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RESUMO

A endometriose é uma doenca crénica, influenciada por fatores ambientais,
hormonais e genéticos. Por ser dependente de estrogénio, polimorfismos de um dnico
nucleotideo (SNPs) em genes envolvidos nessa via poderiam promover alteracfes funcionais
em suas proteinas, influenciando no desenvolvimento da endometriose. Assim, o objetivo
desta tese foi investigar a influéncia dos SNPs do receptor da progesterona (PGR)+331C>T,
do citocromo P450 (CYP) 17Al1 -34A>G, CYP19Al1 1531G>A, CYP2C19*2 e *17, e da
metaloproteinase de matriz (MMP)-3 276A>G na suscetibilidade da endometriose, bem como
avaliar o perfil epidemioldgico das mulheres com esta doenca. Para alcancar os objetivos
prospostos foram realizados cinco artigos. O 1° artigo foi um estudo descritivo das
caracteristicas epidemioldgicas de mulheres com endometriose recrutadas no periodo de 2011
a 2018. O 2°, 3° e 4° artigos foram do tipo caso-controle e avaliaram a magnitude de
associacdo dos SNPs selecionados com o desenvolvimento da endometriose, sendo utilizado
uma regressdo logistica para as analises. Por fim, foi realizado uma revisdo sistematica dos
estudos de associacdo ampla do genoma (GWA) na endometriose. A dismenorreia (OR = 2,22
e IC 95% = 1,18-4,42) e dor pélvica (OR = 1,79 e IC 95% = 1,07-3,01) foram associadas com
o ciclo menstrual irregular. A dispareunia foi associada com IMC >25kg/m? (OR = 1,97 e IC
95% = 1,10-3,53), consumo de alcool (OR = 2,13; IC 95% 1,20-3,82) e endometriose
superficial (OR = 0,25 e 1C95% = 0,11-0,57). Endometriose profunda infiltrativa (EPI) e
estagio 111-1V foram associados com alterages intestinais (OR = 2,58; 95% IC = 1,08-6,11 e
OR = 2,75; 95% IC = 1,31-5,76). Mulheres entre 30-39 anos apresentaram maior
probabilidade de serem inférteis do que aquelas com <29 anos (OR = 2,72 e IC 95% = 1,02-
7,24). O gendtipo combinado dos SNPs PGR+331C>T, CYP17A1-34A>G e CYP19Al
1531G>A foram associados positivamente com a endometriose (OR = 1,72 e IC 95% = 1,09-
2,72). O SNP CYP2C19*2 foi positivamente associado com a endometriose (OR = 1,83 e IC
95% = 1,17-2,85) e a obesidade relacionada a doenca (OR = 3,27 e IC 95% = 1,55-6,89). Ja 0
SNP MMP-3 276G>A foi associado com os casos de EPI (OR =1,87 e IC 95% =1,01-3,45) e
a infertilidade (OR = 3,30 e IC 95% = 1,31-8,33). A revisdo sistematica identificou as
variantes WNT4 rs7521902, GREB1 rs13394619, FN1 rs1250248, IL1A rs6542095 e VEZT
rs10859871 significativamente associadas com a suscetibilidade da endometriose. Os dados
da presente tese podem contribuir para um melhor entendimento da etiopatogenia da doenca,
na otimizag&o do diagnostico e orientar o tratamento clinico da endometriose.

Palavras-chave: Diagndstico, Endometriose, Estrogénio, Epidemiologia, Polimorfismo.



ABSTRACT

Endometriosis is a chronic disease, influenced by environmental, hormonal and
genetic factors. As it is estrogen dependent, single nucleotide polymorphisms (SNPs) in genes
involved in this pathway could promote functional changes in its proteins, influencing the
development of endometriosis. Thus, the objective of this thesis was to investigate the
influence of the progesterone receptor (PGR) + 331C>T, cytochrome P450 (CYP) 17A1 -
34A>G, CYP19A1 1531G>A, CYP2C19*2 and *17, and matrix metalloproteinase (MMP)-3
276A>G in the susceptibility to endometriosis, as well as to evaluate the epidemiological
profile of women with this disease. To achieve the proposed objectives, five articles were
elaborated. The 1st article was a descriptive study of the epidemiological characteristics of
women with endometriosis recruited from 2011 to 2018. The 2nd, 3rd and 4th articles were
case-control and evaluated the magnitude of association of the selected SNPs with the
development of endometriosis, using logistic regression for the analyzes. Finally, a systematic
review of genome-wide association (GWA) studies in endometriosis was performed.
Dysmenorrhea (OR = 2.22 and 95% CI = 1.18-4.42) and pelvic pain (OR = 1.79 and 95% CI
= 1.07-3.01) were associated with the irregular menstrual cycle . Dyspareunia was associated
with a BMI >25kg/m2 (OR = 1.97 and 95% CI = 1.10-3.53), alcohol consumption (OR =
2.13; 95% CI 1.20-3.82 ) and superficial endometriosis (OR = 0.25 and 95% CI = 0.11-0.57).
Deep infiltrative endometriosis (DIE) and stage 111-1V were associated with intestinal changes
(OR = 2.58; 95% CIl = 1.08-6.11 and OR = 2.75; 95% CI = 1.31-5, 76). Women aged 30-39
years were more likely to be infertile than those aged <29 years (OR = 2.72 and 95% CI =
1.02-7.24). The combined genotype of the SNPs PGR +331C>T, CYP17A1-34A>G and
CYP19A1 1531G>A were positively associated with endometriosis (OR =1.72 and 95% CI =
1.09-2.72). SNP CYP2C19*2 was positively associated with endometriosis (OR = 1.83 and
95% CI = 1.17-2.85) and disease-related obesity (OR = 3.27 and 95% CI = 1.55 -6.89). The
SNP MMP-3 276G>A was associated with cases of DIE (OR =1.87 and 95% CI = 1.01-3.45)
and infertility (OR = 3.30 and 95% CI = 1, 31-8.33). The systematic review identified the
WNT4 rs7521902, GREB1 rs13394619, FN1 rs1250248, IL1A rs6542095 and VEZT
rs10859871 variants significantly associated with the susceptibility to endometriosis. The data
from the present thesis may contribute to a better understanding of the disease's
etiopathogenesis, in the optimization of the diagnosis and guide the clinical treatment of
endometriosis.

Keywords: Diagnosis, Endometriosis, Estrogen, Epidemiology, Polimorphism.
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1 INTRODUCAO

A endometriose € uma doenca ginecolOgica caracterizada pela presenca de tecido
endometrial fora do utero, influenciada por multiplos fatores hormonais, inflamatérios,
ambientais e genéticos (ABRAO, 2000; GIUDICE e KAO, 2004; BENAGIANO et al., 2014).
Afeta aproximadamente 10 a 15% das mulheres em idade reprodutiva (LOUIS et al., 2011;
ACIEN e VELASCO, 2013), podendo manifestar diferentes sintomas, tais como
dismenorréia, dor pélvica cronica, dispareunia, alteraces intestinais e urindrias ciclicas e
infertilidade (FAUCONNIER et al., 2013).

Para o diagndstico definitivo da endometriose, ainda sdo necessarios metodos
invasivos, como a laparoscopia para realizacdo de uma bidpsia, seguido da confirmacéo
histoldgica da doenca. O tratamento farmacoldgico da doenca consiste no alivio dos sintomas,
ja que o arsenal medicamentoso existente ndo dispde de um farmaco capaz de erradicar por
completo os focos ectopicos de tecido endometrial, alem de acarretar uma série de efeitos
adversos a paciente (ABRAO, 2000; NACUL e SPRITZER, 2010). Com isso, para 0
tratamento definitivo da endometriose também é necessario a realizacdo da laparoscopia, no
entanto, mesmo apds a cirurgia existe um risco de recorréncia em até 5 anos que varia de 12%
a 30% das mulheres (VERCELLINI et al. 2009; COCCIA et al., 2011; TANDOI et al., 2011).
Como sdo frequentes as falhas e os atrasos no diagnoéstico, além das recidivas e dos sintomas
serem muitas vezes incapacitantes, as pacientes com endometriose apresentam um desgaste
fisico e mental, comprometendo sua qualidade de vida e seu bem-estar pessoal e social
(BALLARD et al., 2006; SELCUK e BOZDAG, 2013), tornando-se um problema de salde
publica relevante.

A endometriose € considerada uma doenca dependente de estrogénio, afeta as
mulheres na idade reprodutiva e, em muitos casos, as lesdes regredirem apos a realizacdo de
cirurgia para retirada dos ovarios ou até mesmo apos o inicio da menopausa (FERRERO et
al., 2014). Sabe-se que o estrogénio possui a capacidade de induzir a proliferacéo celular tanto
do endométrio eutdpico quanto do ectopico (VAN KAAM et al., 2007) e que as mulheres
com endometriose tém uma alta produgdo deste hormonio, reforcando o seu importante papel
no desenvolvimento da doenca (WANG et. al, 2004; WANG et. al, 2013; YU et. al, 2016). A
sintese do estrogénio é realizada pela acdo de diversas enzimas, dentre as quais se destacam o
citocromo P450 Familia 17 Subfamilia A Membro 1 (CYP17A1), responsavel pelas etapas
iniciais, (CHENG et al., 2001) o citocromo P450 Familia 19 Subfamilia A Membro 1
(CYP19A1), (BELL et. al., 2008) responsavel pelas etapas finais, e o citocromo P450 Familia
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2 Subfamilia C Membro 19 (CYP2C19), que contribui para o metabolismo do estradiol e no
catabolismo da estrona (DALY, 2015). Por outro lado, a progesterona também desempenha
uma funcdo de extrema importancia na patogénese da endometriose, ja& que inibe a
proliferacdo induzida pelo estrogénio, devido a interagdo com seu receptor PGR (receptor da
progesterona), regulando negativamente a proliferacdo das células endometriais (BRAR et al.,
2015; BEDAIWY et. al, 2015). Ademais, 0 estrogénio e a progesterona parecem também
regular algumas metaloproteinases de matriz (MMPs), tal como a MMP-3, que participa da
degradacédo da matriz extracelular do endométrio durante o ciclo menstrual (BRUNER-TRAN
et al., 2002). Em 2012, Mabrouk e colaboradores, demonstraram que a expressdao do mRNA
da MMP-3 é significativamente maior no endométrio de mulheres com endometriose do que
nos controles, sugerindo que esta metaloproteinase pode estar influenciando no
desenvolvimento dessa doenca (MABROUK et al., 2012).

A etiologia da endometriose ndo esta totalmente esclarecida. Todavia, é sabido que
fatores ambientais (SUNDQVIST et al., 2013; SAHA et al., 2015; RAHMIOGLU et al.,
2015) e genéticos podem contribuir para o fendtipo desta doenca (SHAH et al., 2013; PERINI
et al., 2014; CARDOSO et al., 2016b; SAHA et al., 2017; SHAHBAZI et al., 2016;
BACKONJA et al., 2017). Em 2014, foi realizada uma revisdo que descreveu possiveis genes
candidatos na suscetibilidade da doenga, destacando-se 0s genes envolvidos na sintese e
regulacdo do estrogénio, tais como CYP19A1, CYP17, PGR e MMP-3 (BARANOQV et al.,
2015). Polimorfismos de um dnico nucleotideo (SNPs) presentes nesses genes podem
promover alteracBes funcionais em suas respectivas proteinas (NAGASE et al., 1990; DE
VIVO et al.,, 2002; GHISARI et. al., 2014; DALY, 2015), e assim contribuir para o
desenvolvimento da endometriose (HSIEH et. al., 2005; HUR et. al., 2007; CAYAN et al.,
2009; BOZDAG et. al., 2010; YANG et. al., 2010; LAMP et. al., 2011; PAINTER et al.,
2014).

Diante da problemética e do contexto que envolve o desenvolvimento da
endometriose, bem como sua relacdo com os fatores hormonais e genéticos, justifica-se o
interesse em estudar SNPs em genes envolvidos na via dos horménios sexuais femininos em
mulheres com endometriose. A partir disso, a presente tese desenvolveu cinco artigos afim de
fornecer informacdes relevantes, tanto em relacdo ao perfil genético como epidemioldgico das
mulheres brasileiras com endometriose, para um melhor entendimento da etiologia da doenca

e para a identificacdo de fatores de risco associados ao desenvolvimento da endometriose.



17

2 REFERENCIAL TEORICO

2.1 ENDOMETRIOSE

A endometriose € uma doenca ginecoldgica estrogénio dependente definida pela
presenca de um tecido endometrial fora da cavidade uterina, podendo comprometer varios
6rgdos, incluindo os ovérios, peritbnio, ligamentos Uteros sacro, septo retovaginal,
reto/sigmoide e bexiga (Figura 1). As lesdes endometridticas apresentam glandulas e/ou
estromas e sdo funcionalmente capazes de responder a estimulos hormonais exdgenos,
enddgenos ou locais. (ABRAO, 2000; GIUDICE e KAO, 2004).

Figura 1 - Locais mais comuns de implantacdo de lesdes endometridticas
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Fonte: Adaptado de The American College of Obstetricians and Gynecologists, 2008.

A endometriose, apesar de ser uma doenca benigna, compartilha a fisiopatologia
comum a algumas neoplasias malignas, como por exemplo, 0 cancer de mama, ovario e
endometrial, principalmente pelo fato dessas doencas serem dependentes de estrogénio e
possuirem uma angiogénese sustentada (NEZHAT et al., 2008; VERIT e YUCEL, 2013;
PAVONE e LYTTLE, 2015; FEITELSON et al., 2015). Além disso, h4 cada vez mais estudos
do tipo coorte e caso-controle mostrando que a endometriose pode sofrer transformacao de
carater maligno (BORGFELDT e ANDOLF, 2004; MODUGNO et al, 2004; BRINTON et al,
2005; KOBAYASHI et al, 2007; ARIS, 2010; PEARCE et al., 2012). Em 2017, foi realizada
uma revisao a fim de avaliar a associacdo entre a endometriose e o cancer de ovario, além de
outros tipos de cancer. Como conclusdo os autores observaram que a endometriose pode ser
precursora de carcinomas endometrioides do ovério e de células claras, entretanto, ainda ndo

se sabe a causa desta associacdo, mas acredita-se que mutagdes somaticas em genes que
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codificam os hormonios sexuais, entre outros, podem desempenhar um papel na progressao da
endometriose em cancer de ovério (WILBUR et al., 2017). Outro estudo, realizado por Lu e
colaboradores avaliaram um conjunto de dados de endometriose (3.194 casos e 7.060
controles) e cancer de ovario (10.065 casos e 21.663 controles), e observaram que a
associacao epidemioldgica entre a endometriose e 0 cancer de ovario é pelo menos em parte,
atribuivel a genética compartilhada (LU et al., 2015).

Diversas questdes relacionadas a endometriose ainda permanecem sem resposta,
principalmente na identificacdo de fatores de risco para o desenvolvimento da doenca, além

de uma melhor caracterizagdo da populagdo acometida.

2.1.1 Epidemiologia da endometriose

A epidemiologia da endometriose apresenta dados conflitantes e inconclusivos,
variando a medida que se altera a populacdo estudada, os procedimentos clinicos ou
cirargicos indicados, o servi¢co onde se realizam esses procedimentos, entre outros aspectos
(MARQUES, 2005).

O real perfil da paciente com endometriose & impreciso, principalmente pela
variabilidade dos sintomas e a definicdo diagnoéstica, que requer na maioria dos casos
abordagem cirurgica. No entanto, existe um consenso que a endometriose pode afetar cerca de
10 a 15% das mulheres em idade reprodutiva, de 30 a 50% das mulheres inférteis, de 15 a
70% das mulheres com dor cronica e de 3 a 5% das mulheres na p6s-menopausa (VIGANO et
al., 2004; ACIEN e VELASCO, 2013; INCEBOZ et al., 2015; SHAFRIR et al., 2018). Nos
EUA a prevaléncia da doenca é estimada em sete milhdes, e de mais de 70 milhdes no mundo
inteiro (VERCELLINI et al., 2006).

