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RESUMO

O Transtorno do Espectro do Autismo (TEA) € um grupo heterogéneo de desordens do
desenvolvimento neuroldgico, caracterizado por prejuizos na comunicacdo e interacdo
social e padrdes repetitivos e estereotipados de comportamento. O diagndstico clinico é
avaliado apenas por entrevistas com o0s pais. A heterogeneidade deste transtorno é
gerada por fatores genéticos e ambientais que desempenham um papel vital na
predisposicdo dos individuos para o TEA com diferentes niveis de comprometimento.
As alteragdes epigenéticas tém sido amplamente estudadas em doengas psiquiatricas.
MicroRNAs (miRNAs) surgiram recentemente como reguladores epigenéticos
importantes em uma variedade de processos celulares. O objetivo deste estudo foi
avaliar a expressdao de alguns microRNAs (miRNAs) e correlacionar com vias
bioquimicas em pacientes com TEA e em modelo animal de TEA. Nos pacientes com
TEA, de um total de 26 miRNAs, sete foram estatisticamente alterados em pacientes
quando comparado com o grupo controle: miR34c, miR92a-2, miR145 e miR199a tém
aumento na expressdo em pacientes enquanto 0s miR27a, miR19-b e miR193a estdo
reprimidos nos pacientes. Este estudo ainda mostra uma correlagcdo de expressao de 4
miRNAS, miR34c, miR145 e miR199a e miR193a, em ambos 0s grupos (pacientes e do
modelo animal de TEA). Os principais alvos, dos miRNAS, que estdo reprimidos
contribuem com o fenotipo encontrado no TEA sdo Sirtuina 1, HDAC2 e MeCP2. Além
disso, este trabalho mostra algumas semelhancas na expressdo de miRNAs alterados
entre as duas espécies. E importante ressaltar o papel do miR34c que esta intimamente
ligado ao Transtorno de Ansiedade. Isto sugere que existe uma alteragdo epigenética no
TEA que é persistente e conservada entre espécies, induzindo, possivelmente, o
comportamento ansioso nos pacientes. Além de um perfil de expressdo de microRNA
como um possivel marcador biologico, tanto diagnostico quanto progndstico, este
estudo mostra uma possibilidade terapéutica para o tratamento da ansiedade em
pacientes com TEA.

Palavras-chave: Transtorno do Espectro do Autismo, microRNA, Sirtuina 1, HDAC2,

MeCP2, miR34c, Transtorno de Ansiedade



ABSTRACT

Autism Spectrum Disorder (ASD) is a heterogeneous group of neurodevelopmental
disorders characterized by impairments in communication and social interaction and
repetitive and stereotyped patterns of behavior. The clinical diagnosis is only assessed
by interviews with parents. The heterogeneity of this disorder is generated by genetic
and environmental factors that play a vital role in the predisposition of individuals to the
ASD with different levels of commitment. Epigenetic changes have been widely studied
in psychiatric disorders. miRNAs have recently emerged as important regulators of
epigenetic a variety of cellular processes. The aim of this study was to evaluate the
expression of miRNA and correlate with biochemical pathways in ASD patients and in
ASD animal model. In the ASD patients, a total of 26 miRNA, seven were significantly
altered when compared with the control group: miR34c, miR92a-2, miR145 and
miR199a have increased expression in patients while miR27a, miR19-b miR193a are
suppressed in patients. This study also shows a correlation of 4 miRNA expression,
miR34c, miR145, miR199a and miR193a in both groups (patients and ASD animal
model). The main targets that are repressed in these miRNAs expressed differently
contribute to the phenotype found in ASD and are Sirtuin 1, HDAC2 and MeCP2. Also,
this work shows some similarities in miRNAs expression changed between the two
species. It is important to emphasize the role of miR34c that is closely linked to anxiety
disorder. This suggests that there is an epigenetic change in ASD and is persistent and
conserved among species, inducing possibly the anxious behavior in patients. Besides a
microRNA expression profile as a biomarker can both diagnosis and prognosis, this
study shows the therapeutic opportunity for treatment of anxiety in patients with ASD.

Keywords: Autism Spectrum Disorder, microRNA, Sirtuin 1, HDAC2, MeCP2,

miR34c, anxiety disorder



INTRODUCAO

Historico

A limitagédo nas relagfes humanas apresentada por pacientes com esquizofrenia
foi referida, pela primeira vez, como autismo, por Eugen Bleuler em 1911%. O termo
autismo, derivado do radical grego “autos” (em si mesmo), foi utilizado, portanto, para
descrever um sintoma de uma doenca psiquiatrica, j& conhecida na época.

Somente em 1943, Leo Kanner utilizou o termo “distirbios autistas do contato
afetivo” para descrever 11 criangas que apresentavam comportamento marcado pela
inabilidade de estabelecer contato afetivo e interpessoal, de uma forma distinta de outras
patologias como a esquizofrenia, e que parecia afetar os pacientes desde o inicio de suas
vidas?.

Hans Asperger, em 1944, descreveu casos de criangas com inteligéncia normal,
porém com algumas caracteristicas semelhantes ao autismo em relagdo as dificuldades
de comunicac&o social?.

Em 1980, o autismo foi, pela primeira vez, reconhecido no Manual Estatistico e
Diagnostico da Associacdo Americana de Psiquiatria (DSM 111) e na revisdo de 1987
(DSM 111-R) foram estabelecidos dois diagnosticos sob o termo de “Transtorno Invasivo
do Desenvolvimento (TID)”: 1) autismo; 2) transtorno invasivo (ou global) do
desenvolvimento nao especificado.

Em 1994, (DSM 1V), novos critérios foram incluidos devido a necessidade de
identificacdo de subgrupos homogéneos de individuos com autismo, tanto para
finalidades praticas quanto de pesquisa. Na versdo de 2000, (DSM-IV-TR), os critérios
diagnosticos permaneceram 0s mesmos que 0os do DSM-IV, os quais possibilitavam o

diagnostico dos TID com as seguintes subdivisdes: 1)Autismo; 2)Sindrome de Rett;



3)Transtorno desintegrativo da inféncia; 4)Transtorno invasivo do desenvolvimento ndo
especificado; 5)Sindrome de Asperger.

A versdo mais recente do DSM, conhecida como DSM-V, reuniu quatro dos
diferentes diagndsticos do espectro em um sé diagndstico: Transtorno do Espectro do
Autismo (TEA). A Sindrome de Rett foi excluida do espectro por ser uma sindrome
reconhecida por ter um gene alterado conhecido, mesmo possuindo muitos sintomas
clinicos parecidos com os do TEA.

Portanto, a partir de 18 de maio de 2013, todos os pacientes foram incluidos
dentro deste espectro®.

De acordo com a Associagdo Americana de Psiquiatria (DSM-V-“Development
Team”), os padr@es para o diagnéstico do TEA mudaram por vérias razdes, pois embora
seja possivel distinguir claramente a diferenca entre as pessoas com TEA e aqueles com
o desenvolvimento tipico, € mais dificil de diagnosticar os subtipos validos e antes
existentes.

Uma vez que todos os pacientes com TEA exibem alguns dos comportamentos
tipicos do espectro, foi melhor redefinir o diagnéstico por gravidade do que ter um
padrdo completamente separado para cada, assim sendo, um Unico diagnostico de TEA
reflete melhor a apresentacéo e a patologia do autismo. A versao anterior do DSM tinha
trés critérios principais para o diagnéstico, conhecida como triade de sintomas:
inabilidade na linguagem, déficit na interacdo social e comportamentos estereotipados
ou de modo repetitivo.

O novo DSM-V tem apenas duas areas principais: comunicacdo social e 0s
comportamentos fixos ou repetitivos. Os autores do DSM-V reiteram que é dificil
separar os deficits de comunicacéo e os déficits sociais, uma vez que estas duas areas se

sobrepdem de forma significativa. A comunicacdo é frequentemente utilizada para fins
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sociais, e os déficits de comunicacdo podem afetar drasticamente o desempenho social.
Portanto, os atrasos na linguagem ndo mais fazem parte do diagndstico. Por exemplo,
anteriormente, um deficit na linguagem era um fator significativo no diagnostico de
autismo cléssico, tanto que o primeiro diagnostico da vida do paciente era realizado

apos um néo desenvolvimento de linguagem tipico.

Transtorno do Espectro do Autismo

O TEA ndo tem sua etiologia definida, apesar de muitos estudos recentes nesta
area. Entre as patologias com etiologia complexa da psiquiatria, o Transtorno do
Espectro do Autismo é um dos que apresenta maior heranca genética, ou seja, 0s genes
ttm um papel importante na determinacdo da sua etiologia. Possivelmente,
predisposicdo genética ligada a um fator ambiental podem estar relacionados com o
desencadeamento do transtorno®. Esse pensamento corrobora o fato da apresentacio de
graus diferentes do mesmo, com cada qual seguindo a variacdo da gravidade da
exposicdo ambiental junto com a predisposicdo genética®.

Diversos genes e variacdes alélicas foram relatados como possiveis marcadores
moleculares do TEA®’, porém o TEA acompanha, também, pacientes que possuem
alteracdes cromossdmicas bem descritas na literatura médica, como Sindrome de Down,
Sindrome do X-Fragil, Sindrome de Prader-Willi, Sindrome de Angelman, entre
outras®’,

Alteracdes génicas e genéticas estdo envolvidas no desencadeamento do TEA,
porém verifica-se que modificagdes imunologicas, do ciclo circadiano, alteragdes
hormonais e, recentemente, com mais énfase, alteracGes epigenéticas estdo presentes

nos pacientes com TEAS10,
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Apesar dos altos valores de herdabilidade atribuidos ao TEA, o grande nimero
de regies cromossomicas implicadas dificulta a busca por genes associados®!112,

Tem sido relatada por estudos epidemioldgicos nos Estados Unidos que a
prevaléncia do TEA é de 1 caso para cada 88 criancas com idade de 8 anos, e mais
frequente no sexo masculino, na propor¢do média de 4 para 1 caso no género feminino.
O aumento no numero de diagnésticos € explicado pelo aumento no conhecimento
sobre o transtorno, uma vez que, por enquanto, sé é disponibilizado o diagndstico

clinico através de entrevistas com os pais®3.

Diagnostico

Quanto mais precoce o diagnostico clinico, melhores as chances de tratamento
para o desenvolvimento do paciente. Atualmente, o diagnéstico ocorre a partir dos trés
anos de idade, e é realizado por profissionais médicos através de entrevista sobre o

comportamento da crianca®®.

Tratamento

Todos os tratamentos farmacoldgicos sdo paliativos, sendo utilizados para tratar
0s sintomas apresentados por cada individuo. Nao existe tratamento especifico para o
TEA, ndo existe cura para 0 TEA,; o que existe sdo tratamentos farmacologicos (anti-
psicoticos, ansioliticos, antidepressivos e anticonvulsivantes) e terapéuticos para 0

controle e desenvolvimento do paciente?2,
Epigenética no Transtorno do Espectro do Autismo

Epigenética
O termo epigenética foi empregado pela primeira vez, na década de 1940, pelo
geneticista e embriologista britanico Conrad Waddington, que a descreveu como: "as

interacGes entre genes com o ambiente, que fazem o fenotipo existir4,
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O conhecimento atual reforgca esse entendimento e a epigenética, atualmente,
engloba a avaliagdo da alteracdo da transcricdo do &cido desoxirribonucleico (DNA)
através de variagdes na metilacdo do DNA, modificacbes de histonas, alteracbes de
transcricdo de &cido ribonucleico (RNA) ndo-codificante, sem alteracGes na sequéncia
de DNA. Estas variantes representam o epigenoma, que por sua vez ira ser refletido no
transcriptoma: a porgdo do DNA que é transcrita em RNA16,

E importante considerar que o RNA néo-codificante representa mais de 90% dos
transcritos na maioria das células. RegiGes de DNA que ndo codificam para proteinas
(ou seja, regides intergénicas) podem ser ativamente transcritas e participar da regulacao
de expressdo génica e proteica. Fatores epigenéticos podem ter impacto em grande
escala e modificar as grandes “bibliotecas” dos processos celulares: transcriptoma,

RNAoma, proteoma e metabalomal’18,

2.1 Metilacdo do DNA: Em eventos pds-replicacdo, a DNA metiltransferase, enzima que
catalisa a adicdo de um grupo metil (CH3-) a partir do doador de metil, S-adenosil-L-
metionina, para os nucleotideos citosina ou adenina do DNA, tipicamente na posi¢do C5
dos dinucleotideos CpG. Ela ocorre em 70 a 80% nas ilhas CpG que estdo associadas
aos promotores génicos. Este processo bioquimico regula a transcricdo e expressédo de

genes e esta relacionada normalmente ao silenciamento dos mesmos.

