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RESUMO

O Transtorno do Espectro Autista (TEA) ¢ uma desordem do neurodesenvolvimento
caracterizada por uma diade comportamental, tanto alteracdes na comunicagdo e interagao
social, quanto na presenga de comportamentos repetitivos/esteriotipados ou interesses
restritos, cujas causas nao foram totalmente elucidadas. No entanto, sabe-se que fatores
genéticos e ambientais estdo envolvidos no desenvolvimento do transtorno. Considerando os
fatores genéticos, polimorfismos em genes relacionados ao sistema imune ja foram associados
ao TEA. Nesse contexto, sabe-se que a desregulacdo do sistema imune materno durante o
periodo pré-natal ¢ um fator de risco para o desenvolvimento do TEA. O HLA-G ¢ uma
molécula que possui um papel de inducdo de tolerancia imunoldgica e sua expressdo ¢é
limitada a poucos tecidos, sendo bastante presente na placenta durante a gestagdo, onde, junto
com outras moléculas, ¢ responsavel por proteger o feto de uma resposta imune materna. O
polimorfismo de insercao/delecdo de 14 pares de base na regido 3’UTR do gene HLA-G
(rs371194629) resulta em uma menor expressdo da proteina HLA-G. Essa variante ja foi
associada a problemas gestacionais como pré-eclampsia e aborto espontaneo. Considerando
essas conexdes, analisamos a possivel relagdo entre o polimorfismo de in/del de 14pb na
regido 3’UTR do HLA-G com o desenvolvimento de sintomatologia do TEA. Neste trabalho,
avaliamos as frequéncias genotipicas deste polimorfismo em uma amostra de 188 pacientes
com TEA diagnosticados pelo DSM-IV na ala neuropediatrica do Hospital de Clinicas de
Porto Alegre. As amostras foram amplificadas por PCR convencional e genotipadas em gel de
poliacrilamida 8%. O teste qui-quadrado foi utilizado para testar associagdes entre o0s
gendtipos e a sintomatologia. As amostras se encontram em equilibrio de Hardy-Weinberg.
Os genotipos de insercao foram inicialmente associados com o sintoma de hetero agressao,
mas a associacdo foi perdida apos a correcdo de Bonferroni. Embora a associacdo tenha sido
perdida, ela aponta para uma possivel contribuicdo desse polimorfismo para a
heterogeneidade dos sintomas apresentados por individuos diagnosticados com TEA. Futuros
estudos devem levar em conta essa associagdo inicial para que se construam analises mais
abrangentes sobre o papel da interface materno-fetal, HLA-G e os possiveis desfechos desses
cenarios na sintomatologia do TEA.

Palavras-chave: HLA-G. Transtorno do Espectro Autista. Genética



ABSTRACT/RESUMEN/RESUME

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by
stereotyped and repetitive behaviors that affect communication and social interests, which
causes have not been fully elucidated. However, it is known that genetic and environmental
factors are involved in the development of the disorder. Considering the genetic factors,
polymorphisms in genes related to the immune system have already been associated with
ASD. In this context, it is known that the dysregulation of the maternal immune system during
the prenatal period is a risk factor for the development of ASD. HLA-G is a molecule that has
an immunological tolerance-inducing role and its expression is limited to a few tissues, being
very present in the placenta during pregnancy, where, together with other molecules, it is
responsible for protecting the fetus from a maternal immune response immune. The 14 base
pair insertion/deletion polymorphism in the 3'UTR region of the HLA-G gene (rs371194629)
results in less expression of the HLA-G protein. This variant has already been associated with
gestational problems such as pre-eclampsia and spontaneous abortion. Considering these
connections, we analyzed the possible relationship between the 14pb in/del polymorphism in
the 3'UTR region of HLA-G with the development of TEA symptoms. In this study, we
evaluated the genotypic frequencies of this polymorphism in a sample of 188 patients with
ASD diagnosed by DSM-IV in the neuropediatric ward of Hospital de Clinicas de Porto
Alegre. The samples were amplified by conventional PCR and genotyped on 8%
polyacrylamide gel. The chi-square test was used to test associations between genotypes and
symptoms. The samples are in Hardy-Weinberg equilibrium. The insertion genotypes were
initially associated with the symptom of hetero aggression, but the association was lost after
Bonferroni's correction. Although the association has been lost, it points to a possible
contribution of this polymorphism to the heterogeneity of symptoms necessary for those
diagnosed with ASD. Future studies should take this initial association into account in order
to build more comprehensive analyzes on the role of the maternal-fetal interface, HLA-G and
the possible outcomes of these scenarios in the symptoms of ASD.

Keywords: HLA-G. Autism Spectrum Disorder. Genetics.



SUMARIO

1 INTRODUCAO 8
1.1 O TRANSTORNO DO ESPECTRO AUTISTA (TEA)......coesrerrerrersessessessessessssssssesses 8
1.2 HISTORICO DO TRANSTORNO DO ESPECTRO AUTISTA ....cvuevuerrerrerrerrersesnsens 9
1.3 ETIOLOGIA ......ccoeveereereeresnssnssnssnsssssssessessessessessssssssesssssssessessessessssssesssssassssssssssessassessesses 9
1.4 EPIDEMIOLOGIA .......cuooreerrerressessessessessessssssssssssssssssessessessessesssssssssssssssssssessassassssassens 11
1.5 DIAGNOSTICO c.ueeveererreereesessessessessssssessessessessessessssssssesssssssessessessessessessessessessssassassassens 12
1.6 TEA E GENETICA ...vvveeeeeeeereeesesesssssessessessessessessesssssesssssssessessessessessessessassasssssssessassens 13
1.7 TEA E O SISTEMA IMUNE .....ccoovverrerrerressessessesssssssssssssssessessessessessessssssssssssssssessassassens 14
1.8 TEA, SISTEMA IMUNE E HLA-G ....cuooeeueerrrrrsessssessessessessessessessssssssssssessssessessessens 15
2 OBJIETIVOS .cueveereereeressessesssssssssssssssssessessessessesssssessssssssssessessssessessessessessessesssssssassessssesss 17
2.1 OBETIVOS GERALIS .......ceoveeereeresessessessessessesssssesssssssssssssessessessessessessessessasssssssssessessesss 17
2.2 OBJETIVOS ESPECIFICOS........cooevverrerrerrerrersersens 17
3 TRABALHO EXPERIMENTAL EM FORMA DE ARTIGO CIENTIFICO.............. 18
4 CONCLUSAQ . ....ccoveerrrrersresnssssessessssssssssssssssssssssssessssssessssssssssssessessssssssessssssssessssssesssseseses 34
REFERENCIAS ....ovvevteeterressessesssssesssssssssssessessessesssssessessesssssssssssessessessessessessessssssssssessassesss 35

5 ANEXO A. NORMAS DE PUBLICACAO DA REVISTA.....cccoeueruerrsersersersssssssssssnsens 39



1 INTRODUCAO

1.1 O TRANSTORNO DO ESPECTRO AUTISTA (TEA)

O termo Transtorno do Espectro Autista (TEA) ¢ utilizado para descrever individuos
que expressam, nos primeiros anos de vida, uma combinag¢ao de prejuizos na comunicagao
social e comportamentos sensoriais € motores restritos e repetitivos (Lord et al., 2018). Nos
ultimos 50 anos, esse transtorno passou de uma condicdo infantil especifica e rara para um
transtorno bastante heterogéneo e com uma prevaléncia elevada. O TEA engloba atualmente,
de acordo com o Manual de Diagnostico e Estatistico de Transtornos Mentais 5.* edigao
(DSM-5), os Transtornos Invasivos do Desenvolvimento antes denominados separadamente
de: Autismo Infantil Precoce; Autismo Infantil; Autismo de Kanner; Autismo de Alto
Funcionamento; Autismo Atipico; Transtorno Global do Desenvolvimento sem Outra
Especificagdo; Transtorno Desintegrativo da Infancia; e Sindrome de Asperger.

O Transtorno do Espectro Autista ¢ o mais conhecido entre os Transtornos Invasivos
do Desenvolvimento (TID). Os TIDs sdo os transtornos de desenvolvimento mais comuns ¢
referem-se ao desenvolvimento atipico de habilidades sociais, comunicativas e demais
habilidades, tendo inicio precoce (Klin, 2006). O TEA ¢ um transtorno do
neurodesenvolvimento altamente herdado, embora ndo seja preponderante em alguns casos. A
herdabilidade apresentada por essa desordem varia de 64% a 91%, de acordo com estudo
recente (Tick et al, 2016) e ¢ expresso de forma bastante heterogénea, sendo comum que o
paciente manifeste outras comorbidades em conjunto, como hiperatividade, ansiedade,
depressao, epilepsia e Transtorno do Déficit de Atengdao com Hiperatividade (TDAH) (Lord et
al., 2020).