Recentemente, Ghiasi e colaboradores publicaram uma revisdo sistematica sobre a
prevaléncia e incidéncia da endometriose no mundo nos ultimos 30 anos. Dentre os 69
estudos incluidos na revisdo, 26 deles envolveram amostras da populacdo geral e 43 deles
foram conduzidos em uma Unica clinica ou ambiente hospitalar. A incidéncia da endometriose
foi observada em 16 estudos e variou entre 0,2% a 47%, enquanto que a prevaléncia da
doenca variou entre 0,2% a 71,4%. Além disso, a prevaléncia em estudos populacionais
variou entre 0,7% a 8,6% e em estudos de base clinica e/ou hospitalar variou entre 0,2% a
71,4%. Quando analisado pelas indica¢Oes diagnosticas, a prevaléncia da endometriose variou
de 15,4% a 71,4% nas mulheres com dor pélvica crénica, 9,0% a 68,0% nas mulheres com

infertilidade e 3,7% a 43,3% nas mulheres submetidas & esterilizacdo tubéria. Estes dados
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sugerem uma extrema variabilidade na incidéncia e prevaléncia da endometriose, o que pode
ser explicado pela heterogeneidade dos critérios de inclusdo e diagndstico e o viés de selecdo
apresentados nos artigos incluidos na revisdo (GHIASI et al., 2019).

As mulheres com endometriose apresentam sintomas clinicos variados, com
diferentes intensidades, sendo os principais, dismenorreia (58,7-97%), dor pélvica cronica
(22-69%), infertilidade (25-45,7%), dispareunia de profundidade (44-71%), sintomas
intestinais e urinarios ciclicos (26,3-40,6%), como dor ou sangramento ao evacuar/urinar
durante o periodo menstrual. No entanto, elas podem ser assintomaticas (10,7%), 0 que
dificulta ainda mais o diagnostico (OZKAN et al., 2008; FAUCONNIER et al., 2013;
MORADI et al., 2014; CARDOSO et al., 2016b). Um estudo realizado para descrever as
caracteristicas entre 1000 mulheres com endometriose da Gra-Bretanha, Irlanda e Estados
Unidos, mostrou que 34,4% dessas pacientes apresentaram dor pélvica, dismenorreia e
dispareunia e 25,2% apresentaram dor pélvica e dismenorreia (Figura 2). Além disso, cerca de
70% dessas mulheres apresentavam, pelo menos, dois dos trés tipos de dores ginecoldgicas.
(SINAII et al., 2008).

Figura 2 - Prevaléncia e sobreposicdo de sintomas de dores ginecoldgicas que levaram ao
diagndstico cirargico de 940 mulheres com endometriose que participaram do estudo
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Fonte: Adaptado de SINAII et al., 2008.

Chapron e colaboradores, em 2016, realizaram um estudo caso-controle envolvendo

1.008 pacientes da China, Russia e Franca. Os autores observaram que na populagéo geral, 0s
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sintomas dolorosos foram mais relatados em pacientes com endometriose quando comparados
aos controles, e essa frequéncia parece estar correlacionada com o fendtipo da doenca,
aumentando com a gravidade das lesdes: endometriose superficial (SUP), endometriose de
ovario (OMA) e endometriose profunda/infiltrativa (EPI). Além disso, foi observado que
57,2% das pacientes consideraram a dismenorréia como um impacto real na sua qualidade de
vida diaria e a contracepcdo oral foi prescrita para tratar a intensidade da dismenorréia
primaria em 18,7% dos casos (CHAPRON et al., 2016). Recentemente, Fuldeore e Soliman
realizaram um estudo transversal com 59.411 mulheres dos Estados Unidos para avaliar a
prevaléncia e a carga sintomatica da endometriose. Como resultado, os autores observaram
que a prevaléncia da doenca foi estimada em 6,1% das mulheres do estudo e a maioria delas
apresentaram sintomas clinicos antes do diagnostico (86,2%). Dentre os sintomas, se
destacaram a dismenorréia (52,2%) e dor pélvica néo ciclica (36,7%), seguida da dispareunia
(29,5%) e infertilidade (11,6%) (FULDEORE e SOLIMAN, 2017).

A endometriose pode afetar negativamente a salde mental e a qualidade de vida das
mulheres afetadas, sugerindo que elas podem ter um risco aumentado de desenvolver um
sofrimento psicoldgico, bem como problemas sexuais devido a presenca de dor,
comprometendo suas relagdes interpessoais e conjugais. (NNOAHAM et al., 2011; HUGHES
et al., 2015; FACCHIN et al., 2015). Um estudo publicado por De Graaff e colaboradores,
revelaram que mulheres com endometriose apresentaram uma influéncia negativa no trabalho
(51%), nos relacionamentos (50%) e na educacdo (16%), devido aos sintomas de dispareunia
e dor pélvica crénica. Além disso, das mulheres com dispareunia, 80% tiveram que alterar seu
comportamento sexual em termos de interromper ou evitar relaces sexuais devido a dor (DE
GRAAFF et al., 2013). Em 2015, foi realizado um trabalho para investigar a qualidade de
vida, as emocBes negativas e as possiveis comorbidades psicopatoldgicas em pacientes
afetadas pela endometriose. Os autores observaram que 0 grupo de endometriose apresentou
frequéncias significativamente maiores de somatizagao, depresséo, sensibilidade e ansiedade
do que o grupo controle. E ainda encontrou um declinio significativo da salude nas pacientes
com endometriose quando comparado aos controles (P < 0,008) (LAGANA et al., 2015).

Recentemente, foi publicado um estudo que explorou o bem-estar subjetivo, a
qualidade de vida relacionada a saude e a experiéncia de vida de 500 mulheres australianas
com endometriose entre 18 e 63 anos (média = 30,5, desvio padrdo = 7,46), na qual
preencheram um questionario online que incluia o indice de Bem-Estar Pessoal, o Perfil de
Salude da Endometriose -30, e véarias outras perguntas abertas. Como resultado, os autores

observaram baixos niveis de bem-estar subjetivo (escores totais médios do PWI de 51,5 +
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2,03) quando comparados aos escores da populacdo geral ocidental (70-80), e a média total de
pontuacdo do Perfil de Salde da Endometriose -30 indicou uma baixa qualidade de vida
relacionado a saude entre as mulheres incluidas no estudo (78,9, + 13,14). Os autores sugerem
que a endometriose pode causar um forte impacto negativo no bem-estar subjetivo das
mulheres e na sua qualidade de vida, influenciando na produtividade, dificuldades de se
relacionarem e na sua insatisfacdo social, além de aumentar o risco de comorbidades
psicoldgicas, tornando-se um grave problema de sadde publica (RUSH e MISAJON, 2018).
Os dados publicados na literatura reforcam as incertezas e as discrepancias
relacionadas a ocorréncia de endometriose no Brasil e no mundo, sendo ainda necessarios

mais estudos que avalie a epidemiologia e os fatores de risco associados a doenca.

2.1.2 Fatores de risco associados a endometriose

Os principais fatores de risco conhecidos para o desenvolvimento da endometriose
estdo associados geralmente com a exposicdo prolongada de estrogénio. Dentre eles se
destacam a longa duracdo do fluxo menstrual (mais de 8 dias), pacientes com menarca
precoce, exposicao a estrogénio exdgenos, como 0 uso de contraceptivos orais e terapia de
reposicdo hormonal (ABRAO, 2000; PILLET et al, 2012; NNOAHAM et al. 2012;
SHAFRIR et al., 2018). Além disso, fatores que podem promover a reducdo da exposi¢do ao
estrogénio assume um papel protetor na endometriose, como a préatica de exercicios fisicos,
maior paridade, dieta hipocaldrica e o tabagismo (PARAZZINI et al., 2004; HEILIER et al.,
2007; VITONIS et al., 2010; SHAFRIR et al., 2018).

Saha e colaboradores, em 2017, investigaram as relagcdes de fatores reprodutivos e de
estilo de vida com a endometriose em 28.822 mulheres gémeas suecas. Os autores observaram
que a idade tardia na menarca e maior paridade apresentavam uma associa¢ao inversa com a
endometriose, enquanto que a infertilidade mostrou uma forte associacdo com a doenca.
Associacdes positivas também foram observadas com o consumo de café e tabagismo, e uma
associacao inversa com o uso de contraceptivo oral (CO) na analise bruta, mas ndo na anélise
ajustada para fatores de confundimento. Nao houve associagdes significativas entre o nivel de
educacdo, indice de massa corporal (IMC), consumo de alcool e a endometriose (SAHA et al.,
2017). Recentemente, foi publicado uma revisdo da literatura sobre os fatores de risco e as
consequéncias da endometriose para as mulheres. Em resumo, foi observado que a idade
precoce na menarca, curto ciclo menstrual e menor IMC acarreta um maior risco de

desenvolver endometriose, enquanto que uma maior paridade leva a uma protecdo no
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desenvolvimento da doenca. Além disso, outros resultados menos consistentes com diferentes
achados também foram observados como, a atividade fisica, fatores alimentares, toxinas
ambientais, lactacdo, trabalho noturno e tabagismo, provavelmente devido a necessidade de
uma coleta rigorosa de dados e um desenho longitudinal do estudo (SHAFRIR et al., 2018).

Por fim, um fator de risco curioso é o baixo IMC encontrado nas mulheres com
endometriose, sendo observado uma associacdo inversa entre este indice e a doenca,
tornando-o alvo de muitas investigacGes hoje em dia (PILLET et al., 2012; SHAH et al.,
2013; PERINI et al., 2014; CARDOSO et al., 2016b; SHAFRIR et al., 2018).

2.1.2.1 indice de massa corporal e o desenvolvimento da endometriose

O IMC é um indice estatistico que serve para fornecer uma estimativa da gordura
corporal do individuo, indicando se 0 sujeito estd no peso ideal, acima ou abaixo do peso
desejado (WHO, 1995). Este indice € calculado pelo peso em quilogramas (Kg) do individuo
dividido pela sua altura em metros quadrados (m2). Segundo a OMS o IMC é categorizado
em baixo peso (<18,5 kg/m2), peso normal (18,5 - 24,9 kg/m2), excesso de peso (25 - 29,9
kg/m2), obeso (30 - 39,9 kg/m2) ou obesidade morbida (> 40 kg/m2) (WHO, 1995). Diversos
estudos tém observado uma associacao significativa entre a endometriose e um baixo IMC,
entretanto, 0s mecanismos dessa associa¢do permanecem um enigma (PILLET et al., 2012,
SHAH et al., 2013; PERINI et al., 2014; CARDOQOSO et al., 2016b). Em 2016, Shahbazi e
colaboradores avaliaram a associacdo entre o IMC e a endometriose em uma coorte de 99
mulheres férteis iranianas (46 casos e 53 controles). Apos andlises de dados, foi observado
que o IMC acima de 30 estava presente em 26% dos controles saudaveis e 13% dos pacientes
com endometriose. Além disso, as analises de odds ratio ajustada (ORa) para variaveis de
confundimento, mostraram que um menor IMC estd associado a um risco aumentado de
endometriose quando comparado com o IMC normal [IMC <18,5 = ORa de 1,7 (IC 95%:
1,3-2,2); IMC 25-29,9 = ORa de 2,1 (IC 95%: 0,8-5,2) e IMC >40 = ORa de 3,2 (IC 95%: 1-
10,1)] (SHAHBAZI et al., 2016).

Um estudo multicéntrico (China, Russia e Franca) publicado em 2016, teve como
objetivo investigar os fatores de riscos associados a endometriose. Pode-se observar pelos
resultados obtidos que as mulheres com IMC de 18,5 a 22 apresentaram um risco aumentado
para o desenvolvimento da endometriose (OR = 1,45; IC 95% = 1,00 - 2,11), enquanto que
aquelas com IMC >25 foram associadas negativamente com a doenga (OR = 0,65; IC 95% =

0,44 — 0,96), confirmando a associacdo inversa que existe entre a endometriose e o IMC
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(CHAPRON et al, 2016). No mesmo ano, outro estudo foi publicado a fim de tentar explicar
se o fendtipo de baixo IMC observado nas mulheres com endometriose € diretamente
atribuivel a doenca. A partir disso, os autores hipotetizaram que a endometriose pode afetar a
expressao génica hepatica, promovendo um baixo IMC. Como resultado foi observado em
modelo experimental que a endometriose causa redugdo do peso corporal e da gordura
corporal e interrompe a expressdo de genes do figado (cytochrome P450 2R1, Leptin, Rho-
associated kinase, fatty acid binding protein 4, peroxisome proliferator-activated receptor
gamma, mannose receptor 1, insulin-like growth factor binding protein 1, monocyte-to-
macrophage differentiation-associated 2). Isto sugeri que o metabolismo alterado mediado
pelo figado pode contribuir para o baixo IMC clinicamente observado nas mulheres com
endometriose (GOETZ et al, 2016). Além disso, nosso grupo também tém encontrado em
estudos publicados anteriormente um baixo IMC nas mulheres com endometriose quando
comparado ao grupo controle (24,4 + 4,6 versus 27,9 £ 5,7, P < 0,001) (PERINI et al., 2014;
CARDOSO et al., 2016b).

Em 2017, foi realizado um trabalho para avaliar as associacGes entre composicao
corporal, endometriose e atividade fisica em 473 mulheres com diagnostico cirdrgico da
doenca. Como resultado foi observado que a endometriose foi inversamente proporcional as
medidas antropométricas e indicadores de composic¢do corporal, confirmando os dados ja
publicados anteriormente em outros estudos (BACKONJA et al., 2017).

O estrogénio, por ser também produzido nos adipdcitos, esta correlacionado com a
adiposidade (MAUVAIS-JARVI et al., 2013) e sua reducdo ou aumento tem sido associado
com a prevaléncia de certos aspectos da sindrome metabdlica, incluindo a obesidade (DENG,
2000; OKURA et al.,, 2003; NILSSON et al.,, 2007). Além disso, é sabido que o
desenvolvimento do tecido adiposo envolve adipogénese e angiogénese (CRANDALL et al.,
1997; CAO, 2007), sendo o VEGF responsavel por grande parte da atividade angiogénica
desse tecido (Figura 3) (LOHELA et al., 2009). Nishimura e colaboradores mostraram que a
administracdo de anticorpos anti-VEGF inibe ndo apenas a angiogénese, mas também a
adipogénese, fornecendo evidéncias diretas de que a angiogénese é essencial para a
adipogénese na obesidade (NISHIMURA et al, 2007). Outros estudos ja& mostraram que 0S
niveis circulantes de VEGF sao elevados em individuos com sobrepeso e obesidade (SILHA
et al.,, 2005) e estdo correlacionados positivamente com o IMC (LOEBIG et al., 2010;
ERMAN et al., 2016).



Figura 3 - Regulacdo da angiogénese do tecido adiposo por multiplos fatores.
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Fonte: CAO, 2007. A diversidade de populacdes celulares no tecido adiposo, incluindo pré-adipdcitos e
adipocitos, células de estroma adiposo e células inflamatorias, contribui para a producdo de mdltiplos fatores
angiogénicos e inibidores que regulam a angiogénese adiposa. A interagdo entre diferentes fatores pode resultar
em sinergismo angiogénico. Por exemplo, leptina e VEGF-A ou FGF-2 poderiam estimular sinergicamente a
angiogénese. A hipoxia do tecido pode aumentar a regulacdo positiva dos niveis de expressdo de VEGF e
leptina. E as MMPs poderiam aumentar a biodisponibilidade de fatores angiogénicos pela liberagdo do VEGF
ligado a matriz.

Os recentes avangos na tecnologia genética levaram a descoberta de novos genes
para a obesidade e suscetibilidade a infertilidade, uma vez que a historia familiar e os fatores
genéticos desempenham um papel em ambas as condigdes (BULTLER et al., 2015).
Polimorfismos em genes relacionados a sintese e metabolismo de estrogénio e a angiogénese
tém sido associados com a adiposidade anormal (OKURA et al., 2003; YAMADA et al.,
2002). Em 2012, foi realizado um estudo para avaliar a associacdo de SNPs em 38 genes
envolvidos com a obesidade em afro-americanos (n = 1.173) e caucasianos (n = 1.165). Como
resultado foi observado que o alelo variante (A) para o0 SNP rs1902584 do gene CYP19A1 foi
associado a um aumento no IMC, mas esse SNP ndo permaneceu associado apds correcdo
para testes multiplos. Entretanto, foi observado uma associacdo positiva do alelo variante
desse SNP em pacientes caucasianas que apresentavam um IMC >35 (OR= 1,91; IC 95% =
1,26 - 2,88). (EDWARDS et al., 2012). Recentemente, um trabalho de associacdo genoma
wide (GWAS) realizado com 3194 casos de endometriose e 7060 controles, concluiu que o
locus 7pl5.2 estd associado com a endometriose e a distribuicdo de gordura corporal,
sugerindo que estes fatores podem ter uma base genética compartilhada (RAHMIOGLU et

al., 2015). Embora os dados epidemiologicos possam ser utilizados para uma melhor
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compreensdo da endometriose, outros estudos precisam investigar a genética, 0 meio

ambiente e a fisiopatologia do IMC em mulheres com endometriose.