2.2. Modificagbes de histonas: Em celulas de mamiferos, a unidade de base da
embalagem do DNA é o nucleossoma, formado por proteinas — histonas — que
envolvem o nucleo no qual o DNA é empacotado. Esta formacdo constitui a

cromatina®®. As modificagbes covalentes das proteinas histona Influenciam a
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disponibilidade de DNA para processos de transcricdo, regulando desta forma a

estrutura de DNA para a expressao do gene correspondente.

2.3 Alteracdo de microRNA: Os miRNAs s&o sequéncias de aproximadamente 22
nucleotideos de RNA ndo-codificante que regulam a expressao de outros genes através
do emparelhamento base-especifico com o RNA mensageiro (MRNA) alvo. Esse

mecanismo parece estar envolvido com a inibigdo do inicio da tradugédo20.

microRNA

No inicio deste milénio foram feitas as primeiras descobertas correlacionando a
existéncia de pequenos RNAs (microRNA ou miRNA) com os processos de regulagédo
da expressdo génica em eucariotos. Os miRNAs séo sequéncias de aproximadamente 22
nucleotideos de RNA nao-codificante que regulam a expressao de outros genes através
do emparelhamento base-especifico na regiao 3’UTR (do inglés: untranslated region),
regido essa que se estende do codon de terminacéo (sinal para o fim da sintese protéica)
até a cauda poli-A do RNA mensageiro (MRNA) alvo?. Padrdes diferenciais de
expressao destes miRNAs tem sido correlacionados com um grande ndmero de
patologias de natureza multifatorial, como cancer?!, Alzheimer?? e, mais recentemente,
autismo?®24,

Os miRNAs sdo moléculas de RNA enddgenas, ndo—codificantes e
evolutivamente conservadas, envolvidas no processo pdés-transcricional como
repressoras do gene através da clivagem do mRNA alvo por meio da formagdo de um

Complexo de Indugdo de Silenciamento (RISC). No RISC, o0 miRNA liga-se a pares de
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bases complementares do mRNA alvo, este processo faz com que haja o silenciamento
da expressdo génica ou a clivagem endonucleolitica do mMRNA alvo.

A via de transcricdo dos miRNAs tem um processamento compartimentado (Fig.
1). Duas enzimas estdo envolvidas no processo de transcricdo do precursor de miRNA
maduro: a RNA polimerase Il (responsavel pela transcricdo da maioria das sequéncias
de miRNA ) e a RNA polimerase 111.2°

A biogénese do miRNA, exemplificada na figura 1, inicia-se com a transcrigéo
de sua sequéncia pela RNA polimerase I, gerando um longo transcrito de miRNA
primario (pri-miRNA) contendo cap 5’ e cauda poli-A%°. O pri-miRNA apresenta uma
estrutura conformacional tipo hairpin, que € clivada, ainda no nucleo celular, pelo
complexo enzimatico: ribonuclease Ill, Drosha, e seu cofator DGCR8 (do
inglés DiGeorge syndrome critical region gene 8), gerando uma molécula precursora de
miRNA maduro denominada pré-miRNA, com cerca de 70 nucleotideos?. Em seguida,
o pré-miRNA é transportado ao citoplasma pela exportina-5 (Exp5), proteina de
exportagdo nuclear que utiliza Ran-GTP (trifosfato de guanosina) como cofator?’. No
citoplasma, o pré-miRNA é processado pelas enzimas ribonuclease |11 (RNase) e Dicer
(enzima nuclease que cliva moléculas de RNA dupla fita (dSRNA)), gerando um
miRNA fita dupla de aproximadamente 22 nucleotideos?. Este produto é incorporado
ao complexo RISC, que possui as proteinas argonautas como principais componentes.
Apenas uma das fitas do duplex de miRNA permanece no complexo RISC para
controlar a expressdo pds-transcricional de mMRNA alvos?.

Um unico miRNA pode ter diversos alvos de mRNA e um mRNA alvo pode ser
reprimido por diversos miRNAs?, além disso, alguns polimorfismos na sequéncia

nucleotidica do microRNA ou na regido 3> UTR do mRNA alvo podem modificar o
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perfil de repressdo envolvido, surgindo novas possibilidades de pareamento
especifico®®3L,

Os miRNAs participam de varios processos bioldgicos, tais como: o controle da
proliferacdo celular, apoptose celular, o metabolismo de lipideos e a morte celular?®%,
Os miRNAs regulam sua propria biogénese que envolve também fatores de regulacdo
de transcricdo® por isso que RNAs ndo-codificantes sdo importantes para a
compreenséo dos processos bioldgicos complexos dos organismos?.

A regulacdo negativa da expressdo de mRNA alvo através da funcdo do miRNA
€ um mecanismo epigenético especifico para 0 mRNA alvo, tais como a metilacdo do
DNA e a modificagdo de histonas®.

Os miRNAs também podem ser dosados no plasma e no soro de humanos e de
outros animais, de modo que podem ser utilizados como biomarcadores genéticos para o
diagndstico e prognostico de varias doengas®*°.

Figura 1: Biogénese e processamento de miRNA
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Fig.1: O miRNA é transcrito pela RNA polimerase 1l formando o pri-miRNA que
apresenta estrutura hairpin, depois é processado pelo complexo RNase Ill, Drosha,
formando o miRNA precursor (pré-miRNA), a proteina exportina-5 leva esse produto
ao citoplasma para ser processado pela RNase Ill, Dicer, gerando um miRNA fita
dupla. Uma das fitas do duplex de miRNA ¢ degradada enquanto a outra permanece
no complexo RISC para controlar a expressao pos-transcricional do mRNA alvo.

O miRBase (mirbase.org) é uma base de dados de sequéncias de mMiRNA
primario (previstos a partir da porcdo hairpin) e de sequéncia madura do miRNA. E o

unico banco de dados que possui todos os miRNAs de todas as espécies descobertos até

17



agora, e fornece nomenclatura para novos miRNAs com base na comparacdo de
semelhanca de sequéncia e de acordo com a localizagdo no genoma da espécie.

Este banco de dados é muito Util para os pesquisadores pois informa todas as
sequéncias de miRNA e previsdo de mRNA alvos para todas as espécies. O miRBase
fornece uma interface para a busca, download, navegagdo e apresentacdo de
informagdes relacionadas com o miRNA, como exemplos: sequéncias pré-miRNAs,

sequéncias maduras, anotagdes e expressdo em tecidos e em espécies®3°.

1. Alteragdes de miRNA no Transtorno do Espectro do Autismo

A evidéncia da desregulacdo de miRNA no TEA é baseada em uma série de
estudos, nos quais tém-se centrado a alteracdo do perfil de expressdo de miRNA em
individuos com TEA%4%. O perfil de expressdo em amostras de cérebro post-mortem de
individuos com TEA tém implicado em descobertas de alteracbes de miRNA que
possuem papéis na neurogénese e na plasticidade neuronal. Como exemplo, em um
estudo de caso-controle, Abu-Elneel et.al, 2008, rastrearam a expressdo de 466 miRNAS
no cortex cerebral post-mortem de 13 individuos com TEA e em igual nimero de
controles. Um total de 28 miRNAs estavam diferencialmente expressos entre 0s
grupos?®. Avaliando amostras de linhagem de células linfoblasticas, Talebizadeh et.al,
2008, encontrou expressdo alterada de 6 miRNAs nos 470 miRNAs estudados em 6
individuos com TEA em comparagdo com controles pareados*.

Como ja reportado, o TEA pode acompanhar sindromes sendo classificado como
uma comorbidade, nestes casos é descrito como TEA sindrémico. Alguns genes

alterados nestas sindromes tém ligacOes diretas com a biogénese de miRNA.
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A Sindrome do X frégil, causada por expansdes da repeticdo de trinucleotideos
CGG localizada na por¢do 5 do gene FMR1 (Fragile X Mental Retardation 1), e a
Sindrome de Rett, causada por mutacGes no gene MECP2 (proteina de ligacdo a metil
CpG 2), sdo exemplos de sindromes com gene Unico e que podem estar acompanhadas
de TEA*3, E importante ressaltar que os genes FMR1 e MECP2 estdo envolvidos com
a biogénese de miRNA, a proteina FMR1 interage com o complexo de processamento
de miRNA na fase da maturagdo do mesmo***. A proteina traduzida a partir do gene
MECP2 tem como funcdo a de repressor transcricional, podendo interferir, portanto,
diretamente na montagem do complexo de processamento de miRNA*#6, Mutacdes de
perda de funcdo em MECP2 sdo as principais causas da Sindrome de Rett, que
antigamente fazia parte do TEA como relatado anteriormente, no entanto, duplicagdes
do gene MECP2 foram, também, ligadas ao TEA, mostrando a importancia deste gene
no fenotipo e caracteristicas presentes no TEA*.

Ambos, FMR1 e MECP2 sdo intensamente estudados pela comunidade
cientifica no que diz respeito ao TEA, principalmente no envolvimento em vias

bioguimicas, na neurogénese e na funcéo sinaptica*®.

miRNAs analisados neste trabalho

Abaixo a tabela contendo as informacgdes sobre os miRNAs analisados na
espécie humana neste trabalho. As informacdes sobre a sequéncia madura, localiza¢do
cromossémica e numero de acesso foram retiradas da base de dados miRBase. As
sequéncias dos primers forward foram desenhadas para o estudo.

Os miRNAs escolhidos para integrarem este painel foram aqueles que estdo

envolvidos comprovadamente na neurogénese, na regulacdo da plasticidade sinéptica,
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em vias de regulagdo imunolégica e com papel importante em outras doencas

psiquiatricas como esquizofrenia, Doenca de Alzheimer e Doenga de Parkinson?249-5!,

Tabela 1. InformacGes sobre o0s mIRNAs analisados neste estudo

Acesso

) Primer forward
miRBase

Cromossomo

Sequéncia madura

hsa-miR-19b-1-5p 13 MI0000074 |AGUUUUGCAGGUUUGCAUCCAGC |AGTTTTGCAGGTTTGCATCCAGC
hsa-miR-24-2-5p 19 MI0000081 |UGCCUACUGAGCUGAAACACAG  |TGCCTACTGAGCTGAAACACAG
hsa-miR-25-3p 7 MI0000082  |CAUUGCACUUGUCUCGGUCUGA  |CATTGCACTTGTCTCGGTCTGA
hsa-miR-27a-3p 19 MI0000085 |UUCACAGUGGCUAAGUUCCGC TTCACAGTGGCTAAGTTCCGC
hsa-miR-29b-2-5p 1 MI0000107  |CUGGUUUCACAUGGUGGCUUAG ~ |CTGGTTTCACATGGTGGCTTAG
hsa-miR-31-5p 9 MI0000089 |AGGCAAGAUGCUGGCAUAGCU AGGCAAGATGCTGGCATAGCT
hsa-miR-34a-5p 1 MI0000268 |UGGCAGUGUCUUAGCUGGUUGU  |TGGCAGTGTCTTAGCTGGTTGT
hsa-miR-34c-5p 11 MI0000743 |AGGCAGUGUAGUUAGCUGAUUGC |AGGCAGTGTAGTTAGCTGATTGC
hsa-miR-92a-2-5p X MI0000094 |GGGUGGGGAUUUGUUGCAUUAC  |GGGTGGGGATTTGTTGCATTAC
hsa-miR-99a-5p 21 MI0000101 |AACCCGUAGAUCCGAUCUUGUG  |AACCCGTAGATCCGATCTTGTG
hsa-miR-125a-5p 19 MI0000469 |UCCCUGAGACCCUUUAACCUGUGA |TCCCTGAGACCCTTTAACCTGTGA
hsa-miR-125h-1-3p 11 MI0000446  |ACGGGUUAGGCUCUUGGGAGCU  |ACGGGTTAGGCTCTTGGGAGCT
hsa-miR-125h-2-3p 21 MI0000470 |UCACAAGUCAGGCUCUUGGGAC  |TCACAAGTCAGGCTCTTGGGAC
hsa-miR-145-5p 5 MI0000461 |GUCCAGUUUUCCCAGGAAUCCCU |GTCCAGTTTTCCCAGGAATCCCT
hsa-miR-181b-5p 1 MI0000270 |AACAUUCAUUGCUGUCGGUGGGU |AACATTCAUUGCTGTCGGTGGGT
hsa-miR-191-5p 3 MI0000465 |CAACGGAAUCCCAAAAGCAGCUG |CAACGGAATCCCAAAAGCAGCTG
hsa-miR-193a-5p 17 MI0000487 |UGGGUCUUUGCGGGCGAGAUGA  |TGGGTCTTTGCGGGCGAGATGA
hsa-miR-193b-3p 16 MI0003137 |AACUGGCCCUCAAAGUCCCGCU  |AACTGGCCCTCAAAGTCCCGCT
hsa-miR-198 3 MI0000240 |GGUCCAGAGGGGAGAUAGGUUC  |GGTCCAGAGGGGAGATAGGTTC
hsa-miR-199a-5p 19 MI0000242 |CCCAGUGUUCAGACUACCUGUUC |CCCAGTGTTCAGACTACCTGTTC
hsa-miR-210-3p 11 MI0000286 |CUGUGCGUGUGACAGCGGCUGA  |CTGTGCGTGTGACAGCGGCTGA
hsa-miR-214-3p MI0000290 |ACAGCAGGCACAGACAGGCAGU  |ACAGCAGGCACAGACAGGCAGT
hsa-miR-221-3p MI0000298 |AGCUACAUUGUCUGCUGGGUUUC |AGCTACATTGTCTGCTGGGTTTC
hsa-miR-222-3p MI0000299 |AGCUACAUCUGGCUACUGGGU AGCTACATCTGGCTACTGGGT
hsa-miR-339-5p MI0000815 |UCCCUGUCCUCCAGGAGCUCACG |TCCCTGTCCTCCAGGAGCTCACG
hsa-miR-370-3p 14 MI0000778 |GCCUGCUGGGGUGGAACCUGGU  |GCCTGCTGGGGTGGAACCTGGT
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Principais mRNAs alvos encontrados neste estudo e envolvidos no TEA