Muitas causas neurobioldgicas ja foram apontadas e muitos estudos descreveram
marcadores neurais ¢ de comportamento que indicam um alto risco para o desenvolvimento
do TEA (Gliga et al., 2014). Ainda sim, o diganostico ¢ essencialmente comportamental ja
que ndo existem marcadores bioldgico para risco ou diagnostico de TEA. A neuroinflamagao
e disfungdes neuro-imunes t€ém sido cada vez mais apontadas como fatores principais para o
desenvolvimento do transtorno (Siniscalco et al., 2018). Sabe-se que pessoas autistas exibem
padrdes de conectividade alterados no sistema nervoso central, que sdo observados logo nos

primeiros anos de vida (O’ Reilly et al., 2017). Embora diversos fatores venham sendo



elucidados em relagdo ao seu desenvolvimento, ainda ndo ¢ possivel definir a etiologia desse

transtorno.

1.2 HISTORICO DO TRANSTORNO DO ESPECTRO AUTISTA

Hora de celebrar as mulheres esquecidas pela ciéncia: Grunya Schukareva foi a
primeira psiquiatra a descrever o autismo (conceituado por Bleuler) em criangas que
apresentavam uma tendéncia autista para si. A descri¢do ocorreu cerca de 2 décadas antes da
publicacao dos estudos do Kanner e do Asperger. O psiquiatra sui¢o Paul Eugen Bleuler a
utilizou a expressao “autismo” em seu livro chamado “Dementia Praecox” pela primeira vez
em 1911 para descrever a perda de contato com a realidade que resultava em um prejuizo na
comunica¢do. Em 1943 foram descritos 11 casos denominados como distlrbios autisticos do
contato afetivo, em que se encontrava uma incapacidade dos casos de se relacionarem de
forma usual, bem como respostas incomuns ao ambiente (Kanner, 1943). Em 1944, o pediatra
suico Hans Asperger, desconhecendo o trabalho de Kanner, também descreveu casos com
caracteristicas semelhantes ao autismo, porém seus pacientes apresentavam comprometimento
nas habilidades cognitivas e verbais. (Gadia et al., 2004).

Entre os anos 1950 e 1960 a etiologia do autismo entrou em questdo, sendo
considerada uma resposta a pais emocionalmente ndo responsivos. Essa hipotese ficou muito
conhecida como “hipotese da mae geladeira” e as criangas foram expostas a tratamentos
bastante aversivos. Essa hipotese foi abandonada e refutada a medida que novos estudos
apontaram o autismo como um transtorno cerebral altamente herdado e presente desde a
infancia. O Transtorno do Espectro Autista aparece pela primeira vez no DSM-III em 1980,
quando os TIDs sdo adicionados ao manual, abrangendo um espectro maior de prejuizos na
comunica¢do (Klin, 2006). Desde entdo, essa classificacdo passou por vérias redefinigdes.
Atualmente, a denominag¢ao adequada de acordo com o DSM- 5 ¢ Transtorno do Espectro
Autista (TEA), por se tratar de um transtorno heterogéneo ¢ de desenvolvimento complexo,

com multiplas etiologias e varios graus de severidade (Lord, 2020).

1.3 ETIOLOGIA

Embora a etiologia do TEA nao seja completamente elucidada, sabe-se que diversos

fatores influenciam o seu desenvolvimento. Estima-se que o desfecho do TEA seja causado
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pela interagdo entre fatores genéticos e ambientais (Herbert, 2010) e foi classificado como um
transtorno comum (Wang et al., 2017). Mais de 600 genes ja foram relacionados com o
autismo, mas para muitos deles, os tamanhos de efeito individuais sdo bastante pequenos.
Muitas variantes comuns e raras podem contribuir aditivamente na herdabilidade do TEA.
Mutagoes truncadas herdadas sdo encontradas em excesso em individuos autistas, incluindo
genes implicados na codificagdo de proteinas para formacdo sindptica, regulacdo da
transcri¢do, e vias de remodelagcdo da cromatina (Waye et al., 2018).

Alguns dos fatores ambientais associados ao desenvolvimento de TEA incluem
ativacdo imune materna, idade parental avangada, deficiéncia de vitamina D nos pacientes,
uso de determinadas medica¢des durante periodos especificos da gestacdo (como o 4cido
valpréico) e complicagdes durante o parto associadas com trauma, isquemia e hipoxia. Além
disso, associacdo com exposicao a metais pesados também ja foi verificada. Nenhuma relagao
com o uso de vacinas, tecnologias de reprodugdo assistida, tabagismo materno e uso de
timerosal foram encontradas até o momento (Modabbernia et al., 2017). No entanto, Em
1988, uma publicagdo foi realizada sugerindo a relagao entre a MMR com TEA, a qual foi
completamente refutada, o artigo foi retratado e diversas publicagdes, até os dias atuais,
demonstram que ndo ha relacdo da vacinacdo com autismo. Inicialmente, o autor procurava
estabelecer uma relagdo entre a vacina e disturbios intestinais, o que o levou a acreditar que
essa patologia poderia ocasionar uma toxicidade durante o desenvolvimento do sistema
nervoso e, consequentemente, no desenvolvimento do autismo, a qual nunca foi estabelecida.
Estudos posteriores, incluindo estudos dos mesmos autores, ndo conseguiram comprovar a
hipdtese e, ainda, varios estudos epidemioldgicos posteriores indicam a seguranga da vacina
MMS (DeStefano & Shimabukuro, 2019).

E importante salientar que o estudo que propds uma associagio entre autismo e vacina
contra MMR foi subsequentemente retratado pela revista por impropriedades no recrutamento
de pacientes e conflitos financeiros de interesse do autor, mas, ainda assim, o estudo trouxe
consequéncias sérias para a populacdo, como o aumento de casos de sarampo devido ao
fortalecimento de uma equivocada visdo anti- vacinas. Além disso, contribuiu com a
inseguranca da populagdo em termos de vacinagdo, € de modo mais geral, com o descrédito da
ciéncia ¢ do embasamento cientifico, que pode levar ao uso de tratamentos sem eficacia

comprovada.



11

1.4 EPIDEMIOLOGIA

Nota-se que os numeros com TEA diagnosticados vem aumentando nas ultimas
décadas. Segundo dados recentes publicados pela Rede de Monitoramento de Deficiéncias
Mentais e Autismo (ADDM) e pelo Centro de Controle e Prevengao de Doengas (CDC) nos
Estados Unidos, uma em cada 54 criancas foi diagnosticada com TEA em 2016. Uma
porcentagem elevada quando comparada aquela de 2014, em que foi diagnosticada uma em
cada 59 criangas, e ainda maior quando comparada com os anos 2000, periodo em que a rede
publicava seus primeiros dados, que indicavam o diagnéstico de TEA para uma em cada 149
criancas (Maenner et al., 2020). Estima-se que esse aumento esteja relacionado com a
melhora do diagnéstico e também com a defini¢do mais ampla do TEA. No entanto, esses
fatores s6 explicam metade desse aumento, o que aponta para a importancia dos fatores
ambientais de risco, bem como nas interrelagdes desses fatores ambientais com fatores de
predisposi¢cdo genética. No Brasil, um estudo conduzido na cidade de Atibaia, Sdo Paulo,
avaliou a prevaléncia do Transtorno Global do Desenvolvimento, estimando diagndstico de
um a cada 267 habitantes (Paula et al., 2011). Em 2019, a lei 13.861/2019 foi sancionada,
permitindo que os dados demograficos sobre TEA fossem incluidos no censo de 2020. Dessa
forma, sera possivel estimar com mais propriedade a prevaléncia do transtorno na populagao
brasileira. Porém, at¢é o momento, a realizagdio do censo demografico nacional de 2020 ¢
incerta devido a questdes orcamentdrias e politicas.

