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RESUMO

Introducgéao: O uso nocivo do alcool (UNA) € um problema de saude publica que
impde custos consideraveis aos sistemas de saude em todo o mundo. O
consumo de etanol afeta a qualidade de vida dos usuarios, levando a uma série
de problemas de saude mental e fisica. Os transtornos associados ao uso de
alcool sdo condigdes complexas influenciadas por diversos fatores, como:
alteracgdes nos sistemas de neurotransmissao, mediadores imunes/inflamatorios
e variantes genéticas. Tais disturbios apresentam herdabilidade estimada entre
50% e 60%. Estudos de associagdo gendmica ampla revelaram diversas
variantes genéticas associadas aos fenoétipos relacionados ao uso alcool, em
particular em genes envolvidos no metabolismo da droga. No entanto, a maioria
desses estudos se concentrou em populacbes de ascendéncia europeia ou
asiatica, limitando possiveis extrapolagdes para outros grupos étnicos. Objetivo:
Investigar mecanismos genéticos/imunogenéticos associados ao UNA em
individuos latino-americanos miscigenados. Metodologia: O Teste de
Identificacdo de Transtorno por Uso de Alcool (AUDIT) foi usado para avaliar o
risco de UNA em 2.840 individuos da cidade de Pelotas (Brasil), em um desenho
de estudo transversal. Os individuos foram genotipados para 2,3 milhdes de
Variantes de Nucleotideo Unico (SNVs) utilizando a plataforma lllumina
HumanOmni 2.5-8v1 BeadChip, seguido por processo de imputagdo de
gendtipos. Os padrdes de ancestralidade dos participantes foram investigados
através de analise de Componentes Principais e pelo método ADMIXTURE.
Analises de associagao genética foram realizadas através de regresséo logistica
multivariada. Os potenciais funcionais das variantes associadas ao UNA foram
avaliados através de analises in silico. Além disso, foram realizadas analises de
enriquecimento e interacdo de vias para identificar mecanismos potencialmente
envolvidos no desenvolvimento de UNA. Resultados: As analises de
ancestralidade evidenciaram o padrao miscigenado da populag¢ao de Pelotas. Os
individuos com alto risco de UNA apresentaram mediana de ancestralidade
europeia significativamente maior do que os participantes com risco
baixo/moderado [0.84 e 0.82, respectivamente; p = 2.13x10-2). Notavelmente, foi
identificada associagéo significativa do fenotipo de UNA com uma variante
intrébnica no gene Citocromo P450 Familia 4 Subfamilia B Membro 1 (CYP4B1)
(rs1097611; [p = 4.88x108, odds ratio (OR) = 1.8, intervalo de confianga (IC) =
1.46-2.23]. Diversas variantes em desequilibrio de ligagdo com rs1097611
podem ter implicacbes funcionais no locus e sao associadas a expressao
diferencial do gene CYPB7 em multiplos tecidos em humanos. Também foi
observada associagéo sugestiva (5x10% < p < 10%) com SNV situada no gene
Fator de Troca de Nucleotideo Guanina Vav 1 (VAV1) (p = 6.33x10%, OR = 3.16,
IC = 1.92-5.20), que codifica produto com fung&o imune. Por fim, foi possivel
evidenciar diversas vias relacionadas aos sistemas nervoso e imunoldgico
potencialmente implicadas no UNA. Conclusao: Em conjunto, esses dados
suportam a natureza multifatorial do UNA, apoiando a hipétese da participacao
do sistema imune e de vias de neurotransmissdo nos comportamentos de
consumo da droga. Estudos como este, com individuos de grupos étnicos
subrepresentados, sdo fundamentais para identificar novas variantes associadas
ao UNA.

Palavras-chave: GWAS; Comportamento; Alcool; Imunologia.



ABSTRACT

Introduction: Harmful use of alcohol (HUA) is a public health problem that
imposes considerable costs on healthcare systems worldwide. Ethanol
consumption affects the quality of life of users, leading to a range of mental and
physical health issues. Alcohol-related disorders are complex conditions
influenced by various factors, such as alterations in neurotransmission systems,
immune/inflammatory mediators, and genetic variants. These disorders have an
estimated heritability of 50% to 60%. Genome-wide association studies have
revealed numerous genetic variants associated with alcohol-related phenotypes,
particularly in drug metabolism-related genes. However, most of these studies
have focused on populations of European or Asian ancestries, limiting potential
extrapolations to other ethnic groups. Objective: To investigate
genetic/immunogenetic mechanisms associated with HUA in admixed Latin
American individuals. Methods: The Alcohol Use Disorder ldentification Test
(AUDIT) was used to assess the risk of HUA in 2,840 individuals from the city of
Pelotas (Brazil), in a cross-sectional study design. The participants were
genotyped for 2.3 million Single Nucleotide Variants (SNVs) using the lllumina
HumanOmni 2.5-8v1 BeadChip platform, followed by genotype imputation.
Ancestry patterns were investigated through Principal Component Analysis and
ADMIXTURE method. Genetic association analyses were conducted using
multivariate logistic regression. The potential functional implications of variants
associated with HUA were evaluated through in silico analyses. Additionally,
pathway enrichment and interaction analyses were performed to identify
mechanisms potentially involved in HUA. Results: Ancestry analyses revealed
the admixed pattern of the Pelotas population. Individuals with high risk of HUA
exhibited significantly higher median European ancestry compared to
low/moderate-risk participants (0.84 and 0.82, respectively; p = 2.13x102).
Notably, a significant association of the HUA phenotype was identified with an
intronic variant in the Cytochrome P450 Family 4 Subfamily B Member 1
(CYP4B1) gene (rs1097611; [p = 4.88x10%, odds ratio (OR) = 1.8, confidence
interval (Cl) = 1.46-2.23]. Several variants in linkage disequilibrium with
rs1097611 may have functional implications at the /locus and are associated with
differential CYPB1 gene expression in multiple human tissues. A suggestive
association (5x10-8 < p < 10%) was also observed with an SNV located in the Vav
Guanine Nucleotide Exchange Factor 1 (VAV7) gene (p = 6.33x10%, OR = 3.16,
Cl =1.92-5.20), which encodes a product with immune function. Finally, multiple
pathways related to nervous and immune systems are involved in HUA.
Conclusion: Taken together, these findings support the multifactorial nature of
HUA, suggesting the involvement of the immune system and neurotransmission
pathways on drug consumption behaviors. Studies like this, with individuals from
underrepresented ethnic groups, are essential to identify new variants associated
with HUA.

Keywords: GWAS; Behavior; Alcohol; Immunology.
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1. INTRODUGAO

O alcool é considerado a droga mais consumida no mundo, tendo
diferentes perfis de consumo (OPAS, 2020). O Uso nocivo do alcool (UNA) é
considerado um importante, e comum, problema de saude publica, uma vez que
carrega consigo o risco para diversas questdes de saude e de problemas sociais
(LAI et. al, 2022). Considerado um dos principais fatores de risco para a saude,
segundo a Organizagdo Mundial da Saude (OMS) (WHO, 2005), estima-se que
o consumo de etanol € fator causal de cerca de 5,3% de todas as mortes no

mundo (ZILLICH et al., 2022).

Os individuos que fazem uso crbénico de etanol podem apresentar
diferentes padrdes clinicos, destacando-se a dependéncia a droga (condigao
frequentemente associada ao desejo incontrolavel do consumo de bebidas
alcoolicas), tolerancia ao alcool e sintomas de abstinéncia (RUNDIO, 2013). A
dependéncia ao alcool € uma condicdo complexa influenciada por fatores
extrinsecos e intrinsecos (LAl et al., 2022). Quanto aos fatores extrinsecos
podem ser citados: volume de alcool consumido, frequéncia de consumo, idade,
estado de saude do individuo, histérico de consumo familiar, bem como
contextos socioculturais e econdémicos mais amplos (RUNDIO, 2013;
SAMOCHOWIEC et al., 2014). Quanto aos fatores intrinsecos podem-se
destacar: alteracbes permanentes no sistema de neurotransmissao decorrentes
do uso de alcool, fatores imunolégicos [como os Receptores do Tipo Toll (TLRs),
a proteina do grupo 1 de alta mobilidade (HMGB1) e o Fator de Necrose Tumoral
alfa (TNF- a)], aléem de fatores genéticos hereditarios (CREWS; VETRENO,

2015; ESEL; DING, 2017).
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Dentre os fatores genéticos, variantes nos genes relacionados a sintese
das alcool desidrogenases (ADH) e das aldeido desidrogenases (ALDH) sao as
mais frequentemente relacionadas ao UNA (DICK; BIERUT, 2006; KENDLER et
al., 2011; MEDA et al., 2019). Outras variantes genéticas tém sido relacionadas
ao UNA através de estudos de Estudo de associacdo gendmica ampla (GWAS)
(MEDA et al., 2019), incluindo variantes em genes que codificam moléculas com
fungdo imune, como: CRHR1 (GELERNTER et al., 2019) e TRAF (SCHUMANN
et al., 2016). Além disso, uma variante do gene IL10 (-592C>A) ja foi associada
ao fendtipo de UNA (MARCOS et al., 2008). Nesse ultimo estudo, foi observado
que tal polimorfismo reduz a expressao de IL-10, permitindo a elevagao nos
niveis de TNF-a no cérebro dos individuos avaliados, promovendo desta forma

neurotoxicidade.

Tendo em vista os aspectos acima citados, somada a necessidade de
elucidar a arquitetura genética de transtornos por uso de alcool em populagdes
latinas e miscigenadas, o presente estudo tem por objetivo investigar a influéncia
de fatores genéticos e imunogenéticos no desenvolvimento do fenétipo de UNA

em uma populagdo miscigenada do Brasil.
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2. REVISAO DE LITERATURA
2.1. EPIDEMIOLOGIA DOS TRANSTORNOS DE USO NOCIVO DO ALCOOL

O UNA é um problema de saude publica que traz altos custos aos
sistemas de saude (ALVES; DE OLIVEIRA SANTOS; BARBOSA, 2021). De
acordo com dados da Organizagdo Mundial da Saude (OMS), cerca de 43% da
populagdo mundial consumiu alcool em 2016, com maiores prevaléncias nas
Américas, Europa e regido do mediterraneo oriental (CENTRO DE
INFORMACAO SOBRE SAUDE E ALCOOL, 2018). O consumo de etanol
impacta a qualidade de vida dos usuarios (DAWSON et al., 2009) e esta
relacionado a problemas de saude mental altamente incapacitantes (GRANT et
al., 2015). Além disso, o etanol é considerado um dos principais fatores de risco
para a saude; estima-se que 5,3% das mortes no mundo em 2018 ocorreram em
decorréncia do uso do alcool (ZILLICH et al., 2021). O uso de alcool também foi
associado a cerca de 50% dos casos de acidentes de transito fatais, 50% dos
casos de homicidio e 30% dos casos de suicidio no mundo (GALLASSI et al.,
2008). O UNA é mais prevalente em individuos do sexo masculino (PAN
AMERICAN HEALTH ORGANIZATION, 2018), tendo sido fator causal de
aproximadamente 8% das mortes de homens no ano de 2016 (WHITE, 2020).
Segundo a OMS (2020), outros fatores também podem contribuir para o nivel de
consumo do alcool do individuo, como: disponibilidade da droga no pais,

orientacao religiosa, estado de saude e contexto socioecondmico individual.