Sirtuina 1

Sirtuina 1 (Sirtl) é uma enzima conhecida por regular diversos processos
biologicos. Recentemente vem sendo descrita como uma reguladora de estresse e
envelhecimento, além de sua ativagdo estar envolvida como efeito terapéutico em
doengas neurodegenerativas, como na Doenca de Alzheimer e na esclerose lateral
amiotrofica®®®. Sirtl é reconhecida por regular negativamente mTOR (mammalian
target of rapamycin), promovendo um efeito protetor no envelhecimento, por exemplo,
pois a inibicdo de mTOR confere um efeito benéfico>.

A relacdo inversa entre os papéis de Sirtl e mTOR sugere uma relagdo funcional
entre essas duas proteinas, a regulacdo de mTOR é mediada potencialmente através de
uma interagdo de Sirtl com o complexo TSC1-TSC2 (Tuberous Sclerosis 1 e 2), este
complexo esta alterado funcionalmente na esclerose tuberosa, sindrome que pode ser
acompanhada por sintomas do TEA>. A alteracdo do complexo TSC1-TSC2 promovida
por mutacbes nos genes TSC1l e/ou TSC2 promove uma ativacdo de mTOR e
desencadeia as modificacdes patoldgicas da esclerose tuberosa®®. Abaixo na figura 2 é

demonstrado a via de sinalizacdo da Sirtl-complexo TSC-mTOR.
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Figura 2: Via de sinalizagdo da Sirt1-complexo TSC-mTOR

Histona desacetilase

O recrutamento de histonas desacetilase (HDACs) é considerado como um
elemento-chave na regulacdo dindmica de muitos genes, pois exercem um papel
importante na proliferacio e diferenciacdo celular®”®, De um modo geral, a
hiperacetilagéo das porgdes N-terminais das histonas se correlaciona com a ativacgéo da
expressdo génica, enquanto que a desacetilagdo medeia a repressdo da transcricdo®®.

Em particular, a fungdo da HDAC leva a represséo da transcrigdo, os inibidores
desta atividade enzimatica podem inverter a repressdo. Dentre os farmacos utilizados
como anti-epilético, o valproato de sodio (VPA) é um inibidor seletivo de classe | de
HDAC®. Uma vez que o VPA tem sido utilizado clinicamente por mais de trés décadas,

a farmacologia e os efeitos adversos desta droga foram estudados em detalhe®:,

MeCP2

Mutacdes no gene MECP?2 leva a perda de funcdo da proteina MeCP2, envolvida
na repressao génica. Essas alteracBes genéticas em MECP2 estdo bem descritas e
induzem um atraso na maturacdo neuronal e na sinaptogénese, causando a Sindrome de
Rett®2. A Sindrome de Rett é uma doenca progressiva ligada ao cromossomo X,
caracterizada por um periodo normal de desenvolvimento de 6 a 18 meses, seguido de
uma subsequente perda de habilidades de fala e motoras adquiridas. Os pacientes
tambem podem desenvolver retardo mental, movimentos estereotipados, ataxia,

convulsdo, microcefalia, autismo e disfuncdes respiratorias®?.
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Um dos mais importantes alvos de MeCP2, para explicar o fen6tipo da Sindrome
de Rett, no sistema nervoso central, é o fator neurotrofico derivado do cérebro

(BDN F)64,65,66 )

2. Correlacdo entre espécies na expressdo de microRNA

Modelo animal de TEA

O TEA € um transtorno de comportamento grave, caracterizado por deficiéncias
em interacGes sociais, déficits de comunicacdo verbal e ndo-verbal, e estereotipados,
padrdes repetitivos de comportamentos e de interesses®?.

O desenvolvimento de modelo animal de TEA tem como objetivo mimetizar em
laboratério a patologia e possiveis semelhancas etiolégicas com os dados humanos. Para
tanto, no caso do modelo animal utilizado neste trabalho, foi reproduzido um modelo
animal de TEA desenvolvido por Schneider e Przewtocki, 2005°7,

A estratégia criada foi a de submeter fetos de ratos a exposicdo de VPA no dia
12,5 de gestacdo. A fim de determinar se os ratos VPA apresentam aberracfes
comportamentais observadas no TEA, o0s seus comportamentos foram extensivamente
avaliados numa série de testes. Os resultados demonstram que os ratos VPA possuem:
(1) uma menor sensibilidade a dor e maior sensibilidade a estimulos ndo dolorosos, (2)
diminuicdo da inibicdo de pré-pulso acustico, (3) hiperatividade locomotora e
repetitiva/estereotipada combinada com menor atividade exploratdria e (4) diminuigéo
do numero de comportamentos sociais e aumento da laténcia para comportamentos
sociais®’. Segundo Schneider e Przewtocki, além disso, os ratos VPA apresentam atraso

na maturagdo, menor peso corporal e desenvolvimento motor atrasado.
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O transtorno de ansiedade é muito relatado em pacientes com TEA, muitos
pacientes fazem uso de medicamentos psicotropicos para amenizar esse comportamento
alterado. E importante ressaltar que diversos estudos no modelo animal de TEA relatam
um comportamento ansioso nos ratos VPA, pela desregulacdo dos sistemas

gabaérgico®®° e dopaminérgico no estriado e na area mesolimbica do cérebro®.

microRNA analisados neste trabalho em modelo animal de TEA

Tabela 2: InformacGes sobre os miRNAs analisados neste estudo

Acesso

Cromossomo Primer forward

Sequéncia madura

miRBase
rno-miR-25-3p 12 MIO000856  |CAUUGCACUUGUCUCGGUCUGA [CATTGCACTTGTCTCGGTCTGA
rno-miR-27a-3p 19 MI0000860  |UUCACAGUGGCUAAGUUCCGC TTCACAGTGGCTAAGTTCCGC
rno-miR-29b-5p 1 MI0000862 |CUGGUUUCACAUGGUGGCUUAG |CTGGTTTCACATGGTGGCTTAG
rno-miR-34a-5p 5 MI0000877 |UGGCAGUGUCUUAGCUGGUUGU  |TGGCAGTGTCTTAGCTGGTTGT
rno-miR-34c-5p 8 MI0000876  |AGGCAGUGUAGUUAGCUGAUUGC [AGGCAGTGTAGTTAGCTGATTGC
rno-miR-99a-5p 11 MIO000883  |AACCCGUAGAUCCGAUCUUGUG  [AACCCGTAGATCCGATCTTGTG
rno-miR-125a-5p 1 MI0000895  |UCCCUGAGACCCUUUAACCUGUGA |[TCCCTGAGACCCTTTAACCTGTGA
rno-miR-125b-1-3p 8 MI0000896 |ACGGGUUAGGCUCUUGGGAGCU |ACGGGTTAGGCTCTTGGGAGCT
rno-miR-145-5p 18 MI0000918 |GUCCAGUUUUCCCAGGAAUCCCU [GTCCAGTTTTCCCAGGAATCCCT
rno-miR-181b-5p 13 MI0000926  |AACAUUCAUUGCUGUCGGUGGGU [AACATTCAUUGCTGTCGGTGGGT
rno-miR-191-5p 8 MI0000934  |CAACGGAAUCCCAAAAGCAGCUG |CAACGGAATCCCAAAAGCAGCTG
rno-miR-193a-5p 10 MI0000936  |UGGGUCUUUGCGGGCGAGAUGA |TGGGTCTTTGCGGGCGAGATGA
rno-miR-199a-5p 13 MI0000941  |CCCAGUGUUCAGACUACCUGUUC |CCCAGTGTTCAGACTACCTGTTC
rno-miR-210-3p 1 MIO000950 |CUGUGCGUGUGACAGCGGCUGA |CTGTGCGTGTGACAGCGGCTGA
rno-miR-221-3p X MI0000961  |AGCUACAUUGUCUGCUGGGUUUC [AGCTACATTGTCTGCTGGGTTTC
rno-miR-222-3p X MI0000962  |AGCUACAUCUGGCUACUGGGU AGCTACATCTGGCTACTGGGT
rno-miR-339-5p 12 MIO000620  |UCCCUGUCCUCCAGGAGCUCACG [TCCCTGTCCTCCAGGAGCTCACG
rno-miR-370-3p 6 MI0003486 |GCCUGCUGGGGUGGAACCUGGU |GCCTGCTGGGGTGGAACCTGGT

OBJETIVO GERAL

Este trabalho tem como objetivo avaliar a alteracdo de miRNA em pacientes com
Transtorno do Espectro do Autismo e em ratos submetidos ao modelo animal de

autismo induzido por Valproato de sodio.
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OBJETIVOS ESPECIFICOS

1. Verificar o quanto e quais miRNA estdo alterados no plasma de pacientes com
autismo cléssico, agora relatado como transtorno do espectro do autismo, em
relacdo aos individuos neurotipicos. Todos as amostras pertencem a criangas do
género masculino com idade entre 5 e 10 anos, provenientes e pacientes do
Hospital de Clinicas de Porto Alegre.

2. Verificar o quanto e quais microRNA estdo alterados no plasma de ratos
submetidos ao modelo animal do Transtorno do Espectro do Autismo com
valproato de sddio, em relagdo aos ratos controle. Todos os ratos sdo do género
masculino com idade de 90 dias, provenientes e tratados no Biotério do
Departamento de Bioquimica da Universidade Federal do Rio Grande do Sul.

3. Estudar as vias bioquimicas possivelmente alteradas pelos miRNA expressos
diferentemente através da pesquisa em bancos de dados de alvos especificos e
validados para cada miRNA alterado entre os dois grupos das respectivas
espécies.

4. Correlacionar alteracdes idénticas de miRNA entre espécies com a fisiopatologia

do Transtorno do Espectro do Autismo

MATERIAS E METODOS

Os materias e métodos desta tese estdo descritos nos manuscritos

RESULTADOS
1. Alterations in the MicroRNA of the Blood of Autism Spectrum Disorder

Patients: Effects on Epigenetic Regulation and Potential Biomarkers
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Abstract: Aims: Autism spectrum disorder (ASD) refers to a group of heterogeneous brain-
based neurodevelopmental disorders with different levels of symptom severity. Given the
challenges, the clinical diagnosis of ASD is based on information gained from interviews with
patients” parents. The heterogeneous pathogenesis of this disorder appears to be driven by
genetic and environmental interactions, which also plays a vital role in predisposing
individuals to ASD with different commitment levels. In recent years, it has been proposed
that epigenetic modifications directly contribute to the pathogenesis of several
neurodevelopmental disorders, such as ASD. The microRNAs (miRNAs) comprises a species
of short noncoding RNA that regulate gene expression post-transcriptionally and have an
essential functional role in the brain, particularly in neuronal plasticity and neuronal
development, and could be involved in ASD pathophysiology. The aim of this study is to
evaluate the expression of blood miRNA in correlation with clinical findings in patients with
ASD, and to find possible biomarkers for the disorder. Results: From a total of 26 miRNA
studied, seven were significantly altered in ASD patients, when compared to the control
group: miR34c-5p, miR92a-2-5p, miR145-5p and miR199a-5p were up-regulated and miR27a-
3p, miR19-b-1-5p and miR193a-5p were down-regulated in ASD patients. Discussion: The
main targets of these miRNAs are involved in immunological developmental, immune
response and protein synthesis at transcriptional and translational levels. The up-regulation of
both miR199a-5p and miR92a-2a and down-regulation of miR193a and miR27a was observed
in ASD patients, and may in turn affect the SIRT1, HDAC2, and PI3K/Akt-TSC:mTOR
signaling pathways. Furthermore, MeCP2 is a target of miR199a-5p, and is involved in Rett
Syndrome (RTT), which possibly explains the autistic phenotype in male patients with this
syndrome.