2.1.3 Diagnostico da endometriose

A Sociedade Americana de Medicina Reprodutiva classifica a endometriose em
quatro estagios: | (minima - escore 1-5, implantes isolados e sem aderéncias significantes), Il
(leve - escore 6-15, implantes superficiais com menos de 5 cm, sem aderéncias significantes),
11 (moderado - escore 16-40, multiplos implantes aderéncias peritubarias e periovarianas
evidentes) e IV (severo - escore > 40, maltiplos implantes superficiais e profundos, incluindo
endometriomas, aderéncias densas e firmes); este sistema de escores é baseado na localizagéo,
extensdo e profundidade das ledes endometrioticas, na presenca e severidade das aderéncias e
na presenca e tamanho de endometriomas ovarianos (ASRM, 1997).

Macroscopicamente, existem trés fendtipos de lesbes endometridticas: a
endometriose peritoneal superficial (SUP), que inclui as pacientes com implantes peritoneais;
o endometrioma (OMA), que inclui os cistos ovarianos tipicos da doenca; e a endometriose
profunda infiltrativa (EPI), que acomete as regides retrocervical e paracervical, além dos
tratos gastrointestinais e genitourinario (NISOLLE e DONNEZ, 1997). Além disso, Bellelis e
colaboradores classificam a endometriose de acordo com a profundidade da lesdo em:
endometriose superficial quando sua profundidade é menor do que 5 mm; e endometriose
profunda quando esta profundidade é maior do que 5 mm (BELLELIS et al., 2010).

O diagndstico da endometriose ndo é tdo simples de ser realizado, ja que muitas
vezes a paciente é assintomatica ou apresenta sintomas inespecificos que ndo orientam quanto
a sua presenca e desse modo dificulta o diagnéstico precoce e assim uma terapéutica de forma
rapida (BALLARD et al., 2006). Para se verificar com precisdo os focos da doenca é
necessaria a realizacdo de laparoscopia, no entanto, o conjunto de diversos achados como a
historia clinica da paciente, o exame fisico e os exames de imagem ja podem predizer que a
paciente apresenta endometriose (NACUL e SPPRITZER, 2010).

O diagnostico clinico da endometriose tem como base a exploracdo dos sintomas e 0
exame ginecoldgico, com a realizacdo do toque vaginal bimanual para poder detectar algum
tipo de nodulo doloroso a palpacéo no férnice vaginal posterior (CHEEWADHANARAKS et
al., 2004; MACCAGNANO et al., 2012).

O diagndstico por imagem € indicado quando a paciente apresenta 0s sintomas

clinicos da endometriose e quando no exame ginecolégico ha dor ao toque vaginal, sugerindo
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a presenca da doenca. Apo0s isso, é indicada a realizacdo de exames de imagem para tentar
identificar e caracterizar as lesdes da endometriose, como a ultrassonografia transvaginal
(USTV) e a ressonancia nuclear magnética (RNM) (HOYOS et al., 2017). A USTV tem sido
proposta como a técnica de primeira linha para avaliar as pacientes com suspeita de
endometriose, pois permite a exploracdo extensiva da pélvis, além de ter um custo menor para
0 sistema Unico de satde (SUS) do que a RNM (LEYLAND et al., 2010). No entanto, o valor
diagnostico da USTV para a avaliacdo de lesdes superficiais e profundas € menos sensivel e
especifico em comparacdo a RNM (GUERRIERO et al., 2013). Saccardi e colaboradores
observaram que a USTV, embora realizada por um operador experiente, alcancou uma boa
especificidade (87,5%), mas uma menor sensibilidade (73,9%) com um valor preditivo
negativo (VPN) de 36,8% (SACCARDI et al., 2012).

A RNM é uma ferramenta de imagem extremamente poderosa na avaliacdo de
pacientes com endometriose, pois sua capacidade multiplanar direta e sua alta resolucéo
tecidual sdo particularmente Uteis na deteccdo de implantes de endometriose profunda
(GUERRIERO et al., 2013). Além de ndo ser uma técnica invasiva, a RNM pode ser realizada
em mulheres em sua idade reprodutiva, pois nenhuma radiacdo ionizante é usada para gerar as
imagens. No entanto, perde para o ultrassom em termos de aplicabilidade no cotidiano por
apresentar um alto custo para as pacientes, além de ser necesséria a presenca de um
radiologista habilitado para a identificacdo dos focos de endometriose (HOTTAT et al.,
2009). Bodzak e colaboradores, em 2013, avaliaram dados atuais sobre a acuracia diagndstica
da RNM na avaliacdo da endometriose e compararam com outros métodos de diagnostico e
concluiram que a RNM é uma ferramenta Util na avaliacdo de pacientes com endometriose
(sensibilidade = 73-96,3%; especificidade = 70-100%), tanto como um método autdbnomo,
como um método complementar ao ultrassom transvaginal, além de permitir o mapeamento
preciso de implantes de endometriose profunda (BIANEK-BODZAK et al., 2013).

Apesar dos métodos de imagens apresentarem uma boa especificidade e
sensibilidade no diagnéstico da endometriose, o padrdo ouro para diagndstico de
endometriose, segundo consenso da Sociedade Européia de Reproducdo Humana e
Embriologia (European Society of Human Reproduction and Embryology - ESHRE) e da
Sociedade Americana de Medicina Reprodutiva (American Society for Reproductive
Medicine - ASRM), é a viodeolaparoscopia com a inspecao direta da cavidade e visualizacéo
dos implantes, além da confirmacéo histopatoldgica da doenca (ASRM, 1997; ESHRE, 2008).
Entretanto, recentemente, um estudo publicado com a participagdo de um dos nossos

colaboradores, avaliou e discutiu criticamente a classificacdo atual da endometriose de acordo
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com a presenca de dor. De acordo com os autores para se ter um sistema ideal de classificagio
da endometriose com relagdo a dor deve-se fornecer informacdes sobre a gravidade e o tipo de
endometriose; correlacionar-se com a gravidade e o tipo de sintoma, incluindo dor e
infertilidade; ser mais acessivel, reproduzivel e facil de executar; e fornecer informacdes
sobre o prognostico da doengca. Como conclusdo, foi observado que nenhum dos sistemas de
classificagdo de endometriose atualmente inclui todas essas informagdes, sendo ainda
necessario mais esforcos no tocante a classificacdo da doenca, para alcancar um sistema ideal,
incluindo o nivel de dor na classificacdo da endometriose (ANDRES et al., 2018).

Ainda hoje, alguns clinicos solicitam como exame complementar para o diagnostico
de endometriose, o marcador CA125 (antigeno de cancer 125), entretanto ele ndo € especifico
para esta doenca (ABRAO, 2000; RUAN et al., 2015). Na busca de um biomarcador
especifico para endometriose, um estudo realizado por Berg e colaboradores, em 2013,
avaliou a distribuicdo do receptor 4 de quimiocina CXC (CXCR4), da molécula de adeséao
celular epitelial (EpCAM), do receptor de estrogénio (ER), do receptor de folato - a (FR-a),
do fator hipoxia-induzida la (HIF-1a), do receptor de progesterona (PGR), e do fator de
crescimento endotelial vascular — A (VEGF-A) em tecido endometrial e concluiu que os
marcadores EpCAM, FR-o, e VEGF-A parecem ser os mais promissores, visto que foram
altamente distribuido no tecido endometrial de pacientes com endometriose (VAN DEN
BERG et al., 2013).

A indicacdo inicial da endometriose normalmente é baseada em uma gama de
sintomas que a paciente pode apresentar e por isso, a doenca € caracterizada por longos
atrasos no diagnostico (NNOAHAM et al, 2011), com até 74% das pacientes que receberam
pelo menos um diagndstico falso (HUDELIST et al., 2012). Em 2016, um estudo
retrospectivo avaliou o tempo decorrido entre o inicio dos sintomas e o diagndstico de
endometriose em um grupo de 139 mulheres holandesas, sendo que a mediana do atraso do
diagnostico foi de 7,4 anos, dividido em 7 meses de atraso do paciente, 35 meses de atraso do
médico da clinica geral e 5 meses de atraso do ginecologista. Além disso, relataram que 0s
determinantes para um atraso no diagndstico foi a idade jovem no inicio dos sintomas, 0 uso
de contraceptivos orais ou analgésicos prescritos por clinico geral, os diagnésticos
alternativos considerados pelo clinico geral e os sintomas ciclicos. Enquanto que a
subfertilidade, como sintoma de apresentacdo, resultou em um diagndstico mais rapido
(STAAL et al, 2016).

Recentemente, Coutinho e colaboradores realizaram uma revisdo exploratéria da

literatura a fim de discutir sobre os possiveis biomarcadores para o diagnostico da
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endometriose. Contudo, a grande maioria dos biomarcadores com potencial diagnostico foi
descartado logo na fase de pesquisa e apenas 0 CA-125 permaneceu para a pratica clinica, no
entanto ele ndo é especifico para a endometriose. Dentre eles enconcontram-se fatores
envolvidos no processo inflamatorio cronico da endometriose, como hormonios (aromatase,
receptores do estrogénio e da progesterona, prolactina, leptina, hormonio luteinizante e
tireotréfico, activina A, folistatina e urocortina 1), citocinas (interleucina-6, 19, 22 e 33 e fator
de necrose tumoral-alfa), quimiocinas (interleucina-8, proteina 1 quimioatrativa de monaocitos
e ligante 5 da quimiocina motivo C-C), fatores angiogénicos (VEGF), marcadores de estresse
oxidativo (paraoxonase-1, carbonilas e tiois), entretanto, nenhum conseguiu com sucesso
identificar com precisdo a doenca. Por fim, a busca por um biomarcador ou até um conjunto
deles ainda é um campo amplo, sendo possivel, hoje em dia, se beneficiar das novas
abordagens de biologia molecular e bioinforméatica para explorar e descobrir perfis
moleculares associados a doenca (COUTINHO et al., 2019).

Dessa forma, até o momento, ainda ndo existe um biomarcador com especificidade
adequada para o diagndstico e/ou prognostico da endometriose (ABRAO et al, 2003; ABRAO
et al., 2015; AHN et al., 2017; COUTINHO et al., 2019). Assim, existe ainda um campo
vasto de investigacdo nesta area, tendo em vista que entender os fatores envolvidos no
desenvolvimento dos focos de endometriose, bem como a etiopatogenia da doenca, pode
contribuir e direcionar esfor¢os para otimizar o diagnostico e direcionar o tratamento da

endometriose.

2.1.4 Tratamento da endometriose

O alivio dos sintomas constitui o principal objetivo do tratamento da endometriose,
ja que o arsenal medicamentoso existente ndo dispde de nenhum farmaco capaz de erradicar
por completo os focos ectopicos de tecido endometrial que caracterizam a doenca (ABRAO,
2000; NACUL e SPRITZER, 2010). O tratamento de escolha depende da idade da paciente, a
presenca de infertilidade, o nimero de 6rgdos afetados, a gravidade dos sintomas, ou uma
patologia pélvica associada. (NACUL e SPRITZER, 2010). Dentre os tratamentos clinicos
mais difundidos para a endometriose estdo as combinagBes estroprogestogénicas,
progestogénios isolados e analogos do horménio liberador de gonadotrofina (GnRH). Esses
agentes inibem o crescimento dos implantes por decidualizacéo e atrofia do endométrio ou
por meio da supressdo dos hormonios esteroides ovarianos e inducdo de um estado de
hipoestrogenismo (NACUL e SPRITZER, 2010; FERRERO et al., 2015; TAFI et al., 2015).
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O uso de inibidores de aromatase, uma das enzimas envolvidas na sintese do estrogénio, bem
como de medicamentos que associam estrogénio e progesterona em diferentes doses, tém se
mostrado eficazes no tratamento da dor associada a doenca e acarretam menos efeitos
adversos do que andlogos do GnRH. Por essa razdo, atualmente, 0s estroprogestogénicos sdo
a primeira escolha no tratamento da dor associada a endometriose, seguidos pelos
progestogénios isolados e pelos analogos de GnRH, em ultimo caso. (MARQUI, 2015)

O tratamento cirurgico da endometriose compreende desde procedimentos de baixa
complexidade, como cauterizacdo de focos superficiais e liberacdo de aderéncias
velamentosas, até intervencGes complexas nos ovarios, intestino, bexiga e ureteres. Contudo,
a video-laparoscopia assume um papel relevante no controle da endometriose, pois permite ao
ginecologista identificar e remover todos os focos da doenca durante o ato cirdrgico (KHO e
ABRAO, 2012). Atualmente, sabe-se que ndo ha associacio entre a gravidade dos sintomas e
a extensdo da doenca, bem como com o prognéstico reprodutivo de infertilidade e de
recorréncia de dor em longo prazo (VERCELLINI et al., 2006; YU et al., 2015). Por isso
muitas vezes se preconiza o tratamento cirirgico apenas para pacientes que nao respondam ao
tratamento medicamentoso, bem como para aquelas que desejam engravidar espontaneamente
(VERCELLINI et al., 2009).

O tratamento para a endometriose traz um encargo econdmico consideravel, tanto
para as pacientes como para o sistema publico de saude. Fuldeore e colaboradores, em 2015,
realizaram um estudo retrospectivo nos Estados Unidos, envolvendo pacientes com
endometriose, sobre a utilizacdo de recursos de salde e dos custos com o diagnostico e
tratamento com dados pré e pds-diagndstico, em comparacdo a uma coorte de mulheres sem a
doenga. As pacientes com endometriose apresentaram uma extensa utilizagdo dos servicos de
ambulatorio e sala de emergéncia durante todos os 10 nos de seguimento e uma maior
utilizacdo dos servicos hospitalares durante os cinco anos pos-diagnoéstico (tratamento). Além
disso, 0s custos totais para pacientes com endometriose foram maiores no primeiro ano de
pos-diagndstico, atingindo $13.199 ddélares, em comparacdo com $3.747 dblares para 0s
controles (FULDEORE et al., 2015). Além disso, recentemente, foi realizada uma analise de
dados secundarios no periodo de 2008 a 2012, a fim de determinar a carga econémica de
pacientes com EPI na Alemanha. Foram analisados os dados de 825 mulheres com EPI, sendo
que 41% dessas pacientes apresentaram pelo menos uma doenca adicional do peritonio. Os
custos totais de cuidados de salde por caso de EPI foram de 12.868 euros no ano de
diagnostico. Antes da cirurgia, 0s custos anuais médios variaram entre 548 e 2.475 euros por

caso e apos a cirurgia entre 1.739 e 2.818 euros por caso. No total, os custos médios foram
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mais elevados nas mulheres mais jovens em comparagdo com as mulheres mais velhas, com
uma diferenca de custo de 616 euros (KOLTERMANN et al., 2016).

2.1.5 Etiologia da endometriose

A origem da endometriose ainda ndo esta totalmente esclarecida, no entanto, existem
maltiplas teorias que tentam explicar o surgimento da doenga, como a menstruacdo
retrograda, a metaplasia, os fatores imunes e genéticos (ASGHARIA et al., 2018).

Até o momento, a teoria mais aceita € a da menstruacdo retrégrada proposta por
Sampson em 1927, a qual sugeriu que durante a menstruacdo fragmentos endometriais sofrem
fluxo menstrual retrégrado, retornando pelas tubas uterinas, onde se aderem e infiltram-se na
cavidade peritoneal favorecendo o surgimento dos focos endometridticos (Figura 4). 1sso
pode ser sustentado pelos estudos realizados em meios de cultura e em animais, na qual 0s
fragmentos de endométrio quando transplantados levam a formagdo dos focos de
endometriose (KOKS et al., 1997; GIUDICE et al., 2010).
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Figura 4 - Teoria da menstruacao retrégrada.

Endometriosis

Fonte: GROOTHUIS et al., 2005. Durante a menstruagdo fragmentos do endométrio sofrem refluxos (1) através
das tubas uterinas para dentro da cavidade abdominal (2). Os fragmentos se aderem a superficie peritoneal (3),
invadem (4), e adquirem um suprimento de vasos sanguineos (5).