No Brasil, o consumo de etanol € amplamente difundido (BARROS;
COSTA, 2019). O Brasil ocupa a 15° posicao na regiao das ameéricas em relagéo
ao consumo de etanol por habitante/ano (PAN AMERICAN HEALTH

ORGANIZATION, 2020). Nesse mesmo relatorio, foi mostrado que o consumo
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meédio dos brasileiros acompanhou padrao similar a média de consumo mundial
em 2016, com de cerca de 7,5 litros de alcool por habitante no periodo de 12
meses. Notavelmente, cerca de 79% dos brasileiros com idades entre 18 e 24
anos relataram ja ter consumido alcool ao menos uma vez na vida, no ano de
2005 (CEBRID, 2006). Segundo o Centro de Informacdes sobre Saude e Alcool
(CISA, 2019), o perfil geral de consumo de alcool e o perfil de consumo entre
homens se mantiveram estaveis entre 2010 e 2019 no Brasil. Contudo, tal
estabilidade nao foi observada entre as mulheres, ja que se observou, nesse
mesmo periodo, aumento significativo no numero de mulheres que fazem

consumo abusivo dessa droga.
2.1.1. Perfis do consumo de alcool

O consumo de alcool pode apresentar diferentes perfis, desde o uso
esporadico até o uso descompensado, que podem culminar em dependéncia
(CISA, 2019). De igual forma, o UNA representam um leque de apresentagdes
clinicas distintas (MULLER et al., 2020). Segundo o Manual Diagndstico e
Estatistico De Transtornos Mentais 52 edicdo (PSYCHIATRIC ASSOCIATION,
2013), o UNA pode ser classificado quanto a presencga e intensidade de sintomas
em leves, moderados e graves. Schuckit (2009), apoiado pela Classificagdo
Internacional de Doengas-10 (ICD-10) da OMS (1992), afirma que existem dois
tipos principais de UNA: o Uso problematico do alcool e a sindrome de
dependéncia. Em sua versao mais atual, o ICD-11, o UNA é classificados em
Episddio de Uso Nocivo de Alcool, Padrdo Nocivo de Uso de Alcool e
Dependéncia de Alcool, podendo existir outros padrdes associados. O conceito
de uso nocivo de alcool € complexo e abrange distintos aspectos de saude e

aspectos sociais para o usuario e para as pessoas com quem ele convive
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(WORLD HEALTH ORGANIZATION, 2010). O UNA esta fortemente ligado a

eventos de violéncia social e intrafamiliar (MELONI; LARANJEIRA, 2004).

A dependéncia ao alcool, sindrome crdnica caracterizada pelo consumo
compulsivo e falta de controle no uso da droga, carrega consigo as mesmas
caracteristicas observadas no uso problematico do alcool quando nos referimos
ao contexto de saude e ao contexto social, entretanto apresenta sintomatologia
especifica, tais como dependéncia fisiologica e sintomas de abstinéncia (NIH;
NIAAA, 2021). Apesar destas caracteristicas de consumo e episddios de UNA
precederem a dependéncia, nem todos os individuos estdo propensos ao
desenvolvimento da mesma. Tal sindrome requer do individuo redes complexas
de fatores de risco, como bioldgicos, psicolégicos, sociais e ambientais

(HECKMANN; SILVEIRA, 2009).
2.2. FERRAMENTAS E MANUAIS DIAGNOSTICOS

No contexto de estudos populacionais sobre UNA faz-se necessaria a
utilizagao de ferramenta de triagem rapida, flexivel e eficiente para a identificagéo
de transtornos ja instalados ou do risco de desenvolvé-los (HABTAMU;
MADORO, 2022). Existem pelo menos 115 diferentes ferramentas atraves das
quais € possivel identificar individuos que fazem UMA (STEWART et. al., 2022),
algumas visando diagnosticar, outras predizendo risco. Dentre estas, podem ser
destacados: o teste de identificagdo de transtornos por uso de alcool (AUDIT, do
inglés Alcohol Use Disorder Identification Test) (BABOR et al., 2001) e sua
versdao mais curta, o AUDIT-Consumption; o questionario Cortado, irritado,
culpado, abridor de olhos (CAGE, do inglés Cut down, Annoyed, Guilty, Eye-
opener) (EWING, 1984); e o teste de triagem de alcoolismo de Michigan (MAST)

(SELZER, 1971) devidas suas propriedades psicométricas excelentes
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(STEWART et. al., 2022); além dos manuais Classificagdo Internacional de
Doencas 11 (CID-11) (OPAS, 2022) e o manual diagnostico e estatistico de

doengas Mentais (DSM-5) (PSYCHIATRIC ASSOCIATION, 2013).

O CAGE consiste em uma ferramenta de triagem simples e eficaz com
quatro perguntas acerca do consumo de alcool: (1) Ja sentiu a necessidade de
reduzir o consumo de alcool; (2) Ja sentiu-se incomodado com criticas em
relacdo ao seu habito de beber; (3) Ja se sentiu culpado por beber? e (4)
consome alcool ao acordar? Entretanto, o CAGE nao fornece informacdes
relevantes sobre quantidade, frequéncia e padrdo de consumo do alcool
(O’'BRIEN, 2008). Como citado, outra ferramenta utilizada no contexto de
triagens acerca do consumo de alcool € o MAST, ferramenta constituida de 25
perguntas que visam quantificar e detectar transtornos associados ao uso da

droga (SELZER, 1971).

O AUDIT, uma das ferramentas mais difundidas para a triagem de uso
problematico e nocivo de alcool, foi desenvolvido a partir de um projeto
colaborativo entre a OMS e seis paises (SAUNDERS et al., 1993). A ferramenta
desenvolvida, diferente das ferramentas que apresentam cunho diagndstico, n&o
tinha por objetivo principal identificar individuos cujo transtorno ja estivesse
instalado, mas sim aqueles individuos em risco antes que o transtorno se
instalasse (HIGGINS-BIDDLE; BABOR, 2018). A trés primeiras perguntas do
AUDIT, que € munido de 10 questbes acerca de uso, abuso e problemas
relacionados ao uso de alcool, mensuram a frequéncia e a quantidade de alcool
consumida pelo individuo. As trés perguntas seguintes fazem referéncia aos
sintomas de dependéncia dos respondedores. Por fim, as quatro ultimas

questdes fazem referéncia a experiéncias negativas relacionadas ao uso da
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droga, sendo todas pontuadas de 0 a 4, totalizando um conjunto maximo de 40

pontos (BABOR et al., 2001; HIGGINS-BIDDLE; BABOR, 2018).

O ponto de corte no escore do AUDIT para a classificagao quanto ao risco
de apresentar UNA varia de populagdo para populagdo, principalmente em
decorréncia de diferengas socioculturais. Estudos realizados em populacdes
africanas utilizando o AUDIT tém utilizado ponto de corte de 7 para categorizar
individuos com diferentes riscos (baixo risco ou elevado risco) de UNA (ANI;
NGWU; ANI, 2022; ATKINS et al., 2021; ROCHAT et al., 2019). Estudos
realizados em populacdes asiaticas e europeias tém utilizado ponto de corte 8
no AUDIT para caracterizar seus voluntarios quanto ao risco de UNA (CHOPRA,;
TIWARI, 2012; SELIN, 2003, 2009; SKOGEN et al., 2019). Moretti-Pires e
Corradi-Webster (2011) definiram que a ponto de corte de 8 no AUDIT é
adequado para avaliar risco de UNA na populagdo brasileira. Babor e
colaboradores (2001) através do The Alcohol Use Disorders Identification Test
Guidelines for Use in Primary Care também sugerem cutoff em 8 pontos no

escore do AUDIT para avaliar o mesmo trago.
2.3. OIMPACTO DO ALCOOL NA SAUDE

O consumo do alcool esta usualmente associado a consequéncias como
a desinibicdo, relaxamento, alivio de quadros de dor, sensacdes de prazer e
euforia (KRYSTAL et al., 2003; MITCHELL; BERRIDGE; MAHLER, 2018, NIH;
NIAAA, 2021). Entretanto, sdo conhecidos os efeitos adversos decorrentes do
uso crénico da droga, considerada um importante fator para morbimortalidade
(OPAS, 2021). O alcool consegue permear o organismo de forma ubiqua,
levando a danos teciduais e disfungbes organicas (RACHDAOUI; SARKAR,

2017). Dentre o grande numero de patologias associadas ao consumo dessa
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droga estdo: cirrose alcodlica, pancreatite alcodlica, cancer, doencgas
cardiovasculares, diabetes, doencas neuropsiquiatricas, sindrome de Wernicke-
Korsakoff e sindrome alcodlica fetal (CAMPOLLO R., 2019; REHM, 2011;

NIAAA, 2022).
2.3.1. Consumo de alcool e saude intestinal

E no figado que o alcool &, primordialmente, metabolizado. Nesse 6rgéo
o alcool é convertido, principalmente pela alcool desidrogenase (ADH), em
acetaldeido e posteriormente em acetato pela aldeido desidrogenase (ALDH),
por fim em agua e didoxido de carbono nos tecidos periféricos, que podem assim
ser excretados (POHL; MOODLEY; DHANDA, 2021). Uma outra via de
degradagao do alcool no organismo se da através da interacdo da molécula com
enzimas da familia do citocromo P450, essa degradagao, além de oxidar o
alcool, resulta na producédo de espécies reativas de oxigénio (EROs) (POHL,
MOODLEY E DHANDA, 2021). Além das duas vias ja citadas, uma pequena
parcela do alcool ingerido é metabolizada por via ndo oxidativa, ainda no
intestino, através de interagdes entre o composto com fosfolipidios de membrana

e acidos graxos livres (BISHEHSARI et al., 2017).