Keywords: ASD; microRNA; SIRT1; HDAC2; PI3K/Akt-TSC:mTOR; MeCP2
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1. Introduction

Autism spectrum disorder (ASD) refers to a group of heterogeneous brain-based
neurodevelopmental disorders with different levels of symptom severity in two core domains:
impairment in communication and social interaction; and repetitive and stereotypic patterns of
behavior [1]. Given the challenges, the clinical diagnosis of ASD is based on information gained
from interviews with patients’ parents, in accordance with the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition, Text Revision (DSMV-TR). In April 2018 an
important study from the Autism and Developmental Disabilities Monitoring Network was
published by the U.S. Department of Health and Human Services/Centers for Disease Control
that estimates the prevalence of ASD among U.S. children aged 8 years old. The results
obtained revealed that one in 59 children aged 8 years, from multiple communities, presented
ASD [1]. Multiple lines of evidence suggest that ASD is genetic in origin, with most data
supporting a polygenic model [2,3]. However, except for the GWAS study [4], which
demonstrate that although autism possesses a complex genetic architecture, common variations
are found, and other genetic studies have been quite successful in identifying suitable candidate
genes for ASD. The heterogeneous pathogenesis of this disorder appears to be driven by genetic
and environmental interactions, which also play a vital role in predisposing individuals to ASD
with different commitment levels [5]. In recent years, it has been proposed that epigenetic
modifications directly contribute to the pathogenesis of several neurodevelopmental disorders,
such as ASD [6-8]. Epigenetics modifiers act at the interface of genes targeting different
mechanisms: histone modifications, DNA methylation, chromatin remodeling or noncoding
RNA (microRNAs); controlling heritable changes in gene expression without changing the
DNA sequence [9,10].

It has been proposed that epigenetic machinery was closely related with neuronal
development disorders by several pathways influencing cell cycle regulation, development and
axon guidance, dendritic spine development and function, actin cytoskeleton regulation and
protein synthesis regulation [11]. The microRNAs (miRNAs) comprise a species of short
noncoding RNA (approximately 21 nucleotides) that regulate gene expression post-
transcriptionally, by interacting with specific mRNAs, usually at the 3" untranslated region
(UTR), through partial sequence complementation, resulting in mRNA degradation or
repression of translation [12]. In this way, a variety of cellular processes could be affected, as
cellular differentiation, metabolism and apoptosis [13]. miRNAs have an essential functional
role in the brain, particularly in neuronal plasticity and neuronal development [14]. Each
miRNA binds multiple targets in several mature mRNA species, mediating several biological
functions, including physiological neuronal gene expression and also several pathological
processes, as were previously described in some brain disorders [15,16]. The expression of
many miRNAs is dynamically regulated during brain development, neurogenesis, the neuronal
maturation mechanism [14], and an important signaling pathway involved in all of these
processes is the tuberous sclerosis complex-mammalian target of rapamycin (TSC-mTOR). For
example, a significant impairment to this pathway has been observed in some disorders related
to autism, including Tuberous Sclerosis, a disease characterized by mutations in tuberous
sclerosis proteins (TSC) TSC1 or TSC2 genes [17].

Recently, studies have revealed associations between the immune system and the central
nervous system in ASD development, hypothesizing that early neuroimmune disturbances
during embryogenesis could persist throughout an individual’s lifetime. Considering that
miRNAs can pass into the bloodstream from cells or tissues and organs [18], it seems reasonable
to suppose that changes in miRNA levels in blood could reflect direct changes occurred in the
Central Nervous System and lymphoid organs. Thus, in the present study, we evaluated the
expression of miRNA in the blood of ASD patients and analyzed the repression targets of these
miRNAs, correlating them with biochemical pathways that may be deregulated in ASD. We
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propose that the miRNA expression profile may be used as a clinical marker for the diagnosis or
prognosis of the disorder, and that epigenetic changes may help in understanding the disease.

2. Materials and Methods

2.1. Subjects

This study was approved by the Ethics Committee of Hospital de Clinicas de Porto Alegre
(HCPA) and the subjects” parents provided informed consent before inclusion in the study.
Eleven patients attending an outpatient clinic of the HCPA were included in the study,
following a semi-structured interview. Clinical diagnosis was confirmed by criteria defined by
the Diagnostic and Statistical Manual of Mental Disorders V and Autism Screening
Questionnaire. Seven ASD male patients with a mean age of 7.5 years (sd 2.5) and four non-
ASD male controls with a mean age of 7.5 years (sd 2.5) was carried out. The ASD subjects were
enrolled in the same autism severity group by two well-validated clinical tests: the Childhood
Autism Rating Scale (CARS) [19] and Autism Diagnostic Observation Schedule-Generic (ADOS-
G) [20]. Exclusion criteria were as follows: a) comorbidities such as chromosomal syndromes; b)
genetic or metabolic disease. Non-ASD male children were included after clinical diagnosis that
excluded: (a) presence of psychiatric disorder, (b) presence of ASD patients in family, (c)
presence of chromosomal syndrome, (d) genetic or metabolic disease.

2.2. Quantitative Real Time Polymerase Chain Reaction (RT-gPCR)

MicroRNA profile evaluations were evaluated from peripheral blood samples were
obtained from patient and immediately mixed with a three-fold volume of Trizol (Invitrogen)
for total RNA extraction.

Considering some common aspects among the different disorders that affect the Central
Nervous System, the 26 candidate miRNAs evaluated in this study, were based in previous
studies in the literature conducted with patients with sleep disturbances [21] or who had some
neurodegenerative diseases [22,23].

miRNA quantification was carried out by quantitative RT-qPCR using a stem-loop RT-PCR
technique, as previously described [24]. Complementary DNA (cDNA) was synthesized from
mature miRNA using a reverse transcriptase reaction containing 2 pg of total RNA, 1 pL of 10
mM dNTP mix (Invitrogen, Waltham, MA, USA), 3 uL of stem loop RT primer mix, 4 uL M-
MLV reverse transcriptase 5X reaction buffer (Invitrogen, USA), 2 uL of 0.1 M DTT (Invitrogen,
USA), 1 uL of RNase inhibitor (Invitrogen, USA), 1.0 uL of M-MLV reverse transcriptase
(Invitrogen, USA), and sterile distilled water to a final volume of 20 uL. The synthesis of cDNA
was completed after a sequence of four incubations at 16 °C for 30 min, 42 °C for 30 min, 85 °C
for 5 min and 4 °C for 10 min.

The quantitative PCR mix was made up with 12 uL of cDNA (1:33), 1.0 uL of specific
miRNA forward and universal reverse (10 pM) primers (as detailed in Table 1), 0.5 pL of 10 uM
dNTP mix, 2.5 pL of 10X PCR buffer (Invitrogen, USA), 1.5 uL of 50 mM MgCl2 (Invitrogen,
USA), 2.4 pL of 1X Sybr Green (Molecular Probes, Eugene, OR, USA), 0.1 uL of Platinum Taq
DNA Polymerase (Invitrogen, USA), and sterile distilled water to a final volume of 24 pL. The
fluorescence of Sybr Green was used to detect amplification, estimate Ct values, and to
determine specificity after melting curve analysis. PCR cycling conditions were standardized to
95 °C for 5 min, followed by 40 cycles at 95 °C for 10 s, 60 °C for 10 s, and 72 °C for 10 s. After
the main amplification, sample fluorescence was measured from 60 °C to 95 °C, with an
increasing ramp of 0.3 °C each, in order to obtain the denaturing curve of the amplified
products to assure their homogeneity after peak detection, and Tm (melting temperature)
estimation using data obtained from an Applied Biosystems StepOne System (Lincoln Centre
Drive Foster City, CA, USA). After the main amplification step, sample fluorescence was
measured at temperatures from 55-99°C, with an increasing ramp of 0.1°C, in order to obtain
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the denaturing curve of the amplified products and to assure their homogeneity after peak
detection and Tm estimation using data obtained from Applied Biosystems StepOne Plus.

The relative expression was obtained in triplicate using the 2-22Ct method, where the
Crossing threshold (Ct) values of the target samples are subtracted from the average Ct values
of the standard or control samples. The use of 224t js adequate, as the amount of RNA among
the different blood samples to produce the cDNAs did not differ significantly and produced
similar Ct values among the samples for 4 different miRNA used in the initial screening and
evaluated by Genorm software. The Genorm analysis was used to assess the variance in the
expression levels among the miRNA and pairwise comparisons. This resulted in 4 control
miRNA, the most stable ones, for every pairwise comparison, serving as normalizers to evaluate
the relative expression of miRNA. The RT-qPCR results were analyzed by Genorm algorithm to
assess the variance in expression levels of the miRNA studied. This program performed a scan
of the present miRNA from groups compared two by two each time. Then, the expression
stabilities of the set of miRNA were evaluated. All miRNA were ranked according to their
stability value. A pairwise variation analysis was performed by Genorm to determine the
number of miRNA required for accurate normalization and to identify which miRNA could be
used as internal control.

Table 1. Information about miRNA evaluated. ID, Chromosome localization, Accession
miRBase (www.mirbase.org), Mature Sequence and Forward Primer.

Chromosome

Accession
miRBase

Mature Sequence

Forward Primer

hsa-miR-19b-1-5p

13

MI0000074

AGUUUUGCAGGUUUGCAUCCAGC

AGTTTTGCAGGTTTGCATCCAGC

hsa-miR-24-2-5p

19

MI0000081

UGCCUACUGAGCUGAAACACAG

TGCCTACTGAGCTGAAACACAG

hsa-miR-25-3p

MI0000082

CAUUGCACUUGUCUCGGUCUGA

CATTGCACTTGTCTCGGTCTGA

hsa-miR-27a-3p

MI0000085

UUCACAGUGGCUAAGUUCCGC

TTCACAGTGGCTAAGTTCCGC

hsa-miR-29b-2-5p

MI0000107

CUGGUUUCACAUGGUGGCUUAG

CTGGTTTCACATGGTGGCTTAG

hsa-miR-31-5p

MI0000089

AGGCAAGAUGCUGGCAUAGCU

AGGCAAGATGCTGGCATAGCT

hsa-miR-34a-5p

MI0000268

UGGCAGUGUCUUAGCUGGUUGU

TGGCAGTGTCTTAGCTGGTTGT

hsa-miR-34c-5p

MI0000743

AGGCAGUGUAGUUAGCUGAUUGC

AGGCAGTGTAGTTAGCTGATTGC

hsa-miR-92a-2-5p X MI0000094 GGGUGGGGAUUUGUUGCAUUAC GGGTGGGGATTTGTTGCATTAC
hsa-miR-99a-5p 21 MI0000101 AACCCGUAGAUCCGAUCUUGUG AACCCGTAGATCCGATCITGTG
hsa-miR-125a-5p 19 MI0000469 UCCCUGAGACCCUUUAACCUGUGA TCCCTGAGACCCTTTAACCTGTGA
hsa-miR-125b-1-3p 11 MI0000446 ACGGGUUAGGCUCUUGGGAGCU ACGGGTTAGGCTCTTGGGAGCT
hsa-miR-125b-2-3p 21 MI0000470 UCACAAGUCAGGCUCUUGGGAC TCACAAGTCAGGCTCTTGGGAC
hsa-miR-145-5p 5 MI0000461 GUCCAGUUUUCCCAGGAAUCCCU GTCCAGTTTTCCCAGGAATCCCT
hsa-miR-181b-5p 1 MI0000270 AACAUUCAUUGCUGUCGGUGGGU AACATTCAUUGCTGTCGGTGGGT
hsa-miR-191-5p 3 MI0000465 CAACGGAAUCCCAAAAGCAGCUG CAACGGAATCCCAAAAGCAGCTG
hsa-miR-193a-5p 17 MI0000487 UGGGUCUUUGCGGGCGAGAUGA TGGGTCTTTGCGGGCGAGATGA
hsa-miR-193b-3p 16 MI0003137 AACUGGCCCUCAAAGUCCCGCU AACTGGCCCTCAAAGTCCCGCT
hsa-miR-198 3 MI0000240 GGUCCAGAGGGGAGAUAGGUUC GGTCCAGAGGGGAGATAGGTTC
hsa-miR-199a-5p 19 MI0000242 CCCAGUGUUCAGACUACCUGUUC CCCAGTGTTCAGACTACCTGTTC
hsa-miR-210-3p 11 MI0000286 CUGUGCGUGUGACAGCGGCUGA CTGTGCGTGTGACAGCGGCTGA
hsa-miR-214-3p 1 MI0000290 ACAGCAGGCACAGACAGGCAGU ACAGCAGGCACAGACAGGCAGT
hsa-miR-221-3p X MI0000298 AGCUACAUUGUCUGCUGGGUUUC AGCTACATTGTCTGCTGGGTTTC
hsa-miR-222-3p X MI0000299 AGCUACAUCUGGCUACUGGGU AGCTACATCTGGCTACTGGGT

hsa-miR-339-5p

MI0000815

UCCCUGUCCUCCAGGAGCUCACG

TCCCTGTCCTCCAGGAGCTCACG

hsa-miR-370-3p

14

MI0000778

GCCUGCUGGGGUGGAACCUGGU

GCCTGCTGGGGTGGAACCTGGT
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2.3. Statistical Analysis

To assess whether ASD patients and controls were homogeneous for age and gender the
Chi-squared test was used. Statistical analysis of the relative expression values obtained for
each miRNA in the experimental group was performed by Student’s f-test implemented using
the SPSS Statistics 17 software. In order to compare the expression levels between the two
experimental groups, the Waller-Duncan and Tukey HSD tests were performed with SPSS 17,
with identical group discrimination and similar probability values.