Apesar da teoria da menstruacéo retrograda ser bem aceita, 0s mecanismos celulares
e moleculares ainda ndo estdo claros, pois o fluxo menstrual retrogrado € um processo
fisioldgico que ocorre em aproximadamente 90% das mulheres, sendo o sistema imune capaz
de eliminar esses restos de fragmentos e prevenir implantagfes e crescimento endometriais
futuros (SIMPSON, 2000). Assim, um mau funcionamento do sistema imunolégico também
contribui para o surgimento da endometriose, uma vez que os fragmentos endometriais fora
da cavidade uterina ndo séo reconhecidos por este sistema (AHN et. al., 2015; JEUNG et. al.,
2016). Diversos estudos tém observado que os niveis de macrdfagos ativados, células B,
células T e citocinas inflamatorias estdo aumentados em mulheres com endometrioses,
podendo estar gerando um ambiente propicio para o crescimento e sobrevivéncia do tecido
endometrial ectopico, em vez da extingdo destes implantes. (D'HOOGHE et. al., 2003;
KHAN et. al., 2008; JEUNG et. al., 2016).

Outra teoria proposta foi a de Meyer e colaboradores na qual sugeriram que as lesdes
endometridticas podem se originar de células do peritbénio que, submetidas ao estrogénio,
sofreram metaplasia e passaram a exibir caracteristicas de células endometriais (teoria da
metaplasia celémica) (ROBBOY e BEAN, 2010). Os estudos que suportam essa teoria
possuem evidéncias que o epitelio e as glandulas endometriais sdo resultado de indugéo, mas
ndo ha evidéncias de formagdo de estroma endometrial no final do processo metaplésico
(ABRAO, 2000).
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As propriedades hereditarias ou adquiridas do endométrio e peritbnio sdo outra
possivel explicacdo para o surgimento da endometriose e tém sido altamente investigadas na
busca de fatores que influenciam a predisposicdo para a implantacdo das células endometriais
(BURNEY e GIUDICE, 2012), visto que a maioria das mulheres apresentam a menstruacéo
retrograda, mas apenas uma minoria desenvolve a doenca (BRICOU et al., 2008). A etiologia
genética da endometriose é complexa e contribui com aproximadamente metade de variagao
do risco de desenvolvimento da doenca, com uma estimativa de heritabilidade de 51%.
(VERCELLINI et al., 2013). Desse modo, a suscetibilidade genética na endometriose tem
sido uma &rea crescente na identificagdo de polimorfismos genéticos que poderiam influenciar
no desenvolvimento da doenca (BURNEY e GIUDICE, 2012). Um estudo entre gémeos
monozigéticos (MZ) e dizigbticos (DZ) com histéria de endometriose autorreferida ou
validada por registros médicos, que participaram dos projetos de pesquisa Screening Across
the Lifespan Twin (SALT) (1998-2002) ou Swedish Twin Study of Adults' Genes and
Environments (STAGE) (2005-2006), mostrou uma contribuicdo genética de 47% (95 % IC,
36% - 57%) para a herdabilidade da endometriose, reforcando a hipdtese da influéncia
genética nas manifestacGes fenotipicas da doenca (SAHA et al., 2015).

Apesar dessas diferentes teorias propostas para explicar o desenvolvimento da
endometriose, a etiologia da doenca continua sendo um campo vasto para investigacoes.
Como descrito anteriormente, o estrogénio € um hormonio predominante nas pacientes com
endometriose, e o0 estudo de sua sintese e regulacdo, principalmente pela acdo da
progesterona, poderia ajudar a compreender a fisiopatologia dessa doenca (BARBOSA et al.,
2011; BRAR et al., 2015).

2.2 PAPEL FISIOLOGICO DO ESTROGENIO E DA PROGESTERONA NO CICLO
MENSTRUAL

O estrogénio € um horménio esteroide produzido principalmente pelos foliculos
ovarianos estando envolvido no desenvolvimento de caracteristicas femininas, sendo a
estrona, o estradiol e o estriol os principais estrogenos presente nas mulheres (SAMAVAT e
KURZER, 2015; SILVA et al., 2015; BERNARDI et al., 2019). Ja a progesterona é um
horménio também esteroide relacionado com a reproducdo e implantacdo embrionaria,
produzida majoritariamente pelo corpo ldteo, sendo uma importante precursora na biossintese
de todos os hormdnios sexuais (testosterona e estrogénio). (LIANG et al., 2018). Ambos 0s

horménios tem o papel de influenciar de maneira ciclica o endométrio, mucosa que reveste
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internamente a parede uterina, fazendo com que as células desse tecido sofram mudancas na
preparacdo para a implantagdo embrionéria (TABIBZADEH, 2002).

O endométrio é composto pelas camadas funcional e basal, sendo a funcional voltada
para o limen do Utero, e a basal localizada ao lado do miométrio (camada muscular do Utero).
Vale ressaltar que a camada funcional é a que mais sofre acdo hormonal e se desprende da
camada basal durante o processo de menstruagdo, sendo posteriormente reconstituida no ciclo
sequinte (Figura 5). Histologicamente, o endométrio é uma estrutura composta por glandulas
tubulares simples envolvidas por um estroma endometrial amplamente vascularizado
(TABIBZADEH, 1990; EMMERSON e GARGETT, 2016).

O ciclo menstrual geralmente dura 28 dias (Figura 5), podendo variar entre 21 e 35
dias, sendo dividido em trés fases: menstrual, proliferativa e secretora (BRAR et al., 2015). O
primeiro dia do ciclo é o primeiro dia da menstruacdo, com a descamacdao do endométrio.
Posteriormente, a fase proliferativa inicia o remodelamento tecidual, sendo caracterizada por
uma intensa divisdo das células e glandulas do endométrio mediada por um aumento dos
niveis de estrégenos. Apos a ovulacdo, se inicia a fase secretora, na qual ocorre a maturacao
do endométrio pela diminuicdo dos niveis de estrogénio e um aumento nos niveis de
progesterona, que reduz a proliferagdo celular. Caso ndo ocorra a fecundacdo, inicia-se
novamente a fase menstrual, onde ha a diminuicdo dos hormdnios estrogénio e progesterona
provocando a descamagdo do endométrio funcional (menstruacéo). (TABIBZADEH, 2002;
AITKEN et al., 2008; BRAR et al., 2015; EMMERSON e GARGETT, 2016).

Figura 5 - Esquema das alteracfes no endométrio humano durante o ciclo menstrual,

ilustrando o crescimento, diferenciacéo e degradacdo das camadas funcionais.
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Fonte: Adaptado de Emmerson e Gargett, 2016.

Outro importante papel dos hormdnios sexuais femininos no ciclo menstrual é a sua
influéncia direta na liberacdo e atividade das metaloproteinases de matriz (MMPs), na qual
sdo responsaveis por manter o equilibrio entre o processo de sintese e degradacéo de proteinas
da matriz extracelular (BRUNER-TRAN et al., 2002). A medida que os niveis de estradiol e
progesterona mudam ao longo do ciclo menstrual, também ocorre a alteragdo na expressao
das MMPs (GRZECHOCINSKA et al., 2017).

As MMPs sdo um grupo de proteinas enzimaticas com atividade proteolitica e
derivam da familia das endopeptidase (SNOEK-VAN BEURDEN et al., 2005). A atividade
dessas enzimas na superficie do endométrio indica seu papel inicial na degradacdo da parede
arterial durante o sangramento menstrual, entretanto seus niveis sdo diferentes ao longo do
ciclo menstrual (HENRIET et al., 2002). A maioria das MMPs tem sua expressdo maxima na
menstruacdo, mas outras permanecem indetectaveis na fase proliferativa ou secretora e ainda
existem aquelas que permanecem constantes durante todo o ciclo menstrual (NOGUCHI et
al., 2003). Por fim, a transformacdo endometrial ciclica, proliferacdo, alteracdes secretoras,
bem como a coordenacdo desses processos, dependem diretamente das MMPs
(GRZECHOCINSKA et al., 2017).

No entanto, um desequilibrio hormonal durante o ciclo pode favorecer o surgimento
da endometriose, fazendo com que as mulheres, principalmente em idade reprodutiva, tenham
uma alta resposta ao estrogénio e uma baixa resposta a progesterona (ESKENAZI e
WARNER, 1997; FERRERO et al., 2014, PATEL et al., 2017; SUSHEELAMMA et al.,
2018).

2.3 ESTROGENIO, PROGESTERONA E MMP NA ENDOMETRIOSE

Diversos estudos reportam um aumento na producéo de estrogénio em mulheres com
endometriose (HAN et al., 2015; IZAWA et al., 2015; CHEN et al., 2016). Um estudo
realizado por Delvoux e colaboradores, em 2009, comprovou que as lesdes endometrioticas
sdo capazes de criar um ambiente hiperestrogénico mediante um aumento da conversdo de
estrona em estradiol e uma diminuicdo da conversdo de estradiol em estrona (DELVOUX et
al, 2009). Além disso, a proliferacdo dos fragmentos endometriéticos requer preseca de
estradiol, que é fornecido pelos horménios sisttmicos, e também localmente a partir do

aumento da expressdo da aromatase e da proteina reguladora aguda esteroidogénica e a
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diminuigdo da expressdo da 17p-hidroxisterdide desidrogenase 2 pelas lesdes endometridticas
(ZONDERVAN et al., 2020).

Existem diversas enzimas relacionadas a producéo dos estrégenos (Figura 6), sendo a
CYP17A1, a CYP19A1 e a CYP2C19 envolvidas nas principais etapas desta via (CHENG et
al., 2001; BELL et al., 2008; DALY, 2015). A CYP17A1, também conhecida como 17 alfa-
hidroxilase, € uma das enzimas responsaveis pelas etapas iniciais da sintese dos estrogenos,
convertendo a pregnenolona em 17a-hidroxipregnenolona e, posteriormente, em
dehidroepiandrosterona. Ja a CYP19A1, também conhecida como aromatase, é responsavel
pelas etapas finais da sintese dos estrogenos, convertendo androstenediona em estrona e
testosterona em estradiol (BELL et al., 2008). A CYP2C19 esta envolvida no metabolismo do
estradiol, principal horménio sexual feminino, e da estrona, que é o segundo estrogénio
predominante na circulacdo da mulher, participando do catabolismo destes hormonios
(CHENG et al., 2001; CRIBB et al., 2006; LAVADO et al., 2014). Além disso, também esta
envolvida no metabolismo de muitos medicamentos (LU et al., 2017), na desintoxicacdo de
possiveis carcindgenos (YAN et al.,, 2014) e na bioativacdo de alguns procarcinogénicos
ambientais (DZUL-CAAMAL et al., 2014).

Figura 6 - Representacdo esquematica da biossintese e metabolismo do estrogénio.
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Fonte: Adaptado de Bell et al, 2008. A conversdo enzimatica do colesterol em estrogenos 17p-estradiol e estrona
€ um processo que envolve varias etapas catalisado pelos membros da familia citocromo P450 (CYP), 3B-
hidroxister6ide desidrogenase (HSD3B) e 17B-hidroxisterdide desidrogenase (HSD17B).
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A progesterona também esta envolvida na patogénese da endometriose, pois € um
potente antagonista do estrogénio e, dessa forma, tem papel essencial na regulacdo da
proliferacdo de células endometriais (VAN KAAM et al., 2007). A agdo da progesterona €
mediada pela interacdo com seu receptor, que possui duas isoformas, a PR-A e a PR-B (VAN
KAAM et al., 2007; LAMP et al., 2011; PATEL et al., 2015). Em circunstancias normais, a
progesterona, agindo principalmente via PR-B, é necessaria para a transicdo apropriada da
fase proliferativa para a secretora. Além disso, na maioria dos tipos celulares, o PR-B possui
uma forte atividade transcricional, enquanto que o PR-A, possui uma atividade transcricional
minima, podendo também reprimir a atividade transcricional do PR-B (GIANGRANDE et al.,
2000).

Em 2015, Bedaiwy e colaboradores compararam a abundéncia e a localizagéo celular
das isoformas do receptor da progesterona (PR-A ou PR-B) no endométrio eutopico de
mulheres com (n = 18) e sem endometriose (n = 20) e nas lesdes endometridticas (peritoneal e
ovariana; n = 18) usando ensaios de imuno-histoquimica e immunobloting. Foi observado que
os niveis das isoformas PR-A e PR-B foram detectados no endométrio eutdpico e na
endometriose peritoneal e ovariana, mas nao no periténio livre de doenca de pacientes com e
sem endometriose. Além disso, o nivel médio de PR-A foi significativamente maior no
endométrio das mulheres com endometriose em ambas as fases secretora e proliferativa
quando comparado com os controles. Por fim, também foi mostrado que a endometriose
ovariana tem maior predominéancia da isoforma PR-A em compara¢do com a peritoneal. Estes
dados sugerem que o aumento da razdo PR-A/PR-B contribui para o desenvolvimento e a
progresséo da doenca (BEDAIWY et al., 2015).

Em outro estudo, Wolfler et. al, em 2016 avaliaram a expressdo de PR-A e PR-B no
endomeétrio eutdpico de mulheres com endometriose (n = 16) em comparacdo com mulheres
sem a doenca (n = 10) ao longo do ciclo menstrual. Foi observado que ndo houve qualquer
alteracdo na expressédo de PR-A e PR-B dependente do ciclo nas mulheres portadoras de
endometriose, ao contrario do grupo controle, que apresentou expressdo aumentada de PR-A e
PR-B no inicio da fase secretora. Estes resultados sugerem que a expressao irregular das
isoformas PR-A e PR-B durante o ciclo menstrual pode influenciar nos implantes
endometrioticos iniciais, bem como na liberacdo e atividade das metaloproteinases
(WOLFLER et al., 2016).

Dentre as MMPs com maior atividade estromal e peri-arterial durante o sangramento

menstrual destaca-se a MMP-3 (estromelisina-1). Esta MMP € conhecida por lisar o colageno
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IV da membrana basal e induzir a sintese de outras metaloproteinases de matriz (MMPs), tais
como a MMP-1 e a MMP-9 (BRINCKERHOFF et al., 2000, VAN THEMSCHE et al., 2004).
A MMP-3 pode participar do processo de invasdo e remodelacdo tecidual no endométrio
ectdpico, que € a principal hipotese na patogénese da endometriose (COX et al., 2001). Além
disso, a MMP-3 é amplamente expressa durante o ciclo menstrual e exibe padres de
expressdo especificas no momento do reparo e crescimento do endométrio mediado pelo
estrogénio (RODGERS et al., 1994). Gilabert-Estelle’s e colaboradores mostraram que a
expressao do mMRNA da MMP-3 foi significativamente maior no endometrio de mulheres com
endometriose do que nos controles (GILABERT-ESTELLE’S et al., 2007), confirmando
alguns estudos anteriores que verificaram o mesmo efeito (SILLEM et al., 2001; GILABERT-
ESTELLE'’S et al., 2003). Corroborando com esses resultados, foi demonstrada uma diferencga
significativa no nivel do mRNA da MMP-3 no sangue periférico de mulheres com
endometriose infilitrativa (1.56; 0.2-5.5) e ovariana (1.42; 0.3-6.5) quando comparado aos
controles (1; 0.1-1.9), sugerindo que este gene pode ter um papel importante no
desenvolvimento da doenca (MABROUK et al., 2012).

Portanto, enzimas envolvidas no metabolismo e acdo dos hormdnios estrogénio e
progesterona, atuam em conjunto na regulacdo do crescimento do tecido endometrial
ectopico, estimulando e inibindo a proliferacdo celular, respectivamente, sendo alvos
importantes para o entendimento da patogénese da endometriose (BARBOSA et al., 2011).

2.3.1 Polimorfismos em genes que codificam as enzimas envolvidas na via dos hormonios

sexuais femininos.

A enzima CYP17A1 é codificada pelo gene de mesmo nome, localizado no braco
longo do cromossomo 10 (CAREY et al., 1994). Dentre os polimorfismos ja descritos no
gene CYP17A1 (Figura 7), destaca-se 0 SNP -34A>G (rs743572), localizado na regidao 5’ ndo
traduzida (5°’UTR) do gene. A presenga do SNP cria um sitio promotor adicional (CCACC
Box), aumentando a transcri¢do da enzima 17 alfa-hidroxilase, resultando a produgdo de mais
andrégenos precursores que sdo posteriormente convertidos em estrogénio (HAIMAN et al.,
1999; GHISARI et al., 2014).
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Figura 7 - Estrutura do gene CYP17A1 e localizagdo dos SNP, com destaque ao SNP -34
A>G (rs743572).
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Fonte: Adaptado de ZHAO et al., 2008. O SNP -34 A>G (rs743572) esta destacado em circulo.

