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RESUMO

A esquizofrenia € um transtorno mental cronico que atinge em média 0,7% da populagdo
mundial, sendo seu desenvolvimento relacionado a soma de fatores genéticos e ambientais.
Distdrbios cognitivos como aten¢do, memodria e fungdes executivas sdo frequentemente
observados em pacientes com a doenca. Os antipsicéticos consistem na principal forma de
tratamento, sendo amplamente utilizados na clinica. No presente projeto foram analisados o
proteoma de uma linhagem celular de oligodendrdcitos humanos (células MO3.13) tratados
com quatro antipsicéticos, sendo dois de primeira-geracdo (clorpromazina e haloperidol) e
dois de segunda-geracdo (quetiapina e risperidona). Primeiramente, foi estabelecido um
protocolo para cultivo das células, publicado como um capitulo de livro. Por conseguinte, a
andlise dos tratamentos foi realizada através de nano-cromatografia liquida seguida de
espectrometria de massas em tandem (nano LC-MS/MS). Posteriormente, as proteinas
encontradas com p-value < 0,05 foram submetidas a andlise no programa Ingenuity Pathway
Analysis (IPA) para obtencdo das vias metabdlicas relacionadas a cada tratamento. Foram
encontradas vias de sinalizacdo em comum e especificas para cada antipsicético. Os dados
gerados nesta dissertacdo de mestrado auxiliardo na compreensdo das vias bioquimicas
envolvidas no mecanismo de acdo desses medicamentos, que podem orientar o

desenvolvimento de novos tratamentos.



ABSTRACT

Schizophrenia is a chronic mental disorder that affects on average 0.7% of the world
population, and its development is related to genetic and environmental factors. Cognitive
disorders such as attention, memory and executive functions are often observed in patients
with the disease. Antipsychotics consist of the main form of treatment and are widely used in
the clinic. In the present project the proteome of a human oligodendrocyte cell line (MO3.13
cells) treated with four antipsychotics, two of the first generation (chlorpromazine and
haloperidol) and two of the second generation (quetiapine and risperidone) were analyzed.
The analysis of the treatments was performed by liquid nano-chromatography followed by
tandem mass spectrometry (nano LC-MS / MS). Subsequently, the proteins found with p-
value <0.05 were submitted to analysis in the Ingenuity Pathway Analysis (IPA) program to
obtain the metabolic pathways related to each treatment. Canonical pathways were found in
common and specific for each antipsychotic. The data generated in this dissertation helped to
understand the biochemical pathways involved in the mechanism of action of these drugs,

which may guide the development of new treatments.
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6. INTRODUCAO

6.1 A esquizofrenia

A esquizofrenia € uma doenga psiquidtrica crOnica, grave e incapacitante caracterizada
por fungdes mentais anormais e distirbios de comportamento (OWEN; SAWA;
MORTENSEN, 2016; “WHO | Schizophrenia”, 2016). Os sintomas sao divididos em trés
classes: produtivos, negativos e cognitivos. Os sintomas produtivos incluem delirios (falsas
crencgas), alucinagdes (falsas percepgdes) e desorganizacdo do pensamento. Os sintomas
negativos referem-se a perda de motivacao e da vivacidade emocional. Distiirbios cognitivos
como aten¢do, memoria e funcdes executivas sdo frequentemente observados em pacientes
com a doenca (OWEN; SAWA; MORTENSEN, 2016; “WHO | Schizophrenia”, 2016). A
esquizofrenia tende a se desenvolver por volta dos 16 a 30 anos de idade e persiste durante
toda a vida do paciente, consistindo em um dos mais importantes problemas de satde publica
do mundo afetando mais de 21 milhdes de pessoas (OWEN; SAWA; MORTENSEN, 2016;
“WHO | Schizophrenia”, 2016). Atualmente, o diagndstico da esquizofrenia é baseado em
entrevistas realizadas entre médico e paciente, envolvendo a comunicacdo dos sintomas
subjetivos e relato da histéria do paciente. A categorizacdo deste é realizada utilizando-se o
Manual Diagnéstico e Estatistico de Transtornos Mentais (DSM-5) ou através da
Classificacdo Estatistica Internacional de Doengas e Problemas Relacionados a Satide (“WHO
| Schizophrenia”, 2016). O tratamento da esquizofrenia deve abordar a multifatorialidade da
doenca por meio da integracdo de drogas e tratamentos psicossociais para lidar com uma

pessoa cronicamente desabilitada (SPOHN, 1985).

6.2  As causas da esquizofrenia

Inimeros estudos genéticos e epidemioldgicos demonstraram durante os ultimos anos
que fatores genéticos possuem uma grande contribui¢do, porém nao exclusiva, com as causas
da esquizofrenia (OWEN; SAWA; MORTENSEN, 2016). Estudos genéticos utilizando
gémeos, adocdo e historicos familiares demonstraram que o risco para desenvolvimento da
doenca € elevado nos individuos que possuem uma relacdo bioldgica com a desordem, quanto
mais proximo o nivel da relacdo genética, maior a probabilidade do desenvolvimento do

transtorno (SULLIVAN; DALY; O’ DONOVAN, 2012; VAN OS; KAPUR, 2009).
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Um dos desafios ao se estudar a esquizofrenia é a compreensao de como um distirbio
neurolégico mediado geneticamente se expressa clinicamente em um periodo especifico da
vida. Além da influéncia genética, fatores ambientais, tais como infec¢des por virus durante o
periodo pré-natal, complicagcdes obstétricas que impliquem em hipoxia, estresse durante o
neurodesenvolvimento e estresse cronico podem contribuir para o desenvolvimento da doenga

(SCHMITT et al., 2014).

6.2.1 A hipotese do neurodesenvolvimento

Desde a publicacdo dos artigos de Weinberger (WEINBERGER, 1987) e Murray
(MURRAY, 1987) ha trinta anos atrés, a hipétese do neurodesenvolvimento tem sido uma das
principais teorias para a explicagcdo do surgimento da esquizofrenia (OWEN; O’ DONOVAN,
2017). Essa hipdtese baseia-se na proposta de que o surgimento do transtorno no final da
adolescéncia/inicio da idade adulta possa ser explicado por disfuncdes precoces no cérebro
em desenvolvimento, devido a fatores genéticos e ambientais e processos do desenvolvimento
normais. Dessa forma, a medida que ocorre o desenvolvimento cerebral e este assume novas
funcdes e mais complexas (como mielinizacdo, poda sindptica somado aos efeitos hormonais
da puberdade no sistema nervoso central [SNC]), o impacto da alteracdo ocorrida durante o
neurodesenvolvimento inicial torna-se aparente (LEWIS; LIEBERMAN, 2000; OWEN;
O’DONOVAN, 2017). Por exemplo, ja se foi observado alteracdes no hipocampo e cortex
pré-frontal durante o neurodesenvolvimento de pacientes com esquizofrenia (WEINBERGER,
1987). Ademais, alteracdes no neurodesenvolvimento também vem sendo relacionado a
problemas durante a gravidez como a desnutri¢do materna antes e durante a gravidez. Andlise
oriunda de dados obtidos durante dois grandes periodos de fome, sendo uma a Ducth Hunger
winter de 1944 a 1945 e a outra na China durante 1959 a 1961 demonstrou um aumento de
cerca de 2 vezes na taxa de esquizofrenia nos filhos de maes nascidas durante este periodo
(MCGRATH; BROWN; ST CLAIR, 2011; XU et al., 2009). Todos esses fatores levaram a
busca de quais sistemas neuroquimicos estdo envolvidos e podem mediar as alteragcdes

progressivas observadas durante as fases iniciais da esquizofrenia.

6.3 Fisiopatologia da esquizofrenia

Inimeros estudos de imagem e neuropatoldgicos cerebrais tentaram relacionar as
alteracdes observadas na esquizofrenia e funcdes alteradas do cérebro (JARSKOG;
MIYAMOTO; LIEBERMAN, 2007; LINDEN, 2012). Estudos indicam que a fisiopatologia

do transtorno envolvem uma conectividade sindptica interrompida que afeta tanto os circuitos
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excitatorios quanto inibitérios (JARSKOG; MIYAMOTO; LIEBERMAN, 2007). Dessa
forma, grande nimero de evidéncias sugere que alteracdbes em vdrios sistemas de
neurotransmissores estdo envolvidos na sintomatologia do transtorno. Dentre estes, os
sistemas de dopamina (DA) e glutamato (GLU) receberam maior foco, embora outros

sistemas também sejam implicados como GABAérgicos, serotonérgicos e opidides

(LARUELLE; KEGELES; ABI-DARGHAM, 2003).

6.3.1 Hipotese dopaminérgica

A hipétese dopaminérgica postula que a esquizofrenia estd associada a hiperatividade
subcortical dos receptores D, de dopamina, validada através de tomografia por emissao
computadorizada de um tunico féton (SPECT) (ABI-DARGHAM et al., 2000) . A primeira
formulacdo da hipdtese foi feita em 1963 por Carlsson e Lindqvist que propuseram que a
hiperatividade da transmissdo de DA era responsdvel pelos sintomas produtivos (alucinagdes
e delirios) observados na esquizofrenia (CARLSSON; LINDQVIST, 1963). A hipétese foi
baseada na correlagdo entre o uso dos antipsicéticos em doses clinicas e seu potencial em
bloquear os receptores D> de DA (para revisdo ver (ABI-DARGHAM; MOORE, 2003). As
primeiras evidéncias de estudos post mortem de cérebros de pacientes com esquizofrenia
sugeriram que as alteracOes neuropatoldgicas observadas no transtorno inclufam tanto o
aumento dos niveis de dopamina estriatal quanto o aumento da densidade do receptor D>
(MACKAY et al., 1982). Ademais, estudos recentes trouxeram maior entendimento em
relacdo as alteragdes dopaminérgicas observadas. Por exemplo, foi observado aumento nos
niveis da enzima limitante envolvida na sintese de dopamina na substincia negra de pacientes
com esquizofrenia quando comparados com controle ndo acometidos pelo transtorno
(HOWES et al., 2013). Em adicdo, um estudo utilizando 176 amostras de tecido post mortem
do cértex pré-frontal dorsolateral de pacientes com esquizofrenia mostrou que a expressao do
receptor D> pré-sindptico foi aumentada, enquanto que a expressio de variantes
predominantemente pds-sindpticas foi diminuida quando comparado com os controles
(KAALUND et al., 2014). Todavia, existem evidéncias de que a patofisiologia dos sintomas
de uma boa parte dos pacientes com esquizofrenia envolve mais do que um excesso de
dopamina. Por exemplo, um estudo demonstrou que a capacidade de sintese de dopamina foi
aumentada em individuos que responderam ao tratamento com antipsicéticos (que agem
bloqueando o receptor D2) mas ndo em pacientes resistentes ao tratamento (DEMJAHA et al.,

2012). Dessa forma, sugere-se que os pacientes que ndo respondem ao tratamento
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provavelmente ndo exibem aumento da capacidade de sintese de dopamina comumente

observada na desordem, refletindo uma fisiopatologia diferente.

6.3.2 Hipotese serotoninérgica

A hipétese serotoninérgica surgiu devido a propriedade da dietilamida do 4cido
lisérgico (LSD) em ser um agonista do receptor 5-HT (receptor de serotonina), produzindo
sintomas alucinégenos e psicose aguda quanto utilizado. A hipdtese serotoninérgica para a
esquizofrenia ganhou suporte com a descoberta de anormalidades no receptor 5-HT2 em
tecidos cerebrais post mortem de pacientes com esquizofrenia (MITA et al., 1986).
Rasmussen e colaboradores avaliaram 30 pacientes com esquizofrenia ndo tratados
comparados com controle saudaveis com a finalidade de avaliar o potencial de ligacdo da
serotonina (2A) no cérebro in vivo. Eles observaram que os pacientes com esquizofrenia
apresentaram associacdo significativamente mais baixa de serotonina (2A) no cortex frontal
do que os individuos controle, sugerindo que esses receptores corticais estdo envolvidos na
fisiopatologia da esquizofrenia (PINBORG; BAARE, 2010). Ademais, a descoberta dos
antipsicoticos de segunda geracdo que constituem antagonistas do receptor 5-HT2a sugerem
um papel da serotonina nos efeitos antipsicéticos dessas drogas. Esse fato é apoiado pela
interacdo entre DA e 5-HT que ocorre em diferentes niveis anatdmicos e mediado por
diferentes subtipos de receptores 5-HT que afetam de diferentes maneiras a transmissao de
DA. Esta interacdo tem sido sugerida para explicar os efeitos benéficos dos medicamentos
antipsicoticos atipicos na esquizofrenia, especificamente a redu¢do dos sintomas
extrapiramidais (EPS) e a melhora nos sintomas negativos, atribuidos ao antagonismo de 5-

HT2a (LIEBERMAN et al., 1998).

6.3.3 Hipotese glutamatérgica

O glutamato consiste no aminodcido mais abundante do cérebro e possui um papel
fundamental como um importante neurotransmissor excitatorio. Evidéncias crescentes
indicam que anormalidades na neurotransmissdo glutamatérgica podem ser a base de alguns
dos fenomenos psicopatolégicos fundamentais observados na esquizofrenia, posto que foi
encontrado uma diminuicdo dos niveis de glutamato no liquido cefalorraquidiano em
pacientes acometidos pelo transtorno (KIM et al., 1980). A hipdtese glutamatérgica da
esquizofrenia foi fundamentada no uso cronico e abusivo da fenilciclidina (PCP), um
antagonista do receptor ionotrépico N-metil-D-aspartato do glutamato (NMDAr). A

exposicdo ao PCP como droga recreativa provocava nos usudrios sintomas positivos,
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negativos e cognitivos semelhantes aos observados na patologia (JAVITT; ZUKIN, 1991).
Ademais, a administracio aguda de cetamina (antagonista de NMDA) em doses sub-
anestésicas em voluntdrios sauddveis induziu a efeitos psicopatolégicos semelhantes ao
encontrado em pacientes com esquizofrenia (ADLER et al., 1999). Desta maneira, o uso de
antagonistas do NMDAr ndo somente agrava os sintomas da esquizofrenia como também
induzem sintomas similares a doenga, dando suporte a hipdtese de que a hipofungdo do
NMDAr talvez tenha um papel critico na patofisiologia da esquizofrenia. Estudos
demonstraram que animais submetidos a indu¢do de esquizofrenia por um antagonista de
NMDA resultou em alteracdo da expressio de genes relacionados a processos de

mielinizagdo, que estdo associados aos oligodendrécitos (KAISER et al., 2004).

6.4  Os oligodendrdcitos e a esquizofrenia

Os oligodendrécitos sdo as células responsdveis pela mielinizacio do SNC. Estas
expressam os genes que codificam as proteinas estruturais de mielina de forma especifica e
regulada dentro da célula. Aproximadamente metade do cérebro humano compreende tragcos
axonais mielinizados que conectam o cértex com estruturas subcorticais e interligam &dreas
corticais entre si. Dessa forma, lesdes que afetem a substancia branca do SNC, como as
doencas desmielinizantes, causam déficits motores e sensoriais, bem como disfuncdes
cognitivas, como observadas nas condi¢des psiquiatricas (NAVE; EHRENREICH, 2014).

Estudos em tecido post mortem, incluindo os de nosso grupo, direcionam para
alteracdes nos oligodendrdécitos na esquizofrenia. No cortex pré-frontral de pacientes com
esquizofrenia foi observado menor densidade de oligodendrdcitos, juntamente com niveis
maiores de apoptose e necrose dessas células, acompanhados de reducdo nos niveis de
mielina, fornecendo evidéncias de que a disfuncio dos oligodendrdcitos pode ser essencial na
fisiopatologia da esquizofrenia (FLYNN et al.,, 2003; “Oligodendroglial density in the
prefrontal cortex in schizophrenia and mood disorders: a study from the Stanley
Neuropathology Consortium”, 2004; STARK et al., 2004; URANOVA et al., 2001). A andlise
do proteoma do tdlamo mediodorsal do cérebro de pacientes com esquizofrenia resultou em
proteinas diferencialmente expressas relacionadas ao metabolismo de oligodendrécitos
(MARTINS-DE-SOUZA et al., 2010). Além disso, ja foi relatado alteragdes nos niveis de
expressdo de genes relacionados a mielinizagdo no cortex pré-frontal de individuos
acometidos pelo transtorno (HAKAK et al., 2001). Ademais, as variantes genéticas

relacionadas aos oligodendrécitos tem sido implicadas a integridade da substancia branca,
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desempenhando um papel importante na disfuncdo cognitiva observada na esquizofrenia
(PRATA et al., 2013; VOINESKOS et al., 2013).

Estudos utilizando modelos animais tambétt
m vem fornecendo evidéncias quanto a alteracdes relacionadas a mielina na esquizofrenia.
Animais tratados com antagonistas do NMDAr sdo utilizados como modelos para o transtorno
(NEILL et al., 2010; PAULSON et al., 2003). Ja foi demonstrado que animais tratados com
MK-801, um antagonista do NMDAr, apresentaram reducio nos niveis da proteina bésica de
mielina (MBP), diminui¢do do volume total de substancia branca e do corpo caloso quando
comparados com animais ndo tratados (XIU et al., 2014). Ademais, os modelos in vitro
utilizando agonistas e antagonistas de neurotransmissores podem complementar os estudos in
vivo e em tecidos, fornecendo novos conhecimentos sobre a fisiopatologia da esquizofrenia.
Por exemplo, linhagens celulares de astrocitos, neurdnios e oligodendrocitos foram tratadas
com MK-801 e mensurado os niveis de seis enzimas glicoliticas. Foi observado que o MK-
801 afeta a glicdlise nos oligodendrécitos em maior extensdao do que as células neuronais e
pode ser modulado pelo tratamento antipsicotico (GUEST et al., 2015). Além disto, um
estudo protedmico do nosso grupo tratou oligodendrécitos com MK-801 e observou que o
tratamento levou alteragcdo de proteinas envolvidas principalmente no metabolismo
energético. Ainda, a adi¢do da clozapina as culturas de oligodendrécitos tratados com MK-
801, resultou na expressdo diferencial de proteinas, nas quais muitas delas apresentaram
alteracoes opostas aos efeitos do antagonista de NMDAr. Portanto, alteragdes destas
proteinas e as vias de metabolismo energético associadas em oligodendrdcitos podem ser

exploradas como potenciais biomarcadores da eficécia antipsicética (CASSOLI et al., 2016).

6.5 O emprego dos antipsicoticos

Os tratamentos atuais foram disponibilizados no final de 1990 e reduziram o
sofrimento dos pacientes consideravelmente. Porém, cerca de 2/3 das pessoas que
desenvolvem a doenca necessitam de assisténcia publica a partir de sistemas de seguranca
social governamentais dentro de poucos anos apds o inicio. A maioria das pessoas que
desenvolvem esquizofrenia sdo incapazes de retornar ao trabalho ou a escola e ter interagdes
sociais relativamente minimas (“WHO | Schizophrenia”, 2016). O tratamento medicamentoso
da esquizofrenia tem como objetivo reduzir a frequéncia e a gravidade da exacerbacdo
psicética, melhorar os sintomas gerais e proporcionar uma qualidade de vida para o paciente.

Os antipsicoticos sdo divididos em duas categorias: os medicamentos tipicos (primeira
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geragdo), e os atipicos (segunda geracdo). Uma propriedade farmacoldgica comum entre essas

duas categorias de antipsicéticos € que ambos bloqueiam o receptor de dopamina Do.

6.5.1 Antipsicoticos de primeira geracdo (tipicos)

Os antipsicéticos de primeira geracdo ou tipicos surgiram na década de 1950, com a
introducdo da clorpromazina, em que, pela primeira vez, estava disponivel um medicamento
oral que aliviava os sintomas positivos da esquizofrenia, como delirios, alucinacdes e
desorganizacdo do pensamento, entre 70 % dos pacientes (MEYER; SIMPSON, 1997). Os
antipsicoticos tipicos atuam bloqueando o receptor dopamina D>, e sdo efetivos em reduzir os
sintomas produtivos, como alucinagdes, por exemplo. No entanto, sdo minimamente eficazes
para os sintomas negativos € cognitivos, que contribuem para a maior parte da defici€éncia
associada com a esquizofrenia (LEUCHT et al., 2009; MAILMAN; MURTHY, 2010). Em
média, de 25 a 60% dos pacientes sdo resistentes ou parcialmente responsivos ao tratamento
com os antipsicoticos tipicos. Ademais, também sdo responsaveis por uma variedade de
efeitos adversos tanto no tratamento agudo quanto a exposi¢ao a longo prazo, como sedagao,
efeitos autondmicos e cardiovasculares, muitas vezes devidos as agdes em outros receptores
(MAILMAN; MURTHY, 2010). Essas drogas ainda induzem a uma variedade de efeitos
neuroldgicos agudos, como efeitos colaterais extrapiramidais e efeitos devido a exposi¢do a

longo prazo como discinesia tardia (LEUCHT et al., 2009; MAILMAN; MURTHY, 2010).

6.5.2 Antipsicoticos de segunda geragdo (atipicos)

Os antipsicéticos de segunda geracdo, ou atipicos, surgiram alguns anos apds o0s
tipicos e podem ser classificados como antagonistas SHT24 / D> (MAILMAN; MURTHY,
2010). Sdo mais eficazes quanto a diminui¢cdo dos sintomas negativos, porém apresentam
alguns efeitos colaterais como aumento de peso e sedacdo (KANTOFF et al., 2010;
MAILMAN; MURTHY, 2010).

Estudos recentes demonstraram que a adi¢do de clozapina em astrdcitos tratados com
MK-801 reverteu a expressao diferencial de proteinas encontradas nos astrdcitos tratados com
MK-801 na auséncia do antipsicético, sugerindo que a acdo desta droga vai além de suas
acOes sobre os receptores de serotonina e dopamina (MARTINS-DE-SOUZA; LEBAR;
TURCK, 2011). Visto que a esquizofrenia constitui uma doenca multifatorial com um inicio
pérfido, o estudo da mesma requer métodos que permitam investigar e elucidar os
mecanismos moleculares envolvidos em sua patologia (GUEST et al., 2015). Dessa forma, a

protedmica pode ser uma destas ferramentas.
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6.6 Proteomica

Um proteoma compreende todo o conjunto de proteinas em um sistema bioldgico
(célula, tecido ou organismo) em um determinado estado e momento (WILKINS et al., 1996).
As técnicas de protedmica podem complementar os estudos genéticos e vem sendo utilizadas
na identificacdo de biomarcadores em esquizofrenia, propiciando perspectivas sobre a
fisiopatologia da doenca. Ademais, constitui uma técnica de alto rendimento que detecta
expressoes baixas de proteinas, fornecendo um perfil preciso e funcional do estado fisiolégico
atual, reflexo da complexa interacdo do gene com o ambiente. A importancia dessas
interagdes tem aumentado na pesquisa da esquizofrenia e outras doencgas neuroldégicas
(NASCIMENTO; MARTINS-DE-SOUZA, 2015).

Nas primeiras décadas do surgimento da protedmica, o principal método quantitativo
utilizado era baseado em gel, como a eletroforese em gel bi-dimensional (2DE) e a
eletroforese em gel bi-dimensional fluorescente (2D-DIGE) (OLIVEIRA; COORSSEN;
MARTINS-DE-SOUZA, 2014) . Apesar de muito utilizado, as técnicas baseadas em gel
foram sendo substituidas apds a introdugdo do conceito de protedmica em larga escala, que
faz uso da cromatografia liquida acoplada a um espectrometro de massas (LC/MS)(LINK et
al., 1999). A protedmica com base na espectrometria de massas foi a responsavel por oferecer
informacdes sobre a abundidncia de proteinas, perfis de expressio de acordo com o tipo
celular, modificacdes pds-traducionais e interacdes proteinas-proteinas, aumentando a

possibilidade de se estudar as modifica¢des a nivel protéico (JENSEN, 2006).

6.6.1 Espectrometria de massas

A espectrometria de massas consiste em uma técnica de andlise qualitativa e
quantitativa, que se baseia na medida da razdo massa/carga (m/z) dos fons das moléculas para
sua identificacdo. Inimeras técnicas de ionizacdo sdo utilizadas em espectrometria de massas.
Os fatores mais importantes a serem considerados referem-se a energia interna transferida
para o ion durante o processo de ionizagdo e as propriedades fisico-quimicas do analito que
podem ser ionizados. Algumas técnicas sdo altamente energéticas e causam fragmentacdo
extensiva, enquanto que outras sdo mais suaves e produzem apenas ions das espécies
moleculares. As principais técnicas de ionizagdo utilizadas em protedmica sao a ionizacao
dessorcao a laser auxiliada por matriz (Matrix Assisted Laser Desorption lonization, MALDI)

e a 1onizagao por eletrospray (ESI).
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6.6.1.1 Técnicas de ionizagdo

Na ionizagdo por MALDI os analitos sdo incorporados em matrizes organicas em fase
sOlida ou viscosa. Um laser pulsado reflete na amostra para facilitar as reagdes de
ionizagdo/dessorcdo. Durante a excitacdo do laser, a matriz retoma e redistribui a energia
emitida para a dessor¢do e ionizacdo dos analitos (ver revisdo 44). J4 a ionizacdo por ESI
utiliza energia elétrica para auxiliar a transferéncia dos ions da solu¢do para a fase gasosa, que
envolve trés etapas: nebulizacdo de uma solucdo de amostra em goticulas carregadas
eletricamente; liberacao de fons das goticulas e transporte dos ions gerados da regido da fonte
de ionizacdo para o espectrdmetro de massa, para descri¢do em detalhes dos mecanismos de
ESI ver revisao (BRUINS, 1998). Uma vez que os ions gasosos foram produzidos, €
necessdrio que estes sejam separados de acordo com suas massas. A propriedade fisica dos
ions que é medida por um analisador de massa € sua relacdo m/z, € ndo sua massa isolada.
Dessa forma, um espectrometro de massas, além da fonte de ionizag¢do, contém também um
analisador de massas (onde a relacdo m/z é medida) e um detector, que € responsavel por

detectar e amplificar a informacao do analisador.

6.6.1.2 Analisadores

Existem vérios tipos de analisadores, cada um possuindo vantagens e desvantagens.
De maneira geral, todos os analisadores de massa utilizam energia elétrica estdtica ou
dindmica e campos magnéticos isolados ou combinados. As diferencas entre os tipos residem
basicamente na maneira como esses campos sdo utilizados para alcancgar a separacdo. Dois
exemplos de analisadores largamente utilizados em protedmica sdo o analisador por tempo de
voo (time of flight, TOF) e o quadrupolo. O TOF analisa os espectros de massa através do
tempo de vdo dos ions por um tubo, que dependendo das relagdes m/z evidenciam diferentes
tempos de voo. Ja o analisador de quadrupolo utiliza da trajetéria em campos elétricos
oscilantes para separar os fons de acordo com suas m/z (HOFFMANN, EDMOND DE;
STROOBANT, [s.d.]). Finalmente, quando o detector de MS registra o momento de chegada
dos feixes de fons, estes serdo convertidos em sinais elétricos que geram espectros de massas.

As técnicas baseadas em espectrometria de massas sao capazes de quantificar milhares
de proteinas em grandes ndmeros de amostras, gerando grandes conjuntos de dados que
podem ser extraidos por ferramentas computacionais especificas, como MASCOT®, PLGS®,

MaxQuant e Progenesis®.
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6.6.1.3 Synapt G2-Si

O espectrometro de massas (MS) utilizado para as andlises realizadas nesta dissertacdao
de mestrado foi o Synapt G2-Si HDMS (Waters Corp., Milford, EUA), que consiste em um
MS com uma fonte de ionizacao do tipo ESI e analisador do tipo Q-TOF, ou seja, possui dois
analisadores hibridizados: um quadrupolo (Q) seguido de um analisador do tipo TOF.
Ademais, o Synapt G2-Si também estd equipado com uma cela de mobilidade i6nica de alta
eficiéncia (IMS). Com este aparelho € possivel realizar tanto a andlise dependente de dados
(data-dependent analysis, DDA) quanto a andlise independente de dados (data-independent
analysis, DIA do tipo MSE). A DDA consiste em um processo de selecdo e fragmentacio de
peptideos que acontece de forma seriada. O ciclo inicia-se através da aquisicio de um
espectro MS seguido da selecdo de ions precursores para a fragmentacio MS/MS. Os ions
precursores selecionados sdo isolados em série para aquisicio MS/MS por um periodo
definido. Este ciclo de aquisi¢coes de MS e MS/MS continua ao longo do tempo de execucao.
Os dados entdo gerados m/z e tempo de retengdo (RT) para os fons de precursores e
fragmentos s@o entdo extraidos e processadas para identificacdo de peptideos e proteinas. Ja
para a andlise MSE, o quadrupolo é utilizado como um guia para transferir os fons para a
célula de colisdo. Nesta, a energia de colisdo € alternada de baixa a alta energia ao longo do
tempo de execugdo. Os ions precursores sao medidos nas varreduras de baixa energia,
enquanto que os fragmentos sdo medidos nas varreduras de alta energia (LEVIN;
HRADETZKY; BAHN, 2011). Desta forma, nao h4 selecao de ions precursores, ja que todos
serdo fragmentados.

Como mencionado anteriormente, o Synapt G2-Si possui uma cela IMS, que confere
mais uma dimensdo para separacdo dos ions. Dessa forma, para cada valor de m/z ha um
espectro de drift time, ou seja, a velocidade com que um fon se desloca em uma camara
contendo um gas inerte, influenciado por um campo elétrico. A cela IMS € dividida em trés
partes: a TRAP, onde os ions sdo acumulados e lancados em periodos regulares para a cAmara
de mobilidade, na qual ocorre a separacao em funcdo da mobilidade; e a TRANSFER, que
conduz os fons para o analisador TOF. A juncdo das técnicas de IMS e MSE confere o0 modo
de High Definition Mass Spectrometry (HDMSe). Todavia, os dados obtidos neste estudo
foram realizados em UDMSe. Nesta abordagem, € utilizado os perfis de energia de colisdo e
drift time especificos para melhorar a efici€éncia da fragmentacdo dos precursores em relacio

as técnicas independentes de dados de MSE e HDMSe (DISTLER et al., 2013).
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7. OBJETIVOS

A presente dissertacdo teve como objetivo avaliar os efeitos moleculares dos
antipsicoticos de primeira e segunda geracdo (tipicos e atipicos, respectivamente) sob o
proteoma de uma linhagem celular de oligodendrdcitos humanos (MO3.13). Os objetivos
especificos foram cultivar a linhagem celular e tratar tais células com clorpromazina,

haloperidol, quetiapina e risperidona.
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Abstract

Glutamate is the most important excitatory neurotransmitter in the brain. N-methyl-D-
aspartate (NMDA) is one of the glutamate receptors, which is found both in neurons as glial
cells. Oligodendrocytes express NMDA receptors and these cells have been largely implicated
in schizophrenia. The interest in understanding the roles of oligodendrocytes in human
diseases led to the development of oligodendroglial models for testing hypotheses under a
controlled environment. MO3.13 is a cell line which is likely to represent immature
oligodendrocytes. These cells may be used as a model to study glutamatergic dysfunction, if
pharmacological agents as PCP and MK-801, are employed. As NMDA receptor antagonists,
these agents have been used to mimic the molecular features of schizophrenia in vitro. Here,
we describe a comprehensive protocol to culture MO3.13 and MK-801 treatment to induce a
glutamatergic dysfunction. These cells may ben further analyzed by proteomic approaches,
which we also describe here to identify the differential expression of proteins in order to

reveal more about the pathophysiology of schizophrenia.