Each altered miRNA has a cluster of validated targets, which were predicted for at least
two available programs for experimental assays (miRBase).

The protein clusters were formed by the STRING 10 software using an automatic force-
directed layout algorithm that orders the nodes in the network. The algorithm works iteratively
trying to position the nodes apart from each other with a “preferred distance” proportional to
the String global score (https://string-db.org/). All nucleotide sequences were screened and
evaluated through miRBase and, after the ready profile, miRBase data banks were searched for
altered microRNA targets (www.mirbase.org).

3. Results

From a total of 26 miRNAs evaluated (Table 1), seven were statistically altered in ASD
patients in comparison with control group. Specifically, miR34c-5p (Figure 1; p = 0.0068), miR-
145-5p (Figure 2; p = 0.0099), miR92a-2-5p (Figure 3; p = 0.0026) and miR199a-5p (Figure 4; p =
0.047) were up-regulated, while miR19b-1-5p (Figure 5; p = 0.0184), miR27a-3p (Figure 6; p =
0.0001) and miR193a-5p (Figure 7; p = 0.001) were down-regulated comparing the ASD patients
with the control group. Additionally, the validated targets of the seven altered miRNA are
shown in protein clusters (Figures 1b-7b), except for the miR92a-2-5p, which does not have
validated targets in Homo sapiens. The results for Genorm revealed ubiquitous and stably
expressed normalization by RT-qPCR: miR125a-5p, miR181b-5p, miR125b-2-3p, miR198. Thus,
each alerted miRNA was calculated from 4 normalizing miRNA.

Each altered miRNA has a cluster of validated targets, which were predicted for at least
two available programs for experimental assays (miRBase). Using the STRING 10 software and
information from validated targets for each miRNA available at the miRBase website
(mirbase.org), we predicted the pathways that may be involved in ASD.
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Figure 1. (a) Scatter plot of differential relative expression of miR34c in peripheral blood of ASD
subjects compared to control subjects. Results expressed as mean #* standard error. t-Test
analysis; * p < 0.05. (b) mRNA validates targets for miR34c selected in miRBase and respective
proteins clusters that can be involved in ASD. Proteins involved in epigenetic regulation:
NANOG (Nanog homeobox); NOTCHI1 (notch 1); SOX2 (SRY (sex determining region Y)-box 2);
SRSF2 (serine/arginine-rich splicing factor 2); NOTCH4 (notch 4); E2F3 (E2F transcription
factor); MYCN (v-myc myelocytomatosis viral related oncogene, neuroblastoma derived); MYC
(v-myc myelocytomatosis viral oncogene homolog). Proteins involved in cell cycle: CCNE2
(cyclin E2); BCL2 (B-cell CLL/lymphoma 2). Proteins involved in immunological regulation:
ZAP70 (zeta-chain (TCR) associated protein kinase 70kDa); ULBP2 (UL16 binding protein 2);
CDK4 (cyclin-dependent kinase 4); CAV1 (caveolin 1). Protein associated with cytoskeleton
stabilization in neuronal cell: MAPT (microtubule-associated protein tau (776 aa)). Protein
involved in DNA repair: UNG (uracil-DNA glycosylase).
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Figure 2. (a) Scatter plot of differential relative expression of miR145 in peripheral blood of ASD
subjects compared to control subjects. Results expressed as mean * standard error. t-Test
analysis; * p < 0.05. (b) mRNA validates targets for miR145 selected in miRBase and respective
proteins clusters that can be involved in ASD. Proteins involved in epigenetic regulation: ERS1
(estrogen receptor 1); POU5F1 (POU class 5 homeobox 1 (360 aa)); Cllorf9 (chromosome 11
open reading frame 9); PARP8 (poly (ADP-ribose) polymerase family, member 8 (854 aa));
SOX2 (SRY (sex determining region Y)-box 2); HOX9 (homeobox A9); STAT1 (signal transducer
and activator of transcription 1); KLF4 (Kruppel-like factor 4); KLF5 (Kruppel-like factor 5);
NEDD?9 (neural precursor cell expressed); DDX17 (DEAD (Asp-Glu-Ala-Asp) box helicase 17);
EIF4E (eukaryotic translation initiation factor 4E); CBFB (core-binding factor, beta subunit);
HDAC?2 (histone deacetylase 2). Proteins involved in cell cycle: CDKN1A (cyclin-dependent
kinase inhibitor 1A (p21, Cipl)); CDK4 (cyclin-dependent kinase 4); MYC (v-myc
myelocytomatosis viral oncogene homolog); PPMI1D (protein phosphatase, Mg?/Mn?*
dependent, 1D); KRT7 (keratin 7). Proteins involved in immunological regulation: IFNB1
(interferon beta 1 fibroblast); TIRAP (toll-interleukin 1 receptor (TIR) domain containing
adaptor protein); SOCS7 (suppressor of cytokine signaling 7); ADAMI17 (ADAM
metallopeptidase domain 17). Proteins involved in insulin metabolism: IGFIR (insulin-like
growth factor 1 receptor), IRS1 (insulin receptor substrate 1); IRS2 (insulin receptor substrate 2).
Proteins associated with cytoskeleton and cell migration: SWAP70 (SWAP switching B-cell
complex 70kDa subunit); ILK (integrin-linked kinase); MYO6 (myosin VI); FSCN1 (fascin
homolog 1, actin-bundling protein); ROBO2 (roundabout, axon guidance receptor, homolog 2);
CDH2 (cadherin 2, type 1, N-cadherin (neuronal)), TMOD3 (tropomodulin 3 (ubiquitous));
SRGAP1 (SLIT-ROBO Rho GTPase activating protein 1); PAK4 (p21 protein (Cdc42/Rac)-
activated kinase 4). Others: SERPINEI (serpin peptidase inhibitor, clade E (nexin, plasminogen
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activator inhibitor type 1)); EGFR (epidermal growth factor receptor); NRAS (neuroblastoma
RAS viral (v-ras) oncogene homolog); VEGFA (vascular endothelial growth factor A); PPP3CA
(protein phosphatase 3, catalytic subunit); CTGF (connective tissue growth factor); MUC (mucin

1).
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Figure 3. Scatter plot of differential relative expression of miR92a2 in peripheral blood of ASD
subjects compared to control subjects. Results expressed as mean * standard error. t-Test
analysis; * p <0.05. miR92a2 does not have validated targets in Homo sapiens.
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Figure 4. (a) Scatter plot of differential relative expression of miR199a in peripheral blood of
ASD subjects compared to control subjects. Results expressed as mean + standard error. f-Test
analysis; * p < 0.05. (b) mRNA validates targets for miR199a selected in miRBase and respective
proteins clusters that can be involved in ASD. Proteins involved in epigenetic regulation: SIRT1
(sirtuin 1); SOX9 (SRY (sex determining region Y)-box 9); MED6 (mediator complex subunit 6);
SMARCA2 (SWI/SNF related, matrix associated, actin dependent regulator of chromatin,
subfamily a, member 2); CCNL1 (cyclin L1); JUNB (jun B proto-oncogene); HIF1A (hypoxia
inducible factor 1, alpha subunit); ETS2 (v-ets erythroblastosis virus E26 oncogene homolog 2);
MECP2 (methyl-CpG binding protein 2). Proteins involved in immunological regulation: CAV1
(caveolin 1); SMAD4 (SMAD family member 4); ALOX5AP (arachidonate 5-lipoxygenase-
activating protein); CD44 (CD44 molecule); IKBKB (inhibitor of kappa light polypeptide gene
enhancer in B-cells). Protein associated with cytoskeleton and cell migration: ERBB2 (v-erb-b2
erythroblastic leukemia viral oncogene homolog 2). Protein involved in DNA repair: UNG
(uracil-DNA glycosylase). Protein involved in strogen metabolim: SULT1E1 (sulfotransferase
family 1E, estrogen-preferring, member 1). Others: MAP3K11 (mitogen-activated protein kinase
kinase kinase 11); TMEM54 (transmembrane protein 54); GPR78 (G protein-coupled receptor 78;
Orphan receptor).
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Figure 5. (a) Scatter plot of differential relative expression of miR19b in peripheral blood of ASD
subjects compared to control subjects. Results expressed as mean + standard error. t-Test
analysis; * p < 0.05. (b) mRNA validates targets for miR19b selected in miRBase and respective
proteins clusters that can be involved in ASD. Protein involved in cell cycle: CCND1 (cyclin D1).
Proteins associated with cytoskeleton: ITGB8 (integrin, beta 8); KDR (kinase insert domain
receptor). Others: CASP8 (caspase 8); FGFR2 (fibroblast growth factor receptor 2).
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Figure 6. (a) Scatter plot of differential relative expression of miR27a in peripheral blood of ASD
subjects compared to control subjects. Results expressed as mean #* standard error. t-Test
analysis; * p < 0.05. (b) mRNA validates targets for miR27a selected in miRBase and respective
proteins clusters that can be involved in ASD. Proteins involved in epigenetic regulation: SP4
(Sp4 transcription factor); SP3 (Sp3 transcription factor); WDR77 (WD repeat domain 77);
RUNX1 (runt-related transcription factor 1); MYT1 (myelin transcription factor 1); SP1 (Spl
transcription factor); FOXO1 (forkhead box O1); PAX3 (paired box 3); NFE2L2 (nuclear factor
(erythroid-derived 2)-like 2); HIPK2 (homeodomain interacting protein kinase 2); ZBTB10 (zinc
finger and BTB domain containing 10). Proteins involved in cell cycle: PHB (prohibitin), WEE1
(WEE1 homolog). Others: APC (adenomatous polyposis coli), MMP13 (matrix metallopeptidase
13 (collagenase 3)); MSTN (myostatin); EGFR (epidermal growth factor receptor); FBXW?7 (F-box
and WD repeat domain containing 7); IGF1 (insulin-like growth factor 1); PDS5B (regulator of
cohesion maintenance, homolog B); THRB (thyroid hormone receptor, beta); ABCA1 (ATP-
binding cassette, sub-family A (ABC1), member 1); SPRY2 (sprouty homolog 2).
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Figure 7. (a) Scatter plot of differential relative expression of miR193a in peripheral blood of
ASD subjects compared to control subjects. Results expressed as mean + standard error. f-Test
analysis; * p < 0.05. (b) mRNA validates targets for miR193a selected in miRBase and respective
proteins clusters that can be involved in ASD. Protein associated with central regulation of
cellular metabolism, growth and survival in response to hormones, growth factors, nutrients,
energy and stress signals: MTOR (mechanistic target of rapamycin (serine/threonine kinase).
Protein involved in cell cycle: TP73 (tumor protein p73). Others: ZC3H7B (zinc finger CCCH-
type containing 7B); RPL35A (ribosomal protein L35a); CEBPA (CCAAT/enhancer binding
protein (C/EBP), alpha).