A enzima CYP19A1 é codificada pelo gene de mesmo nome, que esta localizado no
braco longo do cromossomo 15 (GHISARI et al., 2014). O gene CYP19A1 também é bastante
polimorfico e o SNP 1531G>A (rs10046) esta localizado na regido 3’UTR deste gene (Figura

8), responsavel por provocar alteracdo nos niveis de estradiol circulante (GHISARI et al.,
2014).

Figura 8 - Estrutura do gene CYP19A1 e localizagdo do SNP 1531G>A (rs10046).
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Fonte: Adaptado de ARTIGALAS et al, 2015. O SNP 1531G>A (rs10046) esta destacado em circulo.

A CYP2C19 e uma proteina codificada pelo gene de mesmo nome, localizada no
braco longo do cromossomo 10, composta por 490 aminoacidos e com peso molecular
aproximado de 55 KDa (kilodalton) (XIE et al. 2001). Entre as variantes alélicas conhecidas
desta enzima, se destacam o CYP2C19*2, localizado no éxon 5, caracterizado pela

substituicdo de uma guanina por uma adenina na posicédo 681 (681G>A) e o CYP2C19*17,
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localizado na regido promotora do gene, caracterizado pela substituicdo de uma citosina por
uma timina na posicéo -806 (806C>T) (Figura 9). Estes por sua vez, sdo classificados como
metabolizadores lentos e ultra-rapidos, respectivamente, resultando na diminui¢cdo ou no
aumento da capacidade metabdlica da enzima CYP2C19 (SIBBING et al., 2010; DALY,
2015). O CYP2C19*2 é um SNP sin6nimo na qual ndo causa alteragdo no aminoacido, mas
cria um local de splicing alternativo, resultando em uma proteina truncada e ndo funcional
(DE MORAIS, 1994). Ja o CYP2C19*17, por este SNP estd localizado em uma regido
regulatéria, pode influenciar no nivel de expressao da proteina, aumentando a transcricdo do
gene CYP2C19 de 2-4 vezes (SIBBING et al. 2010).

Figura 9 - Estrutura do gene CYP2C19 e localizacdo dos SNPs *2 (rs4244285) e *17
(rs12248560).
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Fonte: Adaptado de SUGIMOTO et al., 2014. Os SNPs *2 (rs4244285) e *17 (rs12248560) estdo destacados em

circulos.

O gene PGR, localizado no braco longo do cromossomo 11, é responsavel por
codificar as duas isoformas do receptor da progesterona (PR-A e PR-B) pela transcricdo de
promotores alternativos (LAMP et al., 2011), representados na figura 10. O polimorfismo
+331C>T (rs10895068), localizado na regido promotora do gene PGR, cria um TATA box
adicional aumentando a transcricdo do PGR e favorecendo a producdo de PR-B (Figura 11)
(DE VIVO et al., 2002; VAN KAAM et al., 2007).



Figura 10 - Isoformas do receptor da progesterona produzidos pelo gene PGR.
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Fonte: Adaptado de PATEL et al, 2015. Os principais transcritos de mRNA séo derivados de locais iniciais de
traducdo controlados pelos promotores PR-B (distal) e PR-A (proximal). Os principais produtos proteicos (em
caixa) sdo o PR-B completo produzido a partir de PR-BmRNA e iniciado a partir do primeiro AUG, e o0 PR-A
que é produzido a partir do mRNA de PR-A e iniciado a partir do segundo AUG. Os receptores contém dominios

funcionais tipicos da familia de receptores nucleares.

Figura 11 - Estrutura do gene PGR e localizacdo do SNP +331C>T (rs10895068).
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Fonte: Adaptado de GOLD et al., 2004. O SNP +331C>T (rs10895068) esté destacado em circulo.

O gene MMP-3 esté localizado no brago longo do cromossomo 11 (11¢g22.3), contém
10 éxons, e codifica uma enzima que degrada fibronectina, laminina, colagenos e
proteoglicanos de cartilagem. Dentre os polimorfismos encontrados para esse gene se destaca
0 SNP 276A>G (rs679620 - E45K), localizado no éxon 2, que codifica uma variante ndo
sinbnima de Lisina-Glutamina no 45° aminoacido (em um pro-dominio de 18 a 99°
aminoacidos) da MMP-3 (Figura 12). A remog¢do de uma porcdo do pré-dominio resulta em
mudancas conformacionais e torna a ativagdo autocatalitica rapida para gerar uma enzima

totalmente ativa (NAGASE et al., 1990). Embora ndo haja evidéncia direta que indique o
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papel funcional do 45° aminodcido, ele pode estar envolvido no processo de ativacdo de
proteinas.

Figura 12 - Estrutura do gene MMP-3 e localizacdo do SNP 276 A>G (rs679620).
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Fonte: Adaptado de RALEIGHL, et al., 2009. O SNP 276 A>G (rs679620) esta destacado em circulo.

Além dos efeitos que os horménios podem causar no desenvolvimento da
endometriose, a angiogénese também tem sido amplamente estudado (MACHADO et al.,
2008; PERINI et al., 2014; CARDOSO et al., 2016a, CARDOSO et al., 2016b), visto que é
um evento essencial para a implantacdo e manutencdo dos focos de endometriose. A
angiogénese € a formagdo de novos vasos sanguineos a partir de uma rede vascularizada
preexistente que leva oxigénio e nutrientes necessarios para as células. E um processo que
envolve varias etapas, incluindo a ativacdo de células endoteliais, quebra da membrana basal e
degradacdo da matriz extracelular e migracdo e proliferacdo dessas células (FIGG e
FOLKMAN, 2008; TAHERGORABI e KHAZAEI, 2012). As MMPs, grupo importante de
enzimas dependentes de zinco responsaveis por essa degradacdo, representam um ponto
importante na angiogénese (ABBAS et al., 2005). Sua atividade é controlada pela regulacdo
transcricional, pela ativacdo da pré-enzima e inibicdo por meio das TIMPs (inibidores
teciduais especificos de MMPs). Um estudo investigou 0 modo de implantacdo do endométrio
na cavidade abdominal, e revelaram que a degradagéo e reconstrucdo da matriz extracelular
(MEC) foram os elementos centrais da implantacdo do endométrio (UMEZAWA et al., 2012).
Além disso, estudos tém demonstrado que a expressdo de MMP ¢é significativamente
aumentada no endométrio ectopico, indicando que as MMPs podem participar no
deslocamento do endométrio (CHEN et al., 2010; MACHADO et al., 2010; JIAO et al.,
2013). Entre a familia das MMPs, a MMP-3 se destacam por desempenhar um papel muito
importante no desenvolvimento da endometriose.

A enzima MMP-3 também participa do processo angiogénico degradando os

elementos da matriz extracelular possibilitando a migracdo e a formacdo de tubos pelas
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células endoteliais (KLAGSBRUN, 1991; DICARLO et al., 2009). Em 2015, Xuan e
colaboradores encontraram uma maior expressdo de MMP-3 nas lesbes endometriticas
qguando comparado ao endométrio normal, confirmando sua importante influéncia na etiologia
da doenca (LV et al., 2015).

Além disso, atualmente diversos estudos tém demonstrado a contribuicdo de genes
envolvidos no processo angiogénico e o desenvolvimento da endometriose (SUNDQVIST et
al., 2013; SAHA et al., 2015; RAHMIOGLU et al., 2015). Recentemente, nosso grupo
publicou dois artigos referentes ao papel dos SNPs de VEGF e KDR como fatores de risco
para endometriose e demonstrou que os SNPs VEGF -2578C>A e -1154G>A foram
positivamente associados com a suscetibilidade & endometriose, enquanto que os SNPs VEGF
+405G>C e KDR 1192C>T foram associados negativamente com a doenca. Além disso, foi
sugerido que existe uma interacdo gene-gene significativa entre VEGF e KDR, contribuindo
para o entendimento da etiologia da endometriose (PERINI et al., 2014; CARDOSO et al.,
2016b). A partir disso, com o intuito de continuar nessa linha de raciocinio, a presente tese foi
avaliar polimorfismos do gene da MMP-3, visto que esta enzima possui uma grande
importancia no ciclo menstrual, sendo regulada pelos hormonios sexuais femininos, para o
inicio do processo angiogénico e no desenvolvimento da endometriose (COX et al., 2001;
BRUNER-TRAN et al., 2002; MEOLA et al., 2010).

Os SNPs PGR +331C>T, CYP17A1 -34A>G, CYP19A1 1531G>A, CYP2C19*2,
CYP2C19*17 e MMP-3 276A>G possuem uma frequéncia relativamente alta nas populacdes
brasileira, americana e europeia (acima de 10%; unicamente 0 SNP PGR +331C>T possui
uma frequéncia de 5 & 7%) (DE CARVALHO et al., 2007; PEARCE et al., 2008; SANTOS et
al., 2011; LETRA et al., 2012; WIELSQE et al., 2018) e podem acarretar mudancas na
expressao e funcdo da proteina, o que justifica o interesse em estuda-los (GHISARI et al.,
2014; DALY, 2015). Ainda assim, os dados de associacdo destes SNPs com a endometriose,
publicados anteriormente, sdo controversos e escassos (KADO et al., 2002; HSIEH et al.,
2004; HSIEH et al., 2005; JUO et al., 2006; DE CARVALHO et al., 2007; HUR et al., 2007;
VAN KAAM et al., 2007; CAYAN et al., 2009; VIETRI et al., 2009; BOZDAG et al., 2010;
YANG et al., 2010; LAMP et al., 2011, PAINTER et al., 2011; TRABERT et al., 2011;
PAINTER et al., 2014; WANG et al., 2014; CONG et al., 2018; MOUSAZADEH et al.,
2019).
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2.3.2 Associagdo dos SNPs dos genes PGR, CYP17A1, CYP19A1, CYP2C19 e MMP-3 no

desenvolvimento da endometriose

Ao longo dos ultimos anos, tem sido cada vez mais investigada a associacdo entre
variantes genéticas e a suscetibilidade da endometriose (ALBERTSEN et al., 2013;
RAHMIOGLU et al., 2014). Até o momento a literatura dispde de 4 artigos que avaliaram a
associacdo do SNP PGR +331C>T com a endometriose (VAN KAAM et al., 2007; LAMP et
al., 2011, TRABERT et al., 2011; MOUSAZADEH et al., 2019), 9 do SNP CYP17A1l -
34A>G (JUO et al., 2006; KADO et al., 2002; HSIEH et al., 2004; HSIEH et al., 2005; DE
CARVALHO et al., 2007; VIETRI et al., 2009; BOZDAG et al., 2010; TRABERT et al.,
2011; CONG et al., 2018), 4 do SNP CYP19A1 1531G>A (HUR et al., 2007; LAMP et al.,
2011; YANG et al., 2010; WANG et al., 2014), 4 do SNP CYP2C19*2 (CAYAN et al., 2009;
BOZDAG et al., 2010; PAINTER et al., 2011; PAINTER et al.,, 2014) e 2 do SNP
CYP2C19*17 (PAINTER et al., 2011; PAINTER et al., 2014). Em relagdo ao SNP 276A>G
do gene MMP-3, ndo existe nenhum estudo que avaliou esse SNP no desenvolvimento da
endometriose, sendo ainda necessario sua investigacdo. Os dados de associacdes dos SNPs
PGR +331C>T, CYP17A1 -34A>G, CYP19A1 1531G>A, CYP2C19*2 e CYP2C19*17 com

a endometriose estdo resumidos na tabela 1.
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Tabela 1 - Dados de associacdo dos SNPs PGR +331C>T, CYP17Al -34A>G, CYP19Al
1531G>A, CYP2C19*2 e CYP2C19*17 com a endometriose em diferentes populagdes

Frequéncia do alelo
variante

Associacio

SNP Populagdo N Casos (%) Controles Endometriose Referéncia
Y (%)
Holanda 165 2,3 9,7 Protecéo Van Kaam et al., 2007
PGR +331 Estonia 349 6,7 8,8 Sem associacéo Lamp et al., 2011
C>T USA 823 51 4,8 Sem associacdo Trabert etal., 2011
(rs10895068) Mousazadeh et al
Ird 200 1,0 1,0 Sem associacdo B
2019
Japao 317 42,9 39,8 Sem associacdo Kado et al., 2002
China 247 50,8 60,2 Risco Hsieh et al., 2004
China 227 50,8 62,9 Risco Hsieh et al., 2005
China 510 58,2 54,3 Sem associagédo Juo et al., 2006
CYPL7AL -34 De Carvalho et al
A>G Brasileira 401 37,6 42,1 Sem associacdo 2007 N
(rs743572) . - I
Italia 190 42,3 37,2 Sem associacdo Vietri et al., 2009
Turquia 93 57,6 30,8 Sem associagédo Bozdag et al., 2010
USA 823 34,8 39,3 Sem associacdo Trabert etal., 2011
China 291 50,7 42,2 Risco Cong etal., 2018
Coréia 412 55,8 55,9 Sem associacdo Hur et al., 2007
f;ilg/'\i China 202 35,3 41,0 Sem associagédo Yang et al., 2010
>
(rs10046) Estonia 349 45,0 40,2 Sem associacdo Lamp et al., 2011
China 371 42,5 43,6 Sem associacao Wang et al., 2014
Turquia 100 17,0 7,0 Risco Cayan et al., 2009
Cégfgli*z Turquia 85 2,2 0,0 Sem associagédo Bozdag et al., 2010
>
(rs4244285) Austrélia 7060 >5,0 >5,0 Risco Painter et al., 2011
Austrdlia  3.210 17,0 13,0 Risco Painter et al., 2014
CYP2C19*17  Austrdlia 7060 >5,0 >5,0 Sem associagao Painter et al., 2011
-806C>T
(rs12248560 Austrdlia  3.210 20,0 24,0 Prote¢do Painter et al., 2014

Considerando o SNP PGR +331C>T, apenas um estudo realizado em mulheres

holandesas observou um efeito protetor no desenvolvimento da endometriose (VAN KAAM

et al., 2007), enquanto os outros trés estudos ndo encontraram associacdo com a doenca
(LAMP et al.,, 2011, TRABERT et al., 2011; MOUSAZADEH et al., 2019). Entretanto,

Mousazadeh e colaboradores observaram que pacientes com gendtipos +331 CT apresentaram

um nivel de expressdo mais alto da isoforma PR-B em comparacdo aos pacientes com
gendtipos +331 CC (MOUSAZADEH et al., 2019).
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Dentre os nove trabalhos j& publicados para o0 SNP CYP17A1 -34A>G, trés estudos
observaram uma associagdo positiva na presenca do alelo A no desenvolvimento da
endometriose (HSIEH et al., 2004; HSIEH et al., 2005; CONG et al., 2018). Enquanto que
para 0 SNP CYP19A1 1531G>A nenhum estudo encontrou associacdo com a doenca (HUR et
al., 2007; LAMP et al., 2011; YANG et al., 2010; WANG et al., 2014).

Em relagdo ao SNP 681G>A (*2) do gene CYP2C19, trés estudos realizado na
populacéo turquesa (CAYAN et al., 2009) e australiana (PAINTER et al., 2011; PAINTER et
al., 2014) encontraram uma associacdo de risco no desenvolvimento da endometriose. E
apenas um estudo realizado na Turquia ndo observou associacdo significativa com a doenga
(BOZDAG et al., 2010). Para o SNP -806C>T (*17) desse mesmo gene, um estudo encontrou
um efeito protetor na presenca do alelo T (PAINTER et al., 2014), e um outro trabalho nédo
observou associacdo com a doenca (PAINTER et al., 2011).

Estudos que avaliaram a associa¢do dos SNPs PGR +331C>T, CYP17Al -34A>G,
CYP19A1 1531G>A, CYP2C19*2 e CYP2C19*17 com a endometriose tém produzido
resultados controversos. Além disso, para 0 SNP MMP-3 276 A>G ndo existe nenhum dado de
associacdo com a endometriose. A distribuicdo dos alelos varia entre as populacdes, e isto €
especialmente significativo em popula¢Ges miscigenadas, que é o caso do Brasil. Em funcéo
desses dados inconclusivos e a importancia de identificar fatores de risco no desenvolvimento
da endometriose, justifica-se a realizacdo de um estudo para avaliar o possivel papel destes

SNPs na suscetibilidade da doenc¢a na populacéo brasileira.
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3 JUSTIFICATIVA

A endometriose € uma doenca ginecoldgica de elevada frequéncia, afetando
aproximadamente 10% das mulheres, com uma taxa de recorréncia de 20-30% em até cinco
anos apos a cirurgia. Além disso, possui um elevado custo de diagndstico e tratamento,
podendo, na maioria dos casos, apresentar sintomas graves e incapacitantes, sendo
considerado atualmente um problema de saude publica relevante.