O etanol e seus metabdlitos sdo capazes de desencadear respostas
imunes por diferentes vias no intestino, culminando em dano tecidual
(BISHEHSARI et al. 2017). Além disso, o alcool altera a estrutura e fisiologia
intestinal, afetando a microbiota e a integridade do epitélio intestinal, podendo
modular a permeabilidade do 6rgao (POHL; MOODLEY; DHANDA, 2021; WANG
et al., 2020) (Figura 1). Alteracbes da microbiota intestinal estdo relacionadas a
modificagdes de comportamento em humanos. Estudos ja relataram relagdes

diretas entre composicdo da microbiota e doencas psiquiatricas, como
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depressdo e ansiedade (GALLAND, 2014; WANG et al., 2020). O intestino
humano pode abrigar mais de 500 espécies de bactérias, fungos e virus, sem
causar prejuizos desde que mantido o equilibrio entre organismos comensais e
com potencial patogénico (BISHEHSARI et al., 2017; ENGEN et al., 2015; POHL;

MOODLEY; DHANDA, 2021).
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Figura 1. Alteracao de permeabilidade intestinal e a degeneragao neuronal. Ao ser
consumido o alcool propicia a passagem de compostos bacterianos para a circulagdo sanguinea
de duas maneiras. 1-Via intracelular, onde tais compostos ultrapassam a membrana celular e
atingem a corrente sanguinea. 2-Via intercelular, onde o alcool propicia redugdo da adeséao
intercelular, favorecendo a passagem de tais compostos. Uma vez na corrente sanguinea, tais
compostos, de modo especial o LPS, estimulam a ativagdo e produgdo de citocinas pré
inflamatdrias tais como TNF-a e HMGB1. Tal ativacdo culmina em maior ativacdo células
inflamatdrias em distintos tecidos, incluindo o tecido nervoso. A ativagdo de tais linhagens
celulares propiciam a produgdo de EROs que auxiliam na morte celular neuronal. Fonte:

elaborado pelo autor no software BioRender®.
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O consumo de alcool pode levar a disbiose, resultando em alteragédo na
composicédo bacteriana intestinal (LITWINOWICZ; CHOROSZY; WASZCZUK,
2020). Além da capacidade de induzir disbiose, o consumo de alcool pode
proporcionar crescimento de bactérias patogénicas por pelo menos 3 vias: i.
devido a menor absor¢cdo de nutrientes no lumen intestinal; ii. através da
interacao do alcool com acidos biliares, que afetam a composi¢ao bacteriana do
intestino; e iii. pela agdo direta do alcool sobre a imunidade de mucosa, inibindo
a resposta imune inata e propiciando a proliferagdo de microrganismos

patogénicos (BISHEHSARI et al., 2017).

O etanol também interage diretamente com a estrutura celular do tecido
intestinal causando instabilidades nas jungdes oclusivas, aumentando a
superficie de contato do 6rgédo e aumentando a permeabilidade intestinal a
compostos bacterianos como lipopolissacarideos (LPS) (BISHEHSARI et al.,
2017; PIJLS et al.,, 2013). O aumento da concentracdo de LPS circulante
causado pelo consumo do alcool eleva as concentragcbes plasmaticas de
Interleucina (IL-6), IL-10, fator de necrose tumoral alfa (TNF-a) e antagonista do
receptor de IL-1 (IL-1RA), além de cortisol e norepinefrina. De modo geral, tais
alteracbes sao acompanhadas por reducdo de humor e aumento nos niveis de

ansiedade (GRIGOLEIT et al., 2011).

As alteragdes na estrutura intestinal causadas pelo consumo de alcool
também afetam a absor¢cdo de nutrientes, contribuindo desta maneira para a
desnutrigdo (POHL; MOODLEY; DHANDA, 2021; ROCCO et al., 2014). Como
consequéncia dessa alteragdo, os individuos podem apresentar déficits em
vitaminas, coenzimas e minerais, como: A, B1, B2, B6, C, D, E, K, folato, calcio,

magnesio, fosfato, ferro, zinco e selénio (BISHEHSARI et al., 2017). A deficiéncia
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de tais nutrientes reflete diretamente na integridade do organismo, alterando o
epitélio pulmonar e a visdao (TIMONEDA et al., 2018), estrutura e fisiologia
cerebral (PRAHARAJ et al., 2021), regulagdo génica e resposta imunoldgica

(CARR; MAGGINI, 2017).
2.3.2. Consumo de alcool e saude do figado e do pancreas

Como ja discutido, o alcool € metabolizado por trés possiveis vias no
figado e no intestino, produzindo acetaldeido acetato e EROs como seus
principais metabolitos (POHL; MOODLEY; DHANDA, 2021). A patogénese da
lesao hepatica alcodlica se da a partir das interagcdes das EROs e do acetaldeido
com componentes celulares (CEDERBAUM; LU; WU, 2009; MELLO et al., 2008).
As EROs sao naturalmente produzidas em nosso organismo em baixas
quantidades, contudo o contato com grandes quantidades de alcool de forma
crénica eleva a producdo de EROs, que por sua vez pode danificar outras
moléculas complexas, como DNA, lipidios e proteinas (CEDERBAUM; LU; WU,

2009).

P

diminuindo a capacidade de metabolizagdo do etanol, gerando um acumulo de
acetaldeido no plasma e em diferentes tecidos (MELLO et al., 2008). O
acetaldeido, assim como as EROs, pode interagir com proteinas, lipideos e DNA,
gerando dessa forma compostos imunogénicos que culminam em inflamacao e
danos hepatocelulares (LIU; TSAI; HSU, 2021). Essa interagdo pode resultar em
esteatose, esteato-hepatite, cirrose e carcinoma hepatocelular (NIAAA, 2022;
LIU; TSAI; HSU, 2021), que representam etapas gradativas de um grupo de
patologias conhecidas como doengas hepaticas relacionadas ao alcool (LIU;

TSAI; HSU, 2021).
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Como referido anteriormente, o consumo de alcool induz a ativagao de
duas vias de degradacgdo da droga: a via classica, mediada por ADH e ALDH; e
a via alternativa, mediada pela enzima Citocromo P450 2E1 (CYP2E1). Contudo,
0 consumo crbnico da droga inibe a acdo da ALDH e propicia a maior
degradagao do alcool via CYP2E1, resultando em maior produgéo de EROs e
acumulo de acetaldeido no tecido hepatico (POHL, MOODLEY E DHANDA,
2021). O acumulo dessas moléculas nos hepatdcitos leva ao dano de estruturas
intracelulares, como as mitocdndrias e microtubulos, regula negativamente a
adiponectina e reduz a atividade de peroxissomos, levando ao acumulo de
acidos graxos no tecido hepatico, resultando em esteatose (LIU, TSAI e HSU,
2021). Sugere-se que a esteatose seja um fator que eleva o risco da inflamagéao
hepatica (esteato-hepatite) devido ao aumento da peroxidagao lipidica e do
estresse oxidativo. Células danificadas liberam sinais moleculares que ativam
receptores da imunidade inata em mondcitos, macréfagos e células do
parénquima hepatico. Tal ativacdo culmina na transcricdo de fatores pré-
inflamatdrios, levando a instalagdo de estado inflamatorio hepatico e lesao

tecidual decorrente da inflamacéo (POHL, MOODLEY E DHANDA, 2021).

O acetaldeido acumulado no tecido hepatico leva a ativacao de células
hepaticas estreladas, essas células entdo diminuem a suas capacidades de
armazenamento de gordura e passam a expressar maiores titulos de citocinas e
componentes do matiz extracelular, de modo especial o colageno, levando o
tecido ao estado de fibrose (CENI; MELLO; GALLI, 2014). As células estreladas
ativadas perpetuam o processo inflamatorio através da secrecao de quimiocinas,
levando a maiores danos teciduais, se instalando assim o estado de cirrose

(POHL, MOODLEY E DHANDA, 2021). O estado cirrotico e a lesao celular em
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células de Kupffer leva a produgéo de EROs, ja que tais células sédo responsaveis
pela sintese de hepcidina (CENI, MELLO e GALLI, 2014), molécula que auxilia
no controle da absorcéo intestinal de ferro, elevando sua concentragao sérica e
tecidual (ANTUNES; CANZIANI, 2016; TANIAI, 2020). A produgao de EROs é,
também, um mecanismo fundamental para a carcinogénese hepatica, ja que
essas moléculas promovem alteragdes estruturais, inclusive no DNA, podendo

propiciar perda da programagao celular (TANIAI, 2020).

Assim como ocorre no figado, o consumo cronico de alcool € um
importante fator de risco para lesdes pancreaticas. Sugere-se que a principal via
de ativacao da inflamacao pancreatica decorrente do consumo de alcool ocorre
por meio da agdo do LPS, que atinge o 6rgado por meio da circulagdo portal
(VONLAUFEN et al., 2014). Ou seja, o aumento na permeabilidade intestinal a
compostos bacterianos culmina no surgimento de padrdes de lesdo tecidual no

pancreas.
2.3.3. Doencgas cardiovasculares

Sugere-se que o consumo moderado de bebidas alcodlicas fermentadas
podem trazer beneficios a saude, de modo especial a saude cardiovascular e
protecdo contra algumas neoplasias (ARRANZ et al., 2012). Tais atributos tém
sido associados a quantidade elevada de compostos antioxidantes nessas
bebidas, que induzem alteragdes em perfis lipidicos e que tém efeitos anti-
inflamatorias (ARRANZ et al., 2012). Entretanto, apesar de existirem indicios
mostrando que os compostos fendlicos em bebidas alcoodlicas fermentadas
podem ser benéficos para a saude, outras evidéncias apontam para o risco do

consumo abusivo de produtos alcodlicos para a saude cardiovascular, podendo
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gerar cardiomiopatia, arritmia, derrame, hipertensdo arterial, sendo os riscos

para a saude superiores aos beneficios (DAY & RUDD, 2019).

Em adultos sadios, o uso cronico de alcool em quantidades elevadas
leva a alteragdes na presséao arterial que varia entre 4 e 7 milimetros de mercurio
(PIANO, 2017). Dentre os possiveis mecanismos causadores de tal alteragéo,
podem-se destacar alteragcbes nos niveis de calcio intracelular, controle
barorreflexo, elevacdo da frequéncia cardiaca e ativagado de outros sistemas
neuro-hormonais (MARCHI; MUNIZ; TIRAPELLI, 2014). Paino (2017) reune
resultados de estudos que apontam que o consumo de etanol além de propiciar
estresse oxidativo vascular, diminui a expresséo de 6xido nitrico pelo endotélio
vascular e eleva a expressao de fatores vasoconstritores, evidenciando também

a funcao endotelial prejudicada entre individuos que fazem uso da droga.

O consumo de etanol é responsavel por 21 a 36% de todos os casos de
cardiomiopatia no mundo (LAONIGRO et al, 2009). Como ja discutido
anteriormente, o consumo de alcool eleva os niveis de EROs circulantes no
organismo. Segundo Day e Rudd (2019), os cardiomidcitos sdo extremamente
sensiveis aos EROs, respondendo negativamente de forma que a homeostase
do calcio se mostra alterada e as fungdes de mitocondrias e de proteinas

contrateis apresentam-se deficientes.
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2.4. MECANISMOS ENVOLVIDOS NOS TRANSTORNOS DE USO NOCIVO

DO ALCOOL
2.4.1. Eixo Hipotalamo-Hipoéfise-Adrenal

Como anteriormente discutido, o consumo do alcool € impactado por
diferentes fatores. O estresse se mostra como um fator ambiental que impacta
diretamente tanto no inicio quanto na continuidade do consumo da droga
(GIANOULAKIS, 1998; SZABO, 2021). Diferentes fatores estressantes, tais
como econdmicos, estresses familiares e no ambiente de trabalho, estdo
diretamente relacionados a uma maior busca por alcool (STEPHENS; WAND,
2012). Tais estados de estresse sao responsaveis pela ativagdao do eixo
hipotalamo-hipdfise-adrenal (HPA) devido a liberagdo enddgena de hormdnio
liberador de corticotrofina no nucleo paraventricular do hipotalamo, estimulando
o horménio adrenocorticotrofina na hipdfise anterior, resultando assim na
secrecdo de cortisol pela glandula adrenal (GIANOULAKIS, 1998; BLAINE;

SINHA, 2017).