4. Discussion

ASD is characterized by tremendous phenotypic heterogeneity and the individuals
affected demonstrate different levels of behavioral commitment. Considering the differences
among ASD individuals, our study aimed to evaluate only one level in the autism spectrum,
since the samples tested were only boys that had been clinically diagnosed with classical autism
as well established by CARS [19] and (ADOS-G) [20]. As ASD has no biological marker and its
etiology is unknown, our research may open new perspectives for investigating cellular
processes that occur in affected individuals. The understanding of epigenetic alterations, such
as miRNA modifications, could help in elucidate some relevant aspects of ASD, especially in
classic autism. Immunological differences could explain the neuro-immunoregulation observed
in ASD patients and based in the results shown here, we identified targets that could potentially
be affected by altered miRNAs using the miRBase database. The influence of decreased levels of
miRNA in ASD patients should be discussed given the fact that the miRNA targets identified
are involved in several biological functions that have been previously reported to be
dysregulated in ASD, such as cell cycle regulation, axon development and guidance, dendritic
spine development and function, protein synthesis regulation and immune response. In
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addition, it should be taken into account that the intracellular targets for these altered miRNA
might also be altered in autistic patients and that this data opens an interesting area of
investigation, particularly in blood cell signaling and profiling. Besides the possibility of using
this set of miRNA biomarkers for the diagnosis and prognosis of ASD, it is important to
understand the pathways that are involved in the regulation of those molecules. Immune
aberrations consistent with dysregulated immune responses have been reported in autistic
children, including skewed TH1/TH2 cytokine profiles [25], low natural killer (NK) cell activity
[26] and an imbalance in serum immunoglobulin levels [27]. In addition, ASD has been linked
to autoimmunity and chronic neuroinflammation caused by glutamatergic excitotoxicity and
diminished GABAergic signals [28].

The majority of the target proteins of miR34c-5p (Figure 1b)—which is up-regulated in
ASD patients—are involved in cell cycle control, such as MYC and MYB. The most important
target of miR34c-5p is ZAP70 (Zeta-chain-associated protein kinase 70), a signaling protein
involved in immunological development and response. ZAP70 is one of the main proteins
involved in lymphocyte activation and function and is also important for NK activity [29].
Additionally, cell-mediated immunity was impaired in ASD patients, as observed by low
numbers of CD4* cells and a concomitant T-cell polarity with an imbalance of Th1/Th2 subsets
towards Th2 and the presence of autoantibodies against brain proteins [30]. Inhibition of ZAP70
protein expression could modify the adaptive response and the development of thymocytes. In
a study involving 1027 blood samples from autistic children, 45% of a subgroup of children
with autism suffered from low NK cell activity [27]. In another study, the cytotoxicity of NK
cells was significantly reduced in ASD, as compared with controls [31]. Furthermore, under
similar conditions, the presence of perforin, granzyme B, and interferon-gama (IFN-y) in NK
cells from ASD children was significantly lower in comparison to controls [31]. Similarly, it is
sustained that lower levels in CD57+CD3- lymphocyte, a subset of NK cells, could be a possible
link to a subgroup of ASD [26]. These findings suggest a possible dysfunction of NK cells in
children with ASD. Therefore, during critical periods of development, abnormalities in NK cells
could represent a susceptibility factor in ASD, that predispose to the development of
autoimmunity and/or adverse neuroimmune interactions as already reported [31].

Furthermore, ASD is a neurodevelopmental disorder associated with abnormal
neuroplasticity in early development [32]. Another target of miR34c-5p (Figure 1b) is a protein
associated with cytoskeleton stabilization in neuronal cell: MAPT (microtubule-associated
protein tau with 776 amino acids). The mRNA that encodes MAPT is regulated by alternative
splicing, giving rise to several mRNA species [33]. MAPT transcripts are differentially
expressed in the nervous system, depending on the stage of neuronal maturation and neuron
type [34]. Additionally, mutations in this gene are also associated with neurodegenerative
disorders, such as Alzheimer’s disease, Pick’s disease, frontotemporal dementia, cortico-basal
degeneration and progressive supranuclear palsy [35]. Our findings suggest that by epigenetic
modifications a negative regulation occurs in the MAPT protein, since changes in neuronal
maturation have been widely reported in patients with ASD [33,34]. With regard to epigenetic
regulation, the recruitment of histone acetyltransferases (HATs) and histone deacetylases
(HDACs) is considered a key element in the dynamic regulation of many genes playing
important roles in cellular proliferation and differentiation. The recruitment of HDACs leads to
transcriptional repression and inhibitors of this enzymatic activity could reverse aberrant
repression and lead to re-expression of genes inducing cell differentiation. In consonance with
this hypothesis, the use of Valproic Acid (VPA), a widely used antiepileptic drug, which
induces proteasomal degradation of HDAC2 and also inhibits selectively the catalytic activity of
class I HDACs [36], during pregnancy is a risk factor associated with the increased incidence of
ASD [37]. In this study, we observed that miR145-5p (Figure 2) is up-regulated in ASD patients
and could promote mRNA degradation of HDAC2, thus inducing suppression of protein
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synthesis, since HDAC?2 is a validated target of miR145-5p. Therefore, an autistic phenotype
could be linked to HDAC2 deregulation due to mir145 up-regulation in our patients.

Considering that SIRT1 enzyme is a NAD* dependent deacetylase involved in a wide range
of cellular processes, it was already shown that SIRT1 negatively regulates the mTOR
(mammalian target of rapamycin) signaling, potentially through the TSC1/2 complex [38]. The
TSC1/2-mTOR signaling pathway is reported to have a crucial role in mRNA translation during
brain development and thus could serve as a crucial pathogenic mechanism in ASD.
Furthermore, the up-regulation of miR-199a-5p (Figure 4) may induce a down-regulation of
SIRT1 in ASD patients (Figure 8). Additionally, mTOR is a target of miR-193a, another miRNA
found to be down-regulated in our study (Figure 7a). TSC1 is a predictive target of miR92a-2a
(Figure 3), which was up-regulated in our ASD patients, possibly demonstrating and
supporting epigenetic regulation in ASD patients, due to alterations in miRNA in this pathway.

On the other hand, this study demonstrated that the expression of miR-27a-3p (Figure 6)
was significantly decreased in ASD patients. Therefore, its mRNA targets could reduce the
repression of mRNA translation. An example of a target of miR-27a-3p is insulin-like growth
factor-1 (IGF-1), which acts through IGF-1 receptor (IGF-1R, a tyrosine-kinase receptor) [39] and
plays a pivotal role in several cellular responses (Figure 8). IGF-1 is a pleiotropic signal in the
developing cerebellum, regulating proliferation, neurite outgrowth and survival [40]. The
activated IGF-1R activates several phosphorylation cascades being one of the most commonly,
the phospho-tidylinositol-3-kinase (PI3K) pathway. PI3K can induce activation of
phosphokinase B/Akt (Akt), leading to inhibition of glycogen synthase-kinase-3-beta (GSK3p3),
and could promote proliferation and survival [41]. The Akt-mTOR pathway is dysregulated in
multiple animal models of monogenic causes of ASD, including fragile X mental retardation
[42], Rett Syndrome [43] and tuberous sclerosis [44], whereas IGF-1 ligands may improve
neurodevelopmental symptoms in Rett Syndrome [45]. In addition, our results show down-
regulation of miR-27a (Figure 6) in ASD patients and this could facilitate PI3K activation,
indicating that the PI3K/Akt pathway could be up-regulated, which could be involved in the
cellular growth, proliferation, migration and adhesion [46].

Remarkably, we found that MeCP2 (methyl-CpG binding protein 2), which is involved in
Rett Syndrome (RTT), is a target of miR-199a. RTT is an X-linked postnatal neurodevelopmental
disorder, which is primarily caused by mutations in the gene encoding MeCP2 [47]. A number
of MeCP2 target genes have been identified, including the Brain-Derived Neurotrophic Factor
(BDNF) [48]. Several RTT mutations have been described that render MeCP2 incapable of
binding to methylated DNA and/or repressing gene transcription. This protein dysfunction has
also been shown to cause abnormalities in RNA splicing, suggesting a complex molecular
pathogenesis [49]. The loss of the function of the MeCP2 protein leads to autistic behaviors in
RTT syndrome. As such, as MeCP2 is a known target of a miRNA found to be altered in our
patients with classic autism, we suggest that the MeCP2 protein is decreased by epigenetic
inhibition, leading to autistic behavior similar to that observed in patients affected by a
mutation in the MeCP2 gene.
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5. Conclusions

Despite the intense investigation of the genetic factors involved in ASD, there is still no
consensus as to the main causative candidate genes. Therefore, studies of epigenetic regulation
could identify altered mechanisms and elucidate the etiology of this disorder. This study shows
changes in miRNA levels in patients that could explain many phenotypic features in the
spectrum. The investigation of the modulation of proteins that regulate gene expression seems
to be a correct path to follow, since the heterogeneity of the disease is an important factor and
could be explained by the different levels of regulation. Although the small number of subjects
enrolled in our study limits our data, we believe that the results presented here are innovative
and important to increase the knowledge in the ASD field. Furthermore, it is important to
highlight that the ASD subjects presented the same autism severity, and considering the
accuracy and strength of the methodology used, this study produce important hypotheses that
should be better explored in future studies. The alterations surveyed in the blood can be seen as
permanent changes and correlate from the embryonic development of affected individuals. In
addition, the altered miRNA set found in this study may be analyzed in a future molecular
diagnosis of the disorder, since the alterations found corroborate with clinical and biochemical
situations. The quantification of altered miRNA expression may be used for the prognosis of
ASD, as scales of impairment may be made, since this disorder presents a spectrum of severity
levels.
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Background

Autism spectrum disorders (ASDs) are complex, pervasive neurodevelopmental
disorders that are characterized by dysfunctions in social interactions and
communications and restricted interests or repetitive behavior that manifest in early
childhood [1]. The physiopathology of ASD is unknown but genetic, immunological
and environmental factors must be involved and recently a lot of studies have
demonstrated that deregulation in epigenetic factors can be associated with the disorder
course[2-5]. MicroRNA (miRNA) function as 21-24 nucleotide guide RNAs that use
partial base-pairing to recognize target messenger RNA and repress their expression. As
a large fraction of protein-coding genes are under miRNA control, production of the
appropriate level of specific miRNAs at the right time and in the right place is integral
to most gene regulatory pathways.[6]. There is an effort in science to describe common
features and biological markers that may show evidence of disease, both for to

understand the pathophysiology and to discover a effective treatment.
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Valproate sodium (VPA) is classically known as deacetylase inhibitor[7] and is
commonly used as an anticonvulsant and mood stabilizer, this drug is used in the animal
model for this and other features and furthermore is associated with a high incidence of
ASD in humans when used during pregnancy[8].

Among the animal models that mimic human disease, an animal model in wistar rat
exists based on induction during pregnancy with VPA. Tthe offspring is born with
autism like behavior with several characteristics similar to those of ASD patients.

The aim of this study was to compare the microRNA expression profile in plasma of

ASD patients and rats subjected to induction by VPA animal model.

Methods

For evaluation of microRNA profile were included seven ASD boys patients with a
mean age of 7.5 years (sd 2.5) and four no-ASD boys with a mean age of 7.5 years (sd
2.5). For evaluation of microRNA profile were included three plasma samples of animal
model and three plasma samples of animal control, both groups with 90 days of age.
Peripheral blood samples were obtained and immediately mixed with a three-fold
volume of Trizol (Invitrogen) for total RNA extraction.

Quantification was evaluated by quantitative real time PCR (RT-gPCR) of microRNAs
by stem-loop RT-PCR, as described by [9]. Mature miRNA cDNA (table 1 for ASD
patients and table 2 for ASD animal model) was synthesized according to the following:
100 ng of total RNA (1:20); 4ul of stem loop primer mix (0.4uM each); 0.4ul of M-
MLV reverse transcriptase (Promega) 200 U/ul; 4ul M-MLV reverse transcriptase 5X
reaction buffer (Promega) and 2ul of 5mM dNTP in a final volume of 20ul. The
synthesis of the cDNA was completed after a series of three incubations: 16°C for 30

min, 42°C for 30 min and 85 °C for 5min.