A diferenca entre sexos ¢ geralmente indicada com uma proporcao de quatro meninos
diagnosticados para cada menina com o diagnostico. O motivo dessa diferenca vem sendo
muito investigado, e varias hipoteses acerca de questdes biologicas durante o
desenvolvimento foram levantadas, como a teoria do cérebro extremamente masculino, na
qual o autismo seria uma exageracao do perfil masculino, € o0 modelo de prote¢do feminina,
em que mulheres com TEA teriam que apresentar um maior numero de mutacdes genéticas
para desenvolver o transtorno (Cohen, 2002; Jacquemont et al., 2014). Uma metanalise
recente indicou que essa propor¢do ¢, na verdade, de 3:1 (Loomes et al., 2017). Ainda, ¢
levantado um possivel viés de diagnostico, onde meninas que apresentam os critérios para
serem diagnosticadas com TEA possuem mais risco de ndo serem, de fato, diagnosticadas.
Essa diferenca no diagndstico pode estar ocorrendo porque as meninas apresentam um
fenotipo de autismo distinto, que ndo corresponde inteiramente a conceitualizacdo
convencional do transtorno. Alguns estudos recentes observaram uma diferenga nas

caracteristicas comportamentais e cognitivas entre meninas € meninos diagnosticados. Por
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exemplo, as meninas demonstraram menos probabilidade de apresentar interesses restritos e
uma menor habilidade cognitiva, o que dificultaria o fechamento do diagnostico. Apesar das
diferencas observadas, ainda sdo necessarios mais estudos para estabelecer essa diferenga com
seguranca, bem como a validade desses resultados. Além disso, o processo de “camuflagem”,
que consiste em mascarar os sintomas do transtorno para se encaixar em padrdes neurotipicos,
¢ mais comum em meninas. Esse processo pode ser um dos fatores que explicam a diferenca
observada no fenotipo autista entre sexos. O diagnostico também pode ser influenciado pelos
estereotipos de género, que mudam o olhar social perante ao paciente e, consequentemente, a
interpretacdo dos sintomas. Isso prejudica ndo sé o diagndstico correto, como também a busca
precoce de tratamento e identificagdo correta dos sintomas (Loomes et al., 2017; Frazier et al.,

2012; Bargiela et al., 2016).
1.5 DIAGNOSTICO

A base do diagnostico para o TEA ¢é a apresentacdo comportamental. O TEA ¢
considerado um transtorno invasivo do desenvolvimento e, embora este seja bastante
heterogéneo, existe um conjunto de caracteristicas relacionadas a interacdo social,
comunicagdo € comportamentos restritos ou repetitivos que ¢ utilizado para o diagndstico. A
classificagdo utiliza critérios estabelecidos pelo DSM-5. Também sdo utilizadas como base as
escalas de diagnostico ADI-R (Autism Diagnostic Interview-Revised), uma escala de
entrevista, ¢ o ADOS-2 (Autism Diagnostic Observation Schedule, Second Edition) que ¢
uma escala de observagdo. Estas escalas devem sempre ser aplicadas por profissionais
capacitados (Risi et al., 2006; McPartland et al., 2012)

E importante que o diagnéstico seja feito precocemente, pois apresentara um impacto
relevante no neurodesenvolvimento, podendo atrasar ou evitar que certas caracteristicas
surjam e trazer beneficios na qualidade de vida. Além disso, contribui para que a crianca
possa ter uma socializacdo adequada e nao sofra reclusao por sua dificuldade de comunicacao
e interacdo, o que poderia restringir sua oportunidade de aprender. Nesse sentido, ¢
necessaria uma agao conjunta da comunidade para que esses individuos tenham tratamento e

socializagdao de forma consciente (Lord et al., 2020).
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1.6 TEA E GENETICA

A herdabilidade do TEA, estimada através de uma meta-analise envolvendo dados de
gémeos, ¢ de 64 a 91% (Tick et al., 2016). Além disso, ¢ muito comum o diagndstico de TEA
em conjunto com desordens cromossOmicas e sindromes genéticas raras. As condi¢des
genéticas mais comumente associadas com o TEA sdo: a sindrome do X-fragil, esclerose
tuberosa, neurofibromatose, Sindrome de Angelman e Sindrome de Rett. Até 25% dos casos
diagnosticados possuem etiologia genética definida através de técnicas de avaliacdo de
genética médica padrao. Alteragdes cromossdmicas visiveis correspondem a
aproximadamente 5% dos casos. As anormalidades mais frequentes sdo a duplicagdo 15q11-
ql3 e delegdes 2q37, 22q11.2 e 22q.13.3 (Devlin e Scherer, 2012; Miles, 2011; Betancur,
2011).

A variabilidade genética ¢ apontada como um dos fatores que contribuem com a
heterogeneidade clinica do transtorno dentro do espectro do TEA em que o fator genético ¢
preponderante. A arquitetura genética pode variar entre uma mutagdo penetrante que causa o
transtorno por si sO, até o acumulo de muitos alelos de baixo risco (Masi et al., 2017).
Variantes genéticas comuns tém sido apontadas como principais responsaveis pelo
desenvolvimento do transtorno e sdo compartilhadas como fatores de risco com outros
transtornos neuropsiquiatricos, como a esquizofrenia. Essas variantes possuem um baixo
efeito individualmente, mas produzem, de forma conjunta, um background genético favoravel
ao desenvolvimento do transtorno. Mutagdes de novo, variagdes de numero de copias (CNVs)
e mutagdes de ponto apresentam maiores efeitos individualmente, mas coletivamente sao
responsaveis por menos de 5% dos casos. As variantes comuns t€ém sido apontadas como
principais responsaveis pela etiologia do transtorno, em consonancia com outros transtornos
psiquiatricos (Gaugler et al., 2014; Grove et al., 2019). Um estudo de GWAS realizado pelo
Grupo de Trabalho com Transtorno do Espectro Autista do Consorcio de Genomica
Psiquiétrica (2017) ndo identificou qualquer variante estatisticamente significativa, mas
contribuiu com evidéncias sobre a participacao das variantes comuns no desenvolvimento do

TEA, além de demonstrar semelhangas genéticas entre TEA e Esquizofrenia.
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1.7 TEA E O SISTEMA IMUNE

Em 1964, ap6s uma epidemia de rubéola nos Estados Unidos, observou-se uma grande
incidéncia de autismo nas criangas com sindrome congénita de rubéola (Chess, 1971). Apds
esse caso, outros patdogenos foram investigados e associados com um maior risco de
desenvolvimento do TEA. Sugeriu-se entdo, que um importante fator de risco seria a resposta
imune contra o patégeno durante a gestacdo, que poderia alterar o desenvolvimento do
sistema nervoso central do feto (Meltzer e Water, 2017). Desde entdo, a ativagdo imune
materna tem sido apontada como um fator critico para o desenvolvimento do TEA. A
gestagdo apresenta diferentes perfis imunes e marcadores soluveis de inflamagao ao longo do
periodo, sendo essencial para o processo fisioldgico natural. Entretanto, desvios nessas
ativacdes imunes maternas podem gerar susceptibilidades para diferentes desordens
neuropsiquiatricas, por causa da interacdo entre a resposta imune e fatores materno-fetais.
Essas alteracdes sdo abservadas por alteracdes na expressdo de citocinas e na ativagdo
microglial e de astrécitos (Fontes-Dutra et al., 2020). Essa ativacdo pode ser gerada por
infec¢des durante a gestagdo que geram ambiente imune inflamatorio, induzindo a produgao
de citocinas materna, por uma resposta inflamatoria generalizada ou pela perda da regulagdo
imune (Meltzer e Water, 2017). Por isso, a regulacdo do sistema imune materno ¢ essencial
para o desenvolvimento do feto.

O sistema imune tem um papel muito importante no desenvolvimento do sistema
nervoso central e periférico, pois além de participar em muitas atividades neurologicas,
também regula a proliferagdo neuronal, formacgao de sinapse, plasticidade e remove neurénios
apoptoticos. Ja sdo reconhecidas muitas alteragdes nas respostas imunes de individuos com
TEA, como maior ocorréncia de infec¢des, asma e infec¢des intestinais persistentes. Além
disso, hd uma grande incidéncia de alergias e doencas autoimunes (Bjorklund et al., 2016;
Mead e Ashwood, 2014).

O sistema imune funciona como uma defesa para as mudangas do ambiente, por isso,
sua composi¢do genética e programacdo inicial in utero sdo determinantes para definir o
quanto o individuo consegue suportar essas mudancas. Essa regulacdo ndo interfere apenas na
saude, mas também na comunicagdo entre 0s sistemas nervoso € imune € no processamento
neural. Alteracdes do sistema imune podem levar a efeitos profundos no sistema nervoso, no

desenvolvimento do cérebro e em questdes referentes a cognicao (Estes e McAllister, 2015).
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1.8 TEA, SISTEMA IMUNE E HLA-G

O Complexo Principal de Histocompatibilidade (MHC), que em humanos ¢ também
denominado de Sistema Antigeno Leucocitdrio Humano (HLA), ¢ um complexo de genes
localizados no brago curto do cromossomo 6, que estdo diretamente envolvidos na resposta
imune através da apresentacdo de antigenos, da regulacdo da inflamagdo, do sistema
complemento e das respostas imunolédgicas inatas e adaptativas. O complexo ¢ expresso em
todas as células somaticas nucleadas e se divide em dois grupos: MHC 1 e MHC 11, que
possuem estrutura tridimensional semelhante e t€ém a fun¢do de ativar e apresentar peptideos
na superficie celular para células T CD8 + e CD4 +, respectivamente (Matzaraki et al., 2017).