O cortisol € um hormdnio que participa de vias imunoldgicas, anti-
inflamatdrias, do metabolismo de proteinas, carboidratos e lipidios, mantendo a
homeostase do organismo (KATSU; BAKER, 2021). Além do estresse, outros
fatores podem estar associados ao aumento da producédo de cortisol pela mesma
via anteriormente citada, dentre eles o consumo de etanol (LOVALLO, 2006).
Nesse sentido, estudos tém associado a desregulagao do eixo HPA e alteragbes
na produgdo de cortisol a uma maior busca pelo alcool e, por conseguinte,

dependéncia a droga (LOVALLO, 2006; STEPHENS; WAND, 2012).

Rose e colaboradores (2010) sugerem que os glicocorticoides podem

estar envolvidos tanto na consequéncia quanto nas causas do uso nocivo de
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alcool. Quanto as causas, estudos observaram que existe uma dindmica de hiper
e hipoativagédo no eixo HPA durante a evolugéo dos estagios de UNA (ROSE et
al., 2010; STEPHENS; WAND, 2012). O consumo de alcool, como supracitado,
desencadeia uma resposta aguda do eixo HPA ativando-o por via farmacoldgica
(LOVALLO, 2006). A ativagédo de tal eixo interage com a via dopaminérgica,
modulando dessa forma a sensagao de recompensa (OSWALD et al., 2005;
WAND et al., 2007). A busca recorrente pelo alcool em altas concentragdes
desregula o eixo HPA, o que culmina em uma redugédo na responsividade e
expresséao de cortisol diurna (LOVALLO, 2006), resultando em maior busca pelo
alcool em situacdes de estresse fisico e/ou emocional (MILIVOJEVIC et al.,

2020).

Além da acdo da corticotrofina sobre o nucleo paraventricular do
hipotalamo, pode-se citar também a sua influéncia sobre as regides extra-
hipotalamicas e nas vias corticostriatalimbicas modulando os niveis de
catecolaminas, tais como a noreprinefina e a dopamina (BLAINE; SINHA, 2017).
A dopamina € um neurotransmissor que aumenta sua atividade durante a
exposicao a situagdes prazerosas (RODRIGUES, 2015), desempenhando papel
no prazer associado a recompensa (WISE, 2008). Tal molécula tem seus niveis
aumentados a partir do contato com toda droga que apresenta um risco potencial
a dependéncia, drogas de abuso, através de sua interagdo com outras moléculas
endogenas e com neurdnios dopaminérgicos situados na regido do tegmento
mesencefalico (VOLKOW; MICHAELIDES; BALER, 2019). Além de sua agéo
sobre a liberagao de dopamina, as drogas de abuso, incluindo o alcool, modulam
0 Seu proprio consumo e, por consequéncia, a dependéncia através do seu efeito

de reforgo. O efeito de reforgo estimula a liberagdo de canabinoides e opioides
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enddégenos, o que pode levar a uma supressado da dor, além da inibigcdo da
percepcao de estados afetivos negativos (MITCHELL; BERRIDGE; MAHLER,

2018; VOLKOW; MICHAELIDES; BALER, 2019).

O consumo do alcool por si sé pode modular a quantidade consumida e
a busca pela droga através da ativagao dos neurdnios GABAergicos. A referida
ativagdo € secundaria a alteragcdes observadas nas vias dopaminérgicas. A
sinalizagao alcool induzida, mediada pela dopamina, resulta na excitacdo dos
neurénios GABA da regidao do tegmento mesencefalico a partir da ativagcao de
receptores GABA-a, envolvendo a regulagdo negativa funcional induzida por
estresse do K* e o co-transafetado de ClI- (OSTROUMOV et al., 2016; VOLKOW;

MICHAELIDES; BALER, 2019).

Além das vias ja discutidas, existem estudos sugerindo a participagédo do
receptor de glutamato N-Metil-D-Aspartato (NMDAR) na dependéncia ao alcool
(HO et al., 2022). O NMDAR é um importante componente na fisiologia cerebral,
participando efetivamente da plasticidade sinaptica, cognigdo e aprendizagem
(RON e WANG, 2009; CHANG et al.,2019). Através de tal receptor, supde-se
que o alcool module as fungdes glutamatérgicas desempenhando papel nas
reacdes de euforia e disfonia decorrentes do consumo do droga (KRYSTAL et
al., 2003). Estudos demonstram que o consumo do etanol reduz quase que
imediatamente a resposta de NMDAR em distintas regides do cérebro

(HENDRICSON; SIBBALD; MORRISETT, 2004; RON; WANG, 2009).

A exposig¢ao cronica ao etanol seguida da retirada da droga culmina em
uma hiperresponsividade do NMDAR, tal condicdo aumenta o influxo de Ca* nos
neurdnios, culminando em neurotoxicidade e morte celular (RON; WANG, 2009).

A morte celular leva a liberacdo de HMGB1, molécula pré-inflamatéria que
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propicia um estado inflamatoério neurotoxico, associado a um estado de estresse
oxidativo decorrente da produgdo de EROs (CREWS; VETRENO, 2015). Tal
estado induz a morte neuronal e por conseguinte menor percepgéo na sensagao

de recompensa ao consumir o alcool (CREWS; VETRENO, 2015).
2.5. CONSUMO DO ETANOL E O SISTEMA IMUNE

Sabe-se que o consumo de alcool leva a alteragdes no sistema imune
(BARR et al, 2016), podendo, como anteriormente citado, induzir inflamagao em
distintos orgaos. Tal processo € decorrente de duas principais vias, sendo a
primeira em decorréncia direta do metabolismo da droga, o que eleva a produgéo
de EROs e por consequéncia uma maior transcri¢do de fator nuclear kB (NFkB)
(POHL; MOODLEY; DHANDA, 2021). O segundo evento decorre da capacidade
do alcool elevar a permeabilidade intestinal a compostos bacterianos (WANG,
ZAKHARI e JANG, 2010). Entretanto, o processo inverso, ou seja, o impacto do
sistema imune e da resposta inflamatoria na progressdo do UNA, é alvo de raros

estudos.

Dentre os estudos que objetivaram investigar tal impacto do uso de
alcool no sistema imune esta o publicado por Mulligan e colaboradores (2006),
que evidenciam que o comportamento de beber alcool esta associado a niveis
elevados de atividade de NFkB e suas proteinas reguladoras, bem como
multiplos fatores imunoldgicos. Blednov e colaboradores (2005), apds testes em
modelo animal, afirmam, em conformidade com Mulligan e colaboradores (2006),
que niveis de expresséo de produtos imunes pro-inflamatérios e o consumo de
etanol sdo diretamente proporcionais, ou seja, a maior expressdo de

componentes imunolégicos induz um maior consumo da droga. De igual maneira
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a reducao na expressao destes mesmos produtos reduz também o consumo do

alcool.
2.6. ESTUDOS GENETICOS
2.6.1. Estudos iniciais

Além de fatores intrinsecos fisiologicos e moleculares, estudos sugerem
a existéncia de componentes genéticos que modulam o UNA tendo, de acordo
com estudos familiares, de gémeos e de adogao, um potencial de herdabilidade
de 50 a 60% (EDENBERG; FOROUD, 2013; REILLY et al., 2017). Tais dados,
associadas a estudo com modelos animais, evidenciam a participacao de fatores
genéticos no uso de etanol e em doengas secundarias ao consumo dessa droga
(EDENBERG; FOROUD, 2013; FOROUD; EDENBERG; CRABBE, 2010).
Notavelmente, filhos de pais com UNA apresentam risco até quatro vezes maior

de desenvolver a mesma condigdo (SCHUCKIT, 1986).

Outras abordagens, como estudos de ligagao, identificaram contribuigao
genética no desenvolvimento do UNA (TAWA; HALL; LOHOFF, 2016). Em
estudo realizado por Reich e colaboradores (1998), foi identificada ligagao entre
UNA e os loci nos cromossomos 1 e 7. Em outro estudo, Long e colaboradores
(1998), utilizando individuos nativo-americanos, evidenciaram ligacéo entre UNA
e loci nos cromossomos 11 e 4. Entretanto, tais estudos n&o identificaram
variantes com efeitos substanciais, sugerindo que a interagdo entre diversas
variantes genéticas e fatores ambientais culminam em tal desfecho, assim como
ocorre em outros tragos complexos (EDENBERG; FOROUD, 2013; TAWA;

HALL; LOHOFF, 2016).
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Estudos de genes candidatos evidenciaram os clusters de ADH e ALDH
como associados ao UNA (TAWA; HALL; LOHOFF, 2016) além de variantes no
gene LRRK2 (OLIVEIRA et. al.,, 2021). De modo especial, sdo identificadas
associagdes com as variantes ALDH2*504K (EDENBERG; FOROUD, 2013) e
ADH1B*2 (MOROZOVA; MACKAY; ANHOLT, 2014). Essas variantes sdo mais
frequentes em populagdes asiaticas e desempenham papel protetor em relagao
ao desenvolvimento do UNA (TAWA; HALL; LOHOFF, 2016). A variante
ALDHZ2*504K leva a substituicdo de um aminoacido glutamato por uma lisina na
posicao 504 da proteina ALDHZ2, o que diminui a acdo da enzima, levando ao
acumulo de acetaldeido, molécula responsavel pelos efeitos caracteristicos da
veisalgia (ressaca) (HURLEY; EDENBERG, 2012; LARSON; WEINER;
HURLEY, 2005). A variante ADH1B*2, por sua vez, produz uma alteracédo
significativa na subunidade beta2 da proteina ADH1B, que aumenta a
capacidade de oxidacdo do etanol em até 80x nos portadores da variante

(EDENBERG, 2007).

Tratando-se de fatores imunogenéticos, os estudos s&do ainda mais
raros. Dentre os estudos que evidenciam relagao entre variantes genéticas que
codificam produtos do sistema imunolégico e UNA encontram-se associagdes
com variantes nos genes CRHR1 (GELERNTER et al., 2019), TRAF e IL10
(-592C>A) (MARCOS et al, 2008), CYP2E1 (WEBB et al. 2010), TNFA
(PASTOR et al.2005) e componentes do complexo proteico NFKB (EDENBERG
et al. 2008) além de IL-1 (Saiz et al. 2009). Estando estes polimorfismos

majoritariamente relacionados a processos proé-inflamatérios (CREWS, 2012).
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2.6.2. Estudos GWAS

Os estudos como os realizados para descoberta de variantes nos
clusters ADH e ALDH avaliam um gene por vez e apenas detectam sinais de
variantes que tenham efeitos pronunciados. Em contrapartida, outros estudos
estruturados visam correlacionar redes génicas, que em conjunto estédo
associadas a um determinado fenétipo (PARK et al., 2017). Nesse contexto, é
realizada uma varredura de todo genoma (GWAS) em busca de variantes cujos

efeitos tém magnitudes variadas (TAWA; HALL; LOHOFF, 2016).