1 Introduction

The brain is the main organ of the central nervous system (CNS) and it is composed
by a heterogeneous group of cells. These are classically divided into two large categories:
neurons and glia. Glial cells are represented by astrocytes, oligodendrocytes and microglia.

For over a century, neurons have been perceived as lords of the brain function and glia used to
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be seen as simple tissue glue. Recent basic and translational studies have clearly indicated the
important role of glia in brain function. Glial cells are responsible for many functions, such as
power support, neuronal control, maintenance and plasticity of synaptic contactsl. Many
studies have shown that neurons and glial cells communicate bidirectionally in both structural
and functional levels. Remarkably, glutamate, the most abundant amino acid in the brain, has
been involved in a variety of responses in astrocytes and oligodendrocytes. Thus, glial cells
may act as partners of neurons in the formation of information processing mediated by
glutamatel,2,3.

Glutamatergic transmission occurs throughout the CNS and is responsible for
numerous essential brain functions such as cognition, learning and memory. The inhibition of
glutamatergic transmission leads the brain to coma, disabling the entire nervous system. Each
glutamatergic synaptic event is initiated by an action potential that leads to Ca2+ influx in the
presynaptic terminal, resulting in the release of the neurotransmitter into the synaptic cleft.
After being released, glutamate readily crosses the synaptic cleft and activates specific
receptors resident in the postsynaptic membrane3.

The interaction of glutamate to glia cells is basically mediated by four molecular
mechanisms: G-protein coupled metabotropic receptors and three families of ionotropic
glutamate receptors: AMPA (a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid),
kainate and NMDA (N-methyl-D-aspartate)1,4,5. Although the existence of this variety of
receptors, since the emergence of phencyclidine (PCP), around 1950, NMDA receptor
antagonists have played an important role in the pathophysiology of neuropsychiatric
disordersb6.

The NMDA receptor is a glutamate-activated cation channel, encoded by seven genes,
which has four sites of pharmacological relevance: the glutamate recognition site; the glycine
modulating site; the binding site for phencyclidine (PCP) and its analogue; and a cation-
binding site within the channel, where magnesium acts3,7. In Alzheimer's disease, impaired
memory and learning has been linked to the NMDA receptor8. It has also been shown that the
use of NMDA antagonists in patients with chronic pain reduced the need of opioid use and in
epilepsy patients also exhibit anticonvulsant properties and are used for the treatment of the
disease9. Studies using PCP generated the glutamatergic hypothesis of schizophrenia
involving remarkable similarities regarding symptomatic manifestations of PCP-induced

psychosis and observed in schizophrenic patients2,7.
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Schizophrenia is a disease of multiple etiologies, expressed through positive, negative
symptoms and cognitive deficits. These normally emerge during young adulthood (16-30
years of age), persisting throughout the life of the patient10.

Added to PCP, other pharmacological agents have been used to study the
pathophysiology of schizophrenia through the modulation of neurotransmitter systems. One
of them is dizocilpine (also known as MK-801), the most powerful antagonist of the NMDA
receptorl1. Studies have revealed that neurons, astrocytes and oligodendrocytes are affected
by MK-801 treatment, but differentially. The treatment showed that glycolysis is more
affected in oligodendrocytes than in the other cell types12. Recent studies showed that many
proteins associated with energy metabolism were upregulated in MK 801-treated
oligodendrocyte cell line (MO3.13)13.

The interest in understanding the roles of oligodendrocytes in human diseases led to
creation of oligodendroglial models for testing hypotheses under a controlled environment.
The MO3.13 cell line come from the fusion of a 6-thioguanine-resistant mutant of the human
rhabdomyosarcoma RD with adult human oligodendrocytes cultured from surgical
specimenl14,15. This cell line showed markers of immature oligodendrocytes, such as CNPase
and GalC15. Thus, the overall protein expression. Of MO3.13 could help in undertanding the
mechanisms of action of pharmacological agentes in the comprehension of the
pathophysiology of psychiatric disorders such as schizophrenia. Proteins are molecules that
play many critical tasks in the body. They do most of the work in cells and are required for
the function, structure and regulation of the body’s tissues and organs. Through the study of
proteins, it is possible to understand the cellular functions and their responses to external and
internal disturbances16. Through proteomics, it is possible to investigate in a quantitative
manner the general expression of proteins as well as their post-translational modifications,
thus providing an accurate functional profile of the current physiological statel7. The use of
mass spectrometry (MS) to identify and characterize biological molecules is a fundamental
technology in biochemical analysis of proteins and proteomics18.

Here, a protocol of MO3.13 cell culture, treatment with MK-801 and proteomic
analyses 1is presented. This strategy may provide new insights about glutamatergic

dysfunction and the pathophysiology of schizophrenia.

2 Materials
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All the solutions and buffers should be prepared with Milli-Q water (UHQ), analytical

grade reagents, and highest purity chemicals. Organic solutions should be prepared fresh.

2.1. MO3.13 Cell Culture

1. Human Oligodendroglia Cell Line MO3.13 (Cedarlane, cat. no. CLU301)

2. Culture medium: DMEM, high glucose (Life/Thermo, cat. no. 11960-044)
supplemented with 10% fetal bovine serum (FBS) (South America origin, Life/Thermo, cat.
no. 12657029) and 1% penicillin-streptomycin (5,000 U/mL) (Life/Thermo, cat. no.
15070063)

Flask Nunclon Delta-treated Vent/Close 75 (Nunc, cat. no. 156472)

Microtube 1.5mL Maxymum recovery (Axygen, cat. no. MCT-150-L-C)

Pipette tips, 100—1,000 pL (Axygen, cat. no. T-1000-B)

Pipette tips, 20200 pL. (Axygen, cat. no.T-200-Y)

Pipette tips, 1-10 pL (Axygen, cat. no. T-300)

Serological pipet 25 mL (Corning, cat. no. 4489)

Conical centrifuge tube 15 mL (Nunc/Thermo cat. no. 339650)

10. Transfer Pipette Sterile (Corning, cat. no. 184330)

e S A U

2.2. Collecting the cells

1. Phosphate buffered saline (Sigma, cat. no. P5493)
2. Cell Scraper (Sarsted, cat. no. 831830)

2.3. Cell treatment

1. MK-801 hydrogen maleate (Sigma, cat. no. M107)

2.4. Lysis, Reduction, Alkylation, and Digestion

1. Ultrasonic Homogenizer (Cole Parmer Instrument Co.)
2. Vortex Genie 2 (Scientific Industries)
3. Lysis and reduction: 6 M urea (PlusOne Urea GE, cat. no. 17-1319-01), 2 M thiourea
(PlusOne Thiourea GE, cat. no. RPN6301), 10 mM dithiot-reitol (PlusOne DTT GE, cat. no.
17-1318-02), 0.1 mM sodium pervanadate (Sodium Orthovanadate Sigma, cat. no. S6508 and
Hydrogen peroxide solution Sigma, cat. no. 349887), protease and phosphatase inhibitors
(cOmplete ULTRA (Roche, cat. no. 05 892 970 001).
4, Alkylation: 20 mM lodoacetamide (GE cat. no. RPN6302) in 20mM
Triethylammonium bicarbonate buffer (TEAB) (Sigma, cat. no. T7408)
5. Digestion: 2% trypsin (Sequencing Grade Modified Trypsin, Promega, cat. no.
V5111).
6. Stop digestion: 100% Formic acid (FA) (Sigma, cat. no. 94318)

2.5. Desalting and Concentration of Peptides
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Oasis® HLB Short Cartridge (Waters, cat. no. 186000132)

Qubit® Assay Tubes (Life/Thermo cat. no. Q32856)

Qubit® Protein Assay Kit (Life/Thermo, cat. no. Q33212)

Concentrator plus (Eppendorf)

Activation solution 1: 100% Methanol (HPLC grade, Sigma, cat. no. 34966)
Activation solution 2: 100% Acetonitrile (ACN) (LC-MS grade Sigma, cat. no. 14261)
RP loading solution: 0.1 % trifluoroacetic acid (TFA) (Sigma, cat. no. 302031)

RP elution solution: 70% ACN, 01% TFA

el A A

2.6. NanoLC-MS/MS analyses

1. Solvent A: 0,1% FA in water

2. Solvent B: 0,1% FA in ACN

3. Lock Spray solution: 100 fmol/uL [Glul]-Fibrinopeptide B Standard (Waters, cat. no.
700004729) in methanol/water/FA (50:50:0.1 %)

4. Ammonium hydroxide (Sigma, cat. no. 320145)

5. ACQUITY UPLC M-Class system with 2D Technology: binary solvent manager
(Waters, cat. no. 186016002); auxiliary solvent manager (Waters, cat. no. 186016021);
sample manager (Waters, cat. no. 186016007)

6. Analytical columns: Ist Dim: M-Class Peptide BEH C18 Trap Column, 130A, 5 pm,
300 um x 50 mm (Waters, cat. no. 186007471); 2nd Dim: M-Class Symmetry C18 Trap
Column, 100A, S um, 180 um x 20 mm, 2D, V/M (Waters, cat. no. 186007497) and M-Class
HSS T3 Column, 1.8 ym, 75 um x 150 mm (Waters, cat. no. 186007473)

7. Autosampler vials: total recovery glass vials (Waters, cat. no. 600000750cv)
8. Instrument control software for UPLC: MassLynx (version 4.1; Waters)

0. SYNAPT G2-Si high definition mass spectrometer (Waters)

10. NanoLockSpray dual electrospray ion source (Waters)

11. Pre-Cut Picotip Emitter (Waters, cat. no. 186003916)

12. MS instrument control software: MassLynx (version 4.1; Waters)

2.7. Data processing

Software for raw data processing, database searching and label-free quantification: Progenesis
QI for Proteomics version 3.0 (Nonlinear Dynamics, Waters)

3 Methods
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3.1 Cell Culture

Remind to make sure that all materials are ready for use, e.g., the medium to be at the
right temperature, 37°C.

1. Take off the cryogenic vial from liquid nitrogen and unfreeze quickly in a 37°C water
bath (Note 1).

2. Promptly, transfer the content to a centrifuge tube containing 10 mL of DMEM and
centrifuge for 5 min at 1200 rpm (Note 2).

3. Discard the supernatant and distribute the cell pellet in T75 cell culture flask with 25
mL of culture medium (Note 3).

4. Grow MO3.13 cells at 370C in 5% CO2 atmosphere. Change culture medium each 2-3
days, depending on rate of growth (Note 4).

5. Remove cells from flask using 0.25% trypsin-EDTA solution (~5 ml for T75 flask, 3
min at 37°C) and transfer to a centrifuge tube containing 10 mL of DMEM.
6. Centrifuge for 5 min at 1200 rpm and discard the supernatant. Divide into parts cell

pellet into 4-5 new T75 flasks to continue cell culture growth or freeze the cells (See 3.2).

3.2 Freezing:

It is recommended to freeze a few aliquots of the cells promptly after the initial growth/split
to prevent losing the cell line.

1. Prepare the number of cryogenic vials according to the amount of cells to be frozen.
The freezing medium recommended is as follows: 60% DMEM, 30% FBS supplemented with
10% DMSO.

2. Take the flask containing the cells and discard the medium.

3. Remove the cells from flask using 0.25% trypsin-EDTA solution (~5 ml for T75 flask,
3 min at 37°C) and transfer to a centrifuge tube containing 10 mL of DMEM.

4. Centrifuge for 5 min at 1200 rpm and discard the supernatant.
S. Resuspend the cells with the target concentration of 105/ml of freezing medium.
6. The cryogenic vials are frozen firstly, in a -20°C freezer for 2-3 hours, then in a -80°C

freezer. The next day the vials are transferred to a liquid nitrogen tank. It is recommended to
test the cells for regrowth after freezing to be sure that the freezing procedure was performed
correctly.

3.3 Acute 8h treatment with MK-801

It 1s recommended grow MO3.13 cells until 90 % confluence in T25 cell culture flask to
initiate the treatment. It is very suggested to treat in triplicate. Be sure that everything is clean.

1. Dilute MK-801 in HCL solution.

2. Dilute the MK-801 solution with 15mL DMEM in a final concentration of 50 uM.

3. Discard the medium and transfer SmL medium with MK-801 50 uM in each T25 cell
culture flask.
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4. After 8 hours, collect the cells (See 3.4).

3.4 Collecting the cells

1. Discard culture medium. Add 600uL PBS 1x in the flask and harvest cells by scraping
them off the flask.

2. Wash the cells with 600uL PBS 1x containing protease and phosphatase inhibitors
(optional).

3. Collect cells into 15 mL falcon tube and pellet them by 5 min centrifugation (1200
RPM).
4. Remove supernatant and snap-froze the cell pellet containing lysis buffer in liquid

nitrogen until further sample preparation.
Topics 3.5 and 3.6 are optimized versions of Melo-Braga et al. (2015).

3.5 Lysis, Reduction, Alkylation, and Digestion

1. Lysing the cells add 100 pL of a solution composed for 6 M urea, 2 M thiourea, 10
mM DTT, protease and phosphatase inhibitors, 0.1 mM sodium pervanadate (lysis buffer) to
the MO3.13 pellet (Note 5).

2. Stir well after adding lysis buffer and incubate for 2 h at 370C (Note 6).

3. After incubation, dilute the sample ten times with 20 mM TEAB, pH 7.5 and sonicate
on ice (Note 7).
4. Add 100 pL of 200 mM iodoacetamide in 20 mM triethylammonium bicarbonate to

achieve final concentration of 20 mM iodoacetamide and incubate the sample for 20 min in
the dark at RT.

S. After incubation, digest the sample using 5.5 pL of trypsin (enzyme to substrate ratio
1:50 — 2 % trypsin; one or two pg of enzyme) overnight (12—16 h) at 370C.

6. To stop the reaction, add 100 % Formic Acid to a final concentration of 5% (add 56
pL FA) and leave for 5 min at RT.

7. Centrifuge for 45 min at 14,000g 4° C in order to remove pellet lipids and other
vestiges.

8. Removal the supernatant to another microtube (Note 8).

3.6  Desalting and Concentration of Peptides

1. Use 0.1 % TFA to dilute the peptide sample achieving 1 mL of final volume and
adjusting the pH to 2.0.

2. Wash the cartridge with 1 mL of 100 % methanol (activation solution 1) followed by 1
mL of 100 % ACN (activation solution 2) (Note 9).

3. Balance the cartridge twice using 2 mL of 0.1 % TFA.

4, Load the sample onto the cartridge slowly and collect the flow through (FT).

5. Apply again the FT slowly in the same cartridge.

6 Wash the cartridge twice with 1 mL of 0.1% TFA.
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7. Elute the peptides in a new microtube with 1 mL of solution composed by 70 %
ACN/0.1 % TFA.

8. Dry the sample in a concentrator or lyophilizer.

0. Reconstitute the sample in 20 mM ammonium formate pH 10.

3.7  NanoLC-MS/MS analyses

Before starting a gradient for peptide separation, make sure that your LC system is set up
properly and that you use freshly prepared and degassed solvents. Set and keep the
temperature of the sample manager at a constant temperature of 6 oC while samples are stored
therein.

1. Create your LC-MS/MS method. Load samples of 500 ng into a M-Class HSS T3
column. Set peptide elutions using an acetonitrile gradient from 7% to 40% (v/v) for 90 min
at a flow rate of 0.4 uL/min directly into a Synapt G2-Si HDMS.

2. Use [Glul]-fibrinopeptide B at a concentration of 100 fmol/ul as a lock mass
compound. Use the auxiliary pump of the LC system to deliver GFP to the reference sprayer
of the NanoLockSpray source at 0.5 pL/min.

3. Turn MS acquisition on by the LC-software aligning the gradient of reversed phase
chromatography with the beginning of MS acquisition. Perform MS analysis in DIA mode
using ion mobility separation and CID fragmentation. Ramp your transfer cell collision
energy from 25 to 55 eV in the elevated energy scan.

4. Perform triplicate LC-MS analysis of each sample.

3.8  Data processing

1. Perform initial signal processing of continuum LC-IMS-MSE data using Progenesis
QI for Proteomics. Create a new project for your experiment.

2. Add the acquired raw data files to the project.

3. Provide lock mass m/z as 785.8426 to perform the calibration

4. Set up processing parameters: MSe experiment, 150 counts for the low energy

threshold, 50.0 counts for the elevated energy threshold and 750 counts for the intensity
threshold. Import the data.

5. Start automatic processing selecting for automatic alignment of the runs (assess all
runs in the experiment for suitability).

6. Proceed with automatic peak picking using 8 as maximum ion charge and adjust the
sensitivity method of the automatic peak picking algorithm for 4.

7. Define your experiment design (optional).

8. Set the parameters for automatic peptide identification: choose your target-decoy

database for peptide and protein identification; trypsin should be selected as digestion enzyme
and one missed cleavage can be allowed. Set carbamidomethyl C and oxidation M as fixed
and variable modifications, respectively.

9. Choose relative quantitation using Hi-N and 3 peptides to measure per protein.

10. Use protein grouping.
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4. Notes

1. During unfreezing, it is indicated move the cryovial circularly inside the bath.

2. For centrifuge cells, it is better to use mobile centrifuge rotor angle.

3. Depending on the number of cells, it is possible to divide the pellet in more than one

T75 cell culture flask.
4. Cultures should be split at ~90% confluency.

5. Lysis buffer volume depends on the pellet size; here we used 107 cells.

6. Mix by vortexing and pipette cell pellet up and down. Cell lysate is going to form a
viscous solution due to the presence of DNA.

7. Probes/tips must be submerged properly. If the tip is not submerged enough the

sample will foam or bubble. If the tip is too deep it will not circulate the sample effectively.
Both conditions will end up with poor results. Foaming can also be caused when the
amplitude setting is too high. The tip must not touch the sides of the tube to avoid releasing
plastic on the sample.

8. It is better use microtubes with low protein retention, i.e. LoBind from Eppendorf or
Maximmun Recovery from Axygen.

9. The option of cartridges depends on the quantity of material. For peptide samples with
quantity higher or equal to 500 pg, the Oasis HLB cartridges are often a choice.
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Abstract

Schizophrenia is a psychiatric disorder that affects more than 21 million people
worldwide. It is an incurable disorder and the primary means of managing symptoms is
through administration of pharmacological treatments, which consist heavily of
antipsychotics. First-generation antipsychotics have the properties of D> receptor antagonists.
Second-generation antipsychotic are antagonists of both D> and SHT> receptors. Recently,
there has been increasing interest in the effects of antipsychotics beyond their neuronal targets
and oligodendrocytes are one of the main candidates. Thus, our aim was to evaluate the
molecular effects of typical and atypical drugs across the proteome of the human
oligodendrocyte cell line, MO3.13. For this, we performed a mass spectrometry-based,
bottom-up shotgun proteomic analysis to identify differences triggered by typical
(chlorpromazine and haloperidol) and atypical (quetiapine and risperidone) antipsychotics.
Proteins which showed changes in their expression levels were analyzed in silico using
Ingenuity® Pathway Analysis, which implicated dysregulation of canonical pathways for
each treatment. Our results shed light on the biochemical pathways involved in the
mechanisms of action of these drugs, which may guide the identification of novel biomarkers

and the development of new and improved treatments.

Keywords: Schizophrenia, mechanism of action, proteomics, biomarkers, chlorpromazine,
haloperidol, quetiapine, risperidone
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Introduction

Schizophrenia is a chronic and debilitating psychiatric disorder characterized by
positive (e.g., hallucinations and delusions), negative (e.g., anhedonia, alogia, apathy and poor
self-care) and cognitive (e.g., deficits in executive function, working memory and recognition
memory) symptoms. The risk for schizophrenia is 0.7% in the broad population but increases
with the degree of genetic relationship (HAYASHI-TAKAGI, 2016). Treatment is based on
administration of antipsychotics to reduce the recurrence and severity of psychosis and
improve general symptoms, thereby providing some degree of improvement in quality of life
for patients. Antipsychotics can be divided into two categories known as typical (first-
generation) and atypical (second-generation) drugs. A common pharmacological property
present in both is blockage of the dopamine D> receptor (KANTOFF et al., 2010; LEUCHT et
al., 2009; SHEN, 1999).

First-generation antipsychotics such as chlorpromazine and haloperidol are effective in
reducing positive symptoms but they can cause severe side effects such as extrapyramidal
symptoms and tardive dyskinesia. Additionally, they are not as effective against the negative
and cognitive symptoms, which contribute to most of the deficiency associated with
schizophrenia (LIEBERMAN et al., 2005). Second-generation antipsychotics like quetiapine
and risperidone are also effective against positive symptoms but are more effective in
reducing negative symptoms compared to first-generation drugs. However, severe side effects
such as weight gain, metabolic syndrome and sedation may occur.

The pathophysiology of schizophrenia has been associated with disturbances in
several neurotransmitter systems. One of the most well established theories is the dopamine
hypothesis, which agrees with current antipsychotics targeting dopaminergic systems. This
and other hypotheses have normally implicated neurons, although other molecular
mechanisms involving different cell types in the brain may be associated with the
pathophysiology of schizophrenia (COYLE, 1996; JU; CUI, 2015). Oligodendrocytes are the
cells responsible for myelination in the central nervous system (CNS) through expression of
genes that encode myelin structural proteins in a specific and regulated manner, and
myelination of axon fibers by oligodendrocytes is essential for the rapid conduction of action
potentials (BUNTINX et al., 2003).

Scientific evidence suggests that one of the reasons for neuronal disconnection is a due
to disruptions in myelination. This could be due to poor functioning of oligodendrocytes.

Such a disruption may lead to dysfunctions of perception, behavior and cognition as seen in
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schizophrenia (BUNTINX et al., 2003). It is important to mention that myelination continues
throughout development of the young adult brain, coinciding with the average age of onset of
the pathology. We have demonstrated recently an increase in the levels of many proteins in
cultured oligodendrocytes treated with MK-801, an antagonist of the NMDA receptor,
suggesting that these cells may be targets for antipsychotics (CASSOLI et al., 2016).

Here we performed a quantitative proteomic analysis to investigate changes in protein
expression triggered by antipsychotics in a cell line of human oligodendrocytes (MO3.13).
The effects of two first-generation (chlorpromazine and haloperidol) and two second-
generation (quetiapine and risperidone) antipsychotics were investigated. Our aim was to
better understand the biochemical pathways involved in the mechanisms of action of these
drugs in attempts to find new biomarkers and targets which may increase our understanding
of the disease and therapeutic response and assist in the development of more specific and

improved treatments for patients with schizophrenia.

Experimental Procedures

Cell culture, treatments and proteome extraction
Human hybrid MO3.13 cells are classified as an immature oligodendrocyte cell line

(BUNTINX et al., 2003). MO3.13 cells were grown in DMEM medium supplemented with
0.5% penicillin/streptomycin (Sigma-Aldrich, St. Louis, MO, USA) and 10% heat-inactivated
fetal bovine serum (Life Technologies, Darmstadt, Germany) at 37°C in a humidified
atmosphere containing 5% CO, as described previously (BRANDAO-TELES et al., 2017).
The cells were treated with each antipsychotic once and collected after 8h as follows with
respect to dosage and drug: Group 1 — 10 uM chlorpromazine; Group 2 — 50 uM haloperidol;
Group 3 — 50 uM quetiapine; Group 4 — 50 uM risperidone; Group 5 — chlorpromazine and
haloperidol vehicle solution (0.01 M HCI); Group 6 - quetiapine and risperidone vehicle
solution (DMSO). The antipsychotic doses were chosen as described previously (MARTINS-
DE-SOUZA; LEBAR; TURCK, 2011). It should be noted that the levels of glycine (0.4 mM)
and glutamate (20 uM) contained in DMEM and FBS respectively are adequately high to
activate NMDA receptors (BLANKE; VANDONGEN, 2009; CUMMINGS; POPESCU,
2015). MO3.13 cells were centrifuged at 1,200g for 5 min and the pellets homogenized in a
lysis buffer consisting of 6M urea, 2M thiourea, 10mM DTT, with protease and phosphatase
inhibitors, 0.1 mM sodium pervanadate (lysis buffer). Protein lysates were centrifuged at

14,000g for 45 min at 4°C in order to remove pelleted lipids and other vestiges. The
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supernatants were collected, desalted and concentrated as described in Brandao-Teles et al,

2017. Protein concentrations were determined by Qubit® Protein Assay Kit.

NanoLC-ESI MS/MS, data processing and database searching
Proteomic analyses were performed in a bidimensional microUPLC tandem nanoESI-

UDMSE platform by multiplexed data-independent acquisitions experiments, using a 2D-
RP/RP Acquity UPLC M-Class System (Waters Corporation, Milford, MA) coupled to a
Synapt G2-Si mass spectrometer (Waters Corporation, Milford, MA). First, the samples were
fractionated using a one-dimension reversed-phase approach and the constituent proteins
(0.5ug) were loaded into a M-Class HSS T3 column (100 A, 1.8 pm, 75 pm x 150 mm,
Waters Corporation, Milford, MA). The fractionation was achieved using an applied
acetonitrile gradient from 7% to 40% (v/v) over 95 min at a flow rate of 0.4 pL/min. MS and
MS/MS data were acquired in positive resolution mode in the Synapt G2-Si mass
spectrometer with a resolving power around 25,000 FWHM using the ion mobility separation
of precursor ions method (Geromanos et al., 2012) over a range of 50-2000 m/z. Precursor ion
information was collected in low-energy MS mode by applying a constant collision energy of
4 eV in the range of 50-2000 m/z. Fragment ion information was obtained in the elevated
energy scan using drift-time specific collision energies as detailed previously (CASSOLI et
al., 2017). The spectral acquisition time in each mode was 0.6 s with a 0.05 s-interscan delay,
resulting in an overall cycle time of 1.3s for the acquisition of one cycle of low and high
energy data. The lock mass channel was sampled every 30s. The mass spectrometer was
calibrated using a human [Glul]-Fibrinopeptide B (785.8426 m/z) solution delivered through

the reference sprayer of the NanoLock Spray source.

Data processing and database searches

Proteins were identified using dedicated algorithms and searching against the Uniprot Human
Proteomic Database, version 2016/09, with the default parameters for ion accounting
(CASSOLI; MARTINS-DE-SOUZA, 2017; LI et al., 2009). The databases used were
reversed “on the fly” during the search queries and appended to the original database to assess
the false-positive identification rate. For correct spectral processing and database searching
conditions, we used the Progenesis QI for Proteomics software package with Apex3D,
Peptide 3D, and Ion Accounting informatics (Waters Corporation). This software starts with

loading of the LC-MS data, followed by alignment and peak detection, which creates a list of
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interesting peptide ions that are explored within Peptide Ion Stats by multivariate statistical
methods. The following parameters were considered in identification of peptides/proteins: 1)
digestion by trypsin with one or more missed cleavages; 2) variable modification by oxidation
(M) and fixed modification by carbamidomethyl (C); and 3) a false discovery rate (FDR) less
than 4%. Identifications that did not satisfy these criteria were rejected.

In addition, all proteins had to fit the following criteria in all analyzed datasets to be
considered for quantification: (1) identification by at least 1 non-redundant peptide with at

least 4 ion counts; and (2) an ANOVA of less than 0.05.

Analysis in silico
For interpreting the functional significance of differentially expressed proteins, their UniProt

accession IDs were uploaded into the Ingenuity Pathways Knowledgebase (IPKB) through the
algorithm Ingenuity Pathway Analysis (IPA, Ingenuity Systems, Qiagen, Redwood, CA,

USA; www.ingenuity.com) to determine potential interactions between these proteins,

between these proteins and other proteins, to canonical pathways and to disease lists

contained in the IPKB.

Results

All antipsychotics affected the expression levels of some proteins (Figure 1) and
consequently triggered changes in several biological processes, according to the in silico IPA
profiling. Some of these differences were common among treatments and others were specific

to each antipsychotic analyzed.


http://www.ingenuity.com/
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Figure 1: GO biological processes affected by antipsychotic treatment in MO3.13 cell

cultures.

Chlorpromazine treatment induced changes in the abundance of 609 proteins and
haloperidol induced alterations in 942 proteins, compared to the levels of these proteins in un-
treated control cells (Tables 1 and 2, respectively). Proteins with different abundances
affected 80 and 74 canonical pathways in cells treated with chlorpromazine and haloperidol,
respectively (Table 3). For atypical antipsychotics, the quetiapine treatment affected
expression of 99 proteins, while risperidone induced changes in 1041 proteins (Tables 4 and
5, respectively). These proteome changes showed associations with 10 and 123 canonical
pathways, respectively (Table 6).

Figure 1 shows the biological pathways which were affected both uniquely and in
common by the tested antipsychotics. All antipsychotic medications caused changes in
metabolic processes. The quetiapine treatment affected fewer biological processes than the
other antipsychotics, reflected by the lowest number of proteins at expressed at different
levels in the MO3.13 cells. On the other hand, processes such as “localization” and
“developmental process” were affected more by the quetiapine treatment. Risperidone
treatment triggered marked differences in “biological adhesion”, compared to the other

antipsychotics and, at a lower scale, it induced changes in “growth” and “cell killing”
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pathways, which were not affected by any of the other treatments. Chlorpromazine induced
more differences in “Immune system process” compared to other treatments.

Proteins identified with different abundances were analyzed at IPA according to their
canonical pathways. We only considered pathways represented by at least 10 proteins. For
typical antipsychotics, haloperidol modulated almost twice the number of canonical pathways
(40) compared to the chlorpromazine treatment (22) (Table 3). In addition, 59% of the
pathways were altered by both drugs, suggestive of similarities in their mechanisms of action.
On the other hand, only 32.5% of the pathways affected by haloperidol overlapped with those
altered by chlorpromazine, suggesting that haloperidol may induce its effects by acting
through more specific pathways.

For atypical antipsychotics, no overlaps in the canonical pathways affected were
observed, most likely because quetiapine only enriched 10 canonical pathways and no more
than 2 associated proteins were identified. Oppositely, the risperidone treatment led to an
enrichment of the largest number (77) of canonical pathways. Compared to typical
antipsychotics, 55% and 58% of the pathways enriched by chlorpromazine and haloperidol,
respectively, overlapped with those triggered by risperidone. Although presenting specific
pathway differences (66%), this does not rule out the possibility that risperidone may
eventually use routes similar to typical antipsychotics while modulating the MO3.13 cell
response. Depending on the dosage, risperidone may be considered clinically as a typical
antipsychotic and this could be due to the high specificity of the effects induced by the

risperidone treatment.