E sabido que os horménios femininos desempenham um papel crucial na patogénese
da endometriose. Diversos estudos tém observado diferencas significativas nos niveis de
expressdo de enzimas envolvidas na via estrogénica em pacientes com endometriose, tais
como: PGR, CYP17A1, CYP19A1, CYP2C19, MMP-3, sendo considerados importantes alvos
de estudos moleculares. Apesar da etiologia da endometriose ainda ser desconhecida, ja é
sabido que fatores genéticos podem contribuir para o fen6tipo desta doenca. Diante disso,
variantes geneticas, como os SNPs, em genes envolvidos na via dos horménios sexuais
femininos, citadas anteriormente, podem promover alteracdes funcionais em suas respectivas
proteinas, influenciando no desenvolvimento da endometriose.

A partir disso, com o intuito de contribuir para a identificacdo dos fatores de risco
associados ao desenvolvimento da doenca, bem como para auxiliar no diagndstico e
progndstico da endometriose, foi realizado um estudo caso-controle para avaliar a influéncia
de SNPs em genes envolvidos com a via dos hormdnios sexuais femininos na suscetibilidade
da endometriose, além de descrever o perfil epidemioldgico das mulheres que sofrem com

esta doenca.
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4 OBJETIVOS

4.1 GERAL

Avaliar a influéncia dos SNPs PGR +331C>T, CYP17Al1 -34A>G, CYP19A1
1531G>A, CYP2C19*2, CYP2C19*17 e MMP-3 276A>G de genes envolvidos na via dos

hormonios sexuais femininos no desenvolvimento da endometriose.

4.2 ESPECIFICOS

Descrever as caracteristicas epidemioldgicas e determinar a associacdo com 0S

valores progndsticos, diagndsticos e sintomas da doenca;

Determinar a frequéncia alélica e genotipica dos SNPs PGR +331C>T, CYP17Al -
34A>G, CYP19A1 1531G>A, CYP2C19*2, CYP2C19*17 e MMP-3 276A>G em mulheres

diagnosticadas com endometriose e em mulheres com diagnostico negativo da doenca;

Avaliar a magnitude de associacdo dos SNPs estudados no desenvolvimento da

endometriose em pacientes brasileiras;

Avaliar a influéncia dos SNPs estudados nos subgrupos classificados pelas variaveis

clinicas e antropométrica de cada paciente;

Realizar uma revisdo sistematica dos estudos de associacdo do genoma inteiro na

suscetibilidade da endometriose.
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5 ASPECTOS METODOLOGICOS

Este estudo faz parte de um projeto maior intitulado “Caracterizagdo de
polimorfismos em genes envolvidos com a predisposicdo do desenvolvimento da
endometriose”, iniciado em mar¢o de 2011, tendo sido realizado o recrutamento em trés
hospitais da rede publica do Rio de Janeiro (Hospital Federal dos Servidores - HFSE, Hospital
Federal da Lagoa - HFL e Hospital Moncorvo Filho - HMF) e um hospital da rede pablica de
Sdo Paulo (Hospital das Clinicas da Faculdade de Medicina da Universidade de S&o Paulo -
HC-FMUSP).

Para o grupo de casos foram recrutadas mulheres de ate 55 anos, com diagnostico de
endometriose por laparoscopia, laparotomia ou RM. Enquanto que, para o grupo controle
foram recrutadas mulheres com até 55 anos, submetidas a procedimentos cirargicos
ginecoldgicos, como por exemplo, laqueadura tubéria, histerectomia, retirada de mioma,
cistos no ovério ou hidrosalpinge e que apresentaram diagnostico negativo para endometriose.

Apds a aplicacdo do questionario socio-demografico e assinatura do Termo de
Consentimento Livre e Esclarecido (TCLE) foi efetuada uma coleta de sangue, para posterior
extracdo do DNA (Kit DNA Purification from Blood or Body Fluids - QIAGEN) e anéalise dos
SNPs dos genes selecionados pela técnica de PCR em tempo real utilizando sondas Tagman
validadas e adquiridas da empresa Applied Biosystems. A tabela 2 resume as caracteristicas e

0 conjunto de sondas utilizadas para a analise de cada um dos SNPs estudados.
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Tabela 2 - Caracteristicas dos SNPs estudados e das sondas utilizadas para cada andlise.

Gene

Alelo

ID SNP

Substituicao
de
nucleotideo

Regido

Cddigo da
Sonda

Sonda

PGR

CYP17A1

CYP19A1

CYP2C19

MMP-3

T

G

A

*2

*17

G

rs10895068

rs743572

rs10046

rs4244285

rs12248560

rs679620

+331C>T

-34A>G

1531G>A

681G>A

-806 C>T

276A>G

5’UTR

5’UTR

3’UTR

Exon 5

RP

Exon 2

C_ 27858738 _10

C__ 2852784 30

C__ 8234731_30

C_25986767_70

C_469857_10

C__ 3047717 1_

ACGGCAATTTAGTGACACGCGGC
TC[C/T]TTTATCTCCCGACTTTTTC
TCTGGC
GGTGCCGGCAGGCAAGATAGAC
AGC[A/G]GTGGAGTAGAAGAGCT

GTGGCAACT
CTACTGATGAGAAATGCTCCAGA

GT[A/G]GGTACTGACCAGCCTTCT
CTAGTGT
TTCCCACTATCATTGATTATTTCC
C[A/G]JGGAACCCATAACAAATTA
CTTAAAA
AAATTTGTGTCTTCTGTTCTCAAA
G[C/T]ATCTCTGATGTAAGAGATA
ATGCGC
CTAACAAACTGTTTCACATCTTTT
T[G/A]GAGGTCGTAGTAGTTTTCT
AGATATAGATAT

5.1 ANALISES ESTATISTICAS

Para o célculo do tamanho amostral deste estudo foi utilizando o programa Epi Info

7, versdo 7.1.3. (http://wwwn.cdc.gov/epiinfo/html/downloads.htm) para detectar uma

diferenca entre os grupos caso e controle, assumindo um poder de 0,8 e 5% de erro do tipo |.

As variaveis continuas do estudo foram apresentadas como média + desvio padrdo

(DP) e as diferencas entre as médias foram avaliadas utilizando o teste t de Stundent,
enquanto que os dados categdricos foram expressos em porcentagem e avaliados pelo teste
Qui-quadrado de Person (3°) ou teste exato de Fisher, quando necessario.

A frequéncia alélica e genotipica dos SNPs dos genes em estudo foi determinada por
contagem direta dos alelos, e em seguida foi calculado o equilibrio de Hardy-Weinberg
(HWE). As frequéncias alélicas e genotipicas entre os grupos estudados, foram comparadas
pelo teste 2 ou, quando for o caso, o teste exato de Fisher.

A magnitude de associagdo entre a presenca dos SNPs e o desenvolvimento da
endometriose, bem como a presenca dos sintomas, para classificacdo e estadiamento da
doenca, foi avaliada a partir de razbes de chance (OR) estimadas, com seus respectivos
intervalos de confianca (IC 95%) e com ajuste para possiveis fatores de confusao, utilizando

modelos de regressdo logistica binaria.
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Um modelo de regressdo logistica multivariada foi utilizado a partir de razGes de
chance (OR) estimadas, com seus respectivos intervalos de confianga (IC 95%) para avaliar a
magnitude de associacdo dos SNPs dos genes em estudo e a endometriose, além de avaliar a
influéncia de cada variavel em estudo. Para a construcdo do modelo final foi considerada a
importancia bioldgica de cada varidvel e o grau de significancia estatistica na analise
univariada, considerando um p-valor de entrada no modelo de 0,20 e um P-valor de saida do
modelo de 0,05, para controlar os possiveis fatores de confundimento.

Todas as analises estatisticas foram realizadas utilizando o pacote estatistico SPSS,

versdo 20.0 e um valor de P menor que 0,05 sera considerado estatisticamente significativo.

Além disso, 0s aspectos metodologicos especificos para cumprir cada objetivo
especifico encontram-se integralmente descritos nos artigos apresentados na secdo 7 desta

tese.

6 ASPECTOS ETICOS

Todos os aspectos éticos e legais referentes as fases do projeto foram respeitados de
acordo com a resolucdo 196/96 do Conselho Nacional de Salde, revista na Resolucédo
CNS/MS n° 466, de 12 de dezembro de 2012, que contém diretrizes e normas
regulamentadoras de pesquisas envolvendo seres humanos. Assim, todas as mulheres
convidadas a participar do estudo receberam o TCLE e foram orientadas a Ié-lo
cuidadosamente e a inquirir a respeito de qualquer duvida quanto ao projeto (ANEXOS A e
B). As voluntéarias que concordaram em assinar o0 TCLE receberam uma cépia original deste
documento assinada pelo pesquisador principal (ANEXO C). O projeto original foi aprovado
pelo Comité de Etica em Pesquisa em Seres Humanos do HFSE (N° 000.414/2011) (ANEXO
D), do HC-FMUSP (N°09010/2011) (ANEXO E) e do HMF (CAAE: 45941715.5.0000.5275)
(ANEXO F). Todas as informagdes pessoais foram mantidas em sigilo e foram utilizadas

apenas pelos invetigadores envolvidos no estudo.
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7 APRESENTACAO DOS RESULTADOS:

7.1 PRIMEIRO ARTIGO DA TESE

Epidemiological profile of Brazilian women with endometriosis: a retrospective descriptive
study (submetido na revista Women & Health, em 17/08/2019)

Neste estudo foi possivel descrever as caracteristicas epidemiolédgicas de 237
mulheres com endometriose recrutadas em dois hospitais publicos brasileiros (HFSE e HMF).
As mulheres com ciclo menstrual irregular foram mais propensas a ter dismenorreia (OR =
2,22; 95% IC = 1,18-4,42) e dor pélvica cronica (OR = 1,79; 95% IC = 1,07-3,01). Pacientes
com IMC acima de 25 kg/m2 (OR = 1,97; 95% IC = 1,10-3,53) e que ingeriam bebida
alcdolica (OR = 2,13; 95% IC = 1,20-3,82) eram mais afetadas pela dispareunia. No entanto,
mulheres com SUP foram menos afetadas por dispareunia (OR = 0,25; 95% IC = 0,11-0,57).
As queixas intestinais ciclicas foram associadas positivamente com a presenca de focos
endometriotico no retossigmoide (OR = 3,78; 95% IC = 1,95-7,33), endometriose intestinal
(OR =2,96; 95% IC = 1,31-6,65), com EPI (OR = 2,58; 95% IC = 1,08-6,11) e estadiamento
-1V (OR = 2,75; 95% IC = 1,31-5,76). Mulheres entre 30 e 39 anos foram mais propensas a
serem inférteis do que aquelas com menos de 29 anos (OR = 2,72; 95% IC = 1,02-7,24).
Além disso, mulheres cujas tubas uterinas foram afetadas pela endometriose apresentaram
maior probabilidade de ter infertilidade (OR = 2,91; 95% IC = 1,18-7,17). As pacientes
diagnosticadas pelo método cirargico foram significativamente mais velhas (idade média 36,9
+ 7,0 anos; P = 0,005), foram mais propensas a estabelecer unido estavel/casamento (P =
0,01) e tinham uma paridade mais baixa (P = 0,02) do que as diagnosticadas por RNM. Por
fim, as mulheres com EPI apresentaram maior nivel de escolaridade (P = 0,02) e maior
probabilidade de ndo fumarem (P = 0,03) do que as que ndo tém EPI. Foi observado também
que pacientes em estagio IlI-1V eram mais propensos a se casarem (P = 0,049), praticar
alguma atividade fisica regular (P = 0,01) do que aquelas com endometriose em estagio I-I1.
Em conclusédo, todos os sintomas da endometriose, exceto as queixas urinarias ciclicas, o
diagnostico por cirurgia, EPl e os estagios IlI-1V da endometriose, foram associados a

variaveis sociodemograficas ou clinicas/menstruais.



52

Epidemiological profile of Brazilian women with endometriosis: a retrospective
descriptive study

Jéssica V. Cardoso, M.Sc*®, Daniel E. Machado, Ph.D®, Mayara C. Da Silva*®, Plinio T.
Berardo, Ph.D Y, Renato Ferrari, Ph.D ¢, Mauricio S. Abrdo, Ph.D " and Jamila A. Perini,
Ph.D 2P

 Programa de P6s-guaduacdo em Satide Pdblica e Meio Ambiente, Escola Nacional de Satide
Publica, Fundacdo Oswaldo Cruz, Rio de Janeiro, RJ, Brazil;

® Laboratério de Pesquisa de Ciéncias Farmacéuticas, Fundacdo Centro Universitario Estadual
da Zona Oeste, Rio de Janeiro, Brazil;

¢ Servico de Ginecologia, Hospital Federal dos Servidores do Estado, Rio de Janeiro, RJ,
Brazil;

9 Departamento de Ginecologia, Faculdade de Medicina, Universidade Estacio de S4, Rio de
Janeiro, RJ, Brazil;

® Instituto de Ginecologia, Hospital Moncorvo Filho, Universidade Federal do Rio de Janeiro,
Rio de Janeiro, RJ, Brazil;

" Secdo de Endometriose, Divisdo de Ginecologia, Hospital das Clinicas, Faculdade de
Medicina, Universidade de Séo Paulo, S&o Paulo, SP, Brazil;

9 Divisdo de Ginecologia, Beneficéncia Portuguesa de Sdo Paulo, Sdo Paulo, SP, Brazil.

Corresponding Author

Jamila A. Perini, PhD. Fundagdo Centro Universitario Estadual da Zona Oeste - UEZO,
Laboratorio de Pesquisa de Ciéncias Farmacéuticas. Av. Manuel Caldeira de Alvarenga,
1.203, Campo Grande, Zip code 23070-200, Rio de Janeiro, RJ, Brazil. Tel.: +55 21 2332-

7535. E-mail address: jamilaperini@yahoo.com.br.


mailto:jamilaperini@yahoo.com.br

53

Abstract

This study described the characteristics of Brazilian endometriosis women and determined the
relationship between the characteristics of the disease. Women were recruited at two Brazilian
public hospitals (N=237). Associations between subgroups of patients and epidemiological
features were estimated by odds ratio (OR) and 95% confidence intervals (Cl 95%), using
multivariate logistic regression models. Most women (87%) had ovarian endometrioma and/or
deeply infiltrating endometriosis (DIE), 59% were stage Il1-1V and 48% had 2 to 4 affected
organs. Dysmenorrhea (OR = 2.22; 95% CI, 1.18-4.42) and pelvic pain (OR = 1.79; 95% ClI,
1.07-3.01) were associated with irregular menstrual cycle; dyspareunia with BMI >25kg/m?
(OR = 1.97; 95% CI, 1.10-3.53), alcohol consumption (OR = 2.13; 95% CI 1.20-3.82) and
superficial endometriosis (OR = 0.25; 95% CI, 0.11-0.57); infertility with 30 — 39 age (OR =
2.72; 95% CI, 1.02-7.24); dysmenorrhea, cyclical intestinal complaints and infertility with
endometriosis loci; DIE and stage IlI-1V with cyclical intestinal complaints; DIE with
education level and smoking status; stage Il1-1V with marital status and physical activity;
surgery diagnosis were associated with age, marital status and parity. Our data supply
information about the profile of Brazilian women with endometriosis, with the goal of
assisting in diagnosis and treatment planning.

Keywords: Brazilian, Endometriosis, Epidemiology, Prognosis, Symptoms.
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Introduction

Endometriosis is a gynecological disease defined by presence of endometrial tissue
outside the uterus (Benagiano et al. 2014), associated with different symptoms, such as
dysmenorrhea, chronic pelvic pain, dyspareunia, infertility and intestinal and urinary
complaints cyclical as it onset (Fuldeore and Soliman, 2017). The prevalence of the disease is
not clearly established yet, but it is estimated to affect approximately 10% of the
premenopausal women (Eisenberg et al. 2018), and 35 -50% of infertile women (Buck et al.
2011; Acién and Velasco, 2013). Endometriosis is a disease which entails a significant burden
on the quality of life of women and healthcare systems, mainly due to the incapacitating
symptoms of pain, the presence of infertility, the delay and the high cost of diagnosis and
treatment (Selguk and Bozdag, 2013; Hughes et al. 2015; Facchin et al. 2015; Koltermann et
al. 2016).