Os GWAS tém reforcado achados observados, por exemplo, em
modelos experimentais, como a associagao entre UNA e variantes nos genes
que codificam proteinas responsaveis pelo metabolismo do alcool, como ADH e
ALDH (FRANK et al., 2012; SANCHEZ-ROIGE et al., 2019; ZUO et al., 2012).
Outros achados importantes observados nestes estudos sao as associacdes de
variantes nos genes ADH e ALDH também em populagdes ndo asiaticas (FRANK
et al., 2012; SANCHEZ-ROIGE et al., 2019; ZUO et al., 2012). Além disso,
estudos de GWAS tém identificado associagdes significativas de variantes em
outros loci do genoma humano com o UNA (TAWA, HALL E LOHOFF, 2016).
Tais variantes estao localizadas em genes cujos produtos s&o implicados nas
mais variadas vias e sistemas, como vias de sinalizagdo no sistema nervoso
central (HO et al., 2022), transporte de lipideos (LUO et al., 2020) e transdugéao

de sinal (HEATH et al., 2011).

Ho e colaboradores (2022) identificaram variantes no gene SNHG 16 (do
inglés, Small Nucleolar RNA Host Gene 16) que inibem a sua propria expressao
e estdo associadas ao UNA. Tal inibicdo foi associada a uma redugédo na

expressdo e agado do gene catecol-O-metiltransferase (COMT), envolvido no
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metabolismo de catecolaminas, reforcando a hipdtese da participacdo do
sistema de recompensa e das dopaminas, um dos subtipos de catecolaminas,
na dependéncia ao alcool. Luo e colaboradores (2020) evidenciaram a possivel
participagdo do gene APOL2 no envelhecimento epigenético precoce, evento
associado ao UNA. A variante rs916264 encontrada nesse estudo modula a
expressado do gene APOLZ2 no tecido nervoso central. O gene APOLZ2 codifica
uma proteina citoplasmatica que pode propiciar movimento e interagcao entre
lipidios e organelas celulares. Variantes neste gene ja foram anteriormente

associadas a outras doencas psiquiatricas (TAKAHASHI et al., 2008).

Heath e colaboradores (2011) evidenciaram variantes sugestivamente
associadas ao UNA no gene TMEM108, que por sua vez esta relacionado ao
desenvolvimento do sistema nervoso e a transdugdo de sinal. Os autores
também reafirmam a possivel participagdo de centenas de variantes interagindo
entre si para dar origem aos fenotipos UNA (HEATH et al. 2011). Em estudo
realizado por Baik (2011) foram encontradas variantes em diversos genes
associados ao UNA, dando destaque para variantes no gene C120rf51, que se

mostraram em forte desequilibrio de ligagdo com variantes no gene ALDH?2.

Bierut e colaboradores (2010) reforcaram em seu estudo a hipdtese de
participacdo da via GABAérgica na dependéncia ao alcool ao identificarem 5
variantes no gene GABRAZ significativamente associadas ao desfecho em
questdo. Além disso, estudos independentes identificaram variantes no gene
TPH1, responsavel pela expressao de triptofano hidroxilase (envolvida na
sintese de serotonina), implicadas no desenvolvimento de UNA (CHEN et al.,
2012; SONG et al., 2019). Tal molécula ja foi associada a outros

comportamentos, tais como impulsividade (SONG et al., 2019) e comportamento
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suicida (NIELSEN et al., 2020). Zuo e colaboradores (2012) relataram relagéo

entre o gene codificador de proteinas de membrana KIAA0040 com UNA.

Apesar da vasta gama de estudos genbmicos visando explicar a
arquitetura genética de tragos complexos, tais estudos s&o centrados em
populagdes de ancestralidade europeia (BUSTAMANTE, BURCHARD, LA VEJA
2011; MARTIN ET AL, 2017). Um estudo publicado em 2016 por Petrovskiautor
e Goldsteinautor afirma que os grandes estudos colaborativos voltados para
estudos gendmicos, incluindo o projeto 1000 genomas, s&o compostos
majoritariamente por individuos de ancestralidade europeia, sub-representando,
portanto, as demais populagdes, tais como latinos e afro-americanos. Estudos
mais recentes (POPEJOY, FULLERTON, 2016; MARTIN ET AL, 2017) afirmam
que apesar da propor¢ao de individuos nao europeus ter crescido em 20%, esse
numero reflete proporgdo majoritaria de individuos com ancestralidade asiatica,
mantendo quase que inalterada as taxas de participagao de africanos, latinos e

hispéanicos (Figura 2).
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Viés persistente

Nos ultimos sete anos, a proporgao de participantes em estudos de
associagao do genoma (GWAS) que sao de ascendéncia asiatica
aumentou.

2009 2016

373 estudos 2,511 estudos
1,7 milhdes de amostras 35 milhGes de amostras

81%

Ancestralidade

96%

Ancestralidade
europeia

europeia
Asiaticos
Qutros nao
europeus
4% de 19% de
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europeia europeia
v -
3% de todas 7 14% de
populagées oo
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Ancestralidade
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Arabe e
Oriente Médio
[ |

Povo nativo

Os termos para etnia s&o aqueles 3%
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0,57%: As amostras de origem européia tém as descricies mais
especificas de ancestralidade da populagéo

-1%
0,15%=

0,08%~ B =0.28%
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Figura 2. Ancestralidade de participantes em estudos de associacdo do
genoma (GWAS) (modificado de POPJOY, FULLERTON, 2016).
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Tal sub-representacdo impossibilita a extrapolacdo dos achados para
populagdes ndo europeias em decorréncia das diferencas alélicas e estruturas
de desequilibrio de ligacdo (DL) distintas, inerentes as diferentes populagdes
ancestrais (MARTIN ET AL, 2017). A variabilidade observada nos achados
descritos acima pode estar sob influéncia das referidas caracteristicas de DL
inerentes as populacdes estudadas. Nesse sentido, o presente estudo tem por
objetivo identificar novos fatores genéticos e mecanismos imunogenéticos

associadas ao UNA em uma populagao latino-americana miscigenada.
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3. OBJETIVOS

3.1. OBJETIVO GERAL

Investigar mecanismos genéticos e imunogenéticos associados ao
comportamento de Uso Nocivo de Alcool (UNA) em individuos latino

americanos miscigenados..

3.2. OBJETIVOS ESPECIFICOS

- Caracterizar amostra populacional da cidade de Pelotas (Rio Grande do Sul,

Brasil) quanto a ocorréncia de UNA;

- |dentificar, através de analise gendmica em larga escala (GWAS), variantes

genéticas/imunogenéticas associadas ao comportamento de UNA,;

- Avaliar, in silico, os potenciais funcionais de variantes associadas com

comportamento de UNA,;

- Identificar vias candnicas potencialmente envolvidas no UNA.
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4.1. INTRODUCTION

Harmful Use of Alcohol (HUA) is a public health issue that imposes
substantial costs on healthcare systems worldwide'. Ethanol consumption affects
the users’ quality of life?, leading to a range of mental and physical health
problems3. According to the World Health Organization (WHO), 43% of the global
population consumed alcohol in 2016, with higher prevalence rates in the
Americas, Europe, and the Eastern Mediterranean region®. In this context, Brazil
ranks 15th in the Americas region in terms of per capita ethanol consumption®.
Furthermore, ethanol is considered one of the leading risk factors for global

mortality, accounting for 5.3% of deaths in 2018°8.

Identifying individual risk for HUA is essential for early intervention, with
the Alcohol Use Disorder Identification Test (AUDIT)” being one of the most
widely used screening tools for problematic and harmful alcohol use. HUA is a
complex condition influenced by extrinsic and intrinsic factors®. Extrinsic factors
include, for example, volume and frequency of alcohol consumption, age,
individual health status, family history of alcohol consumption, as well as broader
socio-cultural and economic contexts®'°. Intrinsic factors include permanent
disturbances in neurotransmission systems resulting from alcohol use,

immune/inflammatory mediators, and genetic variants'"'2,

Alcohol abuse leads to alterations in the immune system’3, with alcohol-
induced alterations leading to inflammation in various organs. This process is
primarily driven by the direct effects of ethanol metabolism, which increases the
production of reactive oxygen species (ROS) and subsequently triggers
enhanced transcription of nuclear factor-kappa B (NFkB)'. Alcohol can also

inhibit gut mucosal immunity' and disrupt intestinal barrier function, allowing
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bacterial compounds such as lipopolysaccharides (LPS) to enter the
bloodstream. On the other hand, despite diverse lines of evidence suggesting
an influence of the immune response on HUA, such as HMGB1 release in
neuronal death'' the and impact of IL-10 on the GABAergic response'’, the
precise role of immune factors on the progression of this condition remains largely

unknown.

Alcohol use disorders, like other complex traits, can be influenced by
multiple genetic factors, with estimated heritability ranging from 50% to 60%8°.
Indeed, previous Genome-Wide Association Studies (GWAS) revealed
numerous genetic variants associated with alcohol-related phenotypes,
particularly in genes involved in alcohol metabolism, such as the alcohol
dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) gene
families?0-2122.23.24 . Moreover, GWAS revealed significant associations with
variants in other genes involved in various biological pathways, including central
nervous system signaling, lipid transport, signal transduction and pleiotropic
genes with immune functions?526.27.28.29 However, most of these studies have
focused on populations of European or Asian ancestries, limiting possible

extrapolations to other ethnic groups.

Therefore, the aim of the present study was to investigate
genetic/immunogenetic mechanisms associated with HAU in admixed Latin
American individuals, since these populations are still vastly underrepresented in
genomic studies. Understanding the genetic architecture of HAU in diverse
populations is crucial for the development of targeted interventions and

personalized treatment strategies.
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4.2. METHODS
4.2.1. Sample and ethical considerations

The study, with a cross-sectional design, was carried out in a population
sample in Brazil. The cohort was recruited in the city of Pelotas, located in Rio
Grande do Sul, Brazil. Detailed information regarding the Pelotas cohort was
previously published by Victora and Barros®. In 1982, daily visits were made to
the three maternity hospitals in the city to register births, which accounted for
99.2% of all births in the period. The 5,914 live births, whose families lived in the
urban area, constitute the original cohort. From this cohort, 3,736 individuals were
randomly selected for genotyping. In 2012, when they reached 30 years of age,
2,840 volunteers completed the Alcohol Use Disorders Identification Test

(AUDIT) to assess individual risk for developing alcohol use disorders.