The RT-gPCR mix: 10ul of cDNA (1:30); 0.4ul of specific miRNA forward primer
(20uM) and universal reverse primer (10uM) primer; 0.4ul of 5mM dNTPs; 2ul of 10X
PCR buffer; 1.2ul of 50mM MgCI2; 2ul of 1X SYBR Green® (Molecular probes);
0.05ul of Platinum Tag DNA polymerase (Invitrogen) to a final volume of 20ul. SYBR-
Green® was used to detect amplification, estimate CT values and to determine
specificity after melting curve analysis. The PCR cycling conditions were standardized
to: 94°C for Smin followed by 40 cycles at 94°C for 15 s, 60°C for 10 s and 72°C for 15
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s. After the main amplification, sample fluorescence were measured at temperatures
from 55 to 99°C with an increasing ramp of 0.1°C in order to obtain the denaturing
curve of the amplified products and assure their homogeneity after peak detection and
Tm (melting temperature) estimation using data obtained from an Applied Biosystems
StepOne Plus. As an initial step of this study, a PCR array was performed with
microRNA previously reported as potentially associated with both sleep deprivation and
neurodegenerative disorders. The relative expression was obtained using the 244Ct
method where the Crossing threshold (Ct) values of the target samples are subtracted
from the average Ct values of the standard or control samples. The use of 224Ct js
adequate, as the amount of RNA among the different blood samples to produce the
cDNAs did not differ significantly and produced similar Ct values among samples for 4
different miRNA used in the initial screening.

Statistical analysis of the relative expression values obtained for each miRNA in the
experimental group was performed by Student’s t-test implemented in SPSS Statistics
17 software. In order to compare the expression levels among the two experimental
groups, the Waller-Duncan and Tukey HSD tests were performed with SPSS 17, with

identical group discrimination and similar probability values.

Results

mIiRNA panel studied was different in number of miRNA for the species because in
Wistar rat, Rattus norvegicus, some kind miRNA have not yet been described by
miRBase. Therefore the total miRNA studied in species was twenty-six in human and in
eighteen rat. According to the results described in Figures 1 and 2, there is a profile
correlation of 4 miRNA expression that are similarly expressed in both groups (patients
and ASD animal model). This similarity is important because it is based on comparation
with the controls. The results show that both in ASD patients and ASD animal model

miR34c, miR145 and miR199a are upregulated and miR193a is downregulated.

Conclusion
This work behind some similarities in the altered miRNA expression between two

species. The ASD animal model is a reproduction laboratory for the study of this
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disorder, wherein the drug (VPA) used for induction model in rats is closely linked to
ASD in humans. The results of this study show that epigenetic re-arranging still
occurred during pregnancy can remain for a long time and can show some ways to the
understanding this disorder. In addition to the 4 miRNA also changed between the
species, it is important that the miR34c is closely linked to anxiety and was described as
a mediator of the same.

ASD patient respond disproportionally to stress and are also affected by food and skin
allergies. Corticotropin-releasing hormone (CRH) is secreted under stress and together
with neurotensin (NT) stimulates mast cells and microglia resulting in focal brain
inflammation and neurotoxicity. The etiology and pathophysiology of anxiety and mood
disorders is linked to inappropriate regulation of the central stress response. One of the
prominent stress-induced miRNA is miR-34c confirmed to be upregulated after acute
and chronic stressful[10]. This suggests not only that their highly specific gene
expression patterns are controlled by the same upstream transcriptional regulators in the
two species, but also that their functions during neocortical development are shared.
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Table 1: miRNA sudied in Homo sapiens

Chromosome

Mature Sequence

Forward Primer

hsa-miR-19b-1-5p

13

AGUUUUGCAGGUUUGCAUCCAGC

AGTTTTGCAGGTTTGCATCCAGC

hsa-miR-24-2-5p

19

UGCCUACUGAGCUGAAACACAG

TGCCTACTGAGCTGAAACACAG

hsa-miR-25-3p

CAUUGCACUUGUCUCGGUCUGA

CATTGCACTTGTCTCGGTCTGA

hsa-miR-27a-3p

19

UUCACAGUGGCUAAGUUCCGC

TTCACAGTGGCTAAGTTCCGC

hsa-miR-29b-2-5p

CUGGUUUCACAUGGUGGCUUAG

CTGGTTTCACATGGTGGCTTAG

hsa-miR-31-5p

AGGCAAGAUGCUGGCAUAGCU

AGGCAAGATGCTGGCATAGCT

hsa-miR-34a-5p

UGGCAGUGUCUUAGCUGGUUGU

TGGCAGTGTCTTAGCTGGTTGT

hsa-miR-34c-5p

11

AGGCAGUGUAGUUAGCUGAUUGC

AGGCAGTGTAGTTAGCTGATTGC

hsa-miR-92a-2-5p X GGGUGGGGAUUUGUUGCAUUAC GGGTGGGGATTTGTTGCATTAC
hsa-miR-99a-5p 21 AACCCGUAGAUCCGAUCUUGUG AACCCGTAGATCCGATCTTGTG
hsa-miR-125a-5p 19 UCCCUGAGACCCUUUAACCUGUGA | TCCCTGAGACCCTTTAACCTGTGA
hsa-miR-125b-1-3p 11 ACGGGUUAGGCUCUUGGGAGCU  |ACGGGTTAGGCTCTTGGGAGCT
hsa-miR-125b-2-3p 21 UCACAAGUCAGGCUCUUGGGAC TCACAAGTCAGGCTCTTGGGAC
hsa-miR-145-5p GUCCAGUUUUCCCAGGAAUCCCU | GTCCAGTTTTCCCAGGAATCCCT
hsa-miR-181b-5p AACAUUCAUUGCUGUCGGUGGGU | AACATTCAUUGCTGTCGGTGGGT
hsa-miR-191-5p CAACGGAAUCCCAAAAGCAGCUG | CAACGGAATCCCAAAAGCAGCTG
hsa-miR-193a-5p 17 UGGGUCUUUGCGGGCGAGAUGA | TGGGTCTTTGCGGGCGAGATGA
hsa-miR-193b-3p 16 AACUGGCCCUCAAAGUCCCGCU AACTGGCCCTCAAAGTCCCGCT
hsa-miR-198 3 GGUCCAGAGGGGAGAUAGGUUC GGTCCAGAGGGGAGATAGGTTC
hsa-miR-199a-5p 19 CCCAGUGUUCAGACUACCUGUUC |CCCAGTGTTCAGACTACCTGTTC
hsa-miR-210-3p 11 CUGUGCGUGUGACAGCGGCUGA |CTGTGCGTGTGACAGCGGCTGA
hsa-miR-214-3p 1 ACAGCAGGCACAGACAGGCAGU ACAGCAGGCACAGACAGGCAGT
hsa-miR-221-3p X AGCUACAUUGUCUGCUGGGUUUC |AGCTACATTGTCTGCTGGGTTTC
hsa-miR-222-3p X AGCUACAUCUGGCUACUGGGU AGCTACATCTGGCTACTGGGT

hsa-miR-339-5p

UCCCUGUCCUCCAGGAGCUCACG

TCCCTGTCCTCCAGGAGCTCACG

hsa-miR-370-3p

14

GCCUGCUGGGGUGGAACCUGGU

GCCTGCTGGGGTGGAACCTGGT

50




Table 2: miRNA sudied in Rattus norvegicus

ID Chromosome

Mature Sequence

Forward Primer

rno-miR-25-3p 12 CAUUGCACUUGUCUCGGUCUGA CATTGCACTTGTCTCGGTCTGA
rno-miR-27a-3p 19 UUCACAGUGGCUAAGUUCCGC TTCACAGTGGCTAAGTTCCGC
rno-miR-29b-5p 1 CUGGUUUCACAUGGUGGCUUAG CTGGTTTCACATGGTGGCTTAG
rno-miR-34a-5p UGGCAGUGUCUUAGCUGGUUGU TGGCAGTGTCTTAGCTGGTTGT
rno-miR-34c-5p 8 AGGCAGUGUAGUUAGCUGAUUGC |AGGCAGTGTAGTTAGCTGATTGC
rno-miR-99a-5p 11 AACCCGUAGAUCCGAUCUUGUG AACCCGTAGATCCGATCTTGTG
rno-miR-125a-5p 1 UCCCUGAGACCCUUUAACCUGUGA | TCCCTGAGACCCTTTAACCTGTGA
rno-miR-125b-1-3p ACGGGUUAGGCUCUUGGGAGCU ACGGGTTAGGCTCTTGGGAGCT
rno-miR-145-5p 18 GUCCAGUUUUCCCAGGAAUCCCU |GTCCAGTTTTCCCAGGAATCCCT
rno-miR-181b-5p 13 AACAUUCAUUGCUGUCGGUGGGU | AACATTCAUUGCTGTCGGTGGGT
rno-miR-191-5p 8 CAACGGAAUCCCAAAAGCAGCUG | CAACGGAATCCCAAAAGCAGCTG

rno-miR-193a-5p 10

UGGGUCUUUGCGGGCGAGAUGA

TGGGTCTTTGCGGGCGAGATGA

rno-miR-199a-5p 13

CCCAGUGUUCAGACUACCUGUUC

CCCAGTGTTCAGACTACCTGTTC

rno-miR-210-3p 1 CUGUGCGUGUGACAGCGGCUGA CTGTGCGTGTGACAGCGGCTGA
rno-miR-221-3p X AGCUACAUUGUCUGCUGGGUUUC |AGCTACATTGTCTGCTGGGTTTC
rno-miR-222-3p X AGCUACAUCUGGCUACUGGGU AGCTACATCTGGCTACTGGGT

rno-miR-339-5p 12 UCCCUGUCCUCCAGGAGCUCACG |TCCCTGTCCTCCAGGAGCTCACG
rno-miR-370-3p 6 GCCUGCUGGGGUGGAACCUGGU GCCTGCTGGGGTGGAACCTGGT
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DISCUSSAO

A compreensdo dos mecanismos moleculares que controlam a identidade
fenotipica das classes neuronais em regides definidas dentro do sistema nervoso central
constitui uma questdo amplamente relevante na neurociéncia do desenvolvimento. A
diferenciacdo neuronal engloba um programa de desenvolvimento elaborado no qual os
sinais neurogénicos e o controle de redes bioquimicas complexas e de fatores de
transcricdo trabalham em conjunto para assegurar o estado diferenciado dentro do
tempo e espago no desenvolvimento neuronal”°.

A discussdo deste trabalho comeca pela especifica regulacdo bioquimica no
neurodesenvolvimento fetal, pois 0 TEA é um transtorno psiquiatrico, desenvolvido
durante a gestacdo do feto, e 0 mais importante, ndo se adquire o TEA, ele é apenas
diagnosticado tardiamente*?,

Modificacbes nas vias de sinalizacdo neuronais e das células da glia estdo
envolvidas com o fenotipo do TEA**® por ser um transtorno sem etiologia definida e
sem gene marcador sdo necessarios estudos que permitam a analise de outros fatores
envolvidos na fisiopatologia do TEA.

As alteracBes epigenéticas estdo intimamente ligadas a diversas doencas de
natureza multifatorial e psiquiatricas’®. Dentro da regulacdo epigenética, os miRNAS
tém papel fundamental na repressdo génica e proteica’. Alguns estudos mostram que a
analise de miRNAs no soro ou plasma sanguineo tem valor preditivo para o diagnostico
e prognostico de diversas doengas®°.

O objetivo principal deste trabalho foi o de avaliar no mesmo tipo de amostra
(plasma), o perfil de expressdo de alguns miRNAs (Tabela 1 e Tabela 2) em pacientes
com TEA e em ratos submetidos ao modelo animal com exposicdo ao VPA. Os

resultados mostram uma similaridade na expresséo alterada de 4 miRNAs entre as duas
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espécies: miR34c, miR145 e miR199a estdo com aumento na expressdo em relacdo a
ambos os controles e miR193a estd diminuido. Esses dados corroboram a ideia de que a
alteracdo epigenética esta presente no TEA e induz, possivelmente, o comportamento
fenotipico do transtorno.

N&o é possivel relacionar essas alteracGes epigenéticas com a etiologia do
transtorno, pois apesar de termos um modelo animal controlado em condigdes
experimentais, os pacientes fazem parte do espectro na subdivisdo de Autismo Cl&ssico
(diagnéstico clinico), sem alteracdo genética ou cromossémica diagnosticadas (dentro
do Servico de Genética Médica do Hospital de Clinicas de Porto Alegre) e sem relato,
pela entrevista dos pais, sobre o uso de VPA durante a gestacdo. Em anexo, o exemplar
do Termo de Consentimento Livre e Esclarecido (ANEXO I) aprovado pelo Comité de
Etica e Pesquisa do Hospital de Clinicas de Porto Alegre e assinado pelos pais ou
responsaveis pelos pacientes (com TEA ou com neurodesenvolvimento tipico), e o
exemplar da entrevista realizada com os pais ou responsaveis dos pacientes incluidos
neste estudo (ANEXO I1).