O HLA tem papel central na medicina de transplantes e na terapia de transfusdes
porque participa das interagdes celulares restritas e da histocompatibilidade do tecido por sua
discriminacao celular de ‘proprio’ e 'ndo-proprio'. O MHC ¢ caracterizado por ser altamente
polimoérfico e possuir um padrio extensivo de desequilibrio de ligacdo que difere entre
populacdes. O numero elevado de alelos implica em um conjunto de MHC quase exclusivo
para cada individuo, conferindo a habilidade de se ligar a uma ampla gama de peptideos
diferentes. Nos ultimos 50 anos, muitos estudos tém demonstrado a influéncia do
polimorfismo desse complexo sobre tragos bioldgicos e susceptibilidade a doencas infecciosas
e autoimunes (Matzaraki et al., 2017; Sommer, 2005).

Além de regular a imunidade, os genes do MHC podem ter um papel na reproducido e
no comportamento social, como manutencdo da gravidez e selecdo de parceiros. A regiao
genomica do MHC também vem sendo associada com o desenvolvimento e plasticidade do
Sistema Nervoso Central (SNC), com interacdes neurologicas de células, funcdo e
comportamento sinaptico, especializacdo do hemisférico cerebral e também distirbios
neurologicos e psiquiatricos (Shiina et al., 2009).

Um dos primeiros estudos associando variagdo imunologica € o desenvolvimento de
TEA observou que pais de criancas autistas compartilham hapléotipos de HLA mais
frequentemente quando comparados com os pais de criancas fora do espectro (Stubbs et al.,
1985). Desde entdo, muitos hapldtipos e alelos de HLA ja foram associados ao
desenvolvimento do TEA (Torres et al., 2016).

O HLA-G ¢ uma molécula de classe I ndo classica. Ao contrario das moléculas de
HLA cléssicas, o HLA-G apresenta poucos polimorfismos na regido codificadora, uma
expressao tecidual limitada e a estrutura do gene bastante homologa. Além disso, o HLA-G

apresenta o peptideo situado mais profundamente na fenda entre os dominios alfa 1 e 2 e seus
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polimorfismos estdo distribuidos ao longo das trés cadeias alfa, enquanto as moléculas de
HLA cléssicas apresentam quase todos os polimorfismos concentrados em torno do sitio de
ligacdo aos peptideos. Essas caracteristicas indicam que essa molécula ndo desempenha um
papel importante na apresentagdo de antigenos. O HLA-G possui fungdo tolerogénica,
interagindo com componentes do sistema imune inato e adaptativo, como as células natural
killer e os linfocitos T CD8+ citotoxicos. O gene apresenta mecanismos especificos de
splicing alternativo, gerando sete RNAs mensageiros que codificam isoformas da proteina,
sendo quatro ligadas a membrana (HLA-G1, G2, G3, and G4) e trés soluveis (HLA-GS, G6,
and G7) (Brenol et al., 2012; Carosella et al., 2003).

A molécula de HLA-G foi identificada inicialmente na interface feto-placentéria,
sendo expressa na superficie dos trofoblastos. Durante a gestagao, o HLA-G ¢ expresso pela
placenta principalmente durante a implantacdo e inicio do desenvolvimento do feto. A
interface materno-fetal ¢ composta por trofoblastos fetais, leucocitos maternos e células
estromais e endoteliais que compdem a decidua, formando trofoblastos extravilosos.
Problemas no desenvolvimento e funcionamento do trofoblasto podem levar a perda
gestacional ou patologias associadas a gestacao, como pré-eclampsia, por isso, a implantagao
¢ uma fase critica para o desenvolvimento fetal. A expressao do HLA-G contribui para a
correta implantagdo do trofoblasto extraviloso, diferenciagdo de células deciduais,
remodelacdo vascular e manutencdo do estado de imunossupressdo. Sua agdo ¢ essencial para
a inducdo de tolerancia ao feto semialogénico. (Persson et al., 2019; Gregori et al., 2015)

O HLA-G possui polimorfismos em introns, regido promotora e regido 3’ nao
traduzida (3’UTR). O polimorfismo de inser¢do/dele¢do de 14 pares de base se encontra na
regido ndo traduzida 3’ (rs371194629) e possui uma frequéncia de 61% para delecdo e 38%
para a inser¢do em uma populagdo brasileira (Vargas et al., 2011). O alelo contendo a
insercdo dos 14 pares de base sofre um splicing alternativo adicional que retira mais 92 bases
do inicio do éxon 8 no transcrito, influenciando a estabilidade do RNA mensageiro (Hiby et
al., 1999; Rousseau et al, 2003) e sua inser¢ao esta associada com uma reducgdo nos niveis de
HLA-G expressos (Hviid et al., 2003). Essa variante ja foi associada a problemas gestacionais
como pré-eclampsia e aborto espontdneo recorrente, que também sdo mais frequentes em
maes de pacientes com TEA (Vargas et al., 2011; Meltzer and Water, 2017; Guerini et al.,
2015). Uma resposta imune materna alterada durante a implanta¢do do embrido pode interferir
no desenvolvimento do sistema nervoso central, levando ao desenvolvimento do TEA

(Knuesel et al., 2014).
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Considerando o papel central da molécula de HLA-G para a implanta¢do do embrido e
seu desenvolvimento, e também a crescente producdo cientifica apontando para a relacio
entre sistema imune e desenvolvimento de transtornos psiquidtricos, nesse trabalho
procuramos avaliar o papel da variante de insercdo/delecao de 14 pares de base na regido

3’UTR do HLA-G no desfecho de sintomatologia dentro do Transtorno do Espectro Autista.

2 OBJETIVOS

2.1 OBETIVOS GERAIS

Avaliar a influéncia do polimorfismo de inser¢ao/dele¢ao de 14pb na regiao 3’UTR do
HLA-G no desenvolvimento da sintomatologia do TEA em uma amostra de criangas

diagnosticadas com este transtorno, provenientes de uma populagdo do sul do Brasil.

2.2 OBJETIVOS ESPECIFICOS

1)  Genotipar o polimorfismo de inser¢ao/dele¢dao de 14pb na regido 3’UTR do HLA-
G em amostras de material genético de criancas com TEA, a fim de descrever suas
frequéncias alélicas e genotipicas.
2) Investigar a influéncia dessa variante génica na susceptibilidade ao
desenvolvimento do TEA em uma populacao brasileira.
3) Avaliar a potencial associagdo desse polimorfismo com sintomas de
comportamento repetitivo, ecolalia, convulsdo, epilepsia, instabilidade de humor, auto e

hetero agressao, panico, hiperatividade e desordens do sono, comumente presentes no TEA.
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Highlights

. 14bp indel polymorphism in the 3'UTR of HLA-G gene was investigated in a
Brazilian ASD cohort.

. The insertion genotype (14bp+/14bp+) was initially associated with hetero
aggression.

. Further analyses should expand the cohort and include other ASD features.
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Abstract

Autism Spectrum Disorder (ASD) is a highly inheritable neurodevelopmental disorder
characterized by deficits in social communication as well as by repetitive patterns of
behaviors and interests. The etiology of this disorder its not yet fully understood, but it has
already been associated with altered immune response during pregnancy. HLA-G is a non-
classical HLA class I molecule, expressed by the trophoblast at the maternal/fetal interface,
and induces allogenic tolerance against the fetus. A 14-bp insertion in the HLA-G 3’UTR
(rs371194629) associates with reduced levels of HLA-G mRNA and soluble HLA-G,
hampering the efficacy of immune tolerance during pregnancy. To understand how this in/del
polymorphism could participate in the ASD symptomatology, we evaluated the genotype
frequencies of this polymorphism in a sample of 188 ASD patients. The individuals were
diagnosed by DSM-IV in the neuropediatric ward of Hospital de Clinicas de Porto Alegre.
Chi-square tests were performed to verify associations between genotypes and
symptomatology. The genotype frequencies observed on ASD individuals were in accordance
to the Hardy-Weinberg equilibrium. The insertion genotype (14bp+/14bp+) was initially
associated with hetero aggression, but the association was lost after Bonferroni's correction.
However, this study points to a possible contribution of this polymorphism to the clinical
heterogeneity of ASD and new studies should be conducted considering the contribution of
maternal-fetal interface and HLA-G to different scenarios of ASD outcome.

Key Words: Autism Spectrum Disorder, ASD, immunogenetics, immune system,
HLA-G, HLA-G 3’UTR, polymorphism, maternal/fetal interface, pregnancy.
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Introduction

Autism Spectrum Disorder (ASD) is a childhood-onset neurodevelopmental disorder
involving persistent deficits in social communication and social interaction across multiple
contexts. According to the fifth edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), ASD characteristically encompasses restricted, repetitive patterns of
behavior, interests, or activities. The most recent data published in the Network for
Monitoring Mental Disabilities and Autism (ADDM) and by the Center for Disease Control
and Prevention (CDC) in the United States, points that one in each fifty-four children was
diagnosed with autism in 2016. Even though ASD etiology remains unknown, this is a highly
heritable disorder and, over the last four decades, several studies have shown associations
between altered immune responses and impairment of the central nervous system (CNS). In
this sense, both these conditions may be implied in the development or regulation of ASD
pathogenesis and symptomatology (Bjorklund et al., 2016).