Discussion

Most of what we know about antipsychotic mechanisms of action was discovered originally
through effects on receptors in neuronal studies. However, fewer studies have been carried out
investigating the effects of these drugs on glial cells. Considering the growing interest in the
role of oligodendrocytes in neurotransmission, it makes sense to characterize the modulatory
effects of antipsychotics on the biological processes of these cells. Thus, we investigated the
acute response of healthy oligodendrocytes to both first- and second-generation antipsychotics

through identification of proteins that were changed subsequently in their abundance.
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Common effects
AKT

Protein kinase B (AKT) is present in mammalians cells in three different isoforms:
AKT1, AKT2 and AKT3. AKT participates in numerous cellular functions such as survival,
proliferation, migration, cell death and growth. In the nervous system, AKT is one of the
proteins involved in modulation of synaptic plasticity, which can affect processes such as
long-term potentiation, working memory and fear conditioning. This protein is also important
in the pre-synaptic trafficking of dopamine and norepinephrine transporters (EMAMIAN,
2012; STEPHEN; JONATHAN, 2010).

AKT1 has been shown to be associated with schizophrenia (BALU; COYLE, 2011;
STEPHEN; JONATHAN, 2010), with decreased levels found in lymphocytes and frontal
cortex (EMAMIAN et al., 2004), while no changes have been observed in the levels of AKT2
and AKT3 (EMAMIAN et al., 2004). Decreased AKT1 was also reported in the prefrontal
cortex of schizophrenia patients but not in bipolar disorder patients (THISELTON et al.,
2008). Considering that chlorpromazine increased AKT1 levels in this study, this protein
could be an important biomarker for the pharmacological effects of this drug. Dopamine D2
receptors (D2R) are modulated by AKT (BEAULIEU et al., 2007) and activation of D2R by
dopamine results in formation of a signaling complex containing B-arrestin 2, PP2A and
AKT. PP2A inactivates AKT via dephosphorylation, leading to an increase of GSK3 activity.
Thus, D2 antagonists, such as chlorpromazine and antipsychotics in general, may prevent
AKT inactivation by non-recruitment of B-arrestin 2 and consequently by non-formation of
the protein complex (EMAMIAN, 2012; ZHENG et al., 2012). Although the treatments with
haloperidol and risperidone did not alter levels of AKT1, they affected proteins associated
with AKT1-linked pathways, such as EIF2 signaling, PI3K/AKT signaling, Wnt/B-catenin
signaling, as well as regulation of elF4 and p70S6K and mTOR signaling (Figure 2). These
pathways are important in cellular growth, proliferation and development (EMAMIAN,
2012). In this regard, our data point to a possible role of dopamine receptor antagonists in

increasing AKT1 levels in healthy oligodendrocytes.
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Figure 2: Network interactions, and their interactors, of differentially expressed proteins of
chlorpromazine-treated oligodendrocytes. The network was generated from differentially
expressed proteins by IPA. Colored interactors represent proteins previous found in the
proteome. Full and dashed lines depict direct and indirect connections respectively.

EIF2

Another effect of antipsychotics is related to the translation initiation factors, an
important group of proteins required for protein synthesis on ribosomes. EIF2 (eukaryotic
initiation factor-2) mediates the binding of Met-tRNA to the ribosome in a GTP-dependent

manner (CARTER, 2007). While chlorpromazine increased the expression of proteins
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associated with EIF2 signaling, haloperidol treatment led to decreased levels, and both
increased and decreased levels were observed following risperidone treatment. This suggests

that these drugs may have differential effects on protein synthesis.

mTOR

The mammalian target of rapamycin (mTOR) signaling pathway plays an important
role in regulation of protein synthesis, mainly in neurodevelopment and synaptic plasticity
(YOON et al., 2008). One study observed that acute treatment with the NMDA receptor
antagonist MK-801 resulted in increased phosphorylation of proteins in the mTOR-p70S6K
pathway in rat frontal cortex (YOON et al., 2008). Another investigation showed that
haloperidol treatment appears to activate the AKT-mTORCI1 pathway leading to changes in
protein synthesis (BOWLING et al., 2014). In contrast, we observed that the treatments with
chlorpromazine, haloperidol and risperidone may lead to decreased activation of the mTOR
pathway. These differential effects could be due to variations in brain regions and cell types
as we have specifically investigated an oligodendrocyte cell line in this study. This possibility
is supported by the finding that components of the mTOR pathway were found to be
decreased in post mortem brain tissue from patients with schizophrenia (ENGLISH et al.,

2015).

Ubiquitination pathway

We also observed that the treatment with chlorpromazine and haloperidol resulted in
alterations in the levels of proteins associated with the ubiquitination pathway. The treatment
with chlorpromazine increased levels of BIRC6 (a protein that is part of the E2 complex), heat
shock family proteins (HSP9OAB1, HSP90B1, HSPAS, and HSPAI1L), proteins belonging to
the proteasome (PSMA6, PSMB6, PSMD4, and PSMD7) and ubiquitin specific peptidases
(USP25, USP28, USP48, USP53). The main role of ubiquitination pathway is protein
degradation through the conjugation of various portions of ubiquitin to the target protein
followed by degradation of the protein bound to the polyubiquitin chain by the 26S
proteasome complex (RYAN et al., 2006). Studies have shown decreased expression of genes
related to this pathway in the dentate granule neurons and prefrontal cortex of schizophrenia
patients (ALTAR et al., 2005; MIDDLETON et al., 2002). Another study which carried out a
blood-based microarray analysis found changes in the ubiquitin proteasome pathway of
schizophrenia patients (BOUSMAN et al.,, 2010). We suggest that chlorpromazine may

restore the levels of the proteins involved in the ubiquitin pathway in schizophrenia, possibly
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aiding cellular processes regulated by this pathway such as signal transduction, synaptic

plasticity, intracellular trafficking, endocytosis, DNA repair and neural activity.

Energy metabolism

Multiple studies have now demonstrated a dysregulation in energy metabolism in
schizophrenia. Proteomics analysis of post mortem brains of patients with schizophrenia
showed alterations in the levels of energy metabolism-associated proteins, such as aldolase C
(ALDOC), enolase 2 (ENO2) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(Saia et al., 2015). Another investigation using samples of post mortem hippocampus of
patients with schizophrenia found that glycolysis- and gluconeogenesis-associated proteins
were altered, as seen by decreased levels of ALDOC and increased ENO1 (SCHUBERT;
FOCKING; COTTER, 2015). Changes in energy metabolism have also been implicated in the
effects of antipsychotics in oligodendrocytes. One study showed that haloperidol increased
the amount of glucose and decreased the lactate levels present in the extracellular medium of
cultured oligodendrocytes, suggesting that haloperidol affected glucose uptake in these cells
(STEINER et al., 2014). In the present study, most proteins related to glycolysis and
gluconeogenesis were decreased by haloperidol, whereas the haloperidol and chlorpromazine
treatments increased the levels of glycolysis-related proteins and none of the atypical

antipsychotics used in this study altered the levels of proteins belonging this pathway.

CYP450 family

The finding that the haloperidol treatment resulted in increased levels of cytochrome
P450 3A43 (CYP3A43) in oligodendrocytes is interesting as CYP450 family of proteins are
responsible for metabolism of practically all antipsychotics and other drugs in liver tissue
(BRANDL et al., 2015). This essentially serves as a mechanism to regulate the levels of
active drug hitting the target cells. It is already well known that CYP genes are involved in
liver metabolism and, therefore, the therapeutic efficacy of psychotropic drugs used in the
treatment of schizophrenia, depression and bipolar disorder (ALTAR et al., 2013). For
example, it has been shown that haloperidol can inhibit the CYP2D6 enzyme, potentially
leading to abnormally high concentrations of this drug in plasma (LLERENA et al., 2004).
Another study proposed that an explanation for the variability in pharmacokinetics among
subjects using haloperidol may be the partitioning of the CYP3A isoenzymes, CYP3A4 and
CYP3AS (KALGUTKAR et al.,, 2003). Therefore, our finding of increased levels of

CYP3A43 in oligodendrocytes suggests that this enzyme may deliver enhanced metabolism
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and increased turnover of active haloperidol directly in these cells. These findings are
consistent with a recent study that found expression of multiple CYP450 enzymes at high
levels in neurons and astrocytes, and at lower levels in oligodendrocytes, confirming the cell-
specific localization of CYPs in the brain (VICHI et al., 2015). Thus, brain cell cultures could
potentially be used as models for assessing toxicity and detoxification of new drugs targeting
the brain. In line with this, we also found that the treatment with risperidone led to decreased
levels of another two proteins belonging to the CYP family, CYP2U1 and CYP3AS. It is
likely therefore that the decrease in CYP3AS induced by risperidone could result in decreased

metabolism of the drug in oligodendrocytes, potentially leading to toxic levels of this drug.

Spliceosome

Another group of proteins modulated by chlorpromazine, haloperidol and risperidone
in oligodendrocytes was associated with spliceosome complex. The spliceosome machinery is
composed of five different RNP subunits and numerous protein cofactors that together will
participate in the splicing process, i.e., removal of the introns in the pre-mRNA (MATERA;
WANG, 2014). Among the proteins identified, treatment with chlorpromazine altered the
levels of a few proteins, such as increased levels of splicing factor 3a subunit 1 (SF3A1) and
decreased levels of nuclear heterogeneous ribonucleoprotein M (hnRNPM). The haloperidol
treatment also increased the levels of spliceosome proteins, such as U2SURP and the
risperidone treatment increased the levels of hnRNPK and decreased hnRNPA3, hnRNPC,
small nuclear ribonucleoprotein U1 subunit 70 (snRNP70), snRNPAT1 and snRNPE. Recently,
we found changes in 8 proteins belonging to the hnRNP family in oligodendrocytes treated
with clozapine (CASSOLI et al., 2016). We also found altered levels of hnRNPC, hnRNPK
and hnRNPU in post mortem samples of the anterior temporal lobe (ATL) from patients with
schizophrenia (SAIA-CEREDA; SANTANA, 2017). Additionally, we found changes in
hnRNPC levels in the temporo-posterior gyrus of patients with schizophrenia (MARTINS-
DE-SOUZA et al., 2009). Finally, Iwata et al reported that overexpression of the hnRNP C2
variant leads to a decrease in MBP expression (IWATA et al., 2011).

14-3-3 family

Another set of proteins found at altered levels following all treatments, except in
chlorpromazine, was proteins from the 14-3-3 family. There are seven known mammalian 14-
3-3 isoforms, and 14-3-3 proteins are abundant in the brain, accounting for approximately 1%

of the total soluble proteins (FU; SUBRAMANIAN; MASTERS, 2000). 14-3-3 proteins play
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fundamental roles in many processes, including the cell cycle, apoptosis, synaptic plasticity
and neuronal differentiation and migration (FU; SUBRAMANIAN; MASTERS, 2000). In
this study, the haloperidol treatment led to decreased levels of 14-3-3 epsilon (YWHAE),
beta/alpha (YWHAB) and gamma (YWHAG) and the quetiapine and risperidone treatments
induced increased levels of 14-3-3 beta/alpha (YWHAB). Several studies found changes in
proteins of the 14-3-3 family in brain tissues from schizophrenia patients (MIDDLETON et
al., 2005; QING et al., 2016; SCHUBERT; FOCKING; COTTER, 2015). Our group found
disruption of 14-3-3 signaling in the corpus callosum of patients with schizophrenia (SAIA et
al., 2015). We also observed that clozapine treatment resulted in increased levels of 14-3-3
protein eta (YWHAH) (CASSOLI et al., 2016), consistent with the effects of the atypical

antipsychotics used in this study.

Drug-specific differences triggered by antipsychotics in the oligodendrocytes proteome

Chlorpromazine

Neuregulins are member proteins of the epidermal growth factor (EGF) family and are
ligands for tyrosine kinases receptors (ErbB family), which play a key role in the
development, maintenance, and repair of the nervous system. Recent genetic studies have
demonstrated a possible role of neuregulin 1 and its receptor erbB in the pathophysiology of
schizophrenia (AVRAMOPOULOS, 2017; HAHN et al., 2006; HASHIMOTO et al., 2004).
Moreover, neuregulins play role in some process implicated in schizophrenia, such as
neuronal migration, neurotransmitter function such as NMDA, GABA, a-7, as well as
dopamine and oligodendrocyte biology (LAW et al., 2006). Although one study using mRNA
expression profiling found no changes in neuregulins (type I, type II, and type III) in the
dorsolateral prefrontal cortex of patients with schizophrenia (HASHIMOTO et al., 2004),
another study analyzed mRNA abundance of Neuregulin I (types I-IV) in the hippocampus of
patients with schizophrenia and found a variation in the expression of these isoforms (LAW et
al., 2006). Although neuregulin expression was not affected by chlorpromazine, according to
the IPA analysis, some neuroregulin-associated proteins, such as AKT1, DLG4, HSP90ABI,
HSP90B1, PLCGI1, SOS2, and ITGAS, were altered. Additionally, proteins belonging to
ErbB signaling were also found to be changed, such as increased AKT1, CDC42, PAK4,
PLCGI and SOS2 and decreased levels of MAPK10 and PAK2.

Interestingly, neuregulin is associated with the hypofunction of the NMDA receptor

through ErbB in schizophrenia (LAW et al., 2006). One study evaluated the regulation of
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NMDA receptor currents mediated by neuregulin signaling pathways and found that
neuregulin significantly decreased these in prefrontal neurons and slices (WANG et al., 2003).
These data suggest that increased neuregulin levels could cause reduced NMDA receptor
mediated signaling, consistent with one of the main hypotheses of the pathophysiology of
schizophrenia (hypofuction of NMDA receptors) (WANG et al., 2003). Interestingly, our data
showed that chlorpromazine reduced levels of the NMDAZ2A receptor subunit. From this it
can be speculated that the chlorpromazine-induced increase in the neuregulin pathway may
contribute to the accentuation of NMDA receptor hypofunction in patients with schizophrenia

treated with this antipsychotic.

Haloperidol

A regular side effect of haloperidol treatment and its limitation in the clinic is the
extrapyramidal symptoms and tardive dyskinesia. However, the exact pathophysiology of
how this drug induces these side effects has not yet been clearly elucidated (PERERA et al.,
2011). Oxidative stress constitutes a potential pathogenic mechanism that may contribute to
extrapyramidal symptoms, especially to tardive dyskinesia (J.Q. et al., 2014; PERERA et al.,
2011; SAMAD; HALEEM, 2017). Recent studies have shown that the repeated
administration of haloperidol is able to induce tardive dyskinesia in rats (SAMAD;
HALEEM, 2017). Another study using plasma and the enzyme manganese superoxide
dismutase (MnSOD) as a biomarker of patients with schizophrenia analyzed the relationship
of oxidative stress and tardive dyskinesia. The findings suggested that tardive dyskinesia is
more severe in patients suffering from oxidative stress compared with patients who do not
have tardive dyskinesia (J.Q. et al., 2014). Furthermore, haloperidol was able to induce
oxidative stress, potentially by decreasing the levels of mnSOD and glutathione peroxidase
(GPx) in rats (PERERA et al., 2011). Here, we showed that levels of GPx and SOD were
decreased in oligodendrocytes treated with haloperidol, consistent with published findings.

As previously mentioned, the oligodendrocytes used in this study consisted of OPCs.
It is known that oxidative stress levels in OPCs are naturally high and glutathione levels are
considerably lower when compared to astrocytes for example (THORBURNE; JUURLINK,
1996). This is mainly due to the fact that these cells are responsible for the synthesis of
myelin that requires a high metabolic level. Furthermore, oxidative stress impairs
myelination-related enzymes (JANA; PAHAN, 2013).

Abnormalities in the myelination process have been well documented in

schizophrenia, along with a relatively high number of reactive oxygen species (ROS) (MAAS;
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VALLES; MARTENS, 2017). The redox-induced prefrontal OPC-dysfunction hypothesis
suggests that the etiology of cognitive symptoms in schizophrenia is due to action of ROS in
innumerable signaling pathways, mainly by inactivation of the mTOR-P70S6K pathway,
negatively influencing the proliferation and differentiation of these cells. Dysfunctions in
OPCs are observed mainly in the critical period of myelination, which occurs in late
adolescence and the associated decrease in myelination in patients with schizophrenia could
induce the cognitive symptoms observed in the disease state (MAAS; VALLES:; MARTENS,
2017). Thus, haloperidol may exacerbate oxidative stress in oligodendrocytes, which may
worsen cognitive dysfunction in schizophrenia. Additionally, the condition may be worse
when given to patients who are in the critical period of myelination, which coincide with the
beginning of the disorder. However, a next step would be to further evaluate the results
obtained here, especially during the maturation of these cells.

We found upregulation of the protein Arachidonate 12-lipoxygenase 12S-type
(ALOX12), that oxygenates the C-12 of arachidonic acid, producing 12-HPETE (12-
hydroperoxyeicosatetraenoic acid), which inhibits protein kinase II. Protein kinase II is
responsible for phosphorylation of the rate-limiting enzyme of catecholamine biosynthesis
(tyrosine hydroxylase). In this way, levels of 12-HPETE may influence dopamine synthesis
(BAE et al., 2012; FUJISAWA; OKUNO, 1989; PIOMELLI; GREENGARD, 1990). A study
showed that ALOX 12 could be involved with negative symptoms in schizophrenia (BAE et
al., 2012). Consistent with this idea, haloperidol increased the expression of ALOX12 and
consequently more 12-HPETE will be available which, in turn, may lead to decreased
dopamine levels. Moreover, the activity of ALOX12 can be modulated by glutathione, the
main antioxidant in cells. A study using premyelinating oligodendrocytes showed that
ALOX12 may be involved in cell death induced by ROS and glutathione depletion (WANG et
al., 2004). It has also been found that by blocking the activity of this enzyme using vitamin K,
for example, it is possible to prevent arachidonic acid-induced oxidative injury, once the
metabolism of amino acids via ALOX12 generates free radicals (LI; WANG; ROSENBERG,
2009). In addition, haloperidol most likely increases oxidative stress in cells, not only by
lowering enzyme levels that prevent oxidative stress, but also by increasing ROS production

via higher ALOX12 levels.

Quetiapine
Quetiapine has higher affinity for serotonin 5HT2 receptors than D2 dopamine

receptors (LEUCHT et al., 1999). In our study, only the glutamic-oxaloacetic transaminase
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(GOT) was found to be increased by quetiapine. [PA-analysis showed that in four of the top
five canonical pathways, GOT was present in the processes of glutamate degradation,
aspartate biosynthesis, L-cysteine degradation, and aspartate degradation II. Numerous
transaminases have been implicated in several diseases and GOT has high clinical importance
as a potential biomarker (WROBLEWSKI, 1958). Studies have shown that GOT levels are
different across tissues, with higher levels in the CNS. Therefore, GOT may have an
important role in neurological diseases, such as epilepsy and cerebral tumors (MELLICK;
BASSETT, 1956).

Another protein found to be increased following quetiapine treatment belonged to the
Notch family (NOTCH?2). Notch proteins play an important role in many developmental
processes through controlling cell fate decisions (WANG et al., 1998). In animal models, the
differentiation of oligodendrocytes can be inhibited by the activation of the Notch pathway
(WANG et al., 1998). In schizophrenia, genetic abnormalities in Notch signaling have been
reported that may contribute to disease vulnerability during neural development (MAYNARD
et al., 2001). Genetic alterations were found in NOTCH?2 and these were related to increased
waist circumference in patients with schizophrenia (HUKIC et al., 2017). It is already well
known that one of the main side effects associated with second generation antipsychotics is
the associated weight gain (LEUCHT et al., 2009). Thus, the finding of altered NOTCH2
levels after the quetiapine treatment may be one of the molecular mechanisms associated with
this metabolic alteration.

It is known that the metabolism of carbohydrates and lipids are regulated by
peroxisome proliferator-activated receptor-y (PPAR-y) (AGONISTS, 2003; LIU et al., 2014),
and this protein plays role in maintaining normal adipocyte viability as well as insulin
sensitivity in both liver and adipose tissue (HE et al., 2003). In our study, we found PPAR-y
levels decreased following the quetiapine treatment. Since increased levels of PPAR-y have
been seen as an important anti-inflammatory factor in both neurological and cardiac diseases
(AGONISTS, 2003; GARCIA-BUENO; PEREZ-NIEVAS; LEZA, 2010), the observed
decrease here may be indicative of increased cardiovascular risk in patients. It has been
suggested that PPAR-y has a role in psychosis profiles in schizophrenia patients with
antipsychotic-increased glucose levels (LIU et al., 2014). In this regard, we suggest that
changes in PPAR-y by quetiapine may be associated with metabolic disturbances in the
treatment of patients. In addition, given the anti-inflammatory role of PPAR-y, agonists of this
receptor have been used as a possible neuroprotective agent in several studies of animal

models of oral dyskinesia (AGONISTS, 2003; GROVER et al., 2013).
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Risperidone

Compared with all other antipsychotics analyzed, risperidone affected a greater
number of pathways enriched by IPA. The top five biological pathways of the significantly
expressed proteins were epithelial adherens junction signaling, germ cell-sertoli cell junction
signaling, EIF2 Signaling, sertoli cell-sertoli cell junction signaling and remodeling of
epithelial adherens junctions. There is still little in the literature on the relation of these
pathways to schizophrenia. However, these results may be relevant to a more specific
mechanism of action of risperidone, although it is not clear whether these are side effect or
efficacy-related.

Atypical antipsychotics such as risperidone, seem to be most effective in improving
cognitive symptoms of schizophrenia compared to the typical antipsychotics. The integrity of
the PFC is closely related to working memory operation, which provides temporary storage
and manipulation of the information necessary for complex cognitive tasks such as reading,
learning, thinking, language comprehension and reasoning. One of the known mechanisms by
which cognition, especially memory, occurs is related to the cAMP-element binding protein
transcription factor (CREB). It is well known that CREB is related to neuroplasticity and
plays an important role in the formation of long-term memory (SAURA; VALERO, 2011)
and down-regulation of CREB has been observed in the pathophysiology of cognitive
disorders. In addition, increasing the levels of CREB is being considered as a possible
therapeutic target for Alzheimer's disease (PUGAZHENTHI et al., 2011). In the current study,
treatment with risperidone decreased proteins linked to CREB function (as shown by IPA)
although we did not find any changes in levels of the CREB protein. It has already been
shown that in oligodendrocyte progenitors, CREB signaling plays a role in linking
proliferation and survival pathways (SAINI et al., 2004). Thus, the inactivation of this
signaling pathway by risperidone may affect these functions in oligodendrocytes.

Another pathway that seems to be inhibited by IPA analysis is Ciliary Neurotrophic
factor (CNTF) signaling. CNTF is part of the four alpha-helical cytokine family that has been
proposed to promote oligodendrocytes differentiation, maturation and survival (ALBRECHT
et al., 2007) and a role of CNTF has been shown in demyelinating diseases, such as multiple
sclerosis (LINKER et al., 2002). A study using animal models of CNTF-deficiency found
decreased numbers of OPCs through increased apoptosis (LINKER et al., 2002). In
agreement, the increase of endogenous levels of CNTF can raise proliferation of OPCs, which

is fundamental for remyelination and repair. However, it has also reported that risperidone
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treatment increased the frontal lobe intracortical myelin volume (BARTZOKIS et al., 2012).
Nonetheless, we proposed that treatment with risperidone by inhibiting CNTF signaling may
act in a detrimental way in the maturation of oligodendrocytes, inducing death of these cells
and consequent impairment of myelination.

Risperidone treatment also increased levels of synaptotagmin V (SYTS), a member of
the synaptotagmin family, which acts as a calcium sensor (INOUE et al., 2007). We also
found that many proteins belonging to the calcium signaling were altered and IPA results
suggested that risperidone may inhibit calcium signaling. Numerous studies have reported the
participation of proteins belonging to synaptotagmin family in the development of
schizophrenia, such as SXI and SVI (INOUE et al., 2007; SCHMITT et al., 2012). In another
study, SYTS5 was found to be decreased in the prefrontal cortex of patients with schizophrenia
(MIRNICS et al., 2000). The treatment with clozapine, a second-generation antipsychotic,
also affected SYTS levels in the rat cortex (KONTKANEN; TO, 2002), but only risperidone
affected the levels of this protein in this study.

As mentioned above, studies suggest the role of hypofunction of NMDA receptors in
the pathophysiology of schizophrenia. In this regard, the importance of NMDA receptor co-
agonists in the pathophysiology of schizophrenia has been considered. For example, serine
and glycine levels were found to be altered in cerebrospinal fluid and brains of schizophrenia
patients (HASHIMOTO et al., 2003, 2005; KIM et al., 2017; WAZIRI et al., 1990). In this
way, the enzymatic activities associated with glycine and serine metabolism may influence
the levels of these amino acids. In this study, D-3-phosphoglycerate dehydrogenase (PHGDH)
levels were increased by the risperidone treatment. PHGDH is an enzyme which catalyzes the
first and rate-limiting step that converts 3-phosphoglycerate into 3-phosphohydroxypyruvate,
one of the metabolic pathways that synthesize L-serine (OHNUMA et al., 2009). In addition,
recent studies analyzing mRNA expression levels of several enzymes that play a role in L-
serine synthesis (including PHGDH) have found that the synthesis of this amino acid is
altered in patients with schizophrenia (OZEKI et al., 2016). Thus, treatment with risperidone
may help increase L-serine levels and improve the cognitive and negative symptoms of
schizophrenia, since it has been seen that the effects of co-agonists act mainly on these two
classes of symptoms (HASHIMOTO et al., 2005).

We also found that the risperidone treatment led to decreased levels of both glutamate
ionotropic receptor NMDA type subunit 2A (NR2A) and glutamate ionotropic receptor
AMPA type subunit 1 (GluAl) (MAGRI et al., 2006; MEAD; STEPHENS, 2003). The

decreased levels of NMDA in medial and lateral caudate-putamen was seen in long-term
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treatment of rats with risperidone, olanzapine and quetiapine, and treatment with risperidone
led to decreased NMDA binding in caudate-putamen of juvenile and adult animals at some
dosages (CHOI Y-K, GARDNER MP, 2009; TARAZI et al., 2003). In contrast, it has been
shown that treatment with risperidone and other antipsychotics leads to increased AMPA
receptor levels in some brain regions (CHOI Y-K, GARDNER MP, 2009; TARAZI et al.,
2003).

It is well known that patients with schizophrenia have a reduced life expectancy
because they present many problems such as cardiovascular disorders, metabolic syndrome,
insulin resistance, type II diabetes and hormonal imbalances, which are often caused by the
use of antipsychotics (TANDON; HALBREICH, 2003). Treatment with risperidone has led to
increased levels of growth hormone and prolactin and altered the levels of innumerable
proteins related to insulin receptor signaling, such as SYNJ2, PIK3CA, MAP2K?2, PIK3C2A,
INPP5J, FGFR4, SOS1, GSK3A, PIK3R2, PIK3R4, INPP5D and IGFIR (TANDON;
HALBREICH, 2003). In another study, a comparison between clozapine and risperidone did
not find significant differences in relation to the levels of growth hormone (BREIER et al.,
1999). However, the latter study also found that clozapine produces lower effects on plasma
prolactin than risperidone. Hyperprolactinemia has been observed frequently in the use of
typical antipsychotics and risperidone (KINON et al., 2003). The results obtained in the
current study of oligodendrocyte cells are in agreement with the data observed in the literature
and strengthen this relationship of the use of risperidone with hyperprolactinemia. In addition,
risperidone may include growth hormone as a component of its mechanism of action as
increased levels of this hormone may be related to the weight gain observed in patients taking
atypical drugs (FLINT et al., 2003). Metabolite abnormalities have been found in response to
treatment with many atypical antipsychotics, such as clozapine and olanzapine
(MELKERSSON; DAHL, 2003). Although we cannot conclude that risperidone causes
insulin resistance from the current data, risperidone did alter the expression of proteins

involved in insulin signaling pathways, consistent with this possibility.

Conclusion

Considering the results discussed above, this study has led to identification of some pathways
and proteins that can be modulated by antipsychotics in oligodendrocytes. It was possible to
observe that risperidone had more pathways in common with chlorpromazine and haloperidol

than with quetiapine. It is known that different doses of this drug can lead to different
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responses in patients, with the capability of behaving as a typical antipsychotic rather than an
atypical one. Thus, we suggest that the dose used in the present study resulted in a closer
response to typical antipsychotics. In addition, chlorpromazine appears to act by increasing
protein levels, whereas haloperidol has the opposite effect. Although both are first-generation
antipsychotics, they appear to have different mechanisms of action in oligodendrocytes.
Finally, quetiapine altered fewer proteins compared to the other three drugs. Although in vitro
studies have numerous limitations and may be distant from the in vivo scenario, our results
provide detailed information on proteins and pathways modulated by the four antipsychotics
studied here and show the importance of studying cell types other than neurons to fully

comprehend the molecular changes involved in both the disease and treatment response.
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10. CONCLUSAO FINAL

Como ji descrito ao longo desta dissertacdo, a esquizofrenia consiste em um
transtorno complexo e de cardter multifatorial. Desta forma, o estudo desta doencga requer nao
apenas a compreensdo de parametros clinicos e bioldgicos, mas € necessdrio também
compreender as mudangas que ocorrem na biologia celular. Os estudos com tecidos post
mortem e genéticos identificaram uma série de potenciais processos moleculares que precisam
ser olhados no contexto celular. Desta forma, a primeira etapa deste trabalho foi realizada a
otimiza¢do de um protocolo de cultivo da linhagem celular de oligodendrdcitos humanos
(MO3.13) e o tratamento de tais células com MK-801, que atua como antagonista do receptor
de NMDA. Através deste, tentamos estabelecer um modelo in vitro da disfungao
glutamatérgica frequentemente observada em pacientes com esquizofrenia. Isto posto, através
deste protocolo pretendemos contribuir para estudos futuros que busquem identificar e
compreender as modificagdes pontuais observadas na patofisiologia da esquizofrenia,
especificamente na disfuncdo glutamatérgica em oligodendrdcitos.