Entretanto, é possivel relacionar os miRNAs encontrados alterados neste
estudo com vias bioguimicas e importantes proteinas, possivelmente, envolvidas no
transtorno em humanos. E importante ressaltar que poucos mRNAs alvos ja foram
confirmados na espécie Rattus novergicus em publicacdes cientificas. Portanto, em
humanos, as proteinas Sirtl, HDAC e MeCP2 tém seus mMRNA como alvos de miRNAs
que estdo com aumento na expressdao em pacientes com TEA, possivelmente a
expressao proteica das mesmas esta alterada nestes pacientes.

Sirtl estd relacionada com a via bioquimica da doenga conhecida como
Esclerose Tuberosa, Sirtl ativa o complexo TSC1-TSC2 e este, uma vez ativo, reprime

a atividade de mTOR. Na Esclerose Tuberosa, mutacdes nos genes TSC1 e/ou TSC2
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sdo responsaveis pelo desenvolvimento desta doenga através de uma nédo repressao de
mTOR. Portanto, em nossos pacientes, Sirtl pode estar diminuida e com isso
diminuindo a atividade do complexo TSC1-TSC2*"° levando aos sintomas “like-
autism” que os pacientes com Esclerose Tuberosa demonstram.

O VPA é um farmaco largamente empregado® e é utilizado para a indugio do
modelo animal utilizado nesse trabalho, sendo que um dos seus efeitos farmacoldgicos é
o de inibidor da desacetilacio de histonas®®. Portanto, se no modelo animal, o VPA pode
produzir seus efeitos e provavelmente esses efeitos tenham um papel primordial na
etiologia do TEA, nos pacientes foi verificada uma inibicdo da HDAC atraves de
repressdo da expressdao proteica a partir de miRNA, este fendmeno mostra que pode
existir alteracdo epigenética regulando modificacOes epigenéticas.

Desde o inicio deste estudo, a ideia principal era a de analisar, separadamente,
apenas o género masculino, pois é amplamente sabido que o TEA afeta principalmente
0 sexo masculino e que o TEA no género feminino possui diferencas de sintomas em
comparacao ao mesmo. A Sindrome de Rett, que antigamente fazia parte do TEA, afeta
majoritariamente o género feminino por ter uma alteracdo genética ligada ao
cromossomo X, alteracdo esta que é diagnosticada no gene MECP2. Porém, dentro dos
mRNAs alvos encontrados neste estudo, temos também o mMRNA de MECP2 que pode
estar reprimido por um dos miRNAs com expressao aumentada nos pacientes com TEA.
Portanto, se no género feminino existe diminuicéo da atividade de MeCP2 por mutacao
génica e as pacientes, na grande maioria, possuem muita similaridade nos sintomas
‘like-autism’, no género masculino, no caso nossos pacientes, neste trabalho, um
miRNA alterado pode estar reprimindo a expressao proteica de MeCP2, novamente
mostrando que as alteracbes epigenéeticas com miRNA podem estar envolvidas no

comportamento dos pacientes com TEA.
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Transtorno de Ansiedade acompanha o Transtorno do Espectro do Autismo?

Recentemente, de forma sistematica, tem sido relatado o importante papel da
familia miR34 em transtornos psiquiatricos”> . Em um estudo de caso-controle da
esquizofrenia, 0 miR34a esta diferencialmente expresso, aumentado, em amostras de
leucdcitos dos pacientes’’. O miR34c ja foi ligado a uma limitagdo negativa de
consolidacdo da memoria que mostra que os niveis de miR34c estdo elevados no
hipocampo de pacientes com Doenga de Alzheimer e nos modelos animais
correspondentes’®,

A inducdo, ou seja, aumento na expressdo, de miR34c foi observada na amigdala
ap6s o estresse agudo em roedores’®. Adicionalmente, o aumento da expressdo de
miR34c levou ao aparecimento de comportamento de ansiedade no mesmo modelo.
Juntos, os membros da familia miR34 podem ser considerados como reguladores
importantes do desenvolvimento neuronal, da plasticidade sinaptica, e de doengas
psiquiatricas®®.

Em relacdo ao TEA e as sindromes que podem estar acompanhadas por ele, ja
foi relatado que miR34a, miR34b e miR34c também estdo regulados positivamente em
modelo animal da Sindrome do X-Fragil”®. E em uma revisdo recente, Banerjee-Basu et.
al, 2014 indicam o miR34c como o potencial gene candidato para o TEA, aléem do
possivel papel na inducdo a ansiedade.

Neste trabalho, apresentamos que o miR34c tem sua expressdo alterada positivamente
tanto em pacientes com TEA quanto no modelo animal submetido & exposic¢éo de VPA,
importante ratificar que o miR199a, que tem aumento na expressao nos pacientes deste

trabalho, é responsavel pela repressdo proteica de Sirtl, uma proteina envolvida
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bioquimicamente na Esclerose Tuberosa. E importante destacar que em condigbes de
estresse, ha uma sinalizagdo para regular negativamente mTOR através de Sirt1.%*

E, com relacdo ao Transtorno de Ansiedade, um dos alvos de miR34c é o mMRNA
do receptor do fator de liberacdo de corticotropina 1. Estudos, in vitro, demonstraram
que o miR34c reduz a capacidade de resposta das células ao fator de liberacdo da
corticotropina em células neuronais’®.

Por tudo apresentado, € possivel relacionar o miR34c como uma alteracdo
epigenética importante dentro do TEA. E, além disso, € possivel direcionar a analise do
miR34c tanto no diagndstico de TEA quanto no progndstico durante terapias
farmacoldgicas contra o Transtorno de Ansiedade que acompanha a maioria dos
pacientes com TEA. Este trabalho analisou amostras sanguineas coletadas durante a
vida dos pacientes e dos ratos submetidos ao modelo animal e indica um marcador de
Transtorno de Ansiedade em ambos 0s grupos, e é importante lembrar que Schneider et.
al, 2007 mostra que ratos submetidos a exposicdo pré-natal com VPA tém
comportamento ansioso e modificagdes na sinalizacdo neuronal gabaérgica e

dopaminérgica®,
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CONCLUSOES E PERSPECTIVAS

Este trabalho permitiu analisar e entender algumas alteracbes persistentes e
conservadas entre espécies no que diz respeito ao comportamento identificado no
Transtorno do Espectro do Autismo. Foi possivel, também, relacionar algumas proteinas
envolvidas em outras doencas ou sindromes que podem ter ou que sdo acompanhadas
por sintomas relatados como bésicos no Transtorno do Espectro do Autismo.

Além de um painel de miRNAs, alterados em humanos e no modelo animal, que
pode ser utilizado para a possibilidade de um teste diagnostico e de prognoéstico, é
possivel correlacionar a alteracdo do miR34c, per se, como um marcador de Transtorno
de Ansiedade presente nos pacientes com Transtorno do Espectro do Autismo. E,
futuramente, direcionar estudos neste miRNA para que se torne alvo de terapias
farmacoldgicas contra o Transtorno de Ansiedade, auxiliando com uma melhor terapia

ansiolitica para os pacientes com o Transtorno do Espectro do Autismo.
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ANEXOS

ANEXO |

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(RESOLUGAO N2 196/96 - CNS)

A proposta deste trabalho é sistematizar o atendimento, o diagndstico e o
estabelecimento de estratégias de intervencdo para o0s transtornos invasivos do
desenvolvimento, em especial para os casos compativeis com autismo infantil.

Caso eu aceite que meu dependente participe deste protocolo, estou ciente de que
terei que responder a uma entrevista semi-estruturada e escalas de avaliagdo que podem durar
de 30 min. a 1 hora para seu total preenchimento. Estou ciente que sera necessaria a coleta de
material sanguineo, desde que ndo estejam envolvidos riscos para a salde de meu filho(a). Eu
entendo que nenhum procedimento € isento de riscos, e estou consciente de que a pungéo
para a coleta da amostra podera ser dolorida e apresentar hematoma que desaparecera em
trés ou quatro dias, se isso ocorrer. O material podera ser congelado por até 5 anos, para
eventuais analises em projetos futuros. Caso a utilizacdo desse material seja enquadrada em
algum novo projeto, sei que 0 novo projeto deverd passar novamente por andlise da Instituicdo
adequada (Conselho de Ensino e Pesquisa), para receber aprovagdo especifica. Também
estou ciente de que poderei ser novamente contatado para dar meu novo consentimento.

Estou ciente de que esta pesquisa vai avaliar a imunidade de meu filho(a), eles iréo
estudar as células sanguineas e também o DNA de meu filho(a).

O beneficio para a sociedade é que este estudo pode melhorar o conhecimento sobre o
autismo. Também meu filho(a) estard recebendo uma detalhada avaliagdo neuropsiquiatrica
que podera ser util na clarificacdo de seu diagnéstico.

Eu entendo que a participacdo do meu dependente é voluntéria e ligada ao meu
consentimento. Ele continuara recebendo atendimento neste mesmo hospital ou na rede de
saude da comunidade, caso eu decida nao participar.

Eu entendo que células, tecidos, sangue e outros materiais, colhidos de meu
dependente, durante o curso da pesquisa, podem ser utilizados para avaliagdes cientificas,
pesquisa e ensino.

Eu entendo que os resultados dessa pesquisa serdo mantidos em lugar seguro,
codificados e a identificacdo sé poderd ser realizada pelo pessoal envolvido diretamente com o
projeto.

Caso o material venha a ser utilizado para publicacdo cientifica ou atividades didéticas,
ndo serdo utilizados nomes que possam vir a identificar meu dependente.

Eu entendo que poderei obter mais informag¢8es com o Prof. Dr. Rudimar dos Santos
Riesgo, pelo telefone 3359-8293, que esta apto a solucionar minhas davidas. Aceito que serei
informado de qualquer conhecimento significativo descoberto durante este projeto o qual
poderd influenciar a minha participacdo na sua continuidade.

Eu compreendo que poderei solicitar desligamento de meu dependente do presente
projeto a qualquer momento.

Porto Alegre, de de 20 .

Responsével pelo Paciente Autista Pesquisador que obteve o consentimento
Nome do paciente
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projeto a qualquer momento.

Porto Alegre, de de 20 .

Responséavel pelo Paciente Pesquisador que obteve o consentimento
Nome do paciente
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ANEXO Il

Questionario de avaliagdo de pacientes com Transtorno do Espectro do

Autismo e criangas com desenvolvimento normal.

IDENTIFICACAO

Nome )
NUMERO
Residéncia n° apt® REG
Bairro
Cidade UF CEP Fone
FC
Sexo: ()M ()F Id 12 a m Idade
Nome do pai DN
IDADE
/ /
Nome da mae DN
/ / IDADE

ANTECEDENTES GINECO-OBSTETRICIOS

Pré-natal: ( ) S
) Nao sabe

()N

( ) Nao sabe

Uso medicagdo: ( )S ()N (

Gestacao: ( ) <37sem ( ) 37-41lsem ( )>41sem ( ) N&o sabe

Parto: ( ) Normal

PN: g C

Intercorréncias peri-natais: ( )S ()N

cm

( ) Cesarea

PC.

( ) Nao sabe

PATOLOGIAS DURANTE A GESTACAO

,___ctm Apgar 5

Especificacao
Patologias Periodo de ocorréncia na Medicamentos utilizados
gravidez (semanas/meses)
() |caxumba
() |varicela
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toxoplasmose

I~~~

)
) |citomegalovirus
) | sarampo

Doenca crbnica

Doenca aguda

vaginal

Outras

i~ N N

)
)
) Sangramento
)

SUBSTANCIAS USADAS DURANTE A GESTACAO

Especificacéo
Substancias Periodo de uso na gravidez Quantidade
(semanas/meses)

() |bebidas alcodlicas
() |Cigarro

Drogas de uso
() social

Substancia
() abortiva
() |Outras
HISTORIA FAMILIAR
Consanguinidade: ( ) S Especifique: ()N ()Naéo

sabe

Outros casos nafamilia: ( )S ()N () Nao sabe
Especifigue Parente afetado: (1) 1° grau: gémeo MZ, DZ, irmao, pai,
mae
(2) 2° grau: tios e tias
(3) 3°grau: primos
(4) Outro:

Doencas auto-imunes relatadas na familia: Especifique parente afetado

Miastenia gravis

Tireoidite de Hashimoto

Artrite Reumatoide

Vitiligo

Psoriase

Doencas Auto-imunes do Sistemna Nervoso

Diabetes Mellitus do tipo 1

Lupus Eritematoso Sistémico

Sarcoidose

Doenca de Addison

Anemia Hemolitica
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Esclerose Mdltipla

Doenca Celiaca

Hepatite auto-imune

Doenca de Crohn

Qutras:

Apresenta quadro de alergias?

Intervencédo Medicamentosa atual:
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