The etiology of endometriosis remains unknown, although the most accepted theory
regarding its development is the retrograde menstruation, which is an outflow of the
endometrial lining through the patent uterine tubes into the pelvic cavity, resulting in the
seeding of endometrial tissue in ectopic sites (Sampson, 1927). However, retrograde
menstruation is also observed in normal women, suggesting that other factors should be
involved in the development and the maintenance of the ectopic implants, as hormonal
(Ferrero et al. 2014), inflammatory and immunologic (Riccio et al. 2018). There are strong
evidences of a genetic predisposition (Perini et al. 2014; Rahmioglu et al. 2014; Cardoso et al.
2017a, 2017b, 2017c) nevertheless the development of endometriosis is associated with
environmental factors (Chapron et al. 2016).

Studies have shown that BMI (Chapron et al. 2016; Shahbazi and Shahrabi-Farahani,
2016), smoking (Calhaz-Jorge et al. 2004) and physical activity (Heilier et al. 2007) have an
inverse association with endometriosis, although the mechanisms of these association remains
unclear. Other factors have also been associated with endometriosis, such as early age at
menarche (Nnoaham et al. 2012), short menstrual cycle length (Matalliotakis et al. 2008) and
infertility (Prescott et al. 2016), all associated with an increased risk, while parity (Peterson et
al. 2013) and oral contraceptive use (Saha et al. 2017) are associated with a decreased risk.
Despite some studies have addressed the association between endometriosis and demographic
factors, personal habits, menstrual and reproductive factors, the pathophysiology of disease
remains an enigma and the appropriate counseling of patients regarding prognosis is still
challenging (Chapron et al. 2016; Sinaii et al. 2008; Liu et al. 2016; von Theobald et al.
2016). In this context, the aim of this study was to describe on the characteristics of Brazilian
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endometriosis patients and to determine the relationship between prognostic values, diagnosis
and symptoms of disease and their epidemiological features.

Materials and Methods
Study design

This hospital-based retrospective descriptive study included 237 women recruited,
between 2011 and 2017, from two Brazilian public hospitals. All followed procedures were
approved by the Brazilian Ethic Committees of the Hospital Federal dos Servidores do
Estado (414/2011) and of the Hospital Moncorvo Filho da Universidade Federal do Rio de
Janeiro (1.244.294/2015). The patients participated in a face-to-face interview, then provided
written informed consent to allow their medical data to be collected, analyzed, and shared,
and completed a demographic questionnaire during appointments.

Patients were eligible if they showed histologically confirmed endometriosis lesions or
if they showed images of endometrial lesions at magnetic resonance imaging (MRI).
Indications for performing surgery were: infertility without access to assisted reproduction
techniques, pain refractory to clinical treatment, functional impairment of organs such as large
bowel and/or urinary tract or bulky and/or suspected endometriomas. Women who have not
undergone surgery met the clinical criteria for the diagnosis and also presented an
endometriosis indicative MRI. We considered for this study those patients that presented foci
of bleeding together with fibrosis characterizing infiltrative endometriosis. In addition,
patients with only suspected endometrioma by MRI yet with no associated infiltrative lesions
were not included. According to the American Fertility Society Score (The American Fertility
Society, 1997), patients with endometriosis diagnosed by surgery were divided in stages I-II
and stages -1V (The American Fertility Society, 1997). Endometriotic lesions were
classified into three groups: superficial endometriosis (SUP), ovarian endometrioma (OMA)
or deeply infiltrating endometriosis (DIE) (Nisolle and Donnez, 1997). Patients were excluded
in the event of pregnancy or if surgical findings showed suspicion or evidence of malignancy.

Objectives and assessments

The primary objective of this study was to evaluate the demographic, clinical, lifestyle,
and environmental factors associated with endometriosis. And the secondary objective was to
identify the differences in characteristics evaluated in this study among different subgroups
(surgical diagnosis and MRI diagnosis, non-DIE and DIE; I-Il and I1I-1V stages; presence

and absence of the symptoms).
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The following patients' characteristics were collected for this study: age, race, BMI,
marital status, education level, contraceptive use, personal habits (smoking, alcohol
consumption, physical activity), family history of endometriosis, menstrual characteristics
(age at menarche, cycle regularity and flow intensity), reproductive history (parity, infertility,
spontaneous abortion), symptoms of endometriosis (dysmenorrhea, pelvic pain, dyspareunia,
intestinal and urinary cyclical complaints), age at endometriosis diagnosis, diagnosis method,
hormonal treatment for endometriosis, endometriosis staging and classification and ectopic
loci affected by the disease.

Body mass index (BMI) was categorized according to standard WHO cut-off points:
underweight (BMI < 18.5kg/m?), normal weight (18.5 - 24.9kg/m?), overweight (25 -
29.9kg/m?), obese (30 - 39.9kg/m?) or morbidly obese (> 40kg/m?) (WHO Expert Committee,
1995). The personal habits were self-reported, and we considered at least one year of
practice/consumption. Menstrual characteristics were also self-reported. Only severe and
incapacitating cyclic and acyclic pains were considered as symptoms of endometriosis, as
described in our previous study (Cardoso et al. 2017a, 2017b, 2017c). Infertility was defined
as a couple not being able to conceive after 12 consecutive months of regular, contraceptive-

free intercourse (primary or secondary) (Cardoso et al. 2017a, 2017b, 2017c¢).

Statistical analysis

A descriptive study was conducted, presenting relative frequencies for each
categorical variable. Women were categorized according prognostic values, type of diagnosis,
and presence of clinical symptoms, and evaluated for their association with the personal and
clinical features.

Student's t-test was used to compare continuous variables between the studied groups,
and results are expressed as the mean + standard deviation (SD). Chi-square (y2) test or
Fisher’s exact test, when applicable, were used to compare the differences among the
categorical variables. Multivariate logistic regression analyses were performed to identify
possible confounding factors in the associations between the variables and endometriosis or
between the variables and endometriosis features, which were estimated by the odds ratio
(OR) with a 95% confidence interval (95% CI). For the construction of the final regression
model, we considered the biological significance of each variable and the degree of statistical
significance in the univariate analysis, considering a P-value input of 0.20 and a P-value

output of 0.05. Differences were considered statistically significant when P < 0.05. All
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analyses were performed using the Statistical Package for Social Sciences (SPSS Inc.,
Chicago, IL, USA), version 20.0.

Results

The sociodemographic characteristics of the 237 endometriosis women are
summarized in Table 1. The mean age was 36.1 + 7.2 years, with approximately 78% of the
women over 30 years of age. Approximately 57% of the patients were married and in the self-
reported skin color variable, the highest proportion (~69%) was intermediate and white. Most
participants had at least finished high school (82.7%) and had a mean BMI of 26.6 £ 5.4
kg/m?, with more than half of them (~66%) having a BMI between 18.5 and 29.9 kg/m? In
addition, most of them practiced some regular physical activity (57.4%) and approximately
80% were never smokers, however almost 56% had some regular alcohol consumption.
Regarding the reproductive history, 32.2% of the patients never gave birth and 19.9% had a
spontaneous abortion. Besides, 87.7% of them uses oral contraception, 28.3% uses injectable
contraception and 8% uses DIU. Furthermore, 19.8% of them had history of endometriosis in
first-degree relatives. [Table 1 near here]

Regarding the menstrual characteristics, the mean age at menarche was 12.5 + 1.7
years, with 43.5% of the patients reaching menarche between 12-13 years. About 50% of the
patients had an irregular menstrual cycle and approximately 61% reported increased
menstrual flow intensity. The clinical characteristics of the study population are listed in
Table 2. Around 33.3% of the patients underwent previous hormonal treatment for
endometriosis and 46.4% had endometriosis diagnosed by laparoscopy, of which 55.7% were
stage I11-1V. [Table 2 near here]

Most of the patients were reported to have OMA and/or DIE (86.5%), with 15 (6.3%)
patients having only SUP, 55 (23.2%) only OMA and 56 (23.6%) only DIE, 5 (2.1%) women
had SUP and OMA, 10 (4.2%) had SUP and DIE and 72 (30.4%) had OMA and DIE. In
addition, 21 (8.9%) patients with SUP and OMA were associated with DIE (Figure 1). Under
these circumstances, 104 women had only one affected loci (43.9%), 114 had 2 to 4 affected
loci (48.1%) and 16 women had more than 4 affected loci, with ovary being the most
prevalent loci, followed by the uterosacral ligament and by the rectosigmoid. [Figure 1 near
here]

The most common symptom was dysmenorrhea, followed by deep dyspareunia and
non-cyclic chronic pelvic pain (Table 2), with most patients presenting at least three

symptoms. Almost 38.4% the women with endometriosis reported infertility and, considering
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the number of painful symptoms by individual patients, 32 (13.5%) women had only
dysmenorrhea, 20 (8.4%) only deep dyspareunia and 3 (1.3%) only chronic pelvic pain, 40
(16.9%) women had dysmenorrhea and dyspareunia, 33 (13.9%) women had dysmenorrhea
and chronic pelvic pain and 2 (0.8%) women had dyspareunia and chronic pelvic pain.
Finally, 86 (36.3%) patients had both dysmenorrhea, dyspareunia and chronic pelvic pain
(Figure 2). [Figure 2 near here]

Figure 3 shows a comparison between asymptomatic and symptomatic women for
dysmenorrhea (A-B), non-cyclic chronic pelvic pain (C), deep dyspareunia (D-F), cyclical
intestinal complaints (G-J) and infertility (K-L), regarding the demographic, clinical and
menstrual characteristics of the study population. We found that patients with irregular
menstrual cycle were more likely to have dysmenorrhea (OR = 2.22; 95% ClI, 1.18 - 4.42) and
chronic pelvic pain (OR = 1.79; 95% CI, 1.07-3.01). Women with uterosacral ligament
endometriosis were more affected by dysmenorrhea (OR = 2.8; 95% ClI, 3.14 — 7.52). We also
observed that patients with BMI higher than 25 kg/m? (OR = 1.97; 95% ClI, 1.10 - 3.53), and
who had any alcohol consumption (OR = 2.13; 95% CI, 1.20 - 3.82) were more affected by
dyspareunia. However, woman with superficial endometriosis were less affected by
dyspareunia (OR = 0.25; 95% CI, 0.11 - 0.57). The cyclical intestinal complaints were
positively associated with retosigmoid (OR = 3.78; 95% CI, 1.95 - 7.33) and intestine
endometriosis (OR = 2.96; 95% CI, 1.31 — 6.65), and with DIE (OR = 2.58; 95% CI, 1.08—
6.11) and stage I1I/1V endometriosis (OR = 2.75; 95% CI, 1.31-5.76). Finally, we found that
women between 30 — 39 years old were more likely to be infertile than those younger than 29
years (OR = 2.72; 95% CI, 1.02 — 7.24). We also observed that women whose uterine tubes
were affected by endometriosis were more likely to have infertility (OR = 2.91; 95% ClI, 1.18
- 7.17). [Figure 3 near here]

Table 3 shows the demographic and clinical differences between cases diagnosed by
surgery and image, DIE and non-DIE cases and between endometriosis stages I-11 and 111-1V.
We found that the patients diagnosed by surgery were significantly older (mean age 36.9 £ 7.0
years; P = 0.005), were more likely to be married (P = 0.01) and had a lower parity (P = 0.02)
than those diagnosed by image. Women with DIE showed a higher education level (P = 0.02)
and were more likely to be never smokers (P = 0.03) than the ones without DIE. We observed
that stage I11-1V patients were more likely to be married (P = 0.049), to practice some regular
physical activity (P = 0.01) than the ones with endometriosis stage I-11. [Table 3 near here]

The mean time between the first endometriosis symptoms and diagnosis was 4.5 = 6.5

years, with a significant (P < 0.05) difference between endometriosis stages I/Il1 and 111/IV
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(3.3+4.1and 5.3 £ 7.5 years) and between DIE versus non-DIE patients (3.8 £ 5.4 and 5.2 +
7.0 years). However, no statistical differences were found between patients with diagnosis

confirmed by surgery or by image methods (data not shown).

Discussion

In the present descriptive study, we observed that most of the women with
endometriosis were of reproductive age, had normal weight and presented high frequency of
all clinical symptoms of the disease. Considering the number of gynecologic pain symptoms,
a third of them reported having dysmenorrhea, pelvic pain, and dyspareunia, and a quarter
reported to have dysmenorrhea and dyspareunia. Infertility was observed among more than
half of women. Dysmenorrhea and non-cyclic chronic pelvic pain were associated with
irregular menstrual cycle; deep dyspareunia with BMI, alcohol consumption and superficial
endometriosis; DIE with education level and smoking status; DIE and stage IlI-1V with
cyclical intestinal complaints and a longer time of diagnosis; infertility with age;
dysmenorrhea, cyclical intestinal complaints and infertility with endometriosis loci. Women
with advanced stages of endometriosis were also more likely to be married and to practice
some physical activity. In addition, women diagnosed by image presented a significantly
younger age and were more likely to be single and to have high parity, compared to those
diagnosed by surgery.

This is the first study, to our knowledge, which determined the relationship between
prognostic values, diagnosis and symptoms of disease and their epidemiological features. A
larger sample size would be required to detect more associations and provide more confidence
in the findings. Although the recruitment time in this study was 6 years and it was conducted
in two hospitals, the diagnosis for endometriosis is very difficult and therefore long (Staal et
al. 2016). However, the diagnostic time of our study was lower (4.5 years) than those found
elsewhere (~8 years) (Nnoaham et al. 2012; Staal et al. 2016; Moradi et al. 2014), since our
two recruitment hospitals are specialized centers for diagnosis and treatment of endometriosis,
which able to perform a quick and accurate diagnosis of the disease. Additionally, as this is an
observational study, it is possible that there are still unmeasured variables, which forbids the
complete exclusion of possible residual confounding. Nevertheless, this bias is minimal given
the adjustment by lots of priori confounding factors. A referral bias has also to be raised:
Patients included in this study are treated in two reference institutions for endometriosis.
Those patients may have more severe symptomatology as they were probably referred to these

centers, biasing the results.
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Endometriosis is usually present in women of reproductive age (Benagiano et al. 2014;
Eisenberg et al. 2018; Chapron et al. 2016; von Theobald et al. 2016), according to the mean
age (36 years) described in the present study. The endometriosis risk associated to a lower
BMI has been described but remains an enigma (Eisenberg et al. 2018; Chapron et al. 2016;
Shahbazi and Shahrabi-Farahani, 2016; Backonja et al. 2017). Our findings agree with earlier
studies linking an inverse association between endometriosis and BMI (Eisenberg et al. 2018;
Perini et al. 2014; Chapron et al. 2016; Shahbazi and Shahrabi-Farahani, 2016; Backonja et al.
2017; Shah et al. 2013; Liu Y and Zhang, 2017). However, the biosynthesis of estrogen, an
important hormone that contributes to endometriosis progression, come primarily in the
ovaries, but also occurs in the adipose tissue and subcutaneous fat in the body (Bulun et al.
2012). Thus, biologically, the low BMI cannot be explained in women with endometriosis.
Probably, there is a diagnosis bias, because obese women with pelvic pain may be less
submitted to surgical intervention, reducing the laparoscopic diagnosis of endometriosis. In
addition, misclassification of BMI may occur for studies with a self-reported height and
weight (Liu and Zhang, 2017). Therefore, the relationship between endometriosis and BMI,
and the genetic and molecular effects upon body weight will still need to be elucidated.
According to our results, positive associations about family history of endometriosis have
been suggested in several studies (Matalliotakis et al. 2008; Kashima et al. 2004; Flores et al.
2008; Hansen and Eyster, 2010; Audebert et al. 2015), including higher endometriosis
severity for patients with a positive family history (Nouri et al. 2010; Chapron et al. 2011).

Endometriosis patients reported to be married and had higher level of education,
corroborating with previous studies (Chapron et al. 2016; Liu et al. 2016; Moradi et al. 2014;
Bellelis et al. 2010; Fourquet et al. 2010). Nowadays, women use contraceptives more often
and for a longer period, therefore only discover the presence of the disease when they decide
to get pregnant (Hruska et al. 2000; Hemmings et al. 2004). We also observed that most
women used contraceptives (Chapron et al. 2016; Peterson et al. 2013; Santulli et al. 2016),
had menarche age of 12 years old and high flow intensity, and half of them had irregular
menstrual cycle, in agreement with recent studies (Chapron et al. 2016; Flores et al. 2008;
Fourquet et al. 2010; Farland et al. 2017).