O tratamento da esquizofrenia consiste em uma combinacdo entre o uso de
medicamentos e psicoterapia, que visam diminuir o quadro psicético do paciente e assim
melhorar a qualidade de vida do mesmo. Todavia, o abandono do tratamento pelo paciente
devido aos efeitos colaterais que as drogas proporcionam e dificuldades no acerto do
tratamento € frequente, resultando em inimeros prejuizos, consistindo em uma das principais
causas de morbidade psiquidtrica e reinternacdes. Visto a importancia do tratamento
medicamentoso na esquizofrenia, a segunda parte deste estudo consistiu no tratamento da
linhagem celular de oligodendrécitos com quatro antipsicéticos (primeira e segunda geragdo)
largamente utilizados na clinica. Embora os estudos in vitro sejam constituidos de uma grande
quantidade de limitagdes, especialmente para o estudo de transtornos psiquidtricos, nossos
resultados fornecem informacdes detalhadas sobre proteinas e vias de sinalizacdo moduladas
pelos quatro antipsicéticos aqui estudados. Através destes dados, pretendemos contribuir com
a melhora na escolha de qual antipsicético cada paciente deve receber em vista dos sintomas
apresentados. Por exemplo, pacientes que apresentem maiores alteracdes na substancia
branca, implicando em uma disfuncdo nos oligodendrécitos, os resultados aqui apresentados
poderiam auxiliar na escolha de qual o melhor medicamento a ser administrado. Para mais, a
maioria dos estudos dos mecanismos de a¢do dos antipsicoticos in vitro € feito em neurdnios.
Dessa forma, os resultados aqui obtidos auxiliam no entendimento das alteracdes que os

antipsicoticos promovem nos oligodendrdcitos, que possuem papel chave no transtorno.
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Portanto, as discussdes e hip6teses propostas nesta dissertacdo podem ajudar na compreensao
dos mecanismos de acdo desses medicamentos em oligodendrécitos, fornecendo informagdes
importantes para entender o funcionamento desses farmacos, auxiliando assim o médico
psiquiatra na escolha da melhor droga baseado nas alteragdes especificas apresentadas por

cada paciente.
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11. PERSPECTIVAS

Este trabalho apresentou um protocolo de cultivo celular de uma linhagem de
oligodendrécitos humanos (MO3.13) bem como o tratamento dessas células com quatro
antipsicoticos largamente utilizados em pacientes com esquizofrenia. Destes tratamentos, foi
possivel identificar vias e proteinas moduladas por esses medicamentos, bem como o0s
mecanismos em comum e especificos de cada droga. Desta forma, trabalhos futuros buscardao
analisar proteinas e vias encontradas neste estudo, buscando compreender claramente o
envolvimento destas no mecanismo de acdo dos antipsicOticos € como as mesmas Se

relacionam com a patofisiologia da esquizofrenia.
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13. ANEXOS (CAPITULO 2)

Table 1: Proteins affected by chlorpromazine treatment

Table 1 - Proteins affected by chlorpromazine treatment

Q9H3S1 SEMA4A 0,02038 -11,961 Semaphorin-4A

060308 CEP104 0,00360 -7,235 Centrosomal protein of 104 kDa

Q14686 NCOA6 0,02527 -5,330 Nuclear receptor coactivator 6

Q70CQ4 USP31 0,00783 -4,397 Ubiquitin carboxyl-terminal hydrolase 31

Q70EKS8 USP53 0,02073 -4,184 Inactive ubiquitin carboxyl-terminal hydrolase 53

P42771 CDKN2A 0,00711 -4,095 Cyclin-dependent kinase inhibitor 2A

Q92608 DOCK2 0,00540 -4,090 Dedicator of cytokinesis protein 2

Q8N3Y3 LARGE2 0,04589 -3,962 LARGE xylosyl- and glucuronyltransferase 2

QI96MT3 PRICKLEL1 0,03596 -3,697 Prickle-like protein 1

HOYNHS8 UACA 0,02982 -3,585 Uveal autoantigen with coiled-coil domains and ankyrin repeats



7

~

Q92499 DDX1 0,00239 -3,533 ATP-dependent RNA helicase DDX1

Q96L34 MARK4 0,01581 -3,410 MAP/microtubule affinity-regulating kinase 4

Q96JW4 SLC41A2 0,00226 -3,266 Solute carrier family 41 member 2

QI96LT9 RNPC3 0,02813 -3,134 RNA-binding protein 40

AOAOC4DFN  MFN1 0,01962 -3,066 Mitofusin-1

H

043861 ATP9B 0,00922 -2,964 Probable phospholipid-transporting ATPase 1IB

P48444 ARCNI1 0,03330 -2,884 Coatomer subunit delta

QI9NRL2 BAZIA 0,00706 -2,800 Bromodomain adjacent to zinc finger domain protein 1A

Q5UIPO RIF1 0,04600 -2,690 Telomere-associated protein RIF1

AOA0C4DGS DDOST 0,00898 -2,616 Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 48 kDa subunit

H

Q14687 GSE1 0,01648 -2,609 Genetic suppressor element 1

CoJ6P4 ZC3HAV1 0,04603 -2,577 Zinc finger CCCH-type antiviral protein 1

J3KN29 PSMD9 0,02611 -2,542 268 proteasome non-ATPase regulatory subunit 9

Q9HBW1 LRRC4 0,00963 -2,528 Leucine-rich repeat-containing protein 4
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K7ELX4 FECH 0,00074 2,422 Ferrochelatase_ mitochondrial (Fragment)

Q86WI1 PKHDILL1 0,04303 -2,413 Fibrocystin-L

D6REX3 SEC31A 0,01971 -2,334 Protein transport protein Sec31A

P25054 APC 0,00951 -2,260 Adenomatous polyposis coli protein

Q8WWZ7 ABCAS 0,01165 -2,238 ATP-binding cassette sub-family A member 5

Q5TAX3 ZCCHCl11 0,01091 -2,174 Terminal uridylyltransferase 4

P30876 POLR2B 0,01974 -2,131 DNA-directed RNA polymerase II subunit RPB2

Q8IYT4 KATNAL2 0,00197 -2,086 Katanin p60 ATPase-containing subunit A-like 2

AOA087X295 WDRG6 0,01996 -2,059 ‘WD repeat-containing protein 6

QI96GE4 CEP95 0,02233 -2,030 Centrosomal protein of 95 kDa

Q8TES2 SH3TC1 0,04982 -2,003 SH3 domain and tetratricopeptide repeat-containing protein 1

P53675 CLTCL1 0,02094 -1,989 Clathrin heavy chain 2

Q99541 PLIN2 0,03093 -1,930 Perilipin-2

094769 ECM2 0,02776 -1,915 Extracellular matrix protein 2

P11387 TOP1 0,00967 -1,906 DNA topoisomerase 1
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AOA1BOGV NEDD4L 0,00355 -1,887 E3 ubiquitin-protein ligase NEDD4-like
Y1

QOHIHY KIF13A 0,00120 -1,857 Kinesin-like protein KIF13A

Q8WUY3 PRUNE2 0,00736 -1,800 Protein prune homolog 2

B4DRP8 ZNF461 0,01644 -1,764 Zinc finger protein 461

Q8N944 AMER3 0,03422 -1,735 APC membrane recruitment protein 3

MOQYL3 HNRNPM 0,02844 -1,706 Heterogeneous nuclear ribonucleoprotein M (Fragment)

P55289 CDHI12 0,00595 -1,681 Cadherin-12

Q13772 NCOA4 0,00634 -1,663 Nuclear receptor coactivator 4

QIP2M7 CGN 0,04129 -1,639 Cingulin

Q86XA9 HEATRS5A 0,00372 -1,551 HEAT repeat-containing protein 5A

P14384 CPM 0,00841 -1,518 Carboxypeptidase M

P54098 POLG 0,04503 -1,496 DNA polymerase subunit gamma-1

QI96N23 CFAP54 0,00439 -1,488 Cilia- and flagella-associated protein 54

P49321 NASP 0,00532 -1,464 Nuclear autoantigenic sperm protein
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E7ESP9 NEFM 0,04984 -1,457 Neurofilament medium polypeptide

P21359 NF1 0,02495 -1,441 Neurofibromin

Q86VV8 RTTN 0,01444 -1,431 Rotatin

Q86W26 NLRP10 0,00523 -1,424 NACHT_ LRR and PYD domains-containing protein 10

F27Z3N3 OLFML2B 0,02163 -1,420 Olfactomedin-like protein 2B

Q9H2J7 SLC6A15 0,01817 -1,415 Sodium-dependent neutral amino acid transporter B(0)AT2

Q5T3US ABCCI10 0,03273 -1,374 Multidrug resistance-associated protein 7

QG6FI13 HIST2H2AA  0,03962 -1,361 Histone H2A type 2-A

H

Q8NFM4 ADCY4 0,01595 -1,337 Adenylate cyclase type 4

Q8NIWI1 ARHGEF28 0,04298 -1,329 Rho guanine nucleotide exchange factor 28

Q6ZNIJ1 NBEAL2 0,00744 -1,307 Neurobeachin-like protein 2

Q6AIO8 HEATR6 0,01611 -1,285 HEAT repeat-containing protein 6

Q41235 AASDH 0,03275 -1,271 Acyl-CoA synthetase family member 4

R4GN35 DENND4C 0,00003 -1,255 DENN domain-containing protein 4C
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Q5IYT7 KIAA1755 0,00396 -1,245 Uncharacterized protein KIAA1755

Q5TAT6 COL13A1 0,00367 -1,231 Collagen alpha-1(XIII) chain

Q01432 AMPD3 0,01277 -1,201 AMP deaminase 3

Q6NUP7 PPP4R4 0,00329 -1,192 Serine/threonine-protein phosphatase 4 regulatory subunit 4

QIUKES TNIK 0,00726 -1,150 TRAF2 and NCK-interacting protein kinase

AOAO87WW  ARHGAP21 0,01489 -1,125 Rho GTPase-activating protein 21
76

Q96JG8 MAGED4 0,04695 -1,101 Melanoma-associated antigen D4

D6W5U7 STAG3 0,00583 -1,062 Cohesin subunit SA-3

HOY626 #VALOR! 0,01374 -1,035 Uncharacterized protein

075592 MYCBP2 0,00357 -0,995 E3 ubiquitin-protein ligase MYCBP2

075113 N4BP1 0,00129 -0,981 NEDD4-binding protein 1

Q709C8 VPS13C 0,04018 -0,971 Vacuolar protein sorting-associated protein 13C

043933 PEX1 0,00399 -0,939 Peroxisome biogenesis factor 1

Q66K 14 TBC1D9B 0,04279 -0,933 TBC1 domain family member 9B
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Q9UBN4 TRPC4 0,01847 -0,915 Short transient receptor potential channel 4

B1AJZ9 FHADI1 0,03746 -0,900 Forkhead-associated domain-containing protein 1

P46100 ATRX 0,00015 -0,893 Transcriptional regulator ATRX

J3KTL2 SRSF1 0,03892 -0,875 Serine/arginine-rich-splicing factor 1

Q96JM4 LRRIQI 0,04431 -0,850 Leucine-rich repeat and IQ domain-containing protein 1

Q9UHL9 GTF2IRD1 0,01016 -0,797 General transcription factor II-I repeat domain-containing protein 1

Q8N283 ANKRD35 0,01673 -0,750 Ankyrin repeat domain-containing protein 35

H7BY35 RYR2 0,02364 -0,730 Ryanodine receptor 2

Q8NC51 SERBP1 0,04052 -0,711 Plasminogen activator inhibitor 1 RNA-binding protein

Q6UB9S ANKRD12 0,00799 -0,672 Ankyrin repeat domain-containing protein 12

E7ER45 MGAM 0,02801 -0,661 Maltase-glucoamylase_ intestinal

Q8WXU2 DYXIC1 0,04411 -0,644 Dyslexia susceptibility 1 candidate gene 1 protein

QINSI6 BRWDI1 0,00650 -0,632 Bromodomain and WD repeat-containing protein 1

P23921 RRM1 0,02347 -0,622 Ribonucleoside-diphosphate reductase large subunit
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QIUKX3 MYHI13 0,02805 -0,587 Myosin-13

Q6AHZ1 ZNF518A 0,00808 -0,576 Zinc finger protein 518A

Q12879 GRIN2A 0,01679 -0,571 Glutamate receptor ionotropic_ NMDA 2A

Q12929 EPSS8 0,04139 -0,556 Epidermal growth factor receptor kinase substrate 8

J3KQH6 PHC1 0,00884 -0,521 Polyhomeotic-like protein 1

P49454 CENPF 0,02024 -0,507 Centromere protein F

Q01831 XPC 0,04741 -0,483 DNA repair protein complementing XP-C cells

014647 CHD2 0,00320 -0,468 Chromodomain-helicase-DNA-binding protein 2

P07237 P4HB 0,01709 -0,436 Protein disulfide-isomerase

QO9H2Y7 ZNF106 0,00458 -0,425 Zinc finger protein 106

Q3T8J9 GON4L 0,04839 -0,364 GON-4-like protein

Q8NE28 STKLDI1 0,01851 -0,314 Serine/threonine kinase-like domain-containing protein STKLD1

Q5VWN6 FAM208B 0,04698 -0,294 Protein FAM208B

Q8IWI9 MGA 0,01720 -0,246 MAX gene-associated protein
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Q16658 FSCN1 0,01669 0,239 Fascin

P04075 ALDOA 0,01961 0,293 Fructose-bisphosphate aldolase A

E7EUU4 EIF4G1 0,01693 0,365 Eukaryotic translation initiation factor 4 gamma 1

P14625 HSP90B1 0,04303 0,399 Endoplasmin

P08238 HSP90AB1 0,04725 0,421 Heat shock protein HSP 90-beta

Q00839 HNRNPU 0,00793 0,421 Heterogeneous nuclear ribonucleoprotein U

QS5T5P2 KIAA1217 0,03593 0,436 Sickle tail protein homolog

075843 AP1G2 0,04503 0,446 AP-1 complex subunit gamma-like 2

Q14571 ITPR2 0,04891 0,473 Inositol 1_4_5-trisphosphate receptor type 2

Q00610 CLTC 0,01460 0,495 Clathrin heavy chain 1

A6QL64 ANKRD36 0,00706 0,501 Ankyrin repeat domain-containing protein 36A

014802 POLR3A 0,02065 0,507 DNA-directed RNA polymerase III subunit RPC1

094875 SORBS2 0,02218 0,523 Sorbin and SH3 domain-containing protein 2

Q15293 RCN1 0,02394 0,529 Reticulocalbin-1
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QI9BXTS5 TEX15 0,03028 0,534 Testis-expressed protein 15

P05198 EIF2S1 0,04144 0,545 Eukaryotic translation initiation factor 2 subunit 1

P62318 SNRPD3 0,03507 0,567 Small nuclear ribonucleoprotein Sm D3

P34931 HSPAIL 0,02122 0,578 Heat shock 70 kDa protein 1-like

P55060 CSEIL 0,02204 0,587 Exportin-2

015254 ACOX3 0,03808 0,606 Peroxisomal acyl-coenzyme A oxidase 3

060522 TDRD6 0,04397 0,615 Tudor domain-containing protein 6

J3KTPO LRRC37B 0,01809 0,617 Leucine-rich repeat-containing protein 37B

Q6ECH4 ZNF470 0,04190 0,625 Zinc finger protein 470

Q96DY7 MTBP 0,03341 0,646 Mdm2-binding protein

Q15751 HERC1 0,02849 0,651 Probable E3 ubiquitin-protein ligase HERC1

QI9NZJ4 SACS 0,00306 0,653 Sacsin

F5GZ90 DTL 0,02898 0,665 Denticleless protein homolog

P18583 SON 0,02760 0,672 Protein SON
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P60174 TPI1 0,04628 0,681 Triosephosphate isomerase

Q15365 PCBP1 0,00872 0,690 Poly(rC)-binding protein 1

014974 PPP1R12A 0,03974 0,700 Protein phosphatase 1 regulatory subunit 12A

P62913 RPL11 0,00169 0,716 60S ribosomal protein L11

A8MUS3 RPL23A 0,01273 0,720 60S ribosomal protein L23a

Q8NFF5 FLADI1 0,01098 0,726 FAD synthase

P27824 CANX 0,02752 0,733 Calnexin

060706 ABCC9 0,02963 0,739 ATP-binding cassette sub-family C member 9

Q9C005 DPY30 0,01634 0,740 Protein dpy-30 homolog

F5GZQ3 HADHB 0,01294 0,747 Trifunctional enzyme subunit beta_ mitochondrial

P27797 CALR 0,00041 0,751 Calreticulin

Q6SJ93 FAMI111B 0,00704 0,760 Protein FAM111B

Q29RF7 PDS5A 0,01520 0,780 Sister chromatid cohesion protein PDS5 homolog A

Q8I1ZQ8 MYOCD 0,04694 0,783 Myocardin
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HOY786 NEB 0,00660 0,784 Nebulin (Fragment)

P19338 NCL 0,01222 0,798 Nucleolin

Q9HAUO PLEKHAS 0,00190 0,808 Pleckstrin homology domain-containing family A member 5

Q13009 TIAM1 0,02785 0,832 T-lymphoma invasion and metastasis-inducing protein 1

P60953 CDC42 0,04939 0,838 Cell division control protein 42 homolog

AOAOG2JNL  MUC4 0,00265 0,848 Mucin-4

H

Q77333 SETX 0,04530 0,848 Probable helicase senataxin

P32119 PRDX2 0,00587 0,851 Peroxiredoxin-2

Q9Y281 CFL2 0,01611 0,857 Cofilin-2

QI9NZL3 ZNF224 0,02029 0,887 Zinc finger protein 224

CoJoJ7 PFN2 0,04268 0,895 Profilin

QI9YS5HS5 PCDHA9 0,04726 0,902 Protocadherin alpha-9

C9J5X1 IGFIR 0,00757 0,907 Tyrosine-protein kinase receptor

C9JET2 IQCE 0,01534 0,910 1Q domain-containing protein E (Fragment)
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P08237 PFKM 0,00653 0,920 ATP-dependent 6-phosphofructokinase_ muscle type

Q9HB71 CACYBP 0,02149 0,932 Calcyclin-binding protein

Q12774 ARHGEF5 0,03187 0,938 Rho guanine nucleotide exchange factor 5

Q68CZ2 TNS3 0,01034 0,944 Tensin-3

H7C3D3 ZYX 0,03972 0,967 Zyxin (Fragment)

Q15056 EIF4H 0,02939 0,975 Eukaryotic translation initiation factor 4H

P62805 HIST1H4A 0,01136 0,975 Histone H4

AOAOAOMQ  LAMA4 0,03959 0,984 Laminin subunit alpha-4
S9

Q10472 GALNTI1 0,02727 0,993 Polypeptide N-acetylgalactosaminyltransferase 1

QI9BZQ8 FAMI129A 0,02190 0,998 Protein Niban

P46060 RANGAPI 0,01399 1,003 Ran GTPase-activating protein 1

P12111 COL6A3 0,03207 1,006 Collagen alpha-3(VI) chain

QIUI33 SCNII1A 0,00538 1,009 Sodium channel protein type 11 subunit alpha

Q2M218 ZNF630 0,02942 1,018 Zinc finger protein 630
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QI9Y6KS OAS3 0,01725 1,032 2'-5'-oligoadenylate synthase 3

AOA0C4DG8 DDX46 0,02257 1,038 Probable ATP-dependent RNA helicase DDX46

H

Q15746 MYLK 0,01852 1,050 Myosin light chain kinase_ smooth muscle

QINS87 KIF15 0,00091 1,056 Kinesin-like protein KIF15

Q66K74 MAPIS 0,00984 1,059 Microtubule-associated protein 1S

QI9YOM1 IGF2BP2 0,02410 1,071 Insulin-like growth factor 2 mRNA-binding protein 2

P51991 HNRNPA3 0,01254 1,081 Heterogeneous nuclear ribonucleoprotein A3

B1AQK®6 CACNAIB 0,04320 1,095 Voltage-dependent N-type calcium channel subunit alpha

QIUNU6 CYP8B1 0,04176 1,131 7-alpha-hydroxycholest-4-en-3-one 12-alpha-hydroxylase

P23528 CFL1 0,01721 1,139 Cofilin-1

Q5VZLS5 ZMYM4 0,04605 1,164 Zinc finger MYM-type protein 4

096013 PAK4 0,04477 1,172 Serine/threonine-protein kinase PAK 4

QO6NSJ2 PHLDB3 0,00070 1,173 Pleckstrin homology-like domain family B member 3

MOROP8 MYO9B 0,04557 1,174 Unconventional myosin-IXb
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015037 KHNYN 0,04178 1,182 Protein KHNYN

075899 GABBR2 0,02634 1,223 Gamma-aminobutyric acid type B receptor subunit 2

000506 STK25 0,03548 1,233 Serine/threonine-protein kinase 25

Q8WUM4 PDCD6IP 0,00576 1,238 Programmed cell death 6-interacting protein

Q92545 TMEM131 0,03431 1,244 Transmembrane protein 131

Q5SNV9 Clorf167 0,01390 1,250 Uncharacterized protein Clorf167

AOAO87WZR  PYCR2 0,01029 1,254 Pyrroline-5-carboxylate reductase

H

G5E962 MAGEAI1 0,00051 1,269 Melanoma antigen family A_ 11_isoform CRA_a

QI9BW19 KIFC1 0,01861 1,275 Kinesin-like protein KIFC1

015084 ANKRD28 0,02458 1,288 Serine/threonine-protein phosphatase 6 regulatory ankyrin repeat subunit A

P22079 LPO 0,04136 1,295 Lactoperoxidase

AOAOG2JHL  GPANKI1 0,00141 1,321 G patch domain and ankyrin repeat-containing protein 1

H

P38159 RBMX 0,00602 1,333 RNA-binding motif protein_ X chromosome

AOAOAOMS CHDIL 0,00488 1,336 Chromodomain-helicase-DNA-binding protein 1-like
H9
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Q86TIO TBC1D1 0,01690 1,350 TBC1 domain family member 1

Q8IZU2 WDR17 0,00326 1,357 WD repeat-containing protein 17

P62269 RPS18 0,01035 1,366 40S ribosomal protein S18

E9PG32 DNAHI12 0,04648 1,368 Dynein heavy chain 12_ axonemal

P31949 S100A11 0,03682 1,380 Protein S100-A11

Q9P2J9 PDP2 0,00419 1,385 [Pyruvate dehydrogenase [acetyl-transferring]]-phosphatase 2_ mitochondrial

FSHOF9 ANAPCS 0,00603 1,391 Anaphase-promoting complex subunit 5

Q15643 TRIP11 0,00898 1,414 Thyroid receptor-interacting protein 11

AOAO087WU6  POLAIL 0,00234 1,427 DNA polymerase

H

QI96RV3 PCNX1 0,00057 1,449 Pecanex-like protein 1

Q9Y2HO DLGAP4 0,00107 1,452 Disks large-associated protein 4

QOIIM8 TBC1D8B 0,02294 1,463 TBC1 domain family member 8B

P30154 PPP2R1B 0,02056 1,480 Serine/threonine-protein phosphatase 2A 65 kDa regulatory subunit A beta isoform

Q9C0C2 TNKS1BP1 0,04353 1,529 182 kDa tankyrase-1-binding protein
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Q9H6TO ESRP2 0,02584 1,542 Epithelial splicing regulatory protein 2

P54257 HAP1 0,04058 1,553 Huntingtin-associated protein 1

P49792 RANBP2 0,01095 1,571 E3 SUMO-protein ligase RanBP2

A2VDIJO KIAA0922 0,02029 1,604 Transmembrane protein 131-like

P31930 UQCRC1 0,00190 1,611 Cytochrome b-c1 complex subunit 1_ mitochondrial

QI9UBF2 COPG2 0,00446 1,634 Coatomer subunit gamma-2

Q8TBYO RBM46 0,01695 1,639 Probable RNA-binding protein 46

Q9Y4E6 WDR7 0,00237 1,649 ‘WD repeat-containing protein 7

E9PKB1 CCDC15 0,04755 1,657 Coiled-coil domain-containing protein 15

Q92917 GPKOW 0,04981 1,680 G patch domain and KOW motifs-containing protein

Q5M775 SPECC1 0,01726 1,712 Cytospin-B

000203 AP3B1 0,00288 1,724 AP-3 complex subunit beta-1

P14866 HNRNPL 0,01344 1,770 Heterogeneous nuclear ribonucleoprotein L

P35613 BSG 0,00042 1,783 Basigin

043361 ZNF749 0,01009 1,812 Zinc finger protein 749
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Q8WYAO IFT81 0,00150 1,819 Intraflagellar transport protein 81 homolog

AOAO087X1I8  ARMC9 0,00668 1,827 LisH domain-containing protein ARMC9

P24043 LAMA2 0,04393 1,832 Laminin subunit alpha-2

P15121 AKRIB1 0,03651 1,847 Aldose reductase

P07996 THBS1 0,00141 1,858 Thrombospondin-1

Q13621 SLC12A1 0,00938 1,876 Solute carrier family 12 member 1

QO6PJI9 WDR59 0,03224 1,880 WD repeat-containing protein 59

Q96EPO RNF31 0,00466 1,900 E3 ubiquitin-protein ligase RNF31

J3QS41 HELZ 0,00144 1,931 Probable helicase with zinc finger domain

Q68DUS KCTD16 0,04584 1,951 BTB/POZ domain-containing protein KCTD16

P26641 EEF1G 0,03047 1,988 Elongation factor 1-gamma

Q9Y613 FHOD1 0,03101 2,030 FH1/FH2 domain-containing protein 1

Q8NIF8 ZNF454 0,03384 2,046 Zinc finger protein 454

Q01581 HMGCS1 0,01691 2,078 Hydroxymethylglutaryl-CoA synthase_ cytoplasmic
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QI9Y2L8 ZKSCAN5 0,02883 2,083 Zinc finger protein with KRAB and SCAN domains 5

P28072 PSMB6 0,01508 2,091 Proteasome subunit beta type-6

014829 PPEF1 0,00285 2,140 Serine/threonine-protein phosphatase with EF-hands 1

QY9BZF1 OSBPLS 0,02430 2,171 Oxysterol-binding protein-related protein 8

QINVT2 ZNF701 0,00001 2,182 Zinc finger protein 701

Q9HO078 CLPB 0,01333 2,261 Caseinolytic peptidase B protein homolog

Q9H792 PEAKI1 0,03530 2,267 Pseudopodium-enriched atypical kinase 1

095782 AP2A1 0,00295 2,289 AP-2 complex subunit alpha-1

P09958 FURIN 0,00092 2,324 Furin

000534 VWASA 0,00127 2,357 von Willebrand factor A domain-containing protein SA

Q15637 SF1 0,01897 2,391 Splicing factor 1

Q5HYC2 KIAA2026 0,00890 2,396 Uncharacterized protein KIAA2026

Q7KZF4 SND1 0,00155 2,405 Staphylococcal nuclease domain-containing protein 1

Q8IWZ3 ANKHD1 0,01416 2,425 Ankyrin repeat and KH domain-containing protein 1

QINRO9 BIRC6 0,03325 2,457 Baculoviral IAP repeat-containing protein 6
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AOAO087X0T  MYH7B 0,03425 2,490 Myosin-7B

H

Q06455 RUNXITI1 0,01695 2,679 Protein CBFA2T1

QI9UKN7 MYOI15A 0,03221 2,711 Unconventional myosin-XV

E7ERKS ARHGAP44 0,01739 2,723 Rho GTPase-activating protein 44

QI9UBGO MRC2 0,01903 2,779 C-type mannose receptor 2

P07355 ANXA2 0,00550 2,796 Annexin A2

Q6NV74 KIAAI211L 0,00365 2,904 Uncharacterized protein KIAA1211-like

QI9H2CO GAN 0,00219 2,951 Gigaxonin

A1KZ92 PXDNL 0,03737 3,007 Peroxidasin-like protein

Q7Z3E2 CCDC186 0,00434 3,105 Coiled-coil domain-containing protein 186

Q58EX7 PLEKHG4 0,00477 3,133 Puratrophin-1

QIBZAS8 PCDHI11Y 0,01517 3,143 Protocadherin-11 Y-linked

QI9P2R3 ANKFY1 0,01008 3,206 Rabankyrin-5

Q15021 NCAPD2 0,04293 3,257 Condensin complex subunit 1
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P61289 PSME3 0,01859 3,279 Proteasome activator complex subunit 3

QI9Y2G8 DNAJC16 0,02575 3,433 DnaJ homolog subfamily C member 16

Q6P2C0O ‘WDR93 0,00312 3,513 ‘WD repeat-containing protein 93

Q15238 PSG5 0,00395 3,713 Pregnancy-specific beta-1-glycoprotein 5

Q15459 SF3A1 0,00081 3,822 Splicing factor 3A subunit 1

QouJu2 LEF1 0,00703 3,847 Lymphoid enhancer-binding factor 1

015014 ZNF609 0,00718 3,960 Zinc finger protein 609

AOAO87WY9  SLC6A6 0,00169 4,013 Transporter

H

Q9H7FO ATP13A3 0,02162 4,133 Probable cation-transporting ATPase 13A3

QI9HCS4 TCF7L1 0,00384 4312 Transcription factor 7-like 1

J3KNI1 COG4 0,00533 4,444 Conserved oligomeric Golgi complex subunit 4

P15313 ATP6VI1B1 0,00030 4,698 V-type proton ATPase subunit B_ kidney isoform

QI9Y5G2 PCDHGB2 0,04291 4,901 Protocadherin gamma-B2

AOAO8TWW RSBN1 0,00221 5,227 Round spermatid basic protein 1
P8
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060494 CUBN 0,03207 5477

E2QRB3 PYCR1 0,00001 5,548 Pyrroline-5-carboxylate reductase 1_ isoform CRA_c

QIBXT8 RNF17 0,02227 5,808 RING finger protein 17

Q2TAY7 SMU1 0,00014 6,545 ‘WD40 repeat-containing protein SMU1

H3BTQ3 SLCI19A1 0,00940 7,456 Folate transporter 1
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Table 2: Proteins affected by haloperidol treatment

Table 2 - Proteins affected by haloperidol treatment

Q12834 CDC20 0,00698 -10,28  Cell division cycle protein 20 homolog

Q9BV20 MRI1 0,00045 -8,79  Methylthioribose-1-phosphate isomerase

Q13733 ATP1A4 0,00618 -7,53  Sodium/potassium-transporting ATPase subunit alpha-4

Q8NSA2 ANKRD44 0,00381 -6,99  Serine/threonine-protein phosphatase 6 regulatory ankyrin repeat subunit B

P36871 PGM1 0,01503 -6,69  Phosphoglucomutase-1

POCOLA C4A 0,01022 -6,05 Complement C4-A

P68431 HIST1H3A 0,03526 -5,21  Histone H3.1

P00450 CP 0,00005 -4,99  Ceruloplasmin

Q14147 DHX34 0,00445 -4,44  Probable ATP-dependent RNA helicase DHX34

QIUPY3 DICER1 0,01409 -4,01  Endoribonuclease Dicer

075477 ERLIN1 0,00454 -3,89  Erlin-1

Q5VIYS ZNF468 0,00147 -3,77  Zinc finger protein 468
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Q9HB71 CACYBP 0,00195 -3,63  Calcyclin-binding protein