The Pelotas cohort is part of the EPIGEN-Brazil consortium
(https://epigen.grude.ufmg.br/), whose study protocol was approved by the
National Research Ethics Committee (CONEP, resolution: 15895/2011).
Informed consent was collected from all participants for all interviews (initial and
follow-up), blood collection and genotyping. All methods and protocols were

performed in accordance with the principles of the Declaration of Helsinki.
4.2.2. Definition of harmful use of alcohol (HUA)

Phenotyping of the Pelotas cohort was performed using the AUDIT, a
widely utilized tool for identifying high-risk drinking. The AUDIT consists of three
questions on alcohol consumption (consumption score), three questions on
drinking behavior and dependence (dependence score), and four additional

questions on alcohol-related problems (alcohol-related problems score).
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Previous studies have reported the AUDIT questionnaire to have a sensitivity of
92% and specificity of 94% in detecting problematic and harmful use of alcohol®".
The AUDIT total score was used to determine individual risk levels for HUA. The
threshold for the AUDIT total score was defined based on recommended values
from previous publications®233. Individuals with an AUDIT total score = 8 were
classified as presenting a high risk of HUA, while those with an AUDIT total score
< 8 were included in the low/moderate risk group. A total of 719 individuals who
did not respond to the AUDIT questionnaire and 109 individuals who reported no

prior alcohol exposure were excluded from the study.
4.2.3. Genotyping and quality control

As part of the EPIGEN-Brazil consortium, individuals from the Pelotas
cohort were randomly selected and genotyped for approximately 2.3 million
Single Nucleotide Variants (SNVs) using the Illumina HumanOmni 2.5-8v1
BeadChip platform (lllumina, San Diego, CA). Extensive quality control (QC)
procedures were conducted in the present study to exclude SNVs and samples
of low quality. The Relatedness Estimation in Admixed Populations (REAP)
software3* was utilized to calculate the kinship coefficient for each pair of
individuals based on genomic data, identifying and excluding close pairs with an
estimated kinship coefficient of = 0.1. Other QC measures were implemented
using PLINK software (version 1.9)%. The genotyping rates per sample were
evaluated using the "--mind" command with a 2% tolerance. Variants with a
genotyping rate below 98% were removed using the "--geno" command. Markers
exhibiting significant deviation from Hardy-Weinberg equilibrium (p < 10-°) were

eliminated using the "--hwe" command. Additionally, variants with a Minor Allele
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Frequency (MAF) < 1% were excluded from further analyses. Following the

application of QC, a total of 2,840 individuals remained in the study.
4.2.4. Genotype imputation

Genotype imputation in the Pelotas cohort was previously described by
Magalhdes and colleagues®. In summary, imputation was conducted using the
EPIGEN-5M+1KGP reference panel, which is a combination of the 1000
Genomes Project (phase 3) haplotypes panel, version 20130502, and our
unpublished EPIGEN-5M panel consisting of 4,102,271 SNVs from 265
Brazilians. To ensure consistency between the target data and the reference
panels, SHAPEIT2 software3” was employed to verify the SNV strand orientation,
and PLINK was utilized to correct strand inconsistencies (--flip). The target
dataset was phased using the EPIGEN-5M dataset as the phasing reference.
Genotype imputation was performed using IMPUTE2 v2.3.2 software®. The
IMPUTEZ2 info score was employed as a measure of imputation quality. Only
imputed variants with an info score = 0.8 and a MAF 21% were considered. A
total of 9,768,598 genotyped or imputed autosomal variants were retained for

further analyzes.

4.2.5. Population genetic structure and linkage disequilibrium

The individual ancestry patterns of the participants in the Pelotas cohort
were investigated using the ADMIXTURE software (version 1.3.0)%. The analysis
was conducted under unsupervised mode, using the European (EUR), African
(AFR) reference populations from the 1000 Genomes Project (phase 3)*° and

Native American (AMR) composed by: Peruvian (from 1000 Genomes), Surui and
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Karitiana in Brazil, and Maya and Pima in Mexico (from the Human Genome
Diversity Project)]. The value of K = 3 was assumed considering that the main
continental parental groups that contributed to the formation of the Brazilian

population are Europeans, Africans and Native Americans*'.

To conduct principal component analysis (PCA), the full dataset of
unrelated individuals of the 1000 Genomes Project (phase 3), which comprises
subjects with European (EUR), African (AFR), East Asia (EAS), South Asian
(SAS) and Native American (AMR) ancestries, was used as a reference. This
1000 Genomes panel was merged with the genetic data of Pelotas, using
autosomal variants with a minor allele frequency (MAF) > 0.1 that were common
to both datasets. Then, the merged data was pruned (--prune) using PLINK
software with a window size of 50 markers, a step size of 5 and a variance
inflation factor (VIF) threshold of 1.5, leaving 208,633 markers to calculate
principal components with PLINK. Linkage disequilibrium (LD, r?) analysis was

performed using the HAPLOVIEW software (v4.2)%2.
4.2.6. Selection of variants in immune genes

A list containing 2,459 human protein-coding genes related to the immune
system was obtained from the Reactome platform (R-HAS-168256)*3. The gene
locations (RefSeq: GRCh38) were obtained using the BioMart-Ensembl tool

(http://www.ensembl.org/info/data/biomart). A 5kb segment was added to both 5'

and 3' flanking regions of each gene. The VCFtool software** was used to extract

SNVs, already present in the studied variants panel, within the regions of interest.
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4.2.7. Functional and pathway enrichment analyzes

SNVs with potential regulatory effects were identified through in silico
analysis of the human genome (RefSeq: GRCh38). Comparative genomics and
epigenomics data were accessed via the Ensembl platform. SNV positions were
cross-referenced with DNA sequence annotations, including introns and exons
locations, CpG sites, conserved elements in placental mammals*®, evidence of
promoter/enhancer/silencer regions, DNAse | hypersensitivity, and eQTL
(expression quantitative trait /oci - from the GTEx platform)*¢. The elements

detected in at least two distinct cell lineages/tissues were considered valid.

Pathway enrichment analysis was performed on all markers with
association signals with HUA at p < 0.01. Genes (from Ensembl Variation data)
were mapped from a list of SNV rs-codes using the g:SNPense tool (g:Profiler

toolset; https://biit.cs.ut.ee/gprofiler/)*”. A total of 1,917 gene IDs were identified

and analyzed through the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways. Over-representation analysis was conducted using the web-based

toolkits: WebGestalt (www.webgestalt.org/) and ShinyGO 0.77

(http://bioinformatics.sdstate.edu/go), with default parameters. The False

Discovery Rate (FDR, Benjamini-Hochberg) method was applied to control for
false-positive results, with a significance level of pFDR < 0.05. In the network
analysis, pairs of enriched pathways were considered connected if they shared

20% or more genes.
4.2.8. Statistical analysis

Normality tests were performed for all quantitative variables, and
associations between quantitative or qualitative variables and HAU were

investigated using the Mann-Whitney or y2 tests, respectively. Quantitative
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variables are described by their median and interquartile range (IQR). Genome-
wide association was conducted through multivariate logistic regression analysis,
utilizing an additive model and adjusting for sex and European ancestry. The
threshold of statistical significance in this study was set at p < 5x108, based on
the Bonferroni correction estimate for all common independent SNVs in the
human genome38. Variants were considered suggestively associated with HUA
when 5x108 < p < 10-°. Additionally, PLINK's --clump function was used to identify
markers with the lowest p-value at each loci with significant or suggestive
association signals. These SNVs were clustered considering a maximum
physical distance of 250kb and a LD (r?) threshold of 0.5. Results are reported as

estimates of odds ratios (OR) and confidence intervals (Cl).

4.2.9. Data availability

The EPIGEN data are deposited in the European Nucleotide Archive
[PRJEB9080 (ERP010139) Genomic Epidemiology of Complex Diseases in

Population-Based Brazilian Cohorts], accession number EGAS00001001245.
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4.3. RESULTS

4.3.1. Ancestry analyzes reveal the admixture structure of the studied

individuals

The risk of Harmful Use of Alcohol (HUA) in individuals from the Pelotas
(Rio Grande do Sul, Brazil) cohort was evaluated using the AUDIT questionnaire,
adapted to the Brazilian Portuguese. The total AUDIT score was used to classify
individuals as either high risk (AUDIT = 8) or low/moderate risk (AUDIT < 8) for
HUA. After applying exclusion criteria and conducting quality control ('Methods'
section), 2,840 individuals were included in the study. Among them, 654 were
classified as high risk, while 2,186 were classified as low/moderate risk for HUA
(Table 1). Notably, the proportion of women was significantly higher (p = 1.54x10
%8) in the group of individuals with low/moderate risk (60%) for HUA compared to
those with high risk (24.5%) for this condition. Furthermore, the individual
European ancestry, as determined by the ADMIXTURE tool, was significantly

associated with the risk for HUA (p = 2.13x10?).

Table 1: Characteristics of the studied sample (after quality control)

AUDIT <8 AUDIT > 8 P
General characteristics
Number of individuals (%) 2,186 (77) 654 (23) -
Sex, female (%) 1,310 (60) 160 (24.5) >0.05

Population genetic strutucture
European ancestry, Median (IQR) 0.84 (0.72-0.89) 0.82 (0.65-0.89) >0.05

Abbreviations, AUDIT: Alcohol Use Disorders Identification Test (AUDIT < 8 or > 8
represent low/moderate or high risk for harmful use of alcohol, respectively); I1QR,
interquartile range (first-third quartiles); p: p-value for association tests (Mann-

Whitney or X2 for quantitative or qualitative variables, respectively).

The global ancestry for the entire set of individuals in the Pelotas cohort is

shown in Figure 1A. The average global ancestries for the group classified as
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low/moderate risk for HUA are 0.84 (IQR: 0.72-0.89) European, 0.07 (IQR: 0.04-
0.16) African, and 0.07 (IQR: 0.04-0.10) Native American (Figure 1B).
Conversely, individuals with a high risk for HUA exhibit average ancestries of 0.82
(IQR: 0.65-0.89) European, 0.08 (IQR: 0.04-0.24) African, and 0.07 (IQR: 0.04-
0.10) Native American (Figure 1B). Principal component analysis confirmed the

admixed patterns of the studied population (Figure 1C).
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Figure 1. Ancestry analyzes of the Pelotas (Brazil) cohort. A) Bar plot
showing the individual ancestries of all participants using unsupervised
ADMIXTURE method. B) Individual ancestry bar plots of participants with
low/moderate (AUDIT <8) or high (AUDIT = 8) risk for harmful use of alcohol. C)
Principal component analysis (PCA) on the entire set of individuals in the Pelotas
cohort and samples from the reference populations of the 1000 Genomes Project.
Abbreviations, Europeans: EUR. Native Americans: AMR. South Asians: SAS.
East Asians: EAS. Africans: AFR. IQR: interquartile range (first-third quartiles).
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4.3.2. CYP4B1 gene variant is significantly associated with HUA

The association of polymorphisms with HUA was investigated using
multivariate logistic regression (additive model), with sex and European ancestry
included as covariates. As shown in the Quantile-Quantile plot (Figure 2A), there
is no early deviation of the observed p-values from the expected values.
Furthermore, the estimated genomic inflation factor (A\) was 1.0014, indicating
that the population genomic structure did not have a significant impact on the
association results. This genome-wide association approach revealed that SNV
rs1097611 (C), located in an intronic region of the Cytochrome P450 Family 4
Subfamily B Member 1 (CYP4B1) gene (locus 1p33), is significantly associated
[p = 4.88x10°8, odds ratio (OR) = 1.8, confidence interval (Cl) = 1.46-2.23] with
HAU in the Pelotas cohort (Figure 2B). The CYP4B1 enzyme is a member of the
cytochrome P450 superfamily, which plays crucial roles in the metabolism of
endogenous and exogenous compounds?*®. Additionally, suggestive associations
(5x108 < p < 10%) were observed between several variants at different /oci and

HUA (Figure 2B).
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Figure 2. Genome-Wide Association Study (GWAS) for Harmful Use of
Alcohol (HUA) in the population of Pelotas, Brazil. A) Quantile-Quantile (QQ)
plot for observed and expected p-values. B) Manhattan plot showing association
statistics. Results were obtained by multivariate logistic regression (additive
model), including sex and European ancestry as covariates. The red line in the
Manhattan plot indicates the genome-wide significance threshold of a p-value
less than 5x1078. The blue line represents the threshold for suggestive
associations (p < 1x10%°). The marker rs1097611 shows significant association
(p = 4.88x108) with HUA.
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Table 2 shows a list of the index SNVs with the lowest p-value at loci with

significant or suggestive association signals (linkage disequilibrium-based

clumping).