Regarding lifestyle features, we found that patients had the habit of practicing physical
activity and drinking alcohol, also most of them never smoked. Some studies have reported
that women with endometriosis drink more alcohol (Heilier et al. 2007; Trabert et al. 2011;

Parazzini et al. 2013; Upson et al. 2013), perform more physical activities (Farland et al.
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2017) and usually don’t smoke (Chapron et al. 2016; Backonja et al. 2017), in accordance
with our findings.

More than one third of the patients had all three symptoms of gynecological pain
combined, according to a cohort of 1000 women from Britain, Ireland, and the United States,
whose frequency of dysmenorrhea, dyspareunia and chronic pelvic pain combined was 34.4%
(Sinaii et al. 2008). Women with irregular menstrual cycle were positively associated with
dysmenorrhea and chronic pelvic pain, consistent with Nohara et al. (Nohara et al. 2011).
Women with SUP had decreased risk of dyspareunia, according to Chapron et al. (Chapron et
al. 2016), since the peritoneum area is less likely to be struck during intercourse.
Endometriosis may cause dyspareunia by tension on the infiltrated uterosacral ligament
during intercourse (Fauconnier et al. 2002), since the distance between ectopic endometrial
growths and nerve fibers in women with this symptom is shortened (Tulandi et al. 2001). We
have also observed that intestinal symptoms are positively associated with endometriosis in
the rectosigmoid and intestine loci, DIE and the advanced stages of the disease. It is to be
considered the pain to evacuate may be due to infiltrative lesions (Pandian et al. 2008).
Finally, infertile women had almost a 3-fold increase in the risk of endometriotic lesions in
uterine tubes. Previous reports have described that uterine tube’s diseases accounts for 25-
35% of all female primary infertility cases and can be associated with endometriosis (Pandian
et al. 2008; Johnson et al. 2010; Briceag et al. 2015; Pereira and Kligman, 2016). In addition,
women between 30-39 years were associated with increased risk of infertility. Briceag et al.
(Briceag et al. 2015) showed that the risk of having a diagnosis of tubal factor infertility at 35-
39 years was 2 times higher than those under 30 years.

As expected, most patients were diagnosed by laparoscopy, in agreement with recent
publications (Fuldeore and Soliman, 2017; Chapron et al. 2016; Sinaii et al. 2008), since is it
the gold standard for endometriosis diagnosis (ARSM). Currently, laparoscopy treatment is
recommended preferably in cases of infertility, untreatable pain and/or those with significant
involvement of the intestine or urinary tract with risk of functional impairment (Singh and
Suen, 2017; Kho et al. 2018). In our study, 37% of women were diagnosed by MRI, which
have been described as an accurate method for the detection of deep endometriosis by their
high specificity and sensibility (Bianek-Bodzak et al. 2013; Ma et al. 2015; Barcellos et al.
2016). Nevertheless, SUP cases, mainly, can be underdiagnosed (Bianek-Bodzak et al. 2013).
The present study showed that most sociodemographic and clinical variables had similar
frequencies between women who underwent surgery versus imaging diagnosis; however, only

those diagnosed by image were younger, had greater parity and were single. We hypothesized



62

that older women perform surgical diagnosis to treat a possible infertility, which also explains
the fact that they are, for the most part, married and trying to conceive a child.

In summary, all of endometriosis symptoms, except cyclical urinary complaints, as
well as diagnosis by surgery, and DIE and advanced stages of endometriosis, were associated
with either sociodemographic or clinical/menstrual variables. Despite of not knowing for sure
that these associations are causal, the epidemiological analysis of data from these patients
represents an important tool in the identification of endometriosis etiology. By understanding
the epidemiological characteristics associated with the disease, it would be possible to

determined guideline to improve diagnosis, prognosis and treatment of endometriosis.
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Figure 1. Frequency of the individual and concomitant endometriosis classifications in the

study population.



Table 1. Sociodemographic characteristics of the study population (N = 237)
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Variables N (%)  Variables N (%)  Variables N (%)  Variables N (%)
Age (year) BMI (kg/m?) Drinking alcohol Contraception use®

<29 44 (18.6) <185 12 (5.1) No 96 (40.5) Oral 208
30-39 111 (46.8) 18.5-24.9 81(34.2) Yes 100 (42.2) Injectable 67 (28.3)
> 40 73(30.8) 25-29.9 78 (32.9) Ex-alcoholic 32(13.5) DIU 19 (8.0)
Missing 9(3.8) 30-40 60 (25.3) Missing 9(3.8) Missing 1(0.4)
Marital status > 40 3(1.3) Parity” History of endometriosis®

Single 78 (32.9) Miissing 3(13) O 60 (32.3) No 178
Married 135 (57.0) Physical activity 1 59 (31.7) Yes 47 (19.8)
Divorced/separated 13(5.5) No 93(39.2) 2 34 (18.3) Missing 12 (5.1)
Widowed 1(0.4)  Yes? 136 (57.4) >3 19 (10.2)

Missing 10 (4.2) Missing 8(3.4) Missing 14 (7.5)

Education level Smoking status Spontaneous abortion®

Primary school 33(13.9) Smoker 22(9.3) No 142 (76.3)

High school 114 (48.1) Never smoker 192 (81.0) Yes 37 (19.9)

Graduate education 82 (34.6) Ex-smoker 22 (9.3) Missing 7 (3.8)

Missing 8 (3.4)  Missing 1(0.4)

BMI = body mass index.

#Past and present physical activity.
® Fifty-one patients were not included because they did not attempt to get pregnant.
¢ A patient can use more than one contraception type.
d Family history only in first-degree relatives.
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Figure 2. Frequency of the individual and concomitant symptoms in the study population.

About 8.9% of endometriosis patients hadn’t any gynecologic pain symptoms.



Table 2. Clinical characteristics of the study population (N = 237)
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Variables N (%)  Variables N (%)
Symptoms® Endometriosis staging®
Dysmenorrhea 191 (80.6) I-1 58 (38.9)
Non-cyclic chronic pelvic pain 124 (52.3) 1lI-1V 83 (55.7)
Deep dyspareunia 150 (63.3) Muissing 8(5.4)
Cyclical Intestinal Complaints® 111 (46.8) ©Organs affected by

endometriosis®
Cyclical Urinary Complaints” 54 (22.8) Ovary 154 (65.0)
Infertility® 91 (38.4) Uterosacral ligament 72 (30.4)
Diagnostic method Rectosigmoid 59 (24.9)
MRI 88 (37.1)  Peritoneum 50 (21.1)
Laparoscopy 110 (46.4) Intestine 45 (19.0)
Laparotomy 34 (14.4) Bladder 40 (16.9)
Laparoscopy and laparotomy 5(2.1) Uterine tubes 29 (12.2)
Hormonal treatment for Rectovaginal septum 25 (10.5)
endometriosis
No 158 (66.7) Others 23 (9.7)
Yes 79 (33.3)
Endometriosis type
SUP 31(13.1)
OMA 60 (25.3)
DIE 145 (61.2)
Missing 1(0.4)

MRI = magnetic resonance imaging, SUP = superficial endometriosis, OMA = ovarian
endometrioma, DIE = deeply infiltrating endometriosis.

% A patient can have more than one concomitant symptom.

®Pain and bleeding.

°Primary or secondary.

I Refers to patients diagnosed by surgery (N = 149).

®A patient can have more than one endometriotic foci.
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Table 3. Distribution of demographics and clinical characteristics in subgroups of patients with endometriosis (diagnosis and classification)

Variables Surgery Image pa Non-DIE DIE pa Endometriosis Endometriosis pa
(n=149) (n=88) (n=91) (n=145) I-11 (n = 58) HI-1V (n=83)

Age (year)
<29 18 (12.7) 26(30.2) 0.005 - - NS - - NS
30-39 76 (53.5) 35(40.7) - - - -
> 40 48 (33.8) 25(29.1) - - - -
Marital status
Single 36 (25.9) 42 (47.7) 0.01 - - NS 20 (38.5) 14 (17.7) 0.049
Married 97 (69.8) 38(43.2) - - 31 (59.6) 60 (75.9)
Divorced/separated Divorced/separated 5 (3.6) 8(9.1) - - 1(1.9) 4 (5.1)
Widowed 1(0.7) 0 (0.0) - - 0 (0.0 1(1.3)
Education level
Primary school - - NS 19(22.1) 14(9.9) 0.02 - - NS
High school - - 45 (52.3) 68 (47.9) - -
Graduate education - - 22 (25.6) 60 (42.2) - -
Smoking status NS
Smoker - - NS 23(25.3) 20(13.9) 0.03 - -
Never smoker - - 68 (74.7) 124 - -
Physical activity
No - - NS - - NS 29 (53.7) 25 (31.6) 0.01
Yes® - - - - 25 (46.3) 54 (68.4)



Parity
0

1

2

>3

50 (41.3)

38 (31.4)

24 (19.8)
9 (7.5)

10 (19.6)
21 (41.2)
10 (19.6)
10 (19.6)

0.02

NS

75

NS

DIE = deeply infiltrating endometriosis, NS (-) = Non-significant results.

% Chi-square test or Fisher’s exact test.
b past and present physical activity.
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Figure 3. Comparison between asymptomatic and symptomatic women for

dysmenorrhea (A-B), non-cyclic chronic pelvic pain (C), deep dyspareunia (D-F),

cyclical intestinal complaints (G-J) and infertility (K-L), regarding the demographic,

clinical and menstrual characteristics of the study population. P-value from Chi-square

test (Pearson P-value).
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7.2 SEGUNDO ARTIGO DA TESE

Combined Effect of the PGR +331 C>T, CYP17A1 -34 A>G and CYP19A1 1531 G>A
polymorphisms on the risk of developing endometriosis (publicado em 2017, na Revista

Brasileira de Ginecologia e Obstetricia)

Neste artigo foi avaliada a influéncia dos SNPs PGR +33/C>T, CYPI17Al -
344> G e CYPI9A41 1531G > A no desenvolvimento da endometriose, em mulheres
atendidas no HFSE e HMF. Este foi o primeiro estudo a avaliar o efeito combinado
desses SNPs com o desenvolvimento da endometriose. Participaram deste estudo 161
casos com confirmacdo histopatdgica de endometriose, bem como aquelas
diagnosticadas por RNM com EPI, e 179 mulheres com diagndstico laparoscopico
negativo da doenca. Ao comparar 0s dois grupos (controle e casos de endometriose),
ndo foram observadas diferencas significativas nas frequéncias alélicas e genotipicas
dos SNPs PGR +331C>T, CYPI741 -344A>G e CYP1941 1531G> A, mesmo
considerando os sintomas, classificacao e estadiamento da endometriose. No entanto, o
gendtipo combinado PGR+331TT/ CYP17A1 -34AA/ CYP19A11531AA foi
positivamente associado com a endometriose (OR = 1,72; IC 95% = 1,09-2,72),

sugerindo uma interacdo gene-gene na susceptibilidade a doenga.
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Abstract Purpose To evaluate the magnitude of the association of the polymorphisms of the
genes PGR, CYP17AT and CYP19A1 in the development of endometriosis.
Methods This is a retrospective case-control study involving 161 women with
endometriosis (cases) and 179 controls. The polymorphisms were genotyped by
real-time polymerase chain reaction using the TagMan system. The association of
the polymorphisms with endometriosis was evaluated using the multivariate logistic
regression.
Results The endometriosis patients were significantly younger than the controls
(36.0 + 7.3 versus 38.0 + 8.5 respectively, p = 0.023), and they had a lower body
mass index (26.3 + 4.8 versus 27.9 + 5.7 respectively, p = 0.006), higher average
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Palavras-chave
= polimorfismos
= estrogenos
= endometriose
= biomarcadores

Introduction

interval between the onset of symptoms and the definitive diagnosis of endometriosis
was 5.2 + 6.9 years. When comparing both groups, significant differences were not
observed in the allelic and genotypic frequencies of the polymorphisms PGR +331C
> T, CYP17A1 -34A > G and CYPI9A1 1531G > A, even when considering the symp-
toms, classification and stage of the endometriosis. The combined genotype PGR
+33TTT/CYP17AT -34AA[CYPT9ATIS31AA is positively associated with endometriosis
(odds ratio [OR] = 1.72; 95% confidence interval [95%C1] = 1.09-2.72).
Conclusions The combined analysis of the polymorphisms PGR-CYP17A1-CYPI9A1
suggests a gene-gene interaction in the susceptibility to endometriosis. These results
may contribute to the identification of biomarkers for the diagnosis and/or prognosis of
the disease and of possible molecular targets for individualized treatments,

Objetivo Avaliar a magnitude de associacdo de polimorfismos nos genes PGR,
CYP17AT e CYP19AT no desenvolvimento da endometriose.

Métodos Este é um estudo retrospectivo do tipo caso-controle, envolvendo 161
mulheres com endometriose (casos) e 179 controles. Os polimorfismos foram ge-
notipados pela reacdo em cadeia da polimerase em tempo real utilizando o sistema
TagMan. A associacao dos polimorfismos estudados com a endometriose foi avaliada
pela regressao logistica multivariada.

Resultados As pacientes com endometriose eram significativamente mais jovens do
que os controles (36,0 + 7,3 versus 38,0 + 8,5, respectivamente, p = 0,023), apre-
sentaram um indice de massa corporal menor (26,3 + 4,8 versus 27,9 + 5,7, respec-
tivamente, p = 0,006), maior tempo médio de duracao do fluxo menstrual (7,4 + 4,9
versus 6,1 + 4.4 dias, respectivamente, p = 0,03) e menor tempo médio do intervalo
entre as menstruacdes (25,2 + 9,6 versus 27,5 + 11,1 dias, respectivamente,
p = 0,05). Uma maior prevaléncia dos sintomas de dismenorreia, dispareunia, dor
pélvica cronica, infertilidade, alteragoes intestinais e urinrias foi observada no grupo
casos comparado ao grupo controle. O tempo médio entre o inicio dos sintomas e o
diagnéstico definitivo de endometriose foi de 5,2 + 6,9 anos. Comparando os dois
grupos, nao foram observadas diferencas significativas nas frequéncias alélicas e
genotipicas dos polimorfismos PGR +331C > T, CYP17A1 -34A > G e CYPI9A1 1531G
> A, e nem considerando os sintomas, a classificacdo e o estadiamento da endo-
metriose. O genétipo combinado PGR +331TT/CYP17A1 -34AAJCYP19ATI531AA estd
associado positivamente com a endometriose (razao de possibilidades [RP] = 1,72;
intervalo de confianca de 95% [IC95%] = 1,09-2,72).

Conclusdes A andlise combinada dos polimorfismos PGR-CYP17A1-CYPI9A1 sugere
uma interagao gene-gene na susceptibilidade a endometriose. Estes resultados podem
contribuir para a identificacdo de biomarcadores para o diagnéstico e/ou prognéstico
da doenca, assim como de possiveis alvos moleculares para um tratamento
individualizado.

clear, and hereditary susceptibility is an area of growing
investigation for the identification of genetic polymorphisms

Endometriosis is a benign gynecological estrogen-depen-
dent disease characterized by the presence of endometrial
tissue out of the uterine cavity, affecting nearly 10% of
women of reproductive age. Symptoms may include dysme-
norrhea, dyspareunia, chronic pelvic pain and infertility.’
The pathogenesis and the molecular mechanisms that are
involved in the development of endometriosis are not yet

Rev Bras Ginecol Obstet

that may lead to an increased risk of developing the
disease.?”

Estrogen performs a fundamental role in endometriosis,
which predominantly occurs in women of reproductive age
who have high estrogen production.*> An increase in en-
zyme expression is responsible for the estrogen synthesis
and reduction of progesterone receptor (PGR) expression
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observed in samples of endometrial injuries, but these
phenomena are not found in controls.®’ As endometriosis
is an estrogen-dependent disease, genetic polymorphisms
involved in the biosynthesis and regulation of estrogens
could be considered possible biomarkers for its diagnosis
andfor prognosis. Cytochrome P450 17A1 (CYP17A1) is
involved in the initial stages of estrogen synthesis, convert-
ing pregnenolone into 17a-hydroxypregnenolone and, sub-
sequently, into dehydroepiandrosterone. Furthermore,
cytochrome P450 19A1 (CYP19A1) acts in the final stage
by converting androstenedione into estrone, and testoster-
oneinto estradiