web is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at

http://support.elsevier.com.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic
documents. The DOI consists of a unique alpha-numeric character string which is
assigned to a document by the publisher upon the initial electronic publication. The
assigned DOI never changes. Therefore, it is an ideal medium for citing a document,
particularly ‘Articles in press' because they have not yet received their full
bibliographic information. Example of a correctly given DOI (in URL format; here an
article in the journal Physics Letters B):
http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are
guaranteed never to change.
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Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on
figures/tables and answer questions from the Copy Editor. Web-based proofing
provides a faster and less error-prone process by allowing you to directly type your
corrections, eliminating the potential introduction of errors.

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

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

The corresponding author, at no cost, will be provided with a personalized link
providing 50 days free access to the final published version of the article on
ScienceDirect. This link can also be used for sharing via email and social networks.
For an extra charge, paper offprints can be ordered via the offprint order form which
is sent once the article is accepted for publication. Both corresponding and co-
authors may order offprints at any time via Elsevier's WebShop
(http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed
copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book'
service to collate multiple articles within a single cover
(http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES

You can track your submitted article at
http://help.elsevier.com/app/answers/detail/a_id/89/p/8045/. You can track your
accepted article at http://www.elsevier.com/trackarticle. You are also welcome to
contact Customer Support via http://support.elsevier.com.

© Copyright 2014 Elsevier | http://www.elsevier.com

86


http://www.sciencedirect.com/