Table 2. List of the top SNVs at /oci showing significant or suggestive association signals with
harmful use of alcohol in Pelotas, Brazil.

SNP Coordinate® Mapped Gene A1 MAF OR 95% ClI P
rs1097611 1:46794818 CYP4B1 C 0.10 1.80 1.46-2.23 4.88x10°®
rs56249801 2:106010153 C 0.07 1.86 1.47-2.36 3.67x107
rs 10994972 10:61934996 ARID5B C 0.02 3.05 1.98-4.70 4.33x107
rs115044616 10:28477417 LINC02652 T 0.01 3.72 2.15-6.42 5.07x107
rs3098610 2:231853332 NCL C 0.29 0.68 0.58-0.79 7.38x107
rs4312019 10:50396917 SGMS1 C 0.27 1.44 1.25-1.66 7.57x107
rs2835941 21:37758556 KCNJ6 G 0.07 1.82 1.42-2.31 1.53x10°®
rs2085350 17:79374716 RBFOX3 T 0.48 0.72 0.63-0.82 1.56x10°®
rs1373525 18:59351001 LMAN1 A 0.23 1.45 1.24-1.69 1.85x10°®
rs9734084 11:7424861 SYT9 A 0.06 1.86 1.44-2.41 2.68x10
rs4973022 2:231880808 G 0.27 0.70 0.60-0.81 3.44x10®
rs80179868 7:16971304 AHR A 0.03 2.24 1.59-3.16 3.73x10®
rs2472800 6:14765458 ENSG 00000234261 T 0.10 1.62 1.32-1.98 3.87x10°
rs72649997 1:214280940 SMYD2 A 0.03 2.26 1.60-3.20 3.89x10®
rs4722752 7:28030692 JAZF1 C 0.27 1.42 1.22-1.64 3.99x10®
rs3095894 4:180788439 ENSG 00000225356 A 0.05 1.85 1.42-2.40 4.07x10®
rs6884130 5:168756698 SLIT3 T 0.40 0.72 0.63-0.83 4.51x10%
rs13391113 2:208032875 PIKFYVE A 0.02 2.97 1.86-4.75 5.34x10®
rs144572112 2:1704618 PXDN G 0.02 2.52 1.69-3.75 5.42x10®
rs8008656 14:57665834 SLC35F4 C 0.18 1.46 1.24-1.71 5.54x10®
rs10273399 7:28049428 JAZF1 T 0.41 1.37 1.19-1.56 5.71x10®
rs11743120 5:169421792 SPDL1 A 0.03 2.18 1.56-3.05 5.81x10®
rs77769953 3:161969126 A 0.15 0.63 0.51-0.77 5.86x10®
rs559172334 19:6771461 VAV1 G 0.01 3.16 1.92-5.20 6.33x10
rs6686412 1:46754794 A 0.07 1.71 1.35-2.16 6.50x10®
rs56322623 3:112825591 CD200R1L C 0.05 0.42 0.29-0.62 6.79x10®
rs28404894 8:14913483 SGCz T 0.16 0.63 0.52-0.77 7.34x10®
rs7125068 11:38767959 C 0.01 3.55 2.04-6.18 7.51x10®
rs141732230 15:51344356 GLDN A 0.01 3.34 1.97-5.67 8.15x10®
rs1565121400 11:33402817 KIAA1549L - 0.03 2.31 1.60-3.35 8.36x10®
rs2797912 10:31154301 C 0.04 2.04 1.49-2.80 8.47x10®
rs79983790 9:7687063 A 0.02 2.36 1.61-3.45 9.26x10®
rs12059716 1:173697023 ANKRD45 C 0.29 1.40 1.21-1.63 9.73x10®
rs17021804 1:214015210 PROX1 C 0.02 2.68 1.73-4.15 9.78x10®

Abbreviations, SNV: Single Nucleotide Variant; A1: reference allele; MAF: Minor Allele Frequency; OR:
odds ratio; 95% Cl: 95% confidence interval; p: p-value (association test).

@Coordinate: Chromossome:base pair (RefSeq: GRCh38).
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Considering the hypothesis that immune factors may influence the
development of alcohol use disorders, we also investigated the occurrence of
immunogenetic variants associated with HUA in our cohort. This analysis
identified a variant (rs559172334) located 2kb upstream of the Vav Guanine
Nucleotide Exchange Factor 1 (VAV7) gene, which showed suggestive
association (p = 6.33x10%, OR = 3.16, Cl = 1.92-5.20) with this trait. The VAV1
protein is important in hematopoiesis, as it plays a crucial role in the development
and activation of T and B cells*®. Notably, all other variants within immune-related

loci exhibited only nominal associations (p < 0.05) with HUA.

4.3.3. Functional analysis revealed potential effects of the CYP4B1 variants

associated with HUA

It is important to note that SNVs associated with a trait in a GWAS may
not necessarily be causally linked to functional effects. Instead, they could be in
linkage disequilibrium (LD) with another functional variant. In this manner, we
focused on evaluating the LD structure at the locus where the SNV rs1097611
(CYP4B1) exhibited a significant association with HUA. Figure 3 shows the
pairwise correlations (r?) between rs1097611 and other variants within a 1 Mb
window (1:4,179,481-5,179,481 - RefSeq: GRCh38). Closer examination of this
region reveals that the SNVs strongly (r> 2 0.8) correlated with rs1097611 are
directly positioned over non-coding sequences of the CYP4B1 gene, with all of

these variants reaching the suggestive association threshold.
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Figure 3. Regional association plot of the CYP4B1 locus. The plot shows the
Linkage Disequilibrium (LD) values (r?) between rs1097611 (purple diamond) and
each variant (represented as circles) within the region 1:4,179,481-5,179,481
(RefSeq: GRCh38). The red line indicates the genome-wide significance
threshold (p < 5x1078), while the blue line represents the threshold for suggestive
associations (p < 1x10-°). The positions of the genes in the studied region are
indicated at the bottom of the figure.

Next, we assessed functional annotations for the set of SNVs in strong LD
with rs1097611, which included chromatin state segmentation, DNAse |
hypersensitivity, mammalian sequence conservation, and Expression
Quantitative Trait Loci (eQTL) analysis. This analysis unveiled the potential
functional implications of most of these variants at this locus. As shown in Table
3, six SNVs in this LD block are located within H3K4me1/H3K27ac and/or
H3K4me3/H3K9ac elements, which are histone modifications commonly found in
enhancers or promotes, respectively. These regulatory elements have been

observed in various human tissues®, supplementary figure 1. Moreover, as
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evidenced by the Genotype-Tissue Expression (GTEXx) platform*®, except for
rs148075195, all other evaluated SNVs have been significantly associated with
differential CYP4B1 gene expression across multiple tissues (GTEx Multi-tissue

meta-analysis).



Table 3: Functional annotation of the variants in strong linkage disequilibrium (r> 2 0.8) with rs1097611 in the

population of Pelotas, Brazil.

eQTL
GERP Promoter Enhancer DNAse | (GTEx)
(TagSNV) rs1097611 2.8x107°
Captured SNV Coordinate® LD (r’) A1 MAF OR 95% Cl P

rs148075195 1:46794172 0.92 C 0.09 1.75 1.40-2.17 6.3x107
rs150210323 1:46794476 0.82 T 0.12 1.58 1.30-1.93 5.0x10® 2.2x10°64
rs183014517 1:46794480 0.82 T 0.12 1.58 1.30-1.93 5.0x10® 7.8x10®
rs837405 1:46794549 0.82 C 0.12 1.58 1.30-1.93 5.0x10® 2.2x10%4
rs863915 1:46793466 0.82 T 0.12 1.56 1.28-1.90 9.5x10® 2.2x10°64
rs1097610 1:46794887 0.81 C 0.12 1.57 1.29-1.91 5.8x10° 3.7x10°%°
rs649562 1:46796995 0.81 T 0.12 1.57 1.29-1.91 5.8x10® 3.7x10°%°
rs837403 1:46797762 0.81 T 0.12 1.57 1.29-1.91 6.4x10° 3.7x10°%°
rs632133 1:46798823 0.81 C 0.12 1.57 1.29-1.91 6.4x10® 3.7x10°%°
rs837401 1:46800005 0.81 C 0.12 1.57 1.29-1.91 6.4x10° 6.8x1078
rs837402 1:46799993 0.80 T 0.12 1.57 1.29-1.91 6.0x10® 6.8x10°%®
rs634431 1:46798019 0.80 A 0.12 1.57 1.29-1.91 5.7x10° 3.7x10°%°
rs590582 1:46800957 0.80 G 0.12 1.56 1.28-1.90 8.2x10° - 6.8x10°%

Abbreviations, SNV: Single Nucleotide Variant; A1: reference allele; MAF: Minor Allele Frequency; OR: odds ratio; 95% CI:
95% confidence interval; p: p-value (association test). GERP: genomic ewlutionary rate profiling (ewolutionary constraint in
mammals); Promoter: promoter histone marks (red) - H3K4me3 or H3K9ac; Enhancer: enhancer histone marks (yellow) -
H3K4me1 or H3K27ac; DNAse |: hypersensitivity to DNAse |; eQTL (GTEx): Expression Quantitative Trait Loci analysis
(GTEx V8, multi-tissue meta-analysis p-value). The elements detected in at least two distinct cell lineages/tissues were

considered valid.