Q92794 KAT6A 0,03590 -3,61  Histone acetyltransferase KAT6A

P11802 CDK4 0,00026 -3,46  Cyclin-dependent kinase 4

QI9UHIJ3 SFMBT1 0,01020 -3,44  Scm-like with four MBT domains protein 1

Q9Y613 FHOD1 0,00064 -3,31  FHI1/FH2 domain-containing protein 1

QI9ULI3 HEG1 0,00157 -3,29  Protein HEG homolog 1

Q5VT382 PCDH9 0,01328 -3,18  Protocadherin 9

QIUKY4 POMT2 0,00245 -3,11  Protein O-mannosyl-transferase 2

Q9UN37 VPS4A 0,01400 -3,07  Vacuolar protein sorting-associated protein 4A

A6NKF2 ARID3C 0,01087 -3,00  AT-rich interactive domain-containing protein 3C

AO0A087X176  QSOX2 0,01059 -2,94  Sulfhydryl oxidase

P26006 ITGA3 0,01813 -2,88  Integrin alpha-3

Q8WUT4 LRRN4 0,00077 -2,78  Leucine-rich repeat neuronal protein 4

A6NES2 WDR97 0,01094 -2,74 WD repeat-containing protein 97

QIP243 ZFAT 0,00199 -2,56  Zinc finger protein ZFAT



10

o

QI9H2K8 TAOK3 0,00352 -2,53  Serine/threonine-protein kinase TAO3

Q96AY4 TTC28 0,00705 -2,46  Tetratricopeptide repeat protein 28

F5H6I7 ATL3 0,00063 -2,42  Atlastin-3

AOAO087WUL  PSMD13 0,04146 -2,34  26S proteasome non-ATPase regulatory subunit 13

H

P55145 MANF 0,00001 -2,33  Mesencephalic astrocyte-derived neurotrophic factor

095785 WIZ 0,00000 -2,30  Protein Wiz

Q8N465 D2HGDH 0,04871 -2,27  D-2-hydroxyglutarate dehydrogenase, mitochondrial

P04818 TYMS 0,00216 -2,19  Thymidylate synthase

Q58FG1 HSPO9OAA4P 0,01514 -2,11  Putative heat shock protein HSP 90-alpha A4

Q2PPJ7 RALGAPA2 0,00225 -2,07  Ral GTPase-activating protein subunit alpha-2

Q9COD5 TANCI1 0,01295 -2,06  Protein TANC1

P62942 FKBPIA 0,02875 -2,03  Peptidyl-prolyl cis-trans isomerase FKBP1A

Q99714 HSD17B10 0,00420 -2,01  3-hydroxyacyl-CoA dehydrogenase type-2

QI9P2D7 DNAH1 0,00400 -1,99  Dynein heavy chain 1, axonemal
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P28702 RXRB 0,04146 -1,98  Retinoic acid receptor RXR-beta

QI9YO6E2 BzZw2 0,00799 -1,95  Basic leucine zipper and W2 domain-containing protein 2

P51665 PSMD7 0,00220 -1,94 268 proteasome non-ATPase regulatory subunit 7

P13056 NR2C1 0,01513 -1,91  Nuclear receptor subfamily 2 group C member 1

Q9BQ70 TCF25 0,01617 -1,91  Transcription factor 25

Q969G9 NKD1 0,01773 -1,89  Protein naked cuticle homolog 1

Q9HBRO SLC38A10 0,00601 -1,89  Putative sodium-coupled neutral amino acid transporter 10

P00441 SOD1 0,00069 -1,88  Superoxide dismutase [Cu-Zn]

C9JJ19 MRPS34 0,04082 -1,86  28S ribosomal protein S34, mitochondrial

K7EQA1 PDCDS5 0,00290 -1,83  Programmed cell death protein 5

Q2UY09 COL28A1 0,00215 -1,82  Collagen alpha-1(XXVIII) chain

P31930 UQCRC1 0,00539 -1,80  Cytochrome b-c1 complex subunit 1, mitochondrial

P04899 GNAI2 0,04149 -1,77  Guanine nucleotide-binding protein G(i) subunit alpha-2

QIUHI8 ADAMTS1 0,00255 -1,76 A disintegrin and metalloproteinase with thrombospondin motifs 1
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QOVDF9 HSPA14 0,01616 -1,75  Heat shock 70 kDa protein 14

Q01780 EXOSC10 0,02082 -1,74  Exosome component 10

Q6B0I6 KDM4D 0,03645 -1,72  Lysine-specific demethylase 4D

Q5BJF6 ODF2 0,02141 -1,70  Outer dense fiber protein 2

P12821 ACE 0,00435 -1,67  Angiotensin-converting enzyme

Q5VWN6 FAM208B 0,01877 -1,66  Protein FAM208B

P11182 DBT 0,00924 -1,65  Lipoamide acyltransferase component of branched-chain alpha-keto acid dehydrogenase complex, mitochondrial

Q15262 PTPRK 0,03510 -1,63  Receptor-type tyrosine-protein phosphatase kappa

P09467 FBP1 0,01850 -1,61  Fructose-1,6-bisphosphatase 1

QI9BVAI TUBB2B 0,00011 -1,60  Tubulin beta-2B chain

P53618 COPB1 0,03798 -1,58  Coatomer subunit beta

QIP218 COL20A1 0,00028 -1,58  Collagen alpha-1(XX) chain

QI9Y5F6 PCDHGCS5 0,03038 -1,55  Protocadherin gamma-C5

P57721 PCBP3 0,00695 -1,55  Poly(rC)-binding protein 3

QINZJ4 SACS 0,00022 -1,54  Sacsin
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Q8TDY2 RB1CC1 0,00239 -1,52  RBI-inducible coiled-coil protein 1

Q9BWE3 RBM4 0,00283 -1,52 RNA-binding protein 4

QI6N46 TTC14 0,00010 -1,50  Tetratricopeptide repeat protein 14

Q99447 PCYT2 0,00051 -1,49  Ethanolamine-phosphate cytidylyltransferase

Q9Y5GY PCDHGA4 0,01122 -1,48  Protocadherin gamma-A4

P62258 YWHAE 0,00216 -1,47  14-3-3 protein epsilon

QYNPQS RIC8A 0,03052 -1,46  Synembryn-A

QIBYX4 IFIH1 0,01365 -1,43  Interferon-induced helicase C domain-containing protein 1

P07858 CTSB 0,00192 -1,42  Cathepsin B

060486 PLXNCI1 0,00379 -1,41  Plexin-C1

Q8IVEFS TIAM2 0,00003 -1,40  T-lymphoma invasion and metastasis-inducing protein 2

000541 PES1 0,01197 -1,40  Pescadillo homolog

Q8IW19 APLF 0,02405 -1,40  Aprataxin and PNK-like factor

P51617 IRAK1 0,00531 -1,38  Interleukin-1 receptor-associated kinase 1
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H3BTX9 ACSM2B 0,01447 -1,36  Acyl-coenzyme A synthetase ACSM2B, mitochondrial

P47756 CAPZB 0,00955 -1,35  F-actin-capping protein subunit beta

P08758 ANXAS 0,04364 -1,34  Annexin AS

QI9CO0A1 ZFHX2 0,00682 -1,33  Zinc finger homeobox protein 2

P67870 CSNK2B 0,01688 -1,32  Casein kinase II subunit beta

075083 WDR1 0,04975 -1,32 WD repeat-containing protein 1

P51858 HDGF 0,00051 -1,31  Hepatoma-derived growth factor

QIBYU1 PBX4 0,00583 -1,31  Pre-B-cell leukemia transcription factor 4

Q5VSYO0 GKAP1 0,00170 -1,30 G kinase-anchoring protein 1

Q01432 AMPD3 0,03301 -1,28  AMP deaminase 3

Q92598 HSPH1 0,00046 -1,28  Heat shock protein 105 kDa

QINVE5 USP40 0,00047 -1,27  Ubiquitin carboxyl-terminal hydrolase 40

A6QL64 ANKRD36 0,00277 -1,26  Ankyrin repeat domain-containing protein 36A

Q13330 MTAI 0,00706 -1,23  Metastasis-associated protein MTA1

B5MCKS8 GGT2 0,00057 -1,23  Inactive gamma-glutamyltranspeptidase 2



10

(4]

094989 ARHGEF15 0,03998 -1,21  Rho guanine nucleotide exchange factor 15

QINVH1 DNAIC11 0,01197 -1,19  Dnal homolog subfamily C member 11

P24534 EEF1B2 0,00016 -1,18  Elongation factor 1-beta

P31689 DNAJA1 0,00001 -1,18  DnaJ homolog subfamily A member 1

Q5T4US5 ACADM 0,02818 -1,17  Acyl-Coenzyme A dehydrogenase, C-4 to C-12 straight chain, isoform CRA_a

P49790 NUP153 0,00675 -1,17  Nuclear pore complex protein Nup153

Q5QNZ2 ATP5F1 0,02896 -1,16  ATP synthase F(0) complex subunit B1, mitochondrial

Q13233 MAP3K1 0,00079 -1,16  Mitogen-activated protein kinase kinase kinase 1

P28066 PSMAS 0,01963 -1,14  Proteasome subunit alpha type-5

Q14240 EIF4A2 0,00678 -1,12  Eukaryotic initiation factor 4A-I1

075128

0,04859 -1,12  Protein cordon-bleu

P52815 MRPL12 0,00055 -1,11 39S ribosomal protein L12, mitochondrial

Q15389 ANGPT1 0,00068 -1,11  Angiopoietin-1

014782 KIF3C 0,03293 -1,11  Kinesin-like protein KIF3C
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Q02750 MAP2K1 0,00675 -1,10  Dual specificity mitogen-activated protein kinase kinase 1

AOA087WV6  ZBTB44 0,03969 -1,09  Zinc finger and BTB domain-containing protein 44

H

AOAOAOMTS  GPI 0,00001 -1,09  Glucose-6-phosphate isomerase (Fragment)

H

014686 KMT2D 0,00563 -1,08  Histone-lysine N-methyltransferase 2D

A3KMH1 VWAS 0,00841 -1,08  von Willebrand factor A domain-containing protein 8

QI9ULVO MYO5B 0,04863 -1,07  Unconventional myosin-Vb

Q12873 CHD3 0,00058 -1,04  Chromodomain-helicase-DNA-binding protein 3

P55283 CDH4 0,00102 -1,04  Cadherin-4

043765 SGTA 0,00000 -1,02  Small glutamine-rich tetratricopeptide repeat-containing protein alpha

P62081 RPS7 0,00052 -1,02  40S ribosomal protein S7

Q86V81 ALYREF 0,00015 -1,02  THO complex subunit 4

Q00534 CDK6 0,00029 -1,01  Cyclin-dependent kinase 6

P98179 RBM3 0,00000 -1,01  RNA-binding protein 3

Q15459 SF3Al1 0,00622 -1,00  Splicing factor 3A subunit 1
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P20839 IMPDH1 0,01310 -0,99  Inosine-5'-monophosphate dehydrogenase 1

AOAO087TWV METTLI10 0,00931 -0,99  Protein-lysine N-methyltransferase METTL10

|

P02751 FN1 0,02334 -0,98  Fibronectin

000468 AGRN 0,00607 -0,98  Agrin

095834 EML2 0,00662 -0,97  Echinoderm microtubule-associated protein-like 2

Q04637 EIF4G1 0,04591 -0,97  Eukaryotic translation initiation factor 4 gamma 1

CIJI87 VDACI1 0,01849 -0,96  Voltage-dependent anion-selective channel protein 1 (Fragment)

QI9Y5M8 SRPRB 0,04803 -0,95  Signal recognition particle receptor subunit beta

QOVDDS8 DNAH14 0,03128 -0,95 Dynein heavy chain 14, axonemal

P15822 HIVEP1 0,00043 -0,95  Zinc finger protein 40

P49721 PSMB2 0,01830 -0,94  Proteasome subunit beta type-2

P57737 CORO7 0,01663 -0,93  Coronin-7

P62266 RPS23 0,00055 -0,92 408 ribosomal protein S23

B0QZ18 CPNEL1 0,01008 -0,91  Copine-1
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Q149M9 NWD1 0,00260 -0,91 NACHT domain- and WD repeat-containing protein 1

Q14BN4 SLMAP 0,00052 -0,89  Sarcolemmal membrane-associated protein

Q15029 EFTUD2 0,00470 -0,89 116 kDa US small nuclear ribonucleoprotein component

P18206 VCL 0,01523 -0,88  Vinculin

Q8NC51 SERBP1 0,00004 -0,87  Plasminogen activator inhibitor 1 RNA-binding protein

Q7722Y5 NRK 0,00189 -0,87  Nik-related protein kinase

Q969P6 TOPIMT 0,00003 -0,87  DNA topoisomerase I, mitochondrial

P10809 HSPD1 0,00000 -0,86 60 kDa heat shock protein, mitochondrial

QIONVE7 PANK4 0,04522 -0,86  Pantothenate kinase 4

095613 PCNT 0,00412 -0,85  Pericentrin

E9PAV3 NACA 0,00110 -0,85  Nascent polypeptide-associated complex subunit alpha, muscle-specific form

W4VSQ9 TRIP10 0,00355 -0,85  Cdc42-interacting protein 4

Q07021 C1QBP 0,01256 -0,84  Complement component 1 Q subcomponent-binding protein, mitochondrial

060341 KDMIA 0,00647 -0,83  Lysine-specific histone demethylase 1A
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P50213 IDH3A 0,03926 -0,83  Isocitrate dehydrogenase [NAD] subunit alpha, mitochondrial

POCOSS H2AFZ 0,00034 -0,82  Histone H2A.Z

P17987 TCP1 0,00050 -0,81  T-complex protein 1 subunit alpha

P05141 SLC25A5 0,01011 -0,81  ADP/ATP translocase 2

076094 SRP72 0,00022 -0,80  Signal recognition particle subunit SRP72

QI9HCK4 ROBO2 0,00270 -0,80  Roundabout homolog 2

P00338 LDHA 0,00510 -0,79  L-lactate dehydrogenase A chain

Q9Y285 FARSA 0,00029 -0,78  Phenylalanine--tRNA ligase alpha subunit

VOGYD9 CELF2 0,01657 -0,78  CUGBP Elav-like family member 2

P21817 RYRI1 0,01704 -0,77  Ryanodine receptor 1

P78371 CCT2 0,00075 -0,76  T-complex protein 1 subunit beta

E7EMC7 SQSTM1 0,03595 -0,76  Sequestosome-1

Q8TDM6 DLG5 0,00001 -0,76  Disks large homolog 5

P62263 RPS14 0,00758 -0,75 408 ribosomal protein S14
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Q5T3Q7 HEATRI1 0,00522 -0,75  HEAT repeat-containing protein 1

P23526 AHCY 0,00017 -0,74  Adenosylhomocysteinase

P49207 RPL34 0,00000 -0,74  60S ribosomal protein L34

Q8NBIJ5 COLGALTI1 0,00275 -0,73  Procollagen galactosyltransferase 1

QIUL12 SARDH 0,01587 -0,72  Sarcosine dehydrogenase, mitochondrial

Q14974 KPNBI1 0,00011 -0,72  Importin subunit beta-1

015090 ZNF536 0,02138 -0,72  Zinc finger protein 536

J3KQ96 TCOF1 0,00622 -0,71  Treacle protein (Fragment)

P39019 RPS19 0,00002 -0,71  40S ribosomal protein S19

Q8IWDS MFSD6L 0,00050 -0,71  Major facilitator superfamily domain-containing protein 6-like

P46783 RPS10 0,01647 -0,70  40S ribosomal protein S10

Q9C0G6 DNAH6 0,04467 -0,69  Dynein heavy chain 6, axonemal

H7BXEOQ ARHGAP40 0,00925 -0,69  Rho GTPase-activating protein 40 (Fragment)

P07195 LDHB 0,00048 -0,69  L-lactate dehydrogenase B chain

QIY6M1 IGF2BP2 0,01098 -0,68  Insulin-like growth factor 2 mRNA-binding protein 2
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Q9Y265 RUVBLI 0,01302 -0,68 RuvB-like 1

P62937 PPIA 0,00003 -0,67  Peptidyl-prolyl cis-trans isomerase A

P49458 SRP9 0,00013 -0,67  Signal recognition particle 9 kDa protein

Q05639 EEF1A2 0,00990 -0,67  Elongation factor 1-alpha 2

P62277 RPS13 0,00688 -0,67 408 ribosomal protein S13

P60866 RPS20 0,00003 -0,66  40S ribosomal protein S20

Q9Y262 EIF3L 0,00086 -0,65 Eukaryotic translation initiation factor 3 subunit L

P14649 MYL6B 0,01459 -0,65 Myosin light chain 6B

P12236 SLC25A6 0,03299 -0,65 ADP/ATP translocase 3

Q16363 LAMA4 0,01606 -0,64 Laminin subunit alpha-4

P26038 MSN 0,01751 -0,64  Moesin

Q6W3E5 GDPD4 0,02994 -0,64  Glycerophosphodiester phosphodiesterase domain-containing protein 4

E9PM69 PSMC3 0,00296 -0,64  26S protease regulatory subunit 6A

QIH501 ESF1 0,03083 -0,64  ESF1 homolog
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Q02878 RPL6 0,00051 -0,63  60S ribosomal protein L6

P49454 CENPF 0,01657 -0,63  Centromere protein F

P28072 PSMB6 0,00029 -0,63  Proteasome subunit beta type-6

Q13418 ILK 0,00120 -0,62  Integrin-linked protein kinase

014522 PTPRT 0,03788 -0,62  Receptor-type tyrosine-protein phosphatase T

Q92901 RPL3L 0,01556 -0,61  60S ribosomal protein L3-like

Q13185 CBX3 0,00009 -0,60  Chromobox protein homolog 3

P50914 RPL14 0,00002 -0,60  60S ribosomal protein L14

014617 AP3D1 0,00008 -0,60  AP-3 complex subunit delta-1

QIUI30 TRMT112 0,00003 -0,60  Multifunctional methyltransferase subunit TRM112-like protein

P17661 DES 0,00016 -0,59  Desmin

Q7L014 DDX46 0,00556 -0,59  Probable ATP-dependent RNA helicase DDX46

P07954 FH 0,00111 -0,59  Fumarate hydratase, mitochondrial

J3KPS3 ALDOA 0,01104 -0,59  Fructose-bisphosphate aldolase

P49368 CCT3 0,00246 -0,59  T-complex protein 1 subunit gamma
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Q92973 TNPO1 0,00067 -0,58  Transportin-1

P49773 HINT1 0,00046 -0,57  Histidine triad nucleotide-binding protein 1

P51610 HCFC1 0,02168 -0,57 Host cell factor 1

Q9BZE4 GTPBP4 0,00646 -0,57  Nucleolar GTP-binding protein 1

P30041 PRDX6 0,00014 -0,56  Peroxiredoxin-6

P62857 RPS28 0,01273 -0,55  40S ribosomal protein S28

Q9Y266 NUDC 0,00018 -0,55  Nuclear migration protein nudC

043175 PHGDH 0,00021 -0,54  D-3-phosphoglycerate dehydrogenase

P61981 YWHAG 0,00056 -0,54  14-3-3 protein gamma

P49407 ARRBI1 0,00098 -0,53  Beta-arrestin-1

Q14697 GANAB 0,00142 -0,52  Neutral alpha-glucosidase AB

P40227 CCT6A 0,00257 -0,52  T-complex protein 1 subunit zeta

Q06830 PRDX1 0,00302 -0,52  Peroxiredoxin-1

Q12774 ARHGEF5 0,00817 -0,52  Rho guanine nucleotide exchange factor 5
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015031 PLXNB2 0,02755 -0,51  Plexin-B2

Q9Y6VO PCLO 0,02296 -0,51  Protein piccolo

P25705 ATP5A1 0,04246 -0,50  ATP synthase subunit alpha, mitochondrial

P18124 RPL7 0,03265 -0,49  60S ribosomal protein L7

P00451 F8 0,02233 -0,49  Coagulation factor VIII

Q13243 SRSF5 0,00385 -0,48  Serine/arginine-rich splicing factor 5

F8WOP7 ATPSB 0,02610 -0,48  ATP synthase subunit beta, mitochondrial (Fragment)

000148 DDX39A 0,00104 -0,48  ATP-dependent RNA helicase DDX39A

P46777 RPL5 0,03643 -0,48  60S ribosomal protein L5

Q9Y490 TLN1 0,01327 -0,47  Talin-1

P62917 RPLS8 0,00928 -0,47  60S ribosomal protein L8

P438681 NES 0,00004 -0,46  Nestin

Q9Y2X3 NOP58 0,00714 -0,46  Nucleolar protein 58

Q8NAV2 C8orf58 0,00023 -0,46  Uncharacterized protein C8orf58



11

(6]

QI9Y3B7 MRPLI11 0,02118 -0,46 39S ribosomal protein L11, mitochondrial

Q13435 SF3B2 0,01387 -0,46  Splicing factor 3B subunit 2

ASMUS3 RPL23A 0,04506 -0,45  60S ribosomal protein L23a

P54886 ALDHI18A1 0,00458 -0,45  Delta-1-pyrroline-5-carboxylate synthase

P04843 RPN1 0,03239 -0,45  Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 1

P61160 ACTR2 0,04175 -0,44  Actin-related protein 2

P04792 HSPB1 0,00808 -0,44  Heat shock protein beta-1

P18754 RCC1 0,04087 -0,44  Regulator of chromosome condensation

Q9H307 PNN 0,01152 -0,43  Pinin

P06748 NPM1 0,00043 -0,42  Nucleophosmin

P25398 RPS12 0,01184 -0,42 408 ribosomal protein S12

015217 GSTA4 0,02655 -0,41  Glutathione S-transferase A4

H3BLZS8 DDX17 0,00202 -0,40  Probable ATP-dependent RNA helicase DDX17

P20700 LMNB1 0,00268 -0,39  Lamin-B1

Q5TCY1 TTBK1 0,01113 -0,39  Tau-tubulin kinase 1
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P49915 GMPS 0,02733 -0,38  GMP synthase [glutamine-hydrolyzing]

PODMV9 HSPA1B 0,03212 -0,38  Heat shock 70 kDa protein 1B

P52272 HNRNPM 0,00047 -0,37  Heterogeneous nuclear ribonucleoprotein M

P29323 EPHB2 0,02439 -0,36  Ephrin type-B receptor 2

Q15417 CNN3 0,01088 -0,36  Calponin-3

Q13275 SEMA3F 0,00024 -0,35  Semaphorin-3F

Q8NBS9 TXNDCS 0,02854 -0,35  Thioredoxin domain-containing protein 5

P07237 P4HB 0,04018 -0,35  Protein disulfide-isomerase

Q16658 FSCN1 0,00106 -0,34  Fascin

Q9BS26 ERP44 0,03290 -0,33  Endoplasmic reticulum resident protein 44

AOAO87WTI  RABIB 0,02047 -0,31  Ras-related protein Rab-1B

H

P38570 ITGAE 0,00992 -0,30  Integrin alpha-E

Q14669 TRIP12 0,01695 -0,28  E3 ubiquitin-protein ligase TRIP12

P18084 ITGB5 0,04718 -0,27  Integrin beta-5
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P62805 HIST1H4A 0,01683 -0,25  Histone H4

P13010 XRCCS5 0,02362 -0,16  X-ray repair cross-complementing protein 5

P20742 pZP 0,00448 0,33 Pregnancy zone protein

Q70CQ4 USP31 0,02721 0,36 Ubiquitin carboxyl-terminal hydrolase 31

Q13315 ATM 0,00741 0,47  Serine-protein kinase ATM

P69905 HBAI 0,03632 0,50 Hemoglobin subunit alpha

P35637 FUS 0,01962 0,52 RNA-binding protein FUS

P61221 ABCE1 0,01823 0,55  ATP-binding cassette sub-family E member 1

P56282 POLE2 0,02514 0,57 DNA polymerase epsilon subunit 2

QIUKX3 MYHI13 0,03397 0,60 Myosin-13

Q15717 ELAVLI 0,01753 0,61  ELAV-like protein 1

Q14684 RRP1B 0,03771 0,62 Ribosomal RNA processing protein 1 homolog B

P49748 ACADVL 0,00363 0,63  Very long-chain specific acyl-CoA dehydrogenase, mitochondrial

P31939 ATIC 0,02321 0,64  Bifunctional purine biosynthesis protein PURH
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Q9Y5J7 TIMM9 0,03212 0,66  Mitochondrial import inner membrane translocase subunit Tim9

Q9YS5J1 UTP18 0,01567 0,72 U3 small nucleolar RNA-associated protein 18 homolog

Q9H6R4 NOL6 0,00211 0,73  Nucleolar protein 6

P62195 PSMC5 0,00107 0,74  26S protease regulatory subunit 8

AO0AQ075B739 CCDC187 0,02729 0,76  Coiled-coil domain-containing protein 187

075347 TBCA 0,02107 0,77  Tubulin-specific chaperone A

Q9H6U6 BCAS3 0,04307 0,79  Breast carcinoma-amplified sequence 3

P46821 MAP1B 0,04809 0,79  Microtubule-associated protein 1B

QI9Y2K3 MYHI15 0,02598 0,80  Myosin-15

Q8NI35 INADL 0,03769 0,82  InaD-like protein

Q9Y4L1 HYOU1 0,02256 0,83  Hypoxia up-regulated protein 1

015523 DDX3Y 0,01227 0,83 ATP-dependent RNA helicase DDX3Y

Q96PK6 RBM14 0,00018 0,85 RNA-binding protein 14

Q14204 DYNCI1H1 0,00166 0,85 Cytoplasmic dynein 1 heavy chain 1
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P24752 ACAT1 0,00519 0,87  Acetyl-CoA acetyltransferase, mitochondrial

P49006 MARCKSLL1 0,02705 0,88 MARCKS-related protein

E9PALS COL6AS 0,00322 0,89  Collagen alpha-5(VI) chain

Q13618 CUL3 0,00004 0,90 Cullin-3

Q7Z6E9 RBBP6 0,01610 0,91  E3 ubiquitin-protein ligase RBBP6

QIUKES5 TNIK 0,00036 0,91 TRAF2 and NCK-interacting protein kinase

Q9BQGO MYBBPIA 0,02073 0,91  Myb-binding protein 1A

QIULIJ3 ZBTB21 0,03545 0,92 Zinc finger and BTB domain-containing protein 21

QI9HCD6 TANC2 0,01860 0,93 Protein TANC2

Q5VT06 CEP350 0,03195 0,94  Centrosome-associated protein 350

AOAOAOMQ  MYER2 0,00009 0,95  Myelin expression factor 2
WO

P02768 ALB 0,00041 0,96  Serum albumin

015056 SYNIJ2 0,01578 0,98  Synaptojanin-2

QIY4G6 TLN2 0,01171 0,98  Talin-2
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Q6W4X9 MUC6 0,01601 1,01  Mucin-6

P01266 TG 0,01084 1,02 Thyroglobulin

P18583 SON 0,00425 1,03 Protein SON

Q9Y6D9 MADILL1 0,00052 1,04  Mitotic spindle assembly checkpoint protein MAD1

P35749 MYHI11 0,01500 1,05 Myosin-11

Q02388 COL7A1 0,00081 1,05 Collagen alpha-1(VII) chain

QINXF1 TEX10 0,04251 1,07  Testis-expressed sequence 10 protein

QY9HBV3 ECT2 0,00058 1,09  Protein ECT2

Q8TDZ2 MICALI1 0,02137 1,10  Protein-methionine sulfoxide oxidase MICALI1

P13639 EEF2 0,01659 1,10  Elongation factor 2

Q15311 RALBPI1 0,04591 1,12 RalA-binding protein 1

Q9UBB9 TFIP11 0,00380 1,13 Tuftelin-interacting protein 11

Q5JVLI4 EFHC1 0,00293 1,14  EF-hand domain-containing protein 1

Q92947 GCDH 0,02853 1,14 Glutaryl-CoA dehydrogenase, mitochondrial

QI9BY84 DUSP16 0,04091 1,15  Dual specificity protein phosphatase 16



12

—

Q05469 LIPE 0,01129 1,16  Hormone-sensitive lipase

014980 XPO1 0,00494 1,16  Exportin-1

075962 TRIO 0,00152 1,18  Triple functional domain protein

Q5JWE2 GNAS 0,00084 1,20 Guanine nucleotide-binding protein G(s) subunit alpha isoforms XLas

Q9P1Z9 CCDC180 0,00025 1,21 Coiled-coil domain-containing protein 180

P02765 AHSG 0,03289 1,21  Alpha-2-HS-glycoprotein

QI9BW19 KIFC1 0,00497 1,21 Kinesin-like protein KIFC1

AOA096LPG ~ HMCN2 0,04045 1,22 Hemicentin-2 (Fragment)

H

Q460NS5 PARP14 0,00053 1,22 Poly [ADP-ribose] polymerase 14

P46940 IQGAPI1 0,02241 1,24 Ras GTPase-activating-like protein IQGAP1

P61970 NUTF2 0,01140 1,25  Nuclear transport factor 2

Q07092 COL16A1 0,02235 1,26 Collagen alpha-1(XVI) chain

P21359 NF1 0,01371 1,27  Neurofibromin

A2PYH4 HFM1 0,01755 1,27 Probable ATP-dependent DNA helicase HFM 1
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P35626 ADRBK?2 0,00215 1,29  Beta-adrenergic receptor kinase 2

Q9HC10 OTOF 0,00286 1,32 Otoferlin

Q70J99 UNCI13D 0,00004 1,33 Protein unc-13 homolog D

QI9Y4F4 FAM179B 0,01498 1,34 Protein FAM179B

Q9UHC1 MLH3 0,00895 1,35 DNA mismatch repair protein M1h3

E7ESC9 WDR17 0,00002 1,36 WD repeat-containing protein 17

Q86WI3 NLRC5 0,02984 1,39 Protein NLRCS

Q08945 SSRP1 0,01730 1,41 FACT complex subunit SSRP1

060391 GRIN3B 0,00156 1,42 Glutamate receptor ionotropic, NMDA 3B

P10515 DLAT 0,04389 1,43 Dihydrolipoyllysine-residue acetyltransferase component of pyruvate dehydrogenase complex, mitochondrial

F8VUX9 ‘WDR90 0,00025 1,43 WD repeat-containing protein 90

Q96C92 SDCCAG3 0,00491 1,45  Serologically defined colon cancer antigen 3

Q9Y6D6 ARFGEF1 0,00066 1,46 Brefeldin A-inhibited guanine nucleotide-exchange protein 1

P42695 NCAPD3 0,01157 1,47  Condensin-2 complex subunit D3
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QINQX1 PRDM35 0,00214 1,47 PR domain zinc finger protein 5

060522 TDRD6 0,00273 1,48  Tudor domain-containing protein 6

060437 PPL 0,02795 1,49 Periplakin

Q5JQF8 PABPCIL2A 0,00517 1,50  Polyadenylate-binding protein 1-like 2

CoJIowW2 LASP1 0,03484 1,51 LIM and SH3 domain protein 1 (Fragment)

Q09161 NCBP1 0,00775 1,52 Nuclear cap-binding protein subunit 1

Q9P227 ARHGAP23 0,01950 1,55 Rho GTPase-activating protein 23

P14678 SNRPB 0,01014 1,55  Small nuclear ribonucleoprotein-associated proteins B and B'

014524 NEMP1 0,04960 1,58  Nuclear envelope integral membrane protein 1

Q8IVU3 HERC6 0,00033 1,60  Probable E3 ubiquitin-protein ligase HERC6

P63010 AP2B1 0,00004 1,60  AP-2 complex subunit beta

P13611 0,01980 1,63 Versican core protein

QI9P2N2 ARHGAP28 0,04480 1,65 Rho GTPase-activating protein 28

Q8NBJ9 SIDT2 0,03367 1,66  SID1 transmembrane family member 2
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Q7RTVO PHF5A 0,00542 1,67  PHD finger-like domain-containing protein SA

075140 DEPDC5 0,03011 1,68 DEP domain-containing protein 5

B1ANS9 WDR64 0,00622 1,70 WD repeat-containing protein 64

B4DUTS8 CNN2 0,00006 1,73 Calponin

Q726Z7 HUWEI1 0,01858 1,73 E3 ubiquitin-protein ligase HUWEL

Q9Y5HS5 PCDHA9 0,00682 1,73 Protocadherin alpha-9

Q2KHT3 CLEC16A 0,00001 1,74 Protein CLEC16A

014787 TNPO2 0,00001 1,75  Transportin-2

P39023 RPL3 0,00553 1,77  60S ribosomal protein L3

P35221 CTNNALI 0,00021 1,79  Catenin alpha-1

Q96LI5 CNOT6L 0,00117 1,80 CCR4-NOT transcription complex subunit 6-like

Q99965 ADAM2 0,00130 1,81 Disintegrin and metalloproteinase domain-containing protein 2

AOA087X0T  MYH7B 0,00005 1,81  Myosin-7B

H

Q5T5P2 KIAA1217 0,00089 1,85  Sickle tail protein homolog
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Q96SK2 TMEM209 0,00722 1,86  Transmembrane protein 209

Q14964 RAB39A 0,04122 1,88  Ras-related protein Rab-39A

Q8N4C6 NIN 0,00627 1,88  Ninein

S4R417 RPSI15 0,02983 1,89 40S ribosomal protein S15

QI96MR6 CFAP57 0,00000 1,90 Cilia- and flagella-associated protein 57

Q9HAUO PLEKHAS 0,04060 1,91  Pleckstrin homology domain-containing family A member 5

QI9NZL3 ZNF224 0,02361 1,94 Zinc finger protein 224

E9PEZ1 CUL9 0,02280 1,99  Cullin-9

Q6P1R3 MSANTD2 0,02204 2,00 Myb/SANT-like DNA-binding domain-containing protein 2

Q6ZVH7 ESPNL 0,00000 2,00 Espin-like protein

A2A3F7 TRPM3 0,00053 2,01 Transient receptor potential cation channel subfamily M member 3

Q96970 TBRG4 0,01850 2,03  Protein TBRG4

H3BNV2 NQO1 0,00073 2,04 NAD(P)H dehydrogenase [quinone] 1

G3V599 #VALOR! 0,01771 2,05 Uncharacterized protein
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Q9UNH7 SNX6 0,01373 2,05 Sorting nexin-6

Q5TA12 DOPEY1 0,00075 2,06 Protein dopey-1

HOY390 MACF1 0,00002 2,07  Microtubule-actin cross-linking factor 1, isoforms 1/2/3/5 (Fragment)

13L.2J0 CIC 0,02988 2,08  Protein capicua homolog

Q3KP44 ANKRDS55 0,01597 2,09  Ankyrin repeat domain-containing protein 55

Q13363 CTBP1 0,00075 2,10 C-terminal-binding protein 1

P20338 RAB4A 0,00013 2,11  Ras-related protein Rab-4A

Q8N6G6 ADAMTSLI1 0,00399 2,13 ADAMTS-like protein 1

P18054 ALOX12 0,01275 2,14 Arachidonate 12-lipoxygenase, 12S-type

Q772272 EFTUDI1 0,00070 2,15  Elongation factor Tu GTP-binding domain-containing protein 1

P53804 TTC3 0,00062 2,16  E3 ubiquitin-protein ligase TTC3

Q71F56 MEDI13L 0,00222 2,16  Mediator of RNA polymerase II transcription subunit 13-like

E9PEF1 PDE2A 0,00001 2,18 c¢GMP-dependent 3',5'-cyclic phosphodiesterase

075145 PPFIA3 0,00082 2,19  Liprin-alpha-3
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Q92783 STAM 0,00422 2,20  Signal transducing adapter molecule 1

QIUH46 DNAII 0,00253 2,22 Dynein intermediate chain 1, axonemal

E7ESZ3 PLEKHG2 0,00000 2,23 Pleckstrin homology domain-containing family G member 2

QI9BVP2 GNL3 0,04925 2,24 Guanine nucleotide-binding protein-like 3

Q2NLS82 TSR1 0,00764 2,27  Pre-rRNA-processing protein TSR1 homolog

AOAO087WVS MOB2 0,02063 2,29  MOB kinase activator 2

H

Q04912 MSTIR 0,00002 2,32 Macrophage-stimulating protein receptor

G3XAG5 CLCN4 0,01210 2,36 Chloride channel protein

014795 UNCI13B 0,00012 2,40  Protein unc-13 homolog B

F5H5D3 TUBAIC 0,00931 2,42 Tubulin alpha-1C chain

AOAO87WZA  FAM228B 0,00162 2,42 HCGI1820835, isoform CRA_a

H

Q8WX93 PALLD 0,00053 2,47 Palladin

E9PEJ6 ATP11A 0,00028 2,50  Phospholipid-transporting ATPase

G5E9CO SP110 0,02384 2,50  SP110 nuclear body protein, isoform CRA_b
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015085 ARHGEF11 0,00034 2,52 Rho guanine nucleotide exchange factor 11

060346 PHLPP1 0,02346 2,57 PH domain leucine-rich repeat-containing protein phosphatase 1

Q96RK4 BBS4 0,00149 2,60 Bardet-Biedl syndrome 4 protein

094856 NFASC 0,01239 2,62  Neurofascin

QO68ENS KIAA0895L 0,00004 2,65  Uncharacterized protein KIAA0895-like

Q99435 NELL2 0,01493 2,70  Protein kinase C-binding protein NELL2

H3BQG7 FBXO031 0,00093 2,73 F-box only protein 31

QS5SINZS RPS26P11 0,00317 2,74  Putative 40S ribosomal protein S26-like 1

Q7RTUY9 STRC 0,00002 2,75  Stereocilin

QI9NRL2 BAZIA 0,00129 2,77  Bromodomain adjacent to zinc finger domain protein 1A

Q9Y4F1 FARP1 0,00004 2,82 FERM, RhoGEF and pleckstrin domain-containing protein 1

Q14687 GSE1 0,00001 2,85  Genetic suppressor element 1

Q96M42 LINC00479 0,00055 2,85  Putative uncharacterized protein encoded by LINC00479

Q77388 DPY19L4 0,01020 2,86  Probable C-mannosyltransferase DPY 1914
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Q8NB66 UNCI13C 0,00007 2,88  Protein unc-13 homolog C

Q16836 HADH 0,00007 2,92  Hydroxyacyl-coenzyme A dehydrogenase, mitochondrial

Q5SRH9 TTC39A 0,01005 2,96  Tetratricopeptide repeat protein 39A

B5MCJ9 TRIM66 0,00733 2,98  Tripartite motif-containing protein 66

Q9Y228 TRAF3IP3 0,01199 3,01 TRAF3-interacting JNK-activating modulator

AOA0C4DG ZSCANSA 0,00034 3,03 Zinc finger and SCAN domain-containing protein SA
1

J3KQN4 RPL36A 0,01672 3,05 60S ribosomal protein L36a

Q06265 EXOSC9 0,00198 3,08 Exosome complex component RRP45

AOAOG2JLW  DLGAP2 0,00002 3,12 Disks large-associated protein 2

H

Q6ZMI3 GLDN 0,02694 3,21  Gliomedin

QSIYBS SUPV3L1 0,00240 3,29  ATP-dependent RNA helicase SUPV3L1, mitochondrial

QOPNE2 ELP6 0,03094 3,34  Elongator complex protein 6

Q92696 RABGGTA 0,00126 3,46  Geranylgeranyl transferase type-2 subunit alpha

Q8TERS ARHGEF40 0,00159 3,52  Rho guanine nucleotide exchange factor 40
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060763 USO1 0,00071 3,61  General vesicular transport factor p115

Q9HAR2 ADGRL3 0,00031 3,68  Adhesion G protein-coupled receptor L3

Q00987 MDM2 0,00010 3,74  E3 ubiquitin-protein ligase Mdm?2

Q8NBJ4 GOLM1 0,02480 3,93  Golgi membrane protein 1

Q07075 ENPEP 0,00241 4,11  Glutamyl aminopeptidase

AOAO0G2JPP5 SCRIB 0,00128 4,37  Protein scribble homolog

Q86VS3 IQCH 0,00024 4,47  1Q domain-containing protein H

QI96BY6 DOCKI10 0,00015 4,54  Dedicator of cytokinesis protein 10

Q9UBWS COPS7A 0,00035 4,64 COP9 signalosome complex subunit 7a

Q8WXX0 DNAH7 0,00087 4,81 Dynein heavy chain 7, axonemal

Q96SZ6 CDK5RAPI1 0,00004 5,05 CDKS regulatory subunit-associated protein 1

Q14746 COG2 0,01997 5,93 Conserved oligomeric Golgi complex subunit 2
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Table 3: Ingenuity canonical pathway analysis for oligodendrocyte treated with first generation antipsychotics

Table 3 - Ingenuity canonical pathway analysis for oligodendrocyte treated with first generation antipsychotics

Treatment Ingenuity Canonical Pathways p-value Ratio Treatment Ingenuity Canonical Pathways p-value Ratio
Chlorpromazine  Actin Cytoskeleton Signaling 3,55E-04 17/221 (0,0769) Haloperidol 14-3-3-mediated Signaling 0,0354813 11/130 (0,0846)
Chlorpromazine  Aldosterone Signaling in Epithelial Cells 4,37E-03 12/167 (0,0719) Haloperidol ~ Actin Cytoskeleton Signaling 7,76E-05 24/221 (0,109)
Chlorpromazine  Breast Cancer Regulation by Stathminl 3,98E-02 11/202 (0,0545) Haloperidol =~ Agranulocyte Adhesion and Diapedesis 0,030903 14/176 (0,0795)
Chlorpromazine  Cdc42 Signaling 4,79E-04 12/129 (0,093) Haloperidol ~ Aldosterone Signaling in Epithelial Cells 0,0041687 16/167 (0,0958)
Chlorpromazine ~ CTLA4 Signaling in Cytotoxic T Lymphocytes  6,76E-04 10/98 (0,102) Haloperidol ~ Aryl Hydrocarbon Receptor Signaling 0,0089125 13/135 (0,0963)
Chlorpromazine  Epithelial Adherens Junction Signaling 3,72E-03 11/143 (0,0769) Haloperidol ~ Axonal Guidance Signaling 0,0012883 35/445 (0,0787)
Chlorpromazine ERK/MAPK Signaling 3,55E-02 11/198 (0,0556) Haloperidol Breast Cancer Regulation by Stathmin| 0,0003802 21/201 (0,104)
Chlorpromazine  Germ Cell-Sertoli Cell Junction Signaling 4,79E-03 12/169 (0,071) Haloperidol ~ Cardiac Hypertrophy Signaling 0,020893 18/233 (0,0773)
Chlorpromazine  Glioblastoma Multiforme Signaling 8,13E-03 11/159 (0,0692) Haloperidol ~ Cellular Effects of Sildenafil (Viagra) 0,0125893 12/126 (0,0952)
Chlorpromazine  Huntington's Disease Signaling 1,32E-02 14/240 (0,0583) Haloperidol ~ Clathrin-mediated Endocytosis Signaling 0,0194984 16/198 (0,0808)
Chlorpromazine  ILK Signaling 1,91E-03 14/192 (0,0729) Haloperidol CXCR4 Signaling 0,0081283 15/164 (0,0915)
Chlorpromazine  Integrin Signaling 1,78E-03 15/212 (0,0708) Haloperidol ~ EIF2 Signaling 1,58E-27 56/212 (0,264)
Chlorpromazine  mTOR Signaling 8,91E-05 17/197 (0,0863) Haloperidol ~ Ephrin Receptor Signaling 0,0054954 16/172 (0,093)
Chlorpromazine  PI3K/AKT Signaling 3,09E-04 12/123 (0,0976) Haloperidol ~ Epithelial Adherens Junction Signaling 0,0002884 17/143 (0,119)
Chlorpromazine  Rac Signaling 2,45E-03 10/116 (0,0862) Haloperidol Germ Cell-Sertoli Cell Junction Signaling 0,0107152 15/169 (0,0888)
Chlorpromazine  Regulation of Actin-based Motility by Rho 2,34E-04 10/86 (0,116) Haloperidol ~ Gluconeogenesis I 2,29E-10 12/25 (0,48)
Chlorpromazine  Regulation of eIF4 and p70S6K Signaling 1,70E-07 19/154 (0,123) Haloperidol ~ Glycolysis 1 2,45E-09 11/24 (0,458)
Chlorpromazine  RhoA Signaling 3,55E-03 10/122 (0,082) Haloperidol ~ GNRH Signaling 0,030903 11/127 (0,0866)
Chlorpromazine ~ RhoGDI Signaling 1,95E-03 10/122 (0,0756) Haloperidol ~ Ga12/13 Signaling 0,0371535 11/131 (0,084)
Chlorpromazine  Signaling by Rho Family GTPases 3,09E-03 16/247 (0,0648) Haloperidol ~ Hepatic Fibrosis / Hepatic Stellate Cell Activation 0,0380189 14/181 (0,0773)
Chlorpromazine  Tight Junction Signaling 1,45E-03 13/166 (0,0783) Haloperidol ~ ILK Signaling 0,0070795 17/192 (0,0885)
Chlorpromazine ~ Wnt/B-catenin Signaling 1,26E-02 11/169 (0,0651) Haloperidol ~ Mitochondrial Dysfunction 0,0389045 13/165 (0,0788)

Haloperidol Molecular Mechanisms of Cancer 0,0331131 23/370 (0,0676)
Specific to Chlorpromazine Haloperidol ~ mTOR Signaling 1,58E-13 37/197 (0,188)
Shared between Chlorpromazine and Haloperidol NRF2-mediated Oxidative Stress Response 0,0275423 15/190 (0,0789)
Specific to Haloperidol Haloperidol ~ p70S6K Signaling 0,0165959 12/131 (0,0916)
Haloperidol Phagosome Maturation 0,0239883 12/138 (0,087)
Haloperidol ~ Phospholipase C Signaling 0,0398107 17/234 (0,0726)
Haloperidol ~ PI3K/AKT Signaling 0,0251189 11/123 (0,0894)
Haloperidol ~ Protein Kinase A Signaling 0,0048978 29/380 (0,0763)

Haloperidol Protein Ubiquitination Pathway 4,90E-07 32/264 (0,121)



Haloperidol
Haloperidol
Haloperidol
Haloperidol
Haloperidol
Haloperidol
Haloperidol
Haloperidol
Haloperidol

Regulation of eIF4 and p70S6K Signaling
RhoA Signaling

RhoGDI Signaling

Role of Tissue Factor in Cancer
Signaling by Rho Family GTPases
Sumoylation Pathway

Synaptic Long Term Depression
Thrombin Signaling

Tight Junction Signaling

6,31E-18

0,001349

2,88E-07

0,047863

9,12E-06
0,0013804
0,0281838
0,0050119
0,0038905
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38/154 (0,247)
14/122 (0,115)
25/172 (0,145)
10/120 (0,0833)
28/247 (0,113)
12/96 (0,125)
12/141 (0,0851)
18/201 (0,0896)
16/166 (0,0964)
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Table 4: Proteins affected by quetiapine treatment

Accession

AOAO0G2INK
3
P28074

Q14247
QYULLA
Q9H239
E9PFV2
P62917
Q81226
Q08752
QIY6V7
QYUBI2
Q93074
Q6IT7
Q5T9S5
P27635
Q6ZS17
P08758
P52209
QY6AY3

AOA096LNH
2
075037

QYNSB2
Q8N2E2
Q8IZT6
Q8WWZ7
Q8WX93

Gene

NLRP7

PSMB5
CTTN
PLXNB3
MMP28
PPARG
RPLS
ZNF34
PPID
DDX49
ABCD2
MEDI12
SPG11
CCDC18
RPL10
FAM65A
ANXAS5
PGD
FKBP10
EFCABS8

KIF21B
KRT84
VWDE
ASPM
ABCAS
PALLD

Anova (p)
0,01389

0,03780
0,01279
0,04564
0,02439
0,01725
0,03636
0,02125
0,01453
0,04443
0,04697
0,02646
0,02877
0,03835
0,01242
0,03188
0,04080
0,03739
0,02844
0,04933

0,02142
0,00263
0,01517
0,00344
0,04577
0,03069

log; Fold
change
-13,82
-11,76
-6,19
-6,10
-5,48
-3,49
-2,89
-2,86
-2,86
-2,83
-2,82
-1,75
-1,60
-1,09
-0,96
-0,49
0,62
0,76
0,77
0,80

1,00
1,00
1,02
1,09
1,16
1,23

Protein
NACHT_ LRR and PYD domains-containing protein 7

Proteasome subunit beta type-5

Src substrate cortactin

Plexin-B3

Matrix metalloproteinase-28

Peroxisome proliferator-activated receptor gamma
60S ribosomal protein L8

Zinc finger protein 34

Peptidyl-prolyl cis-trans isomerase D

Probable ATP-dependent RNA helicase DDX49
ATP-binding cassette sub-family D member 2
Mediator of RNA polymerase II transcription subunit 12
Spatacsin

Coiled-coil domain-containing protein 18

60S ribosomal protein L10

Protein FAM65A

Annexin A5

6-phosphogluconate dehydrogenase_ decarboxylating
Peptidyl-prolyl cis-trans isomerase FKBP10

EF-hand calcium-binding domain-containing protein 8

Kinesin-like protein KIF21B

Keratin_ type II cuticular Hb4

von Willebrand factor D and EGF domain-containing protein
Abnormal spindle-like microcephaly-associated protein
ATP-binding cassette sub-family A member 5

Palladin
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AOAO087WX3  KCTD17 0,03722 1,49  BTB/POZ domain-containing protein KCTD17

H

P61758 VBP1 0,02749 1,57  Prefoldin subunit 3

Q7Z5K2 WAPL 0,03611

1,74  Wings apart-like protein homolog

Q5UE93 PIK3R6 0,02627 1,77  Phosphoinositide 3-kinase regulatory subunit 6

Q15056 EIF4H 0,02141 1,81  Eukaryotic translation initiation factor 4H

095049 TIP3 0,03661 1,87  Tight junction protein ZO-3

Q9HCC9 ZFYVE28 0,04330 1,94  Lateral signaling target protein 2 homolog

P54098 POLG 0,04287 1,97 DNA polymerase subunit gamma-1

Q8ND30 PPFIBP2 0,02737 2,15  Liprin-beta-2

P28838 LAP3 0,02974 2,18  Cytosol aminopeptidase

G5EA30 CELF1 0,04004 2,24 CUG triplet repeat_ RNA binding protein 1_ isoform CRA_c

Q8TF46 DIS3L 0,00931 2,25 DIS3-like exonuclease 1

QSIYEL CCDC13 0,04694 2,31  Coiled-coil domain-containing protein 13

Q9BZJ4 SLC25A39 0,01842 2,34 Solute carrier family 25 member 39

P10721 KIT 0,01668 2,39 Mast/stem cell growth factor receptor Kit

Q9P107 GMIP 0,01039 2,50 GEM-interacting protein
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095741 CPNE6 0,00752 2,58  Copine-6

QI9ULVO MYOS5B 0,02013 2,62  Unconventional myosin-Vb

POCG41 CTAGE8 0,04395 2,70  cTAGE family member 8

Q9P172 CALCOCO1 0,03795 2,74  Calcium-binding and coiled-coil domain-containing protein 1

Q96ES52 OMAI1 0,02671 2,80  Metalloendopeptidase OMA1_ mitochondrial

Q76N32 CEP68 0,00731 3,00 Centrosomal protein of 68 kDa

HOYBT7 HSF4 0,00132 3,06 Heat shock factor protein 4 (Fragment)

Q08174 PCDHI1 0,02342 3,20  Protocadherin-1

AOAO87WTA  COLI1A2 0,00363 3,28  Collagen alpha-2(I) chain

H

Q502W7 CCDC38 0,03615 3,56 Coiled-coil domain-containing protein 38

Q2M1K9 ZNF423 0,04968 3,64  Zinc finger protein 423

P17023 ZNF19 0,00179 3,68  Zinc finger protein 19

Q9CO0A6 SETD5 0,04484 3,77  SET domain-containing protein 5

Q9HCCO MCCC2 0,02612 4,51  Methylcrotonoyl-CoA carboxylase beta chain_ mitochondrial

AO6ONI28 ARHGAP42 0,02396 4,78  Rho GTPase-activating protein 42
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AOAOD9SGO  COBLL1 0,00343 4,81  Cordon-bleu protein-like 1

4

095071 UBRS 0,00793 5,00  E3 ubiquitin-protein ligase UBRS
P31946 YWHAB 0,03126 5,93  14-3-3 protein beta/alpha
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Table 5: Proteins affected by risperidone treatment

Table 5: Proteins affected by risperidone treatment

Accession Gene Anova (p) log, Fold Protein
change
A5D8V7 CCDC151 0,00778 -21,19  Coiled-coil domain-containing protein 151
P52306 RAP1GDS1 0,00325 -18,43  Rapl GTPase-GDP dissociation stimulator 1
Q13332 PTPRS 0,03155 -15,53  Receptor-type tyrosine-protein phosphatase S
000505 KPNA3 0,01215 -14,72  Importin subunit alpha-4
B3KTMS MORF4L1 0,02775 -13,60  Mortality factor 4-like protein 1
HOY8A4 RYK 0,00452 -13,35 Tyrosine-protein kinase RYK (Fragment)
AO0A0S274Q ST3GALS 0,00417 -11,83  Lactosylceramide alpha-2_3-sialyltransferase (Fragment)
173 8VRHO PCBP2 0,00444 -11,51  Poly(rC)-binding protein 2 (Fragment)
Q96PJ5 FCRLA4 0,04893 -11,49  Fc receptor-like protein 4
095453 PARN 0,04976 -11,12  Poly(A)-specific ribonuclease PARN
Q96JPO FEMI1C 0,00304 -10,80  Protein fem-1 homolog C
Q99523 SORT1 0,00934 -10,51  Sortilin
B77C32 KIF28P 0,00014 -10,49  Kinesin-like protein KIF28P
Q9HCLO PCDH18 0,02047 -10,24  Protocadherin-18
VIGZ56 LSM4 0,03658 -9,92 U6 snRNA-associated Sm-like protein LSm4 (Fragment)
QINYV6 RRN3 0,00119 -9,85 RNA polymerase I-specific transcription initiation factor RRN3
015440 ABCC5 0,00014 -9,79  Multidrug resistance-associated protein 5
Q5WO0A0 ERICH6B 0,00001 -9,68  Glutamate-rich protein 6B
P07910 HNRNPC 0,00225 -9,63  Heterogeneous nuclear ribonucleoproteins C1/C2
094972 TRIM37 0,00056 -9,47  E3 ubiquitin-protein ligase TRIM37
P20815 CYP3AS 0,00097 -9,38  Cytochrome P450 3AS
G3V4R5 ZC3H14 0,01221 -9,27  Zinc finger CCCH domain-containing protein 14 (Fragment)
AOAO87WXF  NDUFS7 0,00001 -9,22  NADH dehydrogenase [ubiquinone] iron-sulfur protein 7_ mitochondrial
g9Y2R4 DDX52 0,00113 -9,05 Probable ATP-dependent RNA helicase DDX52

QI9Y5W7 SNX14 0,02174 -9,05  Sorting nexin-14



E9PIR9
Q8NCEQ
043148
Q8N684
P39748
Q13214
Q6NZY4
P08240
A8CG34
P11233
Q99570
Q96G03
QY6GEA
Q86XP3
075525
Q8N139
P09001
Q14573
QY6GES
Q8TAD4
015173
060312
B3KNS5
Q5VUB5
B4DKB2
QYY3P9
P08582
QI6IK9
P06753
P19388
Q502W7

CRYBG2
TSEN2
RNMT
CPSF7
FEN1
SEMA3B
ZCCHC8
SRPRA
POM121C
RALA
PIK3R4
PGM2
CEP95
DDX42
KHDRBS3
ABCA6
MRPL3
ITPR3
ZNF799
SLC30AS5
PGRMC2
ATP10A
C7orf43
FAM171A1
ECEl
RABGAP1
MELTF
MAML3
TPM3
POLR2E
CCDC38

0,02075
0,03561
0,01181
0,04570
0,00278
0,03539
0,03888
0,00004
0,00298
0,00162
0,00004
0,00063
0,02451
0,00452
0,02439
0,00201
0,01709
0,00000
0,00259
0,02812
0,00080
0,01632
0,03705
0,00039
0,01535
0,00174
0,02737
0,00010
0,01642
0,00434
0,03551

-8,99
-8,95
-8,91
-8,72
-8,54
-8,09
-7,96
-7,93
-7,91
-7,90
-7,84
-7,81
-1,77
-7,68
-7,41
-1,36
-1,17
7,04
-7,03
-7,02
-7,00
-6,94
-6,93
-6,92
-6,87
-6,85
-6,78
-6,76
-6,74
-6,69
-6,66

Crystallin beta-gamma domain-containing 2
tRNA-splicing endonuclease subunit Sen2

mRNA cap guanine-N7 methyltransferase

Cleavage and polyadenylation specificity factor subunit 7
Flap endonuclease 1

Semaphorin-3B

Zinc finger CCHC domain-containing protein 8

Signal recognition particle receptor subunit alpha
Nuclear envelope pore membrane protein POM 121C
Ras-related protein Ral-A

Phosphoinositide 3-kinase regulatory subunit 4
Phosphoglucomutase-2

Centrosomal protein of 95 kDa

ATP-dependent RNA helicase DDX42

KH domain-containing_ RNA-binding_ signal transduction-associated protein 3
ATP-binding cassette sub-family A member 6

39S ribosomal protein L3_ mitochondrial

Inositol 1_4_5-trisphosphate receptor type 3

Zinc finger protein 799

Zinc transporter 5

Membrane-associated progesterone receptor component 2
Probable phospholipid-transporting ATPase VA
Uncharacterized protein C70rf43

Protein FAM171A1

Endothelin-converting enzyme 1

Rab GTPase-activating protein 1

Melanotransferrin

Mastermind-like protein 3

Tropomyosin alpha-3 chain

DNA-directed RNA polymerases I_ II_ and III subunit RPABC1

Coiled-coil domain-containing protein 38
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Q8N158 GPC2 0,00467 -6,64  Glypican-2

QI9ULI3 HEG1 0,00516 -6,58  Protein HEG homolog 1

Q5JZY3 EPHA10 0,00003 -6,48  Ephrin type-A receptor 10

J13QQQ0 LIPG 0,03407 -6,31  Endothelial lipase

D6REC4 CFAP99 0,00522 -6,18  Cilia- and flagella-associated protein 99

Q14914 PTGR1 0,00072 -6,16  Prostaglandin reductase 1

J3QSU1 LRRC37B 0,00356 -6,11  Leucine-rich repeat-containing protein 37B

A6NIJL1 ZSCANSB 0,01446 -6,05  Zinc finger and SCAN domain-containing protein 5B

015047 SETD1A 0,00046 -5,95  Histone-lysine N-methyltransferase SETD1A

P19105 MYLI2A 0,04722 -5,94  Myosin regulatory light chain 12A

MOR3C7 SYMPK 0,00724 -5,90  Symplekin

QI9YS5FO PCDHB13 0,00708 -5,85  Protocadherin beta-13

075330 HMMR 0,01071 -5,84  Hyaluronan mediated motility receptor

Q3ZCM7 TUBBS 0,00515 -5,79  Tubulin beta-8 chain

AlLAH1 SSC5D 0,01398 -5,78  Soluble scavenger receptor cysteine-rich domain-containing protein SSC5D

060231 DHX16 0,00037 -5,76  Putative pre-mRNA-splicing factor ATP-dependent RNA helicase DHX16
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Q8N3D4 EHBPI1L1 0,02080 -5,72  EH domain-binding protein 1-like protein 1

Q8TDW7 FAT3 0,00515 -5,70  Protocadherin Fat 3

Q77514 RAIl 0,01307 -5,64  Retinoic acid-induced protein 1

095747 OXSR1 0,00422 -5,62  Serine/threonine-protein kinase OSR1

QONWY9 PRPF40B 0,01950 -5,58  Pre-mRNA-processing factor 40 homolog B

QIBX69 CARDG6 0,01063 -5,55  Caspase recruitment domain-containing protein 6

P09601 HMOX1 0,01639 -5,52  Heme oxygenase 1

QI96MS0 ROBO3 0,03249 -5,51  Roundabout homolog 3

ESRIMO CPEB4 0,00127 -5,39  Cytoplasmic polyadenylation element-binding protein 4

QI9Y2L8 ZKSCAN5 0,01829 -5,34  Zinc finger protein with KRAB and SCAN domains 5

QIYsI3 PCDHA1 0,00685 -5,30  Protocadherin alpha-1

QI9BVSS5 TRMT61B 0,00113 -5,26  tRNA (adenine(58)-N(1))-methyltransferase_ mitochondrial

E7EQI7 ‘WASHC5 0,00282 -5,23  WASH complex subunit 5

QI9BYHI1 SEZ6L 0,04464 -5,21  Seizure 6-like protein

QI9Y6B7 AP4B1 0,00215 -5,17  AP-4 complex subunit beta-1



Q7L2E3
QOP2S2
QSIYEO
Q13416
J3QRI12
043795
F5GX99
Q5SXH7
P49790
QYUKAI
Q92529
P54687
QG6P4F7

A8K968
Q13829
Q16630
QoY383
Q92879
QIY4W6
014830
095382
075038
000330
000482
P19793
Q03701
Q9HOK6
QY6AB3
QYBTV7
P17038
QYNQC3

DHX30
NRXN2
CCDCl146
ORC2
ASPSCR1
MYOI1B
CLPB
PLEKHS1
NUP153
FBXLS
SHC3
BCAT1

ARHGAPI11
A
EPB41L3

TNFAIP1
CPSF6
LUCT7L2
CELF1
AFG3L2
PPEF2
MAP3K6
PLCH2
PDHX
NR5A2
RXRA
CEBPZ
PUS7L
ISOC2
CABLES2
ZNF43
RTN4

0,03047
0,02254
0,01531
0,03416
0,00111
0,01372
0,00029
0,01598
0,00124
0,00963
0,00166
0,03568
0,00723

0,02615
0,04185
0,01231
0,00018
0,00010
0,04390
0,00467
0,03154
0,03118
0,01767
0,00194
0,03024
0,00493
0,00299
0,00352
0,00158
0,00027
0,02400