It is well established that the immune system influences neurodevelopmental processes
at different levels, including the regulation of neuronal proliferation, synapse formation,
remotion of apoptotic neurons and neural plasticity (Mead & Ashwood, 2015). Several levels
of immune dysregulation were already observed in ASD patients, including increased
proinflammatory cytokine Th1/Th2 ratios, altered immune cell populations including skewed
T-cell and NK-cell responses, and the presence of anti-brain autoantibodies, which were
associated with impaired development (Meltzer & Water, 2017). These responses are often
associated with impaired behavior and with the degree of severity affecting ASD core
symptoms (Sarasella et al., 2009). The maternal genetic background and the early immune
system programming in utero seems to be key factors to determine the responses to
environmental changes during the lifetime of each individual (Estes & McAllister, 2015).
Indeed, some of the genetic variations associated with ASD are in genes involved in immune
processes, and some of those participate in both immune and nervous systems. One of the first
associations between ASD and the immune system was that parents of children with ASD
shared HLA antigens more often than parents of non-affected children (Stubbs et al., 1985).
Since this first observation, a considerable number of studies associated HLA alleles, genes
and haplotypes with ASD etiology (Torres et al, 2016).

The Human Leukocyte Antigen system (HLA), that correspond to the Major
Histocompatibility Complex (MHC) in humans, is a complex of genes located in the short
arm of chromosome 6 that are directly involved in immune responses through antigen
presentation, inflammation regulation, activation of the complement system, as well as other
innate and adaptive processes. The classical MHC molecules participate in cellular
communication processes and in tissue histocompatibility, being characterized by a high level
of polymorphism (Matzaraki et al., 2017). HLA seems also to participate in social behavior
construction, in processes related to reproduction, and in pregnancy maintenance. Putting
together, these characteristics highlight the importance of HLA genes and molecules, in a
range of infectious, autoimmune and immune-mediated diseases (Sommer, 2005).

There are two main MHC classes, MHC I and MHC 1I, which share similar three-
dimensional structures and function, activating and presenting peptides on cell surface to
CD8+ and CD4+ T cells, respectively. HLA-G is a non-classical class I molecule. Unlike
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classic HLA molecules, HLA-G has few polymorphic sites in the gene coding region and
presents limited tissue expression. Besides, HLA-G has specific alternative splicing
mechanisms, generating seven different mRNAs that encode distinct protein isoforms, four of
which are membrane-bound (HLA-G1, G2, G3, and G4) and three soluble (HLA-GS5, G6, and
G7) (Carosella et al., 2003). In addition, HLA-G presents peptides that are located more
deeply in the cleft between the alpha domains 1 and 2, and its polymorphisms are distributed
along the three alpha chains, while classic HLA molecules have almost all polymorphisms
concentrated around the site of binding to peptides (Brenol et al., 2012).

The HLA-G molecule was first identified at the feto-placental interface, being
expressed on the surface of the trophoblasts. The maternal-fetal interface is composed of fetal
trophoblasts, maternal leukocytes, stromal and endothelial cells that make up the decidua. At
this compartment, HLA-G has a tolerogenic function, interacting with molecules of the innate
and adaptive immune system, such as natural killer cells and cytotoxic T lymphocytes. HLA-
G gene is located at 6p21.3 chromosome region, within the class I major histocompatibility
complex (MHC) gene cluster (Geraghty et al., 1987), and presents polymorphisms distributed
along introns, the promoter region and also in the 3' untranslated region (3'UTR), which is the
case for the 14 base pair insertion polymorphism (rs371194629). The allele containing the 14
base pair insertion undergoes an additional alternative splicing, removing 92 extra bases from
the beginning of exon 8 in the transcript. The additional splicing influences mRNA stability
(Hiby et al., 1999; Rousseau et al, 2003), and is associated with a significant reduction in both
membrane bound and soluble HLA-G levels (Hviid et al., 2003; Hylenius et al., 2004).
Interestingly, some studies suggested an association of the 14 base pair insertion
polymorphism and the development of ASD in the Italian population (Guerini et al., 2015;
Guerini et al., 2017).

Considering the central role of the HLA-G molecule in embryo implantation and its
development, and also the growing scientific production pointing to the relationship between
the immune system and the development of psychiatric disorders, this study aims to evaluate
the potential role of the insertion/deletion variant of 14 base pairs in the 3'UTR region of
HLA-G on Autistic Spectrum Disorder children, both concerning susceptibility and clinical
features.

Methods
Samples

A total of 488 individuals were recruited to this study, being 188 children diagnosed
with ASD, 172 mothers and 128 fathers of the diagnosed children. Of these, 149 families
were previously collected and described by Longo et al. (2009) and the remaining patients
were assessed and described by Schuch et al. (2014) at the Hospital de Clinicas de Porto
Alegre (HCPA, Porto Alegre, Rio Grande do Sul, Brazil), in association with the Psychology
Department of the Universidade Federal Rio Grande do Sul (UFRGS, Porto Alegre, Rio
Grande do Sul, Brazil). In this study, DNA samples from those 188 children diagnosed with
ASD were evaluated.
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The presence of fragile X syndrome or other genetic conditions, chromosomal
abnormalities and SNC lesional abnormalities were used as exclusion criteria, following the
research protocol of Slongo et al. (2009). The probands were submitted to an evaluation by
neuro pediatricians at the Neuropediatric Outpatient Unit from HCPA, where the diagnosis
was attributed. The probands included were diagnosed as idiopathic ASD cases, according to
the Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV) and fit the criteria
for autistic disorder, Asperger disorder or PDD-NOS. Data on the presence or absence of
commonly seen clinical ASD symptoms, such as repetitive behaviors, echolalia, seizures and
epilepsy (at least 2 unprovoked seizures), mood instability, aggression (including unprovoked
and recurrent aggressive behavior toward self and/or others), psychomotor agitation and sleep
disorders, were also collected during regular appointments, inquiring the parents or caregivers
for the presence of symptoms. The answer was considered when the patient showed any of the
described symptoms before treatment with prescribed drugs. ASQ (Autism Screening
Questionnaire) and CARS (Childhood Autism Rating Scale) scores were evaluated in some
patients. These scores were used to assess severity of autistic behavioral symptoms. Social-
demographic data of families were collected from clinical files. Schuch et al. (2014) and
Longo et al. (2009) present more detailed information about exclusion criteria, tools for
diagnostic and other clinical and socio-demographic data.

All participants signed an informed consent prior to their inclusion in the study. The
study was in accordance with the ethical standards established in the 1964 Declaration of
Helsinki and its later amendments and was approved by the Ethics Committee of HCPA and
the Psychology Department (protocol numbers 05-451, 06-237 and 06632012.4.0000.5334,
respectively).

Genotyping

DNA extraction was performed in whole blood samples utilizing a salting out
procedure (Lahiri & Nurnberger, 1991). Genotyping for the 14bp+/14bp polymorphism in the
3> UTR of the HLA-G gene was performed by polymerase chain reaction (PCR) using sense
HLA-G8F (5> TGTGAAACAGCTGCCCTGTGT 3’) (Castelli et al., 2010) and antisense
GmiRNA primers (5 CTGGTGGGACAAGGTTCTACTG 3°) (Cordero et al., 2009). PCR

products for the HLA-G 14bp polymorphisms were genotyped in 8% polyacrylamide
gel stained with ethidium bromide. This resulted in products of either 537 bp, when the
insertion was present, or 523 bp when the 14 bp was absent.

Statistical Analysis

To verify whether the genotype frequencies met the Hardy—Weinberg Equilibrium,
chi-square analysis was performed. To evaluate associations of the different symptomatology
(repetitive behaviors, echolalia, seizures and epilepsy, mood instability, self and hetero
aggression, psychomotor agitation and sleep disorders) of the ASD children and the HLA-
G*14bp insertion/deletion polymorphism, chi-square analysis was also chosen, with p-values
under 0.05 considered as statistically significant. Statistical analyses were carried out using
SPSS 18 for Windows. The results found have gone through Bonferroni correction (n = 10)
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due to the multiple hypothesis tests. A p-value <0.05 after Bonferroni correction for degree of
freedom (pc) was considered statistically significant. We used a recessive model for our
analyses, where the heterozygotes were combined with the less frequent homozygotes
(homozygotes for the 14bp insertion).

Results
Allelic and genotypic frequencies of the HLA-G*14bp insertion/deletion polymorphism

The demographic data of children diagnosed with ASD is shown in table 1. Our
sample showed a majority of male (80.9%) and Caucasoid (74.5%) patients, with a mean age
of 9.74 + 5.104 years. Table 2 shows both genotypic and allele distribution of the HLA-
G*14bp insertion/deletion polymorphism in our sample. The genotypic frequency observed
was 38.3% of probands homozygous for the deletion, 48.9% heterozygous individuals and
12.8% homozygous for insertion patients. The genotypic distribution was in agreement with
the Hardy—Weinberg equilibrium (p>0.05).