&Coordinate: Chromossome:base pair (RefSeq: GRCh38).
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4.3.4. Pathway enrichment analysis uncovers mechanisms potentially

implicated in HUA

Pathway enrichment analysis was conducted to uncover
mechanisms potentially implicated in HUA. To map genes, we utilized the position
of all SNVs with p-value < 0.01 in the GWAS analysis. This p-value threshold was
selected to assess the broad contribution of the genome to the investigated
phenotype, with regard to the polygenic nature of alcohol use disorders. The
1,917 mapped genes were matched to curated canonical pathways from the
KEGG database. This analysis resulted in 65 significantly enriched pathways
(pFDR < 0.05) (Figure 4A). Among these, several pathways related to the
nervous system are in the top 10 ranking (Figure 4B), such as: Glutamatergic
synapse (Rank =1, pFDR = 2.8x10-'%); Axon guidance (Rank =2, pFDR = 3.4x10"
7); cAMP signaling (Rank = 3, pFDR = 3.4x10°); Oxytocin signaling (Rank = 4,
pFDR = 3.4x10%); and Cholinergic synapse (Rank = 9, pFDR = 1.3x10%).
Notably, our findings support the hypothesis of a causal relationship between
immune mechanisms and alcohol use disorders, as we observed enrichment of
immune-related pathways in our dataset (Figure 4C), including: Inflammatory
mediator regulation of TRP channels (Rank = 18, pFDR = 1.5x103); and Fc
gamma R-mediated phagocytosis (Rank = 37, pFDR = 9.9x10-3). Additionally, a
network analysis revealed a cluster with interactions among multiple nervous
system-related pathways (Figure 5). Taken together, these data support the

biological plausibility of our findings.
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Figure 4. Genome-based pathway enrichment analysis for harmful use of
alcohol in the population of Pelotas, Brazil. Over-representation analysis was
conducted on 1,917 mapped genes, which were matched with the Kyoto
Encyclopedia of Genes and Genomes (KEGG) canonical pathways. A) Volcano
plot showing the significantly enriched pathways. The red line indicates the
assumed significance threshold [p-value from False Discovery Ratio (oFDR) <
0.05]. The size of the dots correspond to the pathway’s gene set size. Ratio of
enrichment is the number of observed genes divided by the number of expected
genes from KEGG (according to the WebGestalt toolkit). B) Enriched pathways
related to the nervous systems. C) Enriched pathways related to the immune
system. White columns represent the gene set sizes of the pathways. Red
columns symbolize the number of overlapped genes regarding our 1,917-gene
list. Squares represent pFDR values. Numbers between parentheses denote the
positions of each pathway in the ranking of 65 significantly enriched pathways.
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4.4. DISCUSSION

Our study aimed to identify immunogenetic mechanisms and canonical
pathways potentially implicated in harmful alcohol use disorder. This research yielded
103 variants significantly and suggestively associated with the harmful use of alcohol
phenotype distributed along the 22 autosomal chromosomes being associated with
different genes. Associated with this, 65 pathways were enriched and significantly
associated with the phenotype in question. Particularly noteworthy are the GABAergic,
glutamatergic, dopaminergic synapse pathways and pathways related to inflammatory
events such as Inflammatory mediator regulation of TRP channels and Fc gamma R-
mediated phagocytosis. Another important finding reflects the profile of harmful alcohol

consumption in the Brazilian population.

A study carried out by Silva an colleagues®' shows that approximately 17.1%
of the Brazilian population had consumed alcohol in 2013. The same authors report
that in 2019, alcohol consumption in Brazil affected approximately 13.1% of the
population. According to data from the Il National Survey on Alcohol and Drugs®?, in
the year 2012, year of application of the AUDIT questionnaire in the Pelotas sample,
55% of the population investigated in the south region of Brazil regularly consumed
alcoholic beverages, with around 17% (11.7 million) of individuals making problematic
use of the drug. In our sample, rates of harmful use of alcohol (HUA) are slightly higher,

with 23% of the individuals included in the risk group for the development of HUA.

Previously, studies were able to identify genetic variants associated with
alcohol use disorders, especially in genes responsible for drug metabolism?%-2122_ |n
the present study, although no variants in ADH and ALDH genes were related to HUA,
we found that one variant at CYP4B17 (rs1097611, p= 4,88x10-%) and 102 other variants

were significantly or suggestively associated with HUA phenotype, respectively.

The AUDIT is a tool widely used in the clinical setting and validated in different
populations3'5354 Because it is a questionnaire that has no diagnostic value,
difficulties were observed in the characterization of the phenotype studied. Added to
this factor, the restricted sample size may have been a contributing factor to the

statistical power of the study. However, the variants found may be playing a key role
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in the neurobiochemistry of HUA. It is also important to highlight that usually GWAs
studies related to drinking behavior are carried out in European and Asian populations,
with few studies with mixed race and Latin American populations. This makes this

study pioneer in this type of research.

The HUA-associated variants identified here are distributed along several
human chromosomes. With special emphasis, as mentioned above, on the rs1097611
variant, located in an intronic region of the CYP4B1 gene on chromosome 1, affecting
gene expression in different human tissues*. Comparatively, the minor allele
frequency (MAF) of this variant in our cohort matches with that observed in the
literature. In the 1000 genomes project’’, such a variant is more prevalent in
populations of African ancestry, showing an MAF = 0.21. For Latino and admixed
populations the MAF is about 0.07. For our population sample, this polymorphism
presented a MAF = 0.098.

In our cohort, it was observed that 6, out of 13 variants, in strong linkage
disequilibrium (LD, r? = 8) with rs1097611, are located in promoter and/or enhancer
regions in multiple tissues. Variants present in such regions may control the
transcriptional profile of genes®®, as observed in our results showing that the presence

of the mentioned variants modulates CYP4B1 gene expression in several tissues.

The CYP4B1 gene is a component of the cytochrome P450 (CYP450)
superfamily of enzymes, involved in the metabolism of a wide variety of endogenous
and exogenous compounds, making them more soluble in water and facilitating their
excretion*®. The enzymes of the CYP450 family are involved in diverse biological
functions, such as: inflammatory process, fatty acid metabolism, metabolization of

drugs and signaling molecules such as eicosanoids, leukotrienes and prostanoids*8-6,

Although there are no previous studies associating the rs1097611 variant or
other variants in the CYP4B1 gene with alcohol use disorders, there are two aspects
to note. The first one is the fact that the variant in question has been observed to be
associated with differential CYP4B1 gene expression in intestinal tissue (small
intestine and colon)*. Seta and colleagues®’ and Nakano and colleagues®® suggest
an inflammatory action of this enzyme, due to its ability to stimulate the production of
eicosanoids and ROS. High levels of ROS have a deleterious effect on various tissues.
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In the intestine, the presence of ROS causes epithelial damage, leading to increased
permeability to bacterial compounds®®. These compounds reach the portal circulation
and induce the expression of TNF-a, which reaches the bloodstream and subsequently
the brain via cytokine receptors, inducing inflammation in central nervous tissue'. This
state induces neuronal death and can lead to less perception of the sensation of reward
when consuming alcohol. It was also observed that the rs1097611 modulates CYP4B1
gene expression in central nervous tissue, and thus may have a direct action on this
tissue. The second factor is the previously reported association of another component
of the cytochrome P450 family with problematic alcohol use. In the study of Webb and
collaborators®? it was shown that multiple variants in the CYP2E1 gene, known to be
associated with alcohol metabolism, may be an important predictor for alcoholism, as
well as for other pathologies associated with alcohol use due to increased production

of reactive oxygen species.

Other variants suggestively associated with HUA in our cohort are located in
genes previously associated with problematic use of alcohol, other substances, and
psychiatric disorders. Among these genes are ARID5B (associated with alcohol®! and
tobacco consumption®263), SLIT3%4 and, especially, SGMS1 (associated with smoking

initiation®! and schizophrenia®).

A total of 30 variants suggestively associated with HUA in our study are located
in the chromosome 10 (next to the SGMS17 gene). This gene is expressed at high titers
in nervous tissue, and several of these variants found here, with special emphasis on
the variant rs4312019 (p = 7.6x10°7), are able to modulate SGMS7 expression in
different regions of the brain, including the hypothalamus*¢ (data not shown). The
product of SGMS1 is responsible for the expression of the sphingomyelin synthases,
a group of molecules present in the cell membrane that acts in cell proliferation and
death®®. In animal models of epilepsy, Kunduri and colaboradores®” evidenced that the
absence of sphingomyelins in neural cells disables the envelopment of the neuronal
cell body. Miihle, Bilbao and Kornhuber®® reported the participation of sphingomyelin
in signal transduction in the hippocampus, increasing drug access to the brain, may

make the individual more resistant to multiple drugs®®.
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Although no previous publications found rs559172334 or the other variants at
VAV1 gene as associated with HUA, such gene, as previously mentioned, plays a
fundamental role in the development of cells of the immune system, especially in
lymphocytes®3. These cells, in turn, suffer the direct impact of alcohol consumption on
their functionality’®. Andrade and colleagues’' show the participation of ethanol in the
maintenance of the inflammatory state in murines. In their study, it was shown that
exposure to ethanol positively regulates the function of antigen presentation by B
lymphocytes associated with greater activation of T CD4* lymphocytes. Such findings
corroborate our hypotheses on the causal relationship between inflammatory events

and alcohol use disorders.

Consistent with the literature, our findings on pathway enrichment suggest a
possible role for GABAergic neurotransmission on HUA. Ethanol consumption can
activate GABAergic neurons’?73, Data suggesting participation of the glutamatergic
pathway were also found. Ho and collaborators’, suggest the participation of the N-
methyl-D-Aspartate glutamate receptor (NMDAR) in ethanol consumption. This
compound is a molecule of great importance in synaptic plasticity, cognition and

learning”®76.

Ethanol consumption apparently reduces the NMDAR response in different
brain regions”™’’. Exposure to ethanol followed by its withdrawal leads to greater
NMDAR responsiveness resulting in cell death”. Such an event induces the release
of HMGB1, a pro-inflammatory molecule, which potentiates the cycle of cell injury,
inducing neuronal death and, therefore, a lesser sense of reward as a result of ethanol
consumption’®. Despite the strong association found in immunological pathways, no
studies were found in the literature that suggest the same association. However, a
possible relationship between the analgesic effect of alcohol and the sensory inhibition
perceived through TRP channels is possible. These channels are widely known for

their function of pain perception through the peripheral nervous system?”®.

Despite the variety of results observed in our study, there are some that need
to be addressed in further studies. Like the ancestral composition of our population,

which despite being more heterogeneous than those used in large collaborative
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studies, still distances itself from what is observed for the Brazilian population, which
is on average 68.1% European?®.
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4.5. CONCLUSIONS

The CYP4B1 locus is significantly associated with harmful use of alcohol (HUA)
in an admixed Latin-American population. Furthermore, pathway enrichment analysis
revealed several mechanisms related to the nervous and immune systems that are
potentially implicated in HUA. Thus, future studies with individuals from diverse ethnic
groups are fundamental to identify new variants associated with HUA, a step that is

essential for appropriate management of this condition.
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Supplementary figure 1. eQTL (quantitative trait locus) signals considering the three genotypes
of the SNP rs1097611 and the normalized expressions (NES) of the CYP4B1 gene in different

human tissues. m-value: posterior probability that an eQTL exists in each tissue, considering the multi-

tissue meta-analysis results. The m-value scale ranges from 0 to 1. The data presented were obtained

from the GTEx V8 portal (www.gtexportal.org).
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5. CONSIDERAGOES FINAIS

Apesar dos vastos achados observados em nosso estudo, alguns aspectos
observados carecem de investigagdes se utilizando de novas abordagens. Por tratar-
se de uma amostra populacional sulista, dados de ancestralidade individual refletem
uma caracteristica menos heterogénea que para a populagédo brasileira em geral.
Tendo isso em vista abre-se a possibilidade de se realizar novos estudos se utilizando
populagdes mais representativas do perfil de miscigenagédo brasileiro. Ademais
espera-se também realizar novos estudos visando replicagdo dos achados em
populagdes distintas bem como avaliar associacdo entre o painel de variantes
encontrado e fenotipos distintos.
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