-5,15
-5,15
-5,12
-5,12
-5,10
-5,09
-5,07
-5,05
-4,99
-4,99
-4,99
-4,98
-4,97

4,95
-4,91
4,87
-4,84
4,84
-4,83
4,82
-4,79
4,75
-4,75
4,73
4,71
-4,68
-4,65
-4,64
-4,63
-4,62
4,62

Putative ATP-dependent RNA helicase DHX30
Neurexin-2

Coiled-coil domain-containing protein 146

Origin recognition complex subunit 2

Tether-containing UBX domain for GLUT4
Unconventional myosin-Ib

Caseinolytic peptidase B protein homolog

Pleckstrin homology domain-containing family S member 1
Nuclear pore complex protein Nup153
F-box/LRR-repeat protein 5

SHC-transforming protein 3
Branched-chain-amino-acid aminotransferase_ cytosolic

Rho GTPase-activating protein 11A

Band 4.1-like protein 3

BTB/POZ domain-containing adapter for CUL3-mediated RhoA degradation protein 2

Cleavage and polyadenylation specificity factor subunit 6
Putative RNA-binding protein Luc7-like 2

CUGBP Elav-like family member 1

AFG3-like protein 2

Serine/threonine-protein phosphatase with EF-hands 2
Mitogen-activated protein kinase kinase kinase 6
1-phosphatidylinositol 4_5-bisphosphate phosphodiesterase eta-2
Pyruvate dehydrogenase protein X component_ mitochondrial
Nuclear receptor subfamily 5 group A member 2

Retinoic acid receptor RXR-alpha

CCAAT/enhancer-binding protein zeta

Pseudouridylate synthase 7 homolog-like protein
Isochorismatase domain-containing protein 2

CDKS and ABLI enzyme substrate 2

Zinc finger protein 43

Reticulon-4
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B5MCUO R3HDM2 0,00588 -4,60  R3H domain-containing protein 2

Q15723 ELF2 0,03698 -4,58  ETS-related transcription factor EIf-2

F8WOE7 ELMO3 0,04773 -4,56  Engulfment and cell motility protein 3

Q6IBW4 NCAPH2 0,00821 -4,53  Condensin-2 complex subunit H2

Q96SJ8 TSPANIS8 0,01128 -4,45  Tetraspanin-18

Q9BSI8 ESYT1 0,00208 -4,44  Extended synaptotagmin-1

Q15459 SF3Al 0,00777 -4,41  Splicing factor 3A subunit 1

Q14651 PLS1 0,02333 -4,37  Plastin-1

Q8TES2 SH3TC1 0,00952 -4,36  SH3 domain and tetratricopeptide repeat-containing protein 1

Q562R1 ACTBL2 0,00457 -4,36  Beta-actin-like protein 2

Q5T6P1 SLAIN1 0,01701 -4,33  SLAIN motif-containing protein 1 (Fragment)

096028 NSD2 0,00752 -4,33  Histone-lysine N-methyltransferase NSD2

Q6ZWB6 KCTDS8 0,00134 -4,32  BTB/POZ domain-containing protein KCTD8

E9PNM1 FDFT1 0,00300 -4,30  Squalene synthase

QY9H3P2 NELFA 0,01788 -4,26  Negative elongation factor A



Q15573
P80192

AOADAGYY
G7
QINW64

P61960
Q2TAY7
P01833
QINYAI
K7ERQ8

AOA1TW2PR9
4
P26368

060218
E9PAN7
ASMT37
014593
Q8NERI
Q8WWQO
043264
Q68CQ4

AOAOAOMS
BS
Q7Z3El

QI6KQ4
Q72591
E9PG37
P38405
043405

AOAO87TWV
N3
P47972

QINZM4
QYHAVO

TAF1A
MAP3K9
NCAPH2

RBM22
UFEM1
SMU1
PIGR
SPHK1
#VALOR!
DTHD1

U2AR2
AKRIB10
RPS6KA1
GSK3A
REXANK
TRPV1
PHIP
ZW10
DIEXF
EXOC7

TIPARP
PPP1R13B
AKNA
ARHGEF3
GNAL
COCH
TNFAIP3

NPTX2
BICRA
GNB4

0,00203
0,02340
0,01615

0,03971
0,00360
0,00507
0,00056
0,00063
0,01009
0,00229

0,00131
0,03879
0,00817
0,01762
0,03183
0,01140
0,00606
0,02503
0,00304
0,04082

0,02133
0,02118
0,00254
0,04711
0,00008
0,00695
0,00461

0,00345
0,03860
0,03117

-4,26
-4,23
-4,22

421
-4,20
-4,20
4,17
4,15
4,14
4,13

4,13
4,13
4,13
-4,09
-4,08
-4,07
-4,05
-4,04
-4,03
-4,01

-3,97
-3,94
-3,91
-3,91
-3,91
-3,90
-3,90
-3,88
-3,87
-3,82

TATA box-binding protein-associated factor RNA polymerase I subunit A
Mitogen-activated protein kinase kinase kinase 9

Condensin-2 complex subunit H2

Pre-mRNA-splicing factor RBM22
Ubiquitin-fold modifier 1

WDA40 repeat-containing protein SMU1
Polymeric immunoglobulin receptor
Sphingosine kinase 1

Uncharacterized protein (Fragment)

Death domain-containing protein 1

Splicing factor U2AF 65 kDa subunit

Aldo-keto reductase family 1 member B10

Ribosomal protein S6 kinase alpha-1

Glycogen synthase kinase-3 alpha

DNA-binding protein REXANK

Transient receptor potential cation channel subfamily V member 1
PH-interacting protein

Centromere/kinetochore protein zw10 homolog

Digestive organ expansion factor homolog

Exocyst complex component 7

TCDD-inducible poly [ADP-ribose] polymerase
Apoptosis-stimulating of p53 protein 1
AT-hook-containing transcription factor

Rho guanine nucleotide exchange factor 3

Guanine nucleotide-binding protein G(olf) subunit alpha
Cochlin

Tumor necrosis factor alpha-induced protein 3

Neuronal pentraxin-2
BRD4-interacting chromatin-remodeling complex-associated protein

Guanine nucleotide-binding protein subunit beta-4
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Q38N0OY2 ZNF444 0,00131 -3,81  Zinc finger protein 444

QI9UNAI1 ARHGAP26 0,00054 -3,80  Rho GTPase-activating protein 26

Q12849 GRSF1 0,02333 -3,77  G-rich sequence factor 1

Q8IY17 PNPLA6 0,00952 -3,75  Neuropathy target esterase

Q86SQ9 DHDDS 0,02112 -3,75  Dehydrodolichyl diphosphate synthase complex subunit DHDDS

P27658 COL8BAL 0,01143 -3,74  Collagen alpha-1(VIII) chain

Q8NAB2 KBTBD3 0,01239 -3,72  Kelch repeat and BTB domain-containing protein 3

Q9Y4L1 HYOU1 0,00087 -3,68  Hypoxia up-regulated protein 1

Q68DK2 ZFYVE26 0,02281 -3,68  Zinc finger FYVE domain-containing protein 26

D6RDG3 BTF3 0,02170 -3,68  Transcription factor BTF3 (Fragment)

P49221 TGM4 0,00968 -3,63  Protein-glutamine gamma-glutamyltransferase 4

P43304 GPD2 0,00027 -3,62  Glycerol-3-phosphate dehydrogenase_ mitochondrial

Q8WXF1 PSPC1 0,00184 -3,57  Paraspeckle component 1

000463 TRAF5 0,00622 -3,57  TNF receptor-associated factor 5

Q13033 STRN3 0,00005 -3,55  Striatin-3
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P20339 RAB5SA 0,00296 -3,55 Ras-related protein Rab-5A

P22307 SCP2 0,03118 -3,53  Non-specific lipid-transfer protein

Q00266 MATIA 0,03260 -3,49  S-adenosylmethionine synthase isoform type-1

J3KSB5 NF1 0,00060 -3,48  Neurofibromin (Fragment)

P22455 FGFR4 0,04749 -3,48  Fibroblast growth factor receptor 4

AOAOC4DF TMOISF4 0,00086 -3,44  Transmembrane 9 superfamily member

|

Q86VV4 RANBP3L 0,02181 -3,40  Ran-binding protein 3-like

Q9oP202 WHRN 0,00536 -3,37  Whirlin

J3QRUI1 YES1 0,03300 -3,34  Tyrosine-protein kinase

095758 PTBP3 0,02305 -3,33  Polypyrimidine tract-binding protein 3

QI9HOCS BTBDI1 0,00396 -3,31  BTB/POZ domain-containing protein 1

Q05D60 DEUP1 0,00138 -3,31  Deuterosome assembly protein 1

Q96BD6 SPSB1 0,02762 -3,29  SPRY domain-containing SOCS box protein 1

Q96C45 ULK4 0,00600 -3,27  Serine/threonine-protein kinase ULK4

Q8IXK2 GALNTI12 0,02423 -3,26  Polypeptide N-acetylgalactosaminyltransferase 12

Q8NET4 RTL9 0,00584 -3,24  Retrotransposon Gag-like protein 9
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P38570 ITGAE 0,01096 -3,22  Integrin alpha-E

Q6PCB7 SLC27A1 0,00334 -3,22  Long-chain fatty acid transport protein 1

Q6UVM3 KCNT2 0,04158 -3,22  Potassium channel subfamily T member 2

P40938 RFC3 0,01073 -3,20  Replication factor C subunit 3

Q70ELA4 USP43 0,01723 -3,17  Ubiquitin carboxyl-terminal hydrolase 43

ASMTMI1 CBR1 0,03803 -3,17  Carbonyl reductase [NADPH] 1

P51687 SUOX 0,00459 -3,15  Sulfite oxidase_ mitochondrial

Q9P2I0 CPSF2 0,00740 -3,14  Cleavage and polyadenylation specificity factor subunit 2

P26232 CTNNA2 0,00162 -3,14  Catenin alpha-2

D6RFZ9 RACK1 0,02532 -3,13  Receptor of-activated protein C kinase 1 (Fragment)

QIUKA9 PTBP2 0,03194 -3,12  Polypyrimidine tract-binding protein 2

Q8ND23 CARMIL3 0,03014 -3,12  Capping protein_ Arp2/3 and myosin-I linker protein 3

QS8NES6 MCU 0,02255 -3,12  Calcium uniporter protein_ mitochondrial

Q96BR5 COA7 0,01078 -3,10  Cytochrome c oxidase assembly factor 7

QIUEFNO NIPSNAP3A 0,04258 -3,09  Protein NipSnap homolog 3A



Q8WUHS6
Q07021
P21359
094823
P01031
Q5VUI6
QYBVAO
P32969
P30566
Q2VIQ3
A2PYH4
QY6RU2
P63252
Q7Z4L5
QIP2J9
Q6ZNL6
Q15303
Q60127

AOAOAOMQ
U4
Q5PR19

QSTEBI
QYNP73
000459
QIPOJI
P08572
QINTIS
Q8TD19
QYBZM6
HOYJLY

AOAO87WVS
7

TMEM263
CIQBP
NFI
ATP10B
cs
LRCH2
KATNBI
RPL9
ADSL
KIF4B
HFM1
USP28
KCNJ2
TTC21B
PDP2
FGD5
ERBB4
ALS2CL
SCLY

#VALOR!
DCAF11
ALG13
PIK3R2
PDP1
COLAA2
PDS5B
NEK9
ULBP1
AJUBA
INPP5J

0,01525
0,03593
0,00346
0,04540
0,00752
0,04764
0,00350
0,00303
0,02154
0,00445
0,00542
0,01415
0,00181
0,00373
0,00521
0,00812
0,00669
0,00478
0,04515

0,04399
0,00691
0,03022
0,01520
0,04970
0,02632
0,00178
0,03629
0,00936
0,04011
0,01050

-3,09
-3,09
-3,09
-3,08
-3,08
-3,08
-3,08
-3,06
-3,06
-3,06
-3,06
-3,06
-3,04
-3,04
-3,02
-3,01
-3,01
-2,99
-2,98

-2,98
-2,97
-2,96
-2,95
-2,95
-2,95
-2,95
-2,92
-2,91
-2,90
-2,89
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Transmembrane protein 263

Complement component 1 Q subcomponent-binding protein_ mitochondrial
Neurofibromin

Probable phospholipid-transporting ATPase VB

Complement C5

Leucine-rich repeat and calponin homology domain-containing protein 2
Katanin p80 WD40 repeat-containing subunit B1

60S ribosomal protein L9

Adenylosuccinate lyase

Chromosome-associated kinesin KIF4B

Probable ATP-dependent DNA helicase HFM 1

Ubiquitin carboxyl-terminal hydrolase 28

Inward rectifier potassium channel 2

Tetratricopeptide repeat protein 21B

[Pyruvate dehydrogenase [acetyl-transferring]]-phosphatase 2_ mitochondrial
FYVE_ RhoGEF and PH domain-containing protein 5

Receptor tyrosine-protein kinase erbB-4

ALS?2 C-terminal-like protein

Selenocysteine lyase

Putative UPF0607 protein LOC392364

DDB1- and CUL4-associated factor 11

Putative bifunctional UDP-N-acetylglucosamine transferase and deubiquitinase ALG13
Phosphatidylinositol 3-kinase regulatory subunit beta

[Pyruvate dehydrogenase [acetyl-transferring]]-phosphatase 1_ mitochondrial

Collagen alpha-2(IV) chain

Sister chromatid cohesion protein PDS5 homolog B

Serine/threonine-protein kinase Nek9

NKG2D ligand 1

LIM domain-containing protein ajuba (Fragment)

Phosphatidylinositol 4_5-bisphosphate 5-phosphatase A
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094906 PRPF6 0,03446 -2,88  Pre-mRNA-processing factor 6

015455 TLR3 0,02062 -2,87  Toll-like receptor 3

Q5T795 MDNI1 0,02210 -2,85  Midasin (Fragment)

Q86UE4 MTDH 0,00683 -2,85  Protein LYRIC

060303 KIAA0556 0,00068 -2,84  Protein KIAA0556

IBL1YS P4HB 0,00745 -2,82  Protein disulfide-isomerase

P17980 PSMC3 0,00977 -2,81 268 proteasome regulatory subunit 6A

Q96A23 CPNE4 0,04769 -2,80  Copine-4

MOR210 RPS16 0,02396 -2,79  40S ribosomal protein S16

P46092 CCR10 0,01829 -2,79  C-C chemokine receptor type 10

P22460 KCNAS 0,01325 -2,77  Potassium voltage-gated channel subfamily A member 5

Q05209 PTPN12 0,04482 -2,76  Tyrosine-protein phosphatase non-receptor type 12

QINYZ3 GTSE1 0,01735 -2,73 G2 and S phase-expressed protein 1

Q8NEV4 MYO3A 0,04711 -2,71  Myosin-Illa

Q8NEVS EXPHS5 0,00098 -2,70  Exophilin-5

HOYNWS DUT 0,00229 -2,67  Deoxyuridine 5'-triphosphate nucleotidohydrolase_ mitochondrial
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QI9Y2U8 LEMD3 0,01963 -2,64  Inner nuclear membrane protein Man1

A6NMLS8 DIAPH2 0,01324 -2,62  Diaphanous homolog 2 (Drosophila)_ isoform CRA_c

C9JQO0 TUBA4A 0,01193 -2,61  Tubulin alpha chain (Fragment)

P49721 PSMB2 0,03426 -2,59  Proteasome subunit beta type-2

Q9C005 DPY30 0,01162 -2,58  Protein dpy-30 homolog

015360 FANCA 0,00344 -2,57  Fanconi anemia group A protein

Q9BZH6 WDRI11 0,03727 -2,56 WD repeat-containing protein 11

Q6UWU2 GLB1L 0,00953 -2,54  Beta-galactosidase-1-like protein

QIBYCS5 FUTS 0,00179 -2,53  Alpha-(1_6)-fucosyltransferase

P32780 GTF2H1 0,04052 -2,52  General transcription factor IIH subunit 1

P54257 HAP1 0,03619 -2,52  Huntingtin-associated protein 1

QI9Y3RS5 DOPEY2 0,01889 -2,51  Protein dopey-2

P32929 CTH 0,00274 -2,49  Cystathionine gamma-lyase

Q53TQ3 INO8OD 0,01833 -2,49  INO80 complex subunit D

P16499 PDE6A 0,02870 -2,49  Rod cGMP-specific 3'_5'-cyclic phosphodiesterase subunit alpha
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P84095 RHOG 0,02641 -2,48  Rho-related GTP-binding protein RhoG

AOA1IBOGUB ASAHI1 0,04713 -2,47  Acid ceramidase (Fragment)

H

QINUZL1 ACOXL 0,03531 -2,46  Acyl-coenzyme A oxidase-like protein

J3QKD2 ZMYNDI11 0,03619 -2,46  Zinc finger MYND domain-containing protein 11

Q13618 CUL3 0,02483 -2,45  Cullin-3

P08621 SNRNP70 0,00864 -2,44 Ul small nuclear ribonucleoprotein 70 kDa

E7EVL1 ADCYS8 0,03395 -2,43  Adenylate cyclase type 8

F1TOI1 SECI16A 0,03494 -2,43  Protein transport protein Sec16A

095835 LATSI1 0,04004 -2,42  Serine/threonine-protein kinase LATS1

Q96H22 CENPN 0,00070 -2,42  Centromere protein N

060341 KDMIA 0,03338 -2,41  Lysine-specific histone demethylase 1A

Q5XPH4 RNF123 0,04014 -2,39  E3 ubiquitin-protein ligase RNF123

Q9H361 PABPC3 0,00116 -2,38  Polyadenylate-binding protein 3

P25705 ATP5A1 0,01325 -2,36  ATP synthase subunit alpha_ mitochondrial

Q9H3S7 PTPN23 0,03235 -2,36  Tyrosine-protein phosphatase non-receptor type 23

Q14181 POLA2 0,02015 -2,33  DNA polymerase alpha subunit B



QI6SR6
Q93100
E7EV09
P36507
HOYCK9
Q8NSE3
Q8IX12
P35626
Q7Z4HS
075367

AOAO87TWW
Vo6
P13645

P35052
Q6IA69
QYNRPO
Q15223
QYBQTY
H3BLV9
Q01814
Q53GLO
QSTE60
QYH7C4
Q13409
P288338
076094
QYYA4CS
094830
QIY471
QYH7M6
Q13164
Ql14164

ZNF382
PHKB
DYNCI1I2
MAP2K2
SPO11
CEP112
CCARI1
GRK3
KDELC2
H2AFY
TYWI1B

KRT10
GPC1
NADSYNI
OSTC
NECTINI
CLSTN3
SRPK1
ATP2B2
PLEKHO1
ADAMTS18
SYNC
DYNCI1I2
LAP3
SRP72
RBMI19
DDHD2
CMAHP
ZSWIM4
MAPK?7
IKBKE

0,00099
0,04887
0,00350
0,03903
0,02930
0,00974
0,04223
0,04091
0,00501
0,02494
0,04133

0,03047
0,04395
0,00080
0,01839
0,02164
0,00030
0,03058
0,00551
0,00154
0,00640
0,04100
0,01094
0,00309
0,04609
0,02998
0,03584
0,03512
0,04639
0,01207
0,02998

-2,33
-2,32
-2,31
-2,31
-2,30
-2,29
-2,28
-2,28
-2,28
-2,27
-2,27

-2,27
-2,27
-2,26
-2,26
-2,26
-2,25
-2,24
-2,24
-2,24
-2,23
-2,23
-2,21
-2,21
-2,21
-2,21
-2,20
-2,20
-2,20
-2,20
-2,19

Zinc finger protein 382

Phosphorylase b kinase regulatory subunit beta
Cytoplasmic dynein 1 intermediate chain 2 (Fragment)
Dual specificity mitogen-activated protein kinase kinase 2
Meiotic recombination protein SPO11 (Fragment)
Centrosomal protein of 112 kDa

Cell division cycle and apoptosis regulator protein 1
Beta-adrenergic receptor kinase 2

KDEL motif-containing protein 2

Core histone macro-H2A.1

S-adenosyl-L-methionine-dependent tRNA 4-demethylwyosine synthase

Keratin_ type I cytoskeletal 10

Glypican-1

Glutamine-dependent NAD(+) synthetase
Oligosaccharyltransferase complex subunit OSTC

Nectin-1

Calsyntenin-3

SRSF protein kinase 1 (Fragment)

Plasma membrane calcium-transporting ATPase 2

Pleckstrin homology domain-containing family O member 1

A disintegrin and metalloproteinase with thrombospondin motifs 18
Syncoilin

Cytoplasmic dynein 1 intermediate chain 2

Cytosol aminopeptidase

Signal recognition particle subunit SRP72

Probable RNA-binding protein 19

Phospholipase DDHD2

Inactive cytidine monophosphate-N-acetylneuraminic acid hydroxylase
Zinc finger SWIM domain-containing protein 4

Mitogen-activated protein kinase 7

Inhibitor of nuclear factor kappa-B kinase subunit epsilon
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Q49A88 CCDC14 0,00647 -2,17  Coiled-coil domain-containing protein 14

AOA1BOGW QRICH2 0,02597 -2,16  Glutamine-rich protein 2

%8
(o)}

P45973 CBX5 0,04061 -2,14  Chromobox protein homolog 5
AOAOAOMS EPB41L3 0,00669 -2,12 Band 4.1-like protein 3
A4

P04844 RPN2 0,03844 -2,12 Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 2

Q92643 PIGK 0,00220 -2,11  GPI-anchor transamidase

G5E9W2 CHPF2 0,01819 -2,10  Hexosyltransferase

P50851 LRBA 0,02946 -2,09  Lipopolysaccharide-responsive and beige-like anchor protein

Q15046 KARS 0,02704 -2,08  Lysine--tRNA ligase

Q07283 TCHH 0,03867 -2,08  Trichohyalin

QINQI1 ATP13A2 0,03495 -2,07  Cation-transporting ATPase 13A2

A9UIQ1 MENG 0,00752 -2,04  Beta-1_3-N-acetylglucosaminyltransferase manic fringe (Fragment)

QYH413 TRABD 0,03493 -2,03  TraB domain-containing protein

AS5A3E0 POTEF 0,00111 -2,03  POTE ankyrin domain family member F

Q92896 GLG1 0,03266 -2,03  Golgi apparatus protein 1



014979
QINV79
Q04323
QVY613
QS8IWE2
P49257
P28330
P04843
B4DXU5
075179
P42166
Q5BKZI1
QoY2V7
043490
Q9Y6D9
Q8WUDI
Q502W6
Q86UW6
015061
QI6NW4
Q96Q27
QYNZN3
P45452
015078
Q86UW7
094916
QYH6D7
P20594
P26641
P41252
K7EK91

HNRNPDL
PCMTD2
UBXNI1
FHOD1
FAM114A1
LMANI1
ACADL
RPN1
NR1H3
ANKRD17
TMPO
ZNF326
COG6
PROM1
MADILL1
RAB2B
VWA3B
N4BP2
SYNM
ANKRD27
ASB2
EHD3
MMP13
CEP290
CADPS2
NFATS
HAUS4
NPR2
EEF1G
IARS
DNAH17

0,03819
0,03041
0,00411
0,04499
0,04955
0,00382
0,01341
0,01044
0,01261
0,04473
0,02753
0,01249
0,03367
0,04271
0,03216
0,00723
0,00454
0,00425
0,00929
0,03488
0,02624
0,04415
0,03929
0,04945
0,04675
0,00237
0,01823
0,02947
0,03226
0,03388
0,02613

-2,01
-1,99
-1,99
-1,98
-1,98
-1,98
-1,97
-1,97
-1,96
-1,96
-1,96
-1,95
-1,94
-1,93
-1,93
-1,92
-1,92
-1,91
-1,91
-1,91
-1,90
-1,89
-1,89
-1,89
-1,88
-1,88
-1,87
-1,86
-1,86
-1,85
-1,84

Heterogeneous nuclear ribonucleoprotein D-like
Protein-L-isoaspartate O-methyltransferase domain-containing protein 2
UBX domain-containing protein 1

FH1/FH2 domain-containing protein 1

Protein NOXP20

Protein ERGIC-53

Long-chain specific acyl-CoA dehydrogenase_ mitochondrial
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 1
Oxysterols receptor LXR-alpha

Ankyrin repeat domain-containing protein 17
Lamina-associated polypeptide 2_ isoform alpha

DBIRD complex subunit ZNF326

Conserved oligomeric Golgi complex subunit 6

Prominin-1

Mitotic spindle assembly checkpoint protein MAD1
Ras-related protein Rab-2B

von Willebrand factor A domain-containing protein 3B
NEDD4-binding protein 2

Synemin

Ankyrin repeat domain-containing protein 27

Ankyrin repeat and SOCS box protein 2

EH domain-containing protein 3

Collagenase 3

Centrosomal protein of 290 kDa

Calcium-dependent secretion activator 2

Nuclear factor of activated T-cells 5

HAUS augmin-like complex subunit 4

Atrial natriuretic peptide receptor 2

Elongation factor 1-gamma

Isoleucine--tRNA ligase_ cytoplasmic

Dynein heavy chain 17_ axonemal
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QIUID3 VPS51 0,01729 -1,81  Vacuolar protein sorting-associated protein 51 homolog

075317 USP12 0,03487 -1,79  Ubiquitin carboxyl-terminal hydrolase 12

Q15399 TLR1 0,04259 -1,79  Toll-like receptor 1

AOAO87WZT  SAMD4B 0,02637 -1,79  Protein Smaug homolog 2

H

QI6MWS5S COG8 0,03320 -1,78  Conserved oligomeric Golgi complex subunit 8

Q13402 MYO7A 0,00667 -1,76  Unconventional myosin-VIla

014967 CLGN 0,03456 -1,75  Calmegin

Q15437 SEC23B 0,01955 -1,75  Protein transport protein Sec23B

Q13310 PABPC4 0,02007 -1,73  Polyadenylate-binding protein 4

Q13619 CULAA 0,00907 -1,72  Cullin-4A

Q92560 BAPI1 0,02490 -1,71  Ubiquitin carboxyl-terminal hydrolase BAP1

Q9BZ71 PITPNM3 0,03393 -1,70  Membrane-associated phosphatidylinositol transfer protein 3

A8K2UO A2ML1 0,02827 -1,70  Alpha-2-macroglobulin-like protein 1

094776 MTA2 0,04339 -1,66  Metastasis-associated protein MTA2

QIUPV9 TRAK1 0,02028 -1,66  Trafficking kinesin-binding protein 1



015195
P51991
QYY2L9
P42261
Q86U38
Q9Y2G4
A4UGRY
HOY$GS
QY6AS3
P11717
E9PN67
P62913
QIUM21
P62888
K7EQAL
QI6SI9
QYBYC2
Q7Z2T5
075529
P11047
QYUGOI1
Q15008
QIY5S9
QY6AG4
Q96GQ7
Q15365
Q70CQ4
QY6PV4
Q14683
P78527
000423

VILL
HNRNPA3
LRCH1
GRIAL
NOP9
ANKRD6
XIRP2
HNRNPD
COL26A1
IGF2R
NIN
RPL11
MGAT4A
RPL30
PDCD5
STRBP
OXCT2
TRMTIL
TAF5L
LAMC1
IFT172
PSMD6
RBMSA
LRRC59
DDX27
PCBP1
USP31
PNMAS
SMCIA
PRKDC
EML1

0,01203
0,00085
0,00085
0,04594
0,01581
0,01465
0,01908
0,02903
0,04480
0,04501
0,02024
0,03493
0,02347
0,04326
0,03132
0,04480
0,02964
0,03317
0,01040
0,04192
0,00824
0,00874
0,02301
0,01794
0,04588
0,03007
0,02564
0,02862
0,01908
0,00705
0,01070

-1,66
-1,64
-1,63
-1,63
-1,61
-1,61
-1,61
-1,60
-1,60
-1,59
-1,58
-1,58
-1,57
-1,57
-1,57
-1,55
-1,54
-1,53
-1,53
-1,52
-1,52
-1,51
-1,51
-1,50
-1,50
-1,49
-1,48
-1,48
-1,48
-1,47
-1,47

Villin-like protein

Heterogeneous nuclear ribonucleoprotein A3

Leucine-rich repeat and calponin homology domain-containing protein 1
Glutamate receptor 1

Nucleolar protein 9

Ankyrin repeat domain-containing protein 6

Xin actin-binding repeat-containing protein 2

Heterogeneous nuclear ribonucleoprotein DO (Fragment)

Collagen alpha-1(XXVI) chain

Cation-independent mannose-6-phosphate receptor

Ninein

60S ribosomal protein L11

Alpha-1_3-mannosyl-glycoprotein 4-beta-N-acetylglucosaminyltransferase A
60S ribosomal protein L30

Programmed cell death protein 5

Spermatid perinuclear RNA-binding protein

Succinyl-CoA:3-ketoacid coenzyme A transferase 2_ mitochondrial

TRMT1-like protein

TAF5-like RNA polymerase II p300/CBP-associated factor-associated factor 65 kDa subunit SL.