Association of the HLA-G*14bp insertion/deletion polymorphism with clinical
symptoms

The chi-square analyses showed an initial association between the HLA-G*14bp
insertion allele and hetero aggression (p= 0.035), but after Bonferroni correction, the
association was lost (pc= 0.35). No significant association was observed between the
polymorphism and other symptoms, as shown on Table 3.

Discussion

During pregnancy, HLA-G is expressed in the placenta. Because of its tolerogenic
function, the expression of HLA-G is essential for inducing tolerance to the semi-allogeneic
fetus, mainly during implantation and early development, preventing the destruction of the
fetal tissues by the maternal immune system and contributing to the correct implantation of
extravillous trophoblast, differentiation of deciduous cells, vascular remodeling and
maintenance of the state of immunosuppression (Carosella et al., 2003). In fact, implantation
is a critical phase for fetal development, and HLA-G expression during this period is
essential.

Failures in the normal development of the trophoblast can lead to loss of pregnancy or
pathologies associated with pregnancy, such as pre-eclampsia (Gregori et al., 2015). It is
interesting to notice that, in our sample, 38% of mothers presented some pregnancy
complication (data not shown). Moreover, lower plasma HLA-G protein concentrations in
first and second semester of gestation were observed in patients who developed preeclampsia
(Yie et al., 2005) and the HLA-G*14bp insertion/deletion polymorphism was associated to
recurrent spontaneous abortions (Hviid et al., 2002). Preeclampsia and repetitive abortions are
gestational problems related to exacerbated immune activation and are seen more frequently
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in mothers of children with ASD (Dachew et al., 2018; Funderbuck et al., 1983; Gardener et
al., 2009).

The HLA-G*14bp insertion/deletion polymorphism in the 3'UTR region of the HLA-
G gene is known to decrease the expression of HLA-G mRNAs, being also associated to
lower levels of the soluble HLA-G molecule. Therefore, less HLA-G molecules expression on
the trophoblast can lead to a more activated immune system during pregnancy. Maternal
immune activation (mIA) is known to be a risk factor to neurochemical and behavioral
abnormalities, and increasing evidence shows that it could be a shared environmental risk
factor for CNS disorders, including autism and schizophrenia (Knuesel et al., 2014).

Recent studies in the Italian population found an association between ASD
development and the HLA-G*14bp, where both 14bp+/14bp+ genotype and 14bp+ allele
were statistically more frequent in children diagnosed with ASD and in their mothers, when
compared to the general population (Guerini et al., 2015). The HLA-G*01:05N allele was
also significantly more frequent in ASD patients (Guerini et al., 2017). The HLA-G*14bp
insertion and activating KIR-HLA-C complex, which is also associated with ASD and
suggested to correlate with inflammation during fetal development, were evaluated for a
possible association with cognitive and behavioral scores and EEG profile in 119 ASD
children. Analyses showed that children with KIR2DS1-HLAC2+/HLA14bp+ pattern had
higher scores in the Childhood Autism Rating Scale (CARS) and Autistic Core Behaviour
(Guerini et al; 2017).

In the present study, we observed an association between the 14*bp insertion in the
3’UTR of HLA-G gene and hetero agression (p=0.035), but this association was lost after
Bonferroni correction. Aggressive behavior is a common symptom in ASD children and
seems to be more present in severe cases (Giacomo et al., 2016), and both auto and hetero
aggressive behaviors are present in other neuropsychiatric disorders, such as schizophrenia
and attention deficit hyperactivity disorder (ADHD) (Connor et al., 2002; Raine et al., 2002)
The exact relation between aggressive behavior and autism is not yet well established, but the
treatment consists in pharmacological approaches (Parickh et al., 2008). Increasing evidence
suggest that the immune system is involved with responses to social stress, wich can lead to
aggressive behaviour. Patological levels of aggression showed an elevated proinflammatory
cytokines in individuals diagnosed with intermittent explosive disorder (IED) or psychosis
(Coccaro et al., 2014; Das et al., 2016). Also, individuals with high aggression traits showed
higher circulating cytokines such as interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a) and
C-reactive protein (CRP) when compared with non-aggressive individuals (Takahashi et al.,
2018). These results point to a possible collaboration of the immune system in the
development of behavioral traits of symptoms related to the diagnosis of autism spectrum
disorder.

Of our knowledge, no other study has associated the HLA-G*14bp insertion/deletion
polymorphism with ASD symptomatology. Also, no study has yet evaluated the frequency of
this polymorphism in an ASD cohort in a Brazilian population. Herein, we present data that
could contribute to an even deeper discussion about how the genetics of the immune system
contributes to ASD development and its clinical heterogeneity and new information about the
distribution of this polymorphism in a Brazilian ASD cohort.
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Conclusion

Although our analyses did not find a statistically significant association between HLA-
G*14bp insertion/deletion polymorphism and symptoms related to the pathophysiology of
ASD after Bonferroni correction, this study contributes to a better understanding of the
multifactorial and multigenic genetic architecture of ASD pathogenesis, and points to new
approaches in the crescent field of the immune system and ASD. Further analyses of the
influence of the HLA-G*14bp insertion/deletion polymorphism and ASD development should
include bigger cohorts and also analyze genotypes of the mothers. Future studies should also
consider this polymorphism influence on clinical heterogeneity, especially concerning
aggressive behaviors. Also, more studies must be conducted to investigate the genetic aspects
that influence ASD development.
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Table 1. Demographic and clinical characteristics of ASD samples (n=188).
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Age (years)!

Gender (male)?

Ethnicity?

Symptoms?3

ASQ!

CARS!

Caucasoid
Afro-American

Others

Epilepsy

Sleep disorders

Mood instability
Hetero-aggressive behavior
Self-aggressive behavior
Repetitive Behavior
Convulsion
Hyperactivity

Echolalia

Panic

9.74 % 5.104
80.9% (152)
74.5% (140)
7.4% (14)
17.6% (33)
11.2% (21)
56.4% (106)
48.9% (92)
37.8% (71)
45.7% (86)
75.5% (142)
25.5% (48)
60,6% (114)
62.2% (117)
30.3% (57)
22.019 + 5.4342

35.667 £5.3384




Table 2. HLA-G 14bp insertion/deletion (14bp+/14bp) genotype and allele distribution in 188 ASD children.
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ASD children
n(%)

Genotype

14bp-/14bp- 72(38.3)

14bp+/14bp- 92(48.9)

14bp+/14bp+ 24(12.8)

Total 188(100)
Allele

14bp- 236(62.8)

14bp+ 140(37.2)

Total 376(100)
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Table 3. Associations between HLA-G/14 bp insertion/deletion polymorphism and ASD related behaviors

14bp+/14bp+

(n=188).
Symptom Genotype Absence, n (%) Presence,n (%) OR (CI 95%) P PDe
Panic
14bp-/14bp- 54 (41.2) 18 (31.6)
14bp+/14bp- OR 0.65 (0.34-
+ 77 (58.8) 39 (68.4) 1.27) 0.211 n.s.
14bp+/14bp+
Convulsion
14bp-/14bp- 57 (40.7) 15 (31.2)
14bp+/14bp+ OR 0.66 (0.33-
+ 83 (59.3) 33 (68.8) 1.32) 0.244 n.s
14bp+/14bp-
Self-
aggressive 14bp-/14bp- 41 (40.2) 31 (36)
behavior
14bp+/14bp- OR 0.83 (0.46-
+ 61 (59.2) 55 (64) 1.51) 0.560 n.s
14bp+/14bp+
Hyperactivity
14bp-/14bp- 32 (43.2) 40 (35.1)
14bp+/14bp+ OR 0.70 (0.39-
+ 42 (56.8) 74 (64.9) 1.29) 0.261 n.s
14bp+/14bp-
Echolalia
14bp-/14bp- 29 (40.8) 43 (36.8)
14bp+/14bp- OR 0.84 (0.46-
+ 42 (59.2) 74 (63.2) 1.54) 0.576 n.s
14bp+/14bp+
Mood
instability 14bp-/14bp- 35 (36.5) 37 (40.2)
14bp+/14bp+ OR 1.17 (0.65-
+ 61 (63.5) 55 (59.8) 2.11) 0.596 n.s
14bp+/14bp-
Hetero-
aggressive 14bp-/14bp- 38 (32.5) 34 (47.9)
behavior
14bp+/14bp- OR 1.91 (1.04-
+ 79 (67.5) 37 (52.1) 3.50) 0.035 0.35