Laminin subunit gamma-1

Intraflagellar transport protein 172 homolog

268 proteasome non-ATPase regulatory subunit 6
RNA-binding protein 8A

Leucine-rich repeat-containing protein 59
Probable ATP-dependent RNA helicase DDX27
Poly(rC)-binding protein 1

Ubiquitin carboxyl-terminal hydrolase 31
Paraneoplastic antigen-like protein 5

Structural maintenance of chromosomes protein 1A
DNA-dependent protein kinase catalytic subunit

Echinoderm microtubule-associated protein-like 1
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P30041
QYUKX2
095905
QIUI33
QYBXP5

AOAO87WV
W4
P43121

QINQWS
Q92925
Q06787
Q07666
094813
QIY2V3
Q9H497
P38919
Q8TCI2
QINUXS5
QSIVF4
BOIIT2
Q8IYDI
Q5VU57
QYUQS0
HOYBN4
HOY2W2
Q8NDY0
Q68E01
H3BVC7
P14174
Q8IZS8
QINVI7
F5GXQ8

PRDX6
MYH2
ECD
SCNI11A
SRRT
TGMS5

MCAM
CNGB3
SMARCD2
FMR1
KHDRBS1
SLIT2
RAX
TOR3A
EIF4A3
RDH11
POTI
DNAH10
MYOIG
GSPT2
AGBLA4
PA2G4
PABPC1
ATAD3A
PNMAL
INTS3
RPS15A
MIF
CACNA2D3
ATAD3A
SYNEI1

0,00021
0,02452
0,03402
0,00323
0,02819
0,02623

0,03414
0,03469
0,04954
0,03619
0,03917
0,02450
0,01806
0,04646
0,00436
0,04418
0,00956
0,00506
0,02552
0,04313
0,04758
0,01229
0,03145
0,03581
0,04206
0,04627
0,03748
0,01030
0,00062
0,04012
0,04479

-1,47
-1,43
-1,42
-1,40
-1,40
-1,40

-1,39
-1,39
-1,39
-1,38
-1,36
-1,34
-1,34
-1,33
-1,32
-1,31
-1,29
-1,28
-1,28
-1,25
-1,25
-1,25
-1,22
-1,22
-1,22
-1,22
-1,21
-1,20
-1,20
-1,19
-1,18

Peroxiredoxin-6

Myosin-2

Protein ecdysoneless homolog

Sodium channel protein type 11 subunit alpha
Serrate RNA effector molecule homolog

Protein-glutamine gamma-glutamyltransferase 5

Cell surface glycoprotein MUC18

Cyclic nucleotide-gated cation channel beta-3

SWI/SNF-related matrix-associated actin-dependent regulator of chromatin subfamily D member 2
Synaptic functional regulator FMR1

KH domain-containing_ RNA-binding_ signal transduction-associated protein 1
Slit homolog 2 protein

Retinal homeobox protein Rx

Torsin-3A

Eukaryotic initiation factor 4A-III

Retinol dehydrogenase 11

Protection of telomeres protein 1

Dynein heavy chain 10_ axonemal

Unconventional myosin-Ig

Eukaryotic peptide chain release factor GTP-binding subunit ERF3B
Cytosolic carboxypeptidase 6

Proliferation-associated protein 2G4

Polyadenylate-binding protein 1 (Fragment)

ATPase family AAA domain-containing protein 3A (Fragment)
Paraneoplastic antigen Mal

Integrator complex subunit 3

40S ribosomal protein S15a (Fragment)

Macrophage migration inhibitory factor

Voltage-dependent calcium channel subunit alpha-2/delta-3

ATPase family AAA domain-containing protein 3A

Nesprin-1
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P07339 CTSD 0,03848 -1,16  Cathepsin D

Q02108 GUCY1A3 0,04889 -1,14  Guanylate cyclase soluble subunit alpha-3

P55060 CSEIL 0,02595 -1,14  Exportin-2

QINR99 MXRAS 0,02648 -1,11  Matrix-remodeling-associated protein 5

QIULWO TPX2 0,03564 -1,09  Targeting protein for Xklp2

015050 TRANKI1 0,02561 -1,06  TPR and ankyrin repeat-containing protein 1

X6RLX0 ERC1 0,03653 -1,05  ELKS/Rab6-interacting/CAST family member 1

Q92917 GPKOW 0,03659 -1,04 G patch domain and KOW motifs-containing protein

AOAIW2PP]  SCNIA 0,03789 -1,00  Sodium channel protein

H

Q13151 HNRNPAO 0,00905 -0,99  Heterogeneous nuclear ribonucleoprotein AOQ

Q96F86 EDC3 0,01018 -0,98  Enhancer of mRNA-decapping protein 3

Q01844 EWSR1 0,04000 -0,.94  RNA-binding protein EWS

Q15477 SKIV2L 0,03666 -0,90  Helicase SKI2W

P43034 PAFAHIBI1 0,04788 -0,81  Platelet-activating factor acetylhydrolase IB subunit alpha

P46013 MKI67 0,02944 -0,75  Proliferation marker protein Ki-67
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D6RF62 PAICS 0,02603 -0,43  Multifunctional protein ADE2

QIUK12 ZNF222 0,03118 -0,14  Zinc finger protein 222

QI9P2U7 SLC17A7 0,04443 0,01  Vesicular glutamate transporter 1

QI9UER7 DAXX 0,02308 0,64  Death domain-associated protein 6

Q6QNK2 ADGRD1 0,04139 0,75  Adhesion G-protein coupled receptor D1

P51531 SMARCA2 0,04266 0,83  Probable global transcription activator SNF2L2

Q86VS3 IQCH 0,04243 0,93  1Q domain-containing protein H

P26196 DDX6 0,03318 1,05 Probable ATP-dependent RNA helicase DDX6

094887 FARP2 0,03809 1,08  FERM_ RhoGEF and pleckstrin domain-containing protein 2

Q96PC5 MIA2 0,01674 1,11  Melanoma inhibitory activity protein 2

P23467 PTPRB 0,02905 1,14 Receptor-type tyrosine-protein phosphatase beta

Q2M1P5 KIF7 0,04612 1,23 Kinesin-like protein KIF7

P29401 TKT 0,03976 1,30  Transketolase

Q8N8Z6 DCBLD1 0,04652 1,33 Discoidin_ CUB and LCCL domain-containing protein 1

P82932 MRPS6 0,03901 1,34 28S ribosomal protein S6_ mitochondrial

P54762 EPHB1 0,04497 1,38  Ephrin type-B receptor 1
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075154 RABI11FIP3 0,03530 1,41 Rabll family-interacting protein 3

QIUI47 CTNNA3 0,03796 1,47  Catenin alpha-3

P53597 SUCLG1 0,04197 1,50  Succinate--CoA ligase [ADP/GDP-forming] subunit alpha_ mitochondrial

E7EMW7 UBRS 0,03937 1,51  E3 ubiquitin-protein ligase UBRS

Q8NG31 KNL1 0,00415 1,52 Kinetochore scaffold 1

Q92786 PROX1 0,02389 1,58  Prospero homeobox protein 1

Q02809 PLOD1 0,03348 1,63 Procollagen-lysine_2-oxoglutarate 5-dioxygenase 1

QIBWT3 PAPOLG 0,04176 1,64  Poly(A) polymerase gamma

P61978 HNRNPK 0,03206 1,65 Heterogeneous nuclear ribonucleoprotein K

P08603 CFH 0,04789 1,69  Complement factor H

015067 PFAS 0,03936 1,72 Phosphoribosylformylglycinamidine synthase

QI9BQI3 EIF2AK1 0,01567 1,73 Eukaryotic translation initiation factor 2-alpha kinase 1

P78371 CCT2 0,02638 1,75  T-complex protein 1 subunit beta

Q6ZMV9 KIF6 0,01638 1,77  Kinesin-like protein KIF6

P10070 GLI2 0,01018 1,77  Zinc finger protein GLI2



075541
B1AJZ9
Q8N7X0
H7BZ55
Q8WWNS
Q08289
QOY6L7
Q9Y6M1
A8TX70
QSIX18
P26583
QYUHC6
Q01105
Q14980
Q92630
QS8IYMO
QYH2KS
Q10471
000267
Q6P2Q9
QYULLLI
P25685
Q12756
ESRI46
QONWI3
QYBZ29
P78362
Q52LW3
QOVAK6

AOAOAOMS
Y4
P46778

ZNF821
FHAD1
ADGB
CROCC2
ARAP3
CACNB2
TLL2
IGF2BP2
COL6AS
DHX40
HMGB2
CNTNAP2
SET
NUMAL1
DYRK2
FAM186B
TAOK3
GALNT2
SUPTSH
PRPF8
PLEKHGI1
DNAJB1
KIF1A
G3BP1
RBM28
DOCK9
SRPK?2
ARHGAP29
LMOD3
DOCK9

RPL21

0,03003
0,02269
0,00069
0,04931
0,02322
0,02109
0,02453
0,04232
0,00928
0,04930
0,02901
0,03474
0,02992
0,00167
0,00744
0,02041
0,02374
0,04217
0,01348
0,03865
0,03869
0,04897
0,02570
0,03119
0,01121
0,01181
0,04080
0,01994
0,04999
0,02069

0,01507

1,79
1,82
1,87
1,89
1,91
1,92
1,93
1,94
1,94
1,94
1,95
1,96
1,98
2,00
2,02
2,04
2,06
2,07
2,09
2,09
2,09
2,09
2,11
2,12
2,14
2,15
2,16
2,17
2,19
2,20

2,21

Zinc finger protein 821

Forkhead-associated domain-containing protein 1
Androglobin

Putative ciliary rootlet coiled-coil protein 2

Arf-GAP with Rho-GAP domain_ ANK repeat and PH domain-containing protein 3
Voltage-dependent L-type calcium channel subunit beta-2
Tolloid-like protein 2

Insulin-like growth factor 2 mRNA-binding protein 2
Collagen alpha-5(VI) chain

Probable ATP-dependent RNA helicase DHX40

High mobility group protein B2

Contactin-associated protein-like 2

Protein SET

Nuclear mitotic apparatus protein 1

Dual specificity tyrosine-phosphorylation-regulated kinase 2
Protein FAM186B

Serine/threonine-protein kinase TAO3

Polypeptide N-acetylgalactosaminyltransferase 2
Transcription elongation factor SPTS
Pre-mRNA-processing-splicing factor 8

Pleckstrin homology domain-containing family G member 1
Dnal homolog subfamily B member 1

Kinesin-like protein KIF1A

Ras GTPase-activating protein-binding protein 1 (Fragment)
RNA-binding protein 28

Dedicator of cytokinesis protein 9

SRSF protein kinase 2

Rho GTPase-activating protein 29

Leiomodin-3

Dedicator of cytokinesis protein 9

60S ribosomal protein L21
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AOAOB4J2H4 LOC1027240 0,01406 2,23 Uncharacterized protein

H
w2

Q92576 PHF3 0,00124 2,25  PHD finger protein 3

Q9UHBY SRP68 0,04648 2,28  Signal recognition particle subunit SRP68

Q58FF3 HSP90OB2P 0,01478 2,29  Putative endoplasmin-like protein

P34931 HSPAIL 0,00402 2,29  Heat shock 70 kDa protein 1-like

QI9Y2E4 DIP2C 0,03616 2,31  Disco-interacting protein 2 homolog C

QI9P2N2 ARHGAP28 0,01169 2,31 Rho GTPase-activating protein 28

043175 PHGDH 0,02033 2,35  D-3-phosphoglycerate dehydrogenase

Q86YS7 C2CD5 0,01416 2,36  C2 domain-containing protein 5

Q8IWRO ZC3H7A 0,01430 2,39  Zinc finger CCCH domain-containing protein 7A

QO6P4R8 NFRKB 0,01012 2,41  Nuclear factor related to kappa-B-binding protein

P35442 THBS2 0,03246 2,44 Thrombospondin-2

C9JRZ6 CHCHD3 0,02218 2,46  MICOS complex subunit

P38606 ATP6VIA 0,00780 2,46  V-type proton ATPase catalytic subunit A

000219 HAS3 0,01013 2,52 Hyaluronan synthase 3



QINYT6
G5E9A7
096000
C9JFV4
P54868
QYUPWO
QONSU2
P28074
E9PC69
P25054
000443
QYP273
I3LOMO
QYHAL7
Q12789
K7ENM7
QYUKUO
P31946
Q99536
QYYSTS
095613
QINZN9
QYH3NI
P67870
P07237
Q14146
Q14126
QYUKE5
QOJRZ9
P42679
P46100

ZNF226
DMWD
NDUFB10
PELP1
HMGCS2
FOXJ3
TREX1
PSMB5
MARK2
APC
PIK3C2A
TENM3
ELOB
SMARCAD1
GTF3C1
#VALOR!
ACSL6
YWHAB
VATI
USP16
PCNT
AIPL1
TMX1
CSNK2B
P4HB
URB2
DSG2
TNIK
FCHO2
MATK
ATRX

0,04124
0,00528
0,04714
0,00338
0,03621
0,01871
0,03536
0,02659
0,01704
0,01858
0,02134
0,03886
0,04225
0,03550
0,00067
0,01553
0,02462
0,02461
0,02585
0,01866
0,01320
0,01374
0,03187
0,00903
0,03032
0,02954
0,02216
0,01818
0,04015
0,04637
0,01345

2,55
2,57
2,59
2,60
2,60
2,60
2,60
2,61
2,63
2,64
2,65
2,65
2,70
2,71
2,71
2,72
2,72
2,73
2,73
2,74
2,74
2,77
2,78
2,79
2,79
2,79
2,83
2,84
2,86
2,88
2,89

Zinc finger protein 226

Dystrophia myotonica WD repeat-containing protein

NADH dehydrogenase [ubiquinone] 1 beta subcomplex subunit 10
Proline-_ glutamic acid- and leucine-rich protein 1
Hydroxymethylglutaryl-CoA synthase_ mitochondrial

Forkhead box protein J3

Three-prime repair exonuclease 1

Proteasome subunit beta type-5

Non-specific serine/threonine protein kinase

Adenomatous polyposis coli protein

Phosphatidylinositol 4-phosphate 3-kinase C2 domain-containing subunit alpha
Teneurin-3

Elongin-B (Fragment)

SWI/SNF-related matrix-associated actin-dependent regulator of chromatin subfamily A containing DEAD/H box 1
General transcription factor 3C polypeptide 1

Uncharacterized protein

Long-chain-fatty-acid--CoA ligase 6

14-3-3 protein beta/alpha

Synaptic vesicle membrane protein VAT-1 homolog

Ubiquitin carboxyl-terminal hydrolase 16

Pericentrin

Aryl-hydrocarbon-interacting protein-like 1

Thioredoxin-related transmembrane protein 1

Casein kinase II subunit beta

Protein disulfide-isomerase

Unhealthy ribosome biogenesis protein 2 homolog

Desmoglein-2

TRAF2 and NCK-interacting protein kinase

F-BAR domain only protein 2

Megakaryocyte-associated tyrosine-protein kinase

Transcriptional regulator ATRX
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Q9P2F5 STOX2 0,00268 2,93  Storkhead-box protein 2

QI9UKV8 AGO2 0,00673 2,94  Protein argonaute-2

Q86ULS MAGI2 0,04386 3,00 Membrane-associated guanylate kinase_ WW and PDZ domain-containing protein 2

C9J069 C9orf172 0,00684 3,02  Uncharacterized protein C9orf172

Q9UHF7 TRPS1 0,04792 3,04  Zinc finger transcription factor Trps1

000308 WWP2 0,01225 3,06 NEDDA4-like E3 ubiquitin-protein ligase WWP2

QINWH7 SPATA6 0,03336 3,09 Spermatogenesis-associated protein 6

P50914 RPL14 0,04167 3,09  60S ribosomal protein L14

Q13867 BLMH 0,02384 3,12 Bleomycin hydrolase

P49454 CENPF 0,01989 3,14  Centromere protein F

AOA1BOGUS UNCI3B 0,01493 3,17  Protein unc-13 homolog B

H

Q3L8U1 CHD9 0,04873 3,20 Chromodomain-helicase-DNA-binding protein 9

P11182 DBT 0,03547 3,21 Lipoamide acyltransferase component of branched-chain alpha-keto acid dehydrogenase complex_ mitochondrial

Q13137 CALCOCO2 0,03695 3,22 Calcium-binding and coiled-coil domain-containing protein 2

QI9UGR2 ZC3H7B 0,02580 3,26  Zinc finger CCCH domain-containing protein 7B
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Q6ZU15 SEPT14 0,00986 3,28  Septin-14

ATE2V4 ZSWIM8 0,01232 3,34 Zinc finger SWIM domain-containing protein 8

P58397 ADAMTS12 0,02735 3,36 Adisintegrin and metalloproteinase with thrombospondin motifs 12

P14866 HNRNPL 0,03728 3,42  Heterogeneous nuclear ribonucleoprotein L

P15086 CPB1 0,01607 3,44  Carboxypeptidase B

Q8TCXS RHPN1 0,00509 3,47  Rhophilin-1

Q3V6T2 CCDCB88A 0,03426 3,50  Girdin

Q4RIM9 KIF1Bbeta 0,01657 3,53 Kinesin family member 1Bbeta isoform II

AOAO87TWV DDX50 0,02465 3,60  ATP-dependent RNA helicase DDX50
Cl

Q2KHM9 KIAA0753 0,04197 3,61  Protein moonraker

Q07002 CDKI18 0,00965 3,65 Cyclin-dependent kinase 18

AOAO88AWP  PRUNE2 0,00535 3,68 Protein prune homolog 2

H

F8W703 ROBO2 0,00167 3,70  Roundabout homolog 2

060336 MAPKBP1 0,00869 3,76 Mitogen-activated protein kinase-binding protein 1

P16615 ATP2A2 0,00678 3,80  Sarcoplasmic/endoplasmic reticulum calcium ATPase 2
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E9PF82 CAMK2D 0,01621 3,82  Calcium/calmodulin-dependent protein kinase type II subunit delta

QI9NR12 PDLIM7 0,01010 3,87 PDZ and LIM domain protein 7

P19320 VCAMI1 0,01827 3,89  Vascular cell adhesion protein 1

A2A3N6 PIPSL 0,00358 3,97 Putative PIPSK1A and PSMD4-like protein

QS8TERS ARHGEF40 0,04748 3,99  Rho guanine nucleotide exchange factor 40

Q9HCM1 KIAA1551 0,01024 4,04  Uncharacterized protein KIAA1551

076031 CLPX 0,01016 4,16  ATP-dependent Clp protease ATP-binding subunit clpX-like_ mitochondrial

Q8NFZ5 TNIP2 0,01790 4,22 TNFAIP3-interacting protein 2

QIUQP3 TNN 0,00042 4,27  Tenascin-N

QY9H6ES TUTI1 0,00926 4,31  Speckle targeted PIPSK1A-regulated poly(A) polymerase

Q92901 RPL3L 0,00645 4,32 60S ribosomal protein L3-like

Q13009 TIAM1 0,00586 4,36 T-lymphoma invasion and metastasis-inducing protein 1

Q6W4X9 MUC6 0,00213 4,46  Mucin-6

Q16186 ADRMI1 0,04358 4,47  Proteasomal ubiquitin receptor ADRM1

P20701 ITGAL 0,00512 4,51 Integrin alpha-L
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P42336 PIK3CA 0,00640 4,55  Phosphatidylinositol 4_5-bisphosphate 3-kinase catalytic subunit alpha isoform
N —
Q96S59 RANBP9 0,01393 4,62  Ran-binding protein 9
R
QI9COH9 SRCIN1 0,00948 4,67 SRC kinase signaling inhibitor 1
I —
Q68DQ2 CRYBG3 0,00455 4,76 Very large A-kinase anchor protein
I L
QIUIB8 CD84 0,01048 4,78  SLAM family member 5
I ———
Q8IWIJ2 GCC2 0,02365 4,83 GRIP and coiled-coil domain-containing protein 2
I ——
014617 AP3D1 0,00439 4,89  AP-3 complex subunit delta-1
e ——
014513 NCKAPS 0,00667 491 Nck-associated protein 5
N
AOAO88AW NARF 0,00722 4,93  Nuclear prelamin A recognition factor
N8

Q16670 ZSCAN26 0,00030 4,99  Zinc finger and SCAN domain-containing protein 26

Q96RT7 TUBGCP6 0,01677 5,04  Gamma-tubulin complex component 6

Q5XUX1 FBXW9 0,00302 5,11 F-box/WD repeat-containing protein 9

AOAO0AOMR CDKSRAP2 0,00687 5,13 CDKS regulatory subunit-associated protein 2

|

AOAO087WZR  PCSK6 0,00006 5,17  Proprotein convertase subtilisin/kexin type 6

H

PO5165 PCCA 0,00648 5,33 Propionyl-CoA carboxylase alpha chain_ mitochondrial
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P35222 CTNNB1 0,04267 5,37  Catenin beta-1

Q2NL98 VMAC 0,02304 5,48  Vimentin-type intermediate filament-associated coiled-coil protein

Q8NDA2 HMCN2 0,00103 5,54  Hemicentin-2

QI9P0T4 ZNF581 0,00776 5,58  Zinc finger protein 581

K7EMP1 CC2D1A 0,00576 5,76  Coiled-coil and C2 domain-containing protein 1A (Fragment)

P00367 GLUD1 0,03127 5,88  Glutamate dehydrogenase 1_ mitochondrial

014639 ABLIM1 0,04060 5,93  Actin-binding LIM protein 1

043157 PLXNB1 0,00803 5,96  Plexin-B1

P21796 VDACI1 0,03407 5,99  Voltage-dependent anion-selective channel protein 1

Q99551 MTERF1 0,04411 6,19  Transcription termination factor 1_ mitochondrial

QI9BVAI TUBB2B 0,00982 6,20  Tubulin beta-2B chain

E9PGCO RASAL1 0,01013 6,36 Ras GTPase-activating protein 1

Q12767 TMEM94 0,02204 6,56  Transmembrane protein 94

F8W7U8 MRE11 0,00917 6,64  Double-strand break repair protein MRE11

Q8N8Q3 ENDOV 0,00436 6,78  Endonuclease V

000409 FOXN3 0,01085 7,16  Forkhead box protein N3
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Q8N2N9 ANKRD36B 0,00198 7,27  Ankyrin repeat domain-containing protein 36B

QI9NTIJ3 SMC4 0,03491 7,34 Structural maintenance of chromosomes protein 4

QINVM9 INTS13 0,00557 7,51 Integrator complex subunit 13

Q9Y228 TRAF3IP3 0,01971 7,59 TRAF3-interacting JNK-activating modulator

P49354 FNTA 0,02413 7,61  Protein farnesyltransferase/geranylgeranyltransferase type-1 subunit alpha

QI6M96 FGD4 0,00986 7,92  FYVE_ RhoGEF and PH domain-containing protein 4

Q5I0G2 PRL 0,01579 8,38  Growth hormone Al

QYHSI5 PIEZO2 0,00025 8,81  Piezo-type mechanosensitive ion channel component 2

E7ERS3 ZC3H18 0,00017 9,31  Zinc finger CCCH domain-containing protein 18

QoUI17 DMGDH 0,01573 9,37  Dimethylglycine dehydrogenase_ mitochondrial

F8W079 ATP5B 0,03573 10,05  ATP synthase subunit beta_ mitochondrial (Fragment)

D6RIJB7 ANKRD31 0,00170 10,17  Putative ankyrin repeat domain-containing protein 31

B4DY26 TGFBR1 0,02334 11,00  Receptor protein serine/threonine kinase

P08069 IGFIR 0,00013 11,87  Insulin-like growth factor 1 receptor

Q5VVv43 KIAA0319 0,02274 12,75 Dyslexia-associated protein KIAA0319



Table 6: Ingenuity canonical pathway analysis for oligodendrocyte treated with second generation antipsychotics
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Treatment

Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone

Risperidone

Table 6 - Ingenuity canonical pathway analysis for oligodendrocyte treated with second generation antipsychotics

Ingenuity Canonical Pathways

Epithelial Adherens Junction Signaling
Germ Cell-Sertoli Cell Junction Signaling
EIF2 Signaling

Sertoli Cell-Sertoli Cell Junction Signaling
Remodeling of Epithelial Adherens Junctions
Axonal Guidance Signaling
14-3-3-mediated Signaling

PTEN Signaling

PDGF Signaling

Gap Junction Signaling

CREB Signaling in Neurons

CNTF Signaling

Integrin Signaling

NGF Signaling

Antiproliferative Role of Somatostatin Receptor 2

Breast Cancer Regulation by Stathmin|
Role of p14/p19ARF in Tumor Suppression
Paxillin Signaling

PI3K/AKT Signaling

Endometrial Cancer Signaling

Regulation of eIF4 and p70S6K Signaling

p-value

1,23E-06
1,78E-06
1,07E-05
2,82E-05
6,17E-05
0,000105
0,000158
0,000178
0,000347
0,000417
0,000501
0,000513
0,000562
0,000562
0,000589
0,000724
0,000741
0,000776
0,000794
0,000871
0,001148

Ratio

22/143 (0,154)
24/169 (0,142)
26/212 (0,123)
22/173 (0,127)
12/66 (0,182)
40/445 (0,0899)
17/130 (0,131)
16/119 (0,134)
13/90 (0,144)
19/167 (0,114)
20/183 (0,109)
10/60 (0,167)
22/212 (0,104)
15/119 (0,126)
11/72 (0,153)
21/202 (0,104)
8/42 (0,19)
14/110 (0,127)
15/123 (0,122)
10/64 (0,156)
17/154 (0,11)

Treatment
Quetiapine
Quetiapine
Quetiapine
Quetiapine
Quetiapine
Quetiapine
Quetiapine
Quetiapine
Quetiapine

Quetiapine

Ingenuity Canonical Pathways

Glutamate Degradation II

Aspartate Biosynthesis

Pentose Phosphate Pathway (Oxidative Branch)
L-cysteine Degradation I

Aspartate Degradation II

Ephrin A Signaling

Leucine Degradation I

Myc Mediated Apoptosis Signaling

Calcium Transport I

Pentose Phosphate Pathway

p-value

1,45E-02
1,45E-02
1,91E-02
1,91E-02
3,31E-02
3,39E-02
4,27E-02
4 47E-02
4,68E-02
4,68E-02

Ratio

1/3 (0,333)
1/3 (0,333)
1/4 (0,25)

1/4 (0,25)

1/7 (0,143)
2/60 (0,0333)
1/9 (0,111)
2/70 (0,0286)
1/10 (0,1)
1/10 (0,1)




Risperidone  Reelin Signaling in Neurons 0,001445  12/92 (0,13)

Risperidone  Cardiac Hypertrophy Signaling 0,001905  22/233 (0,0944)

Risperidone  HGF Signaling 0,003162  13/114 (0,114)

Risperidone  Non-Small Cell Lung Cancer Signaling 0,003631  10/77 (0,13)

Risperidone  Melanoma Signaling 0,004467  8/55(0,145)

Risperidone  EGF Signaling 0,005012  9/68 (0,132)

Risperidone  CXCR4 Signaling 0,005495  16/164 (0,0976)

Risperidone  Huntington's Disease Signaling 0,005888  21/240 (0,0875)

Risperidone  Molecular Mechanisms of Cancer 0,006607  29/370 (0,0784)

Risperidone  Colorectal Cancer Metastasis Signaling 0,006761  21/243 (0,0864)

Risperidone  Antiproliferative Role of TOB in T Cell Signaling 0,007079  5/26 (0,192)

Risperidone  Small Cell Lung Cancer Signaling 0,007244  10/85 (0,118)

Risperidone  GM-CSF Signaling 0,007943  9/73 (0,123)

Risperidone  PAK Signaling 0,008318  11/100 (0,11)
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Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone

Risperidone

RANK Signaling in Osteoclasts

Cancer Drug Resistance By Drug Efflux

Estrogen Receptor Signaling

Neuropathic Pain Signaling In Dorsal Horn Neurons
B Cell Receptor Signaling

Protein Kinase A Signaling

D-myo-inositol (1,4,5)-trisphosphate Degradation
Role of NFAT in Cardiac Hypertrophy

Ga12/13 Signaling

Glucocorticoid Receptor Signaling

Pancreatic Adenocarcinoma Signaling

Pyridoxal 5'-phosphate Salvage Pathway

IL-2 Signaling

1D-myo-inositol Hexakisphosphate Biosynthesis II (Mammalian)
D-myo-inositol (1,3,4)-trisphosphate Biosynthesis
Mouse Embryonic Stem Cell Pluripotency

CDA40 Signaling

Role of Tissue Factor in Cancer

IGF-1 Signaling

FcyRIIB Signaling in B Lymphocytes

Purine Nucleotides De Novo Biosynthesis II
Tight Junction Signaling

Lymphotoxin § Receptor Signaling

Telomerase Signaling

ErbB2-ErbB3 Signaling

Amyotrophic Lateral Sclerosis Signaling
Sumoylation Pathway

Role of IL-17A in Arthritis

0,008318
0,008318
0,008511
0,008511
0,008511
0,009333
0,009333
0,01
0,010233
0,010471
0,010965
0,010965
0,010965
0,011482
0,011482
0,011749
0,012023
0,012589
0,012589
0,012882
0,01349
0,013804
0,014454
0,014454
0,015488
0,016218
0,016596
0,016982

11/100 (0,11)
7/49 (0,143)
13/128 (0,102)
12/114 (0,105)
17/187 (0,0909)
29/380 (0,0763)
4/18 (0,222)
17/190 (0,0895)
13/131 (0,0992)
23/285 (0,0807)
12/118 (0,102)
8/64 (0,125)
8/64 (0,125)
4/19 (0,211)
4/19 (0,211)
11/105 (0,105)
9/78 (0,115)
12/120 (0,1)
11/106 (0,104)
7/53 (0,132)
3/11 (0,273)
15/166 (0,0904)
8/67 (0,119)
11/108 (0,102)
8/86 (0,118)
11/110 (0,1)
10/96 (0,104)
8/69 (0,116)
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Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone
Risperidone

Risperidone

Cleavage and Polyadenylation of Pre-mRNA

Calcium Signaling

Prolactin Signaling

Phospholipase C Signaling

Melanocyte Development and Pigmentation Signaling

Myc Mediated Apoptosis Signaling

Glioma Invasiveness Signaling

ErbB4 Signaling

TR/RXR Activation

Caveolar-mediated Endocytosis Signaling

PKC6 Signaling in T Lymphocytes

Leukocyte Extravasation Signaling

Phagosome Formation

Virus Entry via Endocytic Pathways

NF-kB Signaling

Superpathway of D-myo-inositol (1,4,5)-trisphosphate Metabolism
mTOR Signaling

Role of PI3K/AKT Signaling in the Pathogenesis of Influenza
Neurotrophin/TRK Signaling

Signaling by Rho Family GTPases

Acetyl-CoA Biosynthesis I (Pyruvate Dehydrogenase Complex)
PXR/RXR Activation

Angiopoietin Signaling

Acute Myeloid Leukemia Signaling

Systemic Lupus Erythematosus Signaling

T Cell Receptor Signaling

Thrombopoietin Signaling

CD27 Signaling in Lymphocytes

0,017378
0,017378
0,017783
0,017783
0,017783
0,018197
0,018197
0,018197
0,019055
0,019953
0,019953
0,020893
0,023442
0,024547
0,024547
0,025704
0,027542
0,02884
0,02884
0,02884
0,0302
0,0302
0,030903
0,032359
0,032359
0,034674
0,035481
0,037154

3/12 (0,25)
15/171 (0,0877)
9/83 (0,108)
19/234 (0,0812)
10/97 (0,103)
8/70 (0,114)
8/70 (0,114)
8/70 (0,114)
10/98 (0,102)
8/71 (0,113)
12/128 (0,0938)
17/206 (0,0825)
11/116 (0,0948)
10/102 (0,098)
15/178 (0,0843)
4124 (0,167)
16/197 (0,0812)
8/76 (0,105)
8/76 (0,105)
19/247 (0,0769)
2/6 (0,333)
7163 (0,111)
8/77 (0,104)
9/92 (0,0978)
17/217 (0,0783)
10/108 (0,0926)
7/65 (0,108)
6/52 (0,115)
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Risperidone  Thyroid Cancer Signaling 0,037154  5/39 (0,128)

Risperidone  Mismatch Repair in Eukaryotes 0,038019  3/16 (0,188)

Risperidone  Renal Cell Carcinoma Signaling 0,039811  8/81 (0,0988)

Risperidone  Cell Cycle Control of Chromosomal Replication 0,040738  5/40 (0,125)

Risperidone  ILK Signaling 0,043652  15/192 (0,0781)

Risperidone ~ Growth Hormone Signaling 0,044668  8/83 (0,0964)

Risperidone  Superpathway of Inositol Phosphate Compounds 0,045709  17/227 (0,0749)

Risperidone  Histamine Biosynthesis 0,047863  1/1(1)

Risperidone  Sulfite Oxidation IV 0,047863 1/1 (1)
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