Sleep
disorders 14bp-/14bp- 31 (37.8) 41 (38.7)
14bp+/14bp+ OR 1.03 (0.57-
+ 51(62.2) 65 (61.3) 1.87) 0.903
14bp+/14bp-
Repetitive
Behavior 14bp-/14bp- 16 (34.8) 56 (39.4)
14bp+/14bp- OR 1.22 (0.61-
+ 30 (65.2) 86 (60.6) 2.44) 0.573
14bp+/14bp+
Epilepsy
14bp-/14bp- 65 (38.9) 7 (33.3)
14bp+/14bp+ OR 0.78 (0.30-
+ 102 (61.1) 14 (66,7) 2.04) 0.619

14bp+/14bp-
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n.s.

n.s.

n.s.
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4 CONCLUSAO

Neste trabalho, investigamos a relagdo do polimorfismo inser¢ao/delecdo de 14pb na
regido 3’UTR do HLA-G com desfechos clinicos de sintomatologia em pacientes
diagnosticados com TEA. Considerando nossas informacgdes, este foi o primeiro trabalho a
investigar essa relagdo em uma popula¢do brasileira. A constru¢do do conhecimento de
aspectos genéticos no desenvolvimento de transtornos em diferentes populagdes ¢ essencial
para que possamos de fato entender como elas sdo constituidas e quais sdo suas
especificidades. Esse trabalho faz parte de um recente projeto que vem sendo realizado no
Laboratério de Imunobiologia e Imunogenética, onde analisamos a possivel relacdo do TEA
com diversas variantes do sistema imune. Dessa forma, este estudo contribui para a
construgdo desse conhecimento e também para novos questionamentos que originardo futuros
projetos.

Estudos que incluem a associacdo de polimorfismos com o desenvolvimento dos
sintomas podem contribuir para o desenvolvimento de um tratamento especifico para cada
paciente. Além disso, densifica a discussdo sobre a contribuicdo de variantes para o
desenvolvimento do TEA, que ¢ conhecido por ser altamente herdavel e clinicamente
heterogéneo.

Mesmo que nossa andlise ndo tenha apresentado uma relagdo estatisticamente
significativa apos a corre¢do de Bonferroni entre o polimorfismo estudado e a sintomatologia
do TEA, apontou para uma possivel associacdo com um dos sintomas analisados, a hetero
agressdo. Portanto, seria interessante aumentar o tamanho amostral e analisar como essa
associacdo se comporta. Para um maior entendimento da relagdo do gene HLA-G com o
desenvolvimento do TEA, o sequenciamento da regido 3’UTR poderia ser realizado,
possibilitando a analise de outras variantes da regido. Investigar as frequéncias desse
polimorfismo nas maes também apresentaria dados relevantes, pois a regido da placenta
apresenta cé¢lulas fetais e maternais, e isso poderia influenciar no eventual desfecho. Além
disso, temos perspectivas de construir e incluir um grupo controle, de forma que possamos

comparar as frequéncias alélicas e genotipicas em analises futuras.
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Immunity, which is published eight times a year. Detailed instructions for authors can be found at
http://www.elsevier.com/journals/brain-behavior-and-immunity/0889-1591/guide-for-authors.

Research areas include: Physiological mechanisms that convey messages between the immune and
nervous systems and regulate their functionsStress and immunity, including the role of stress-
related hormones and neurotransmitters on the immune system.Actions of cytokines, growth
factors and PAMP activation on neuronal and glial cells that regulate behavior, learning, memory
and neurogenesisRole of hormones, growth factors and cytokines in the immune and central or
peripheral nervous systemslnteractions between the immune system and brain that are involved in
development of neurological, psychiatric, and mental health disordersRole of immunological processes
in neurodegenerative disordersThe effects of psychotropic medications on immunological mechanisms
and their potential relevance to therapeutic interventionsNeuroimaging studies examining how
immunological mechanisms affect brain structure and functionClinical trials and experimental studies
testing the effects on both immune stimulation and immune suppression on brain and behaviorThe
role of microglia in pain, psychological processes and in psychiatric disordersImmunological
mechanisms involved in traumatic brain injury and its resolutionImmunologic disorders, infection
and behaviorRole of the immune system in development and maintenance of inflammatory and
chronic painImmune mechanisms that regulate the blood-brain-interface (BBI)Immune factors that
affect health psychologySleep, exercise, immunity and healthImmune system interactions that affect
behavior following use of psychotropic drugs, alcohol and other drugs of abuseHealthy aging of the
immune system and brainRole of inflammation and stress during perinatal developmentCancer and
its treatment, stem cells and their effects on brain behavior and immunity Reciprocal communication
between the microbiome, immune and nervous systemsRegulation of nerve injury and repair by the
immune systemPsychosocial, behavioral, and neuroendocrine influences on immunity and on the
development and progression of immunologically-mediated diseasesNutrition, inflammation, obesity
and behaviorGenomics of behavior and immunity
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

Brain, Behavior, and Immunity, founded in 1987, is the official journal of the Psychoneuroimmunology
Research Society (PNIRS). This innovative journal publishes peer-reviewed basic, experimental,
and clinical studies dealing with behavioral, neural, endocrine, and immune system interactions in
humans and animals. It is an international, interdisciplinary journal devoted to original research
in neuroscience, immunology, integrative physiology, behavioral biology, psychiatry, psychology,
and clinical medicine and is inclusive of research at the molecular, cellular, social, and whole
organism level. The journal features online submission and review. Manuscripts are typically peer-
reviewed and returned to authors within 30 days of submission, leading to timely publication
of experimental results. There are no submission fees or page charges for Brain, Behavior, and
Immunity, which is published eight times a year. Detailed instructions for authors can be found at
https://www.editorialmanager.com/bbi/default.aspx.

Research areas include: Physiological mechanisms that convey messages between the immune and
nervous systems and regulate their functions Stress and immunity, including the role of stress-
related hormones and neurotransmitters on the immune system. Actions of cytokines, growth
factors and PAMP activation on neuronal and glial cells that regulate behavior, learning, memory
and neurogenesis Role of hormones, growth factors and cytokines in the immune and central or
peripheral nervous systems Interactions between the immune system and brain that are involved in
development of neurological, psychiatric and mental health disordersRole of immunological processes
in neurodegenerative disordersThe effects of psychotropic medications on immunological mechanisms
and their potential relevance to therapeutic interventionsNeuroimaging studies examining how
immunological mechanisms affect brain structure and functionClinical trials and experimental studies
testing the effects on both immune stimulation and immune suppression on brain and behaviorThe role
of microglia in pain, psychological processes and in psychiatric disordersIimmunological mechanisms
involved in traumatic brain injury and its resolution Immunologic disorders, infection and behavior
Role of the immune system in development and maintenance of inflammatory and chronic pain
Immune mechanisms that regulate the blood-brain-interface (BBI) Immune factors that affect health
psychology Sleep, exercise, immunity and health Immune system interactions that affect behavior
following use of psychotropic drugs, alcohol and other drugs of abuse Healthy aging of the immune
system and brain Role of inflammation and stress during perinatal development Cancer and its
treatment, stem cells and their effects on brain behavior and immunity Reciprocal communication
between the microbiome, immune and nervous systems Regulation of nerve injury and repair by the
immune system Psychosocial, behavioral, and neuroendocrine influences on immunity and on the
development and progression of immunologically-mediated diseases Nutrition, inflammation, obesity
and behavior Genomics of behavior and immunity

Types of Article
Original full-length research reports, full-length review articles,short communications, brief
commentaries, and letters to the editor will be considered for publication.

Full-length research reports: The chief criteria for the acceptance of submitted papers are the quality,
originality, and clarity of the work reported, addressing one or more of the research areas reported
above. There is no word limit on full length research reports, but papers should be consisely written
and most should be able to articulate their findings within approximately 6,000 words.

Reviews: The journal publishes invited or unsolicited reviews on a contemporary topic, discussed
authoritatively with the aim of providing a solid, and often novel, interpretation of research evidence,
and of integrating a mechanistic model when applicable. Reviews consist of approximately 6,000
words of text and no more than 100 scientific references. Reviews must contain at least one figure
highlighting the key aspects of the article, complete with explanatory figure legends. If appropriate,
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a color version of the figure can be published in the online publication, with a black-and-white figure
in the print version. If the author chooses this option, the figure legend must be self-explanatory in
the absence of color-coding.

Short communications: Manuscripts published as short communications are, primarily, reports of
novel, solid, important findings on contemporary, fast-moving topics. Small replication studies or
incomplete data that do not move the field forward, and descriptions of methods and techniques, are
not appropriate for this format. Papers will be considered short communications if the text, references,
and a maximum of two tables or figures (or one of each) are limited to 3,500 words. Authors may
elect to include additional illustrations, but the limitation to 3,500 words will remain.

Commentaries: These are short pieces written to accompany the publication of impactful full-length
research reports. Invited by the Editor, they are limited to 900-1000 words and 5-10 references
(including a refence to the relevant published report).

Viewpoints: These are opinion pieces that provide a personal view on broad, contemporary topics
relevant to the interaction between health, brain, behaviour and immunity. Invited by the Editor, they
are limited to 900-1000 words and 5-10 references, and will generally be immediately 'open-access'
at no costs to the auhors.

Letters to the editor: These should be of high scientific quality, contain less than 500 words, and cite
no more than 5 scientific references. If the letter is directed to a paper published in Brain, Behavior,
and Immunity, the author of that paper will be provided an opportunity to respond. Both the letter to
the editor and the author's response will be published simultaneously.

Announcements: Brain, Behavior, and Immunity will consider for publication announcements of
interest to the readership such as notices of scientific meetings.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Poor standard of grammar or spelling will lead to the paper being sent back to Authors without
peer-review. Authors who feel their English language manuscript may require editing to eliminate
possible grammatical or spelling errors and to conform to correct scientific English may wish to use
the English Language Editing service available from Elsevier's WebShop.

Study design and statistical reporting

BBI aspires to publish papers with the highest standards of reporting and presentation of
methodological details, including the study design and the statistics used.

Study Design: State whether: 1) samples/animals were assigned randomly to various experimental
groups (and the specific method of randomization); 2) the data collected was processed randomly and
appropriately blocked; 3) experimenters were blind to group assignment and outcome assighment;
and 4) an appropriate sample size was computed when the study was being designed.

Data Handling: Clearly state the numbers of participants, animals, or samples included in the study.
Provide detailed explanations of the reasons for any attrition in the study. Explain how outliers are
defined and handled and any data removed before analysis must be reported. Report how often each
experiment was performed and whether the results were substantiated by repetition under a range
of conditions. Sufficient information about sample collection must be provided to distinguish between
independent biological data points and technical replicates.
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Statistical reporting: Authors should identify the precise statistical tests used. In addition, planned
comparisons, details of controls and power analyses to determine sample sizes, if applicable, should be
reported. Complete results of the statistical analyses, including p values (rather than ranges), degrees
of freedom and any estimates of effects size, should be reported in full in the Results section, including
all within- and between-subject factors. For multiple comparisons and multiple correlations, define
measures taken to reduce Type 1 errors. For neuroimaging studies, methods for controlling for multiple
comparisons and the cluster-forming statistical threshold used must be reported. For ANOVAs, and
other multivariate analyses, define measures taken to control for violation of the sphericity assumption
and how you report results of corrected degrees of freedom statistics. Finally, state the name and
version of the statistical software that was used.

Addressing Sex as a Biological Variable: We ask all authors to ensure proper consideration of sex as
a biological variable. For example, any papers utilizing subjects (cells, animals, humans) of only one
sex must state the sex of the samples in the title and abstract of the paper, with the obvious exception
of sex-specific issues (e.g., prostate or ovarian function). Authors must also state the rationale for
using samples from one sex rather than from both. For cellular work, the sex of origin of cells used
should be reported, or if cells or tissue from both sexes were used without regard to sex, this fact
should be indicated. Finally, the inability for any reason to study sex differences where they may exist
should be discussed as a study limitation.

Manuscripts should be prepared using a 12-point font, double-spaced throughout (including tables,
footnotes, references, and figure captions) with 1-in. margins on all sides. Unusual typeface is
acceptable only if it is clear and legible. For initial submission, all manuscripts must be prepared and
submitted in one of the following formats: Microsoft Word (.doc), WordPerfect (.wps), or Rich Text
Format (.rtf). All figures and tables should be clearly labeled at the top.

Revised manuscripts should not be marked using underlined or bolded words to indicate changes
from the original submission. Instead, changes in the revised manuscript must be explained in
a rebuttal letter. Submission of all revised manuscripts requires both figures and tables to be
submitted separately from the manuscript text: do not insert figures and tables at the end of the
text for revised manuscripts. Instead, the electronic submission system requires identification and
submission of figures and tables separate from the text of revised manuscripts (see information
below for graphs, scans, and illustrations). For more information, please also see the Author
Gateway Web page for Brain, Behavior, and Immunity available through the journal home page at
https://www.elsevier.com/locate/ybrbi.

Manuscripts must be written in English and submitted electronically at
https://www.editorialmanager.com/bbi/default.aspx. New contributors should first register at this
site and then log into Editorial Manager with their user name and password. There are eight steps
that must be completed to submit a manuscript: Enter Article Title; Select Article Type; Add/Edit
Remove Author (corresponding author does not need to be the person who submits the paper); Submit
Abstract; Enter Key Words; Select Document Classification; Enter Comments (recommend expert
reviewers); Attach Files. All sections except the last one can be 'copied and pasted' into text boxes
from existing files.The files that must be attached separately are: cover letter to the Editor-in-Chief,
manuscript, figures, and tables. An introductory cover letter must outline the most important research
findings and their significance. Complete legends (captions) for both figures and tables should be
placed at the end of the manuscript. Figures must be attached as separate files or as a single file.
Tables must also be attached as either individual tables or a single file with all the tables. All files
containing figures or tables must clearly identify each figure or part of figure by adding, at the top
of each figure or table, the name of the first author and abbreviated title of the manuscript. Authors
can also upload supplementary material such as video, audio, movie and other files (which will be
available as a link in the PDF file that the system generates). After the files are attached, the Editorial
Managersystem will create a PDF file, which may require a few minutes. You will then be asked to
approve the PDF file, a step that must be completed before the new submission is sent to the Editor-
in-Chief who will initiate the review process.
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You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

e All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or association) of sex on the results of the study.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
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'Declarations of interest: none'. This summary statement will be ultimately published if the article is
accepted. 2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part
of the journal's official records. It is important for potential interests to be declared in both places
and that the information matches. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.

Authorship

While the journal does not request details of authors contribution, in accordance with the Consensus
Statement on Surgery Journals Authorship (2005) we expect that all authors meet all three of the
following conditions: 1) Authors make substantial contributions to conception and design, and/or
acquisition of data, and/or analysis and interpretation of data; 2) Authors participate in drafting the
article or revising it critically for important intellectual content; and 3) Authors give final approval of
the version to be submitted and any revised version.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enrollment, randomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram are available online.
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Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical trials in this journal
in accordance with International Committee of Medical Journal Editors recommendations. Trials
must register at or before the onset of patient enrolment. The clinical trial registration number
should be included at the end of the abstract of the article. A clinical trial is defined as any
research study that prospectively assigns human participants or groups of humans to one or more
health-related interventions to evaluate the effects of health outcomes. Health-related interventions
include any intervention used to modify a biomedical or health-related outcome (for example drugs,
surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care
changes). Health outcomes include any biomedical or health-related measures obtained in patients or
participants, including pharmacokinetic measures and adverse events. Purely observational studies
(those in which the assignment of the medical intervention is not at the discretion of the investigator)
will not require registration.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

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

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

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

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

Please visit our Open Access page for more information.

Please submit your article via https://www.editorialmanager.com/bbi/default.aspx

Referees

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

Additional information
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PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

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

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

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

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.
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Discussion

This should explore the significance of the results of the work, not repeat them. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible. Author names and affiliations. Please clearly indicate
the given name(s) and family name(s) of each author and check that all names are accurately spelled.
You can add your name between parentheses in your own script behind the English transliteration.
Present the authors' affiliation addresses (where the actual work was done) below the names. Indicate
all affiliations with a lower-case superscript letter immediately after the author's name and in front
of the appropriate address. Provide the full postal address of each affiliation, including the country
name and, if available, the e-mail address of each author. Corresponding author. Clearly indicate
who will handle correspondence at all stages of refereeing and publication, also post-publication. This
responsibility includes answering any future queries about Methodology and Materials. Ensure that
the e-mail address is given and that contact details are kept up to date by the corresponding author.
Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.
Word count. Please include a word count, excluding references and tables.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

A list of up to 10 keywords or phrases suitable for indexing should be provided.

Do not use periods after abbreviations of measure (cm, s, kg, mA, etc.) in text or tables, except for
"in." (inch). The American Chemical Society Style Guide should be used as a reference for proper
abbreviations.
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Acknowledgements

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

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant nhumbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

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

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

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

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

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

e Use a logical naming convention for your artwork files.

¢ Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

e Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
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e Supply files that are too low in resolution.
e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

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

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

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

Web references

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

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

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

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
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please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/brain-behavior-and-immunity

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

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

Reference style

Text: All citations in the text should refer to:

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

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

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

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢c.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, 1., Hanraads, J.A.]., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr.,, W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

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

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef,
E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S.,
2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88). Zenodo. https://doi.org/10.5281/
zenodo.37272009.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.
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Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).
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Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
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Data in Brief
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for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.
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AFTER ACCEPTANCE
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corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

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

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

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.
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AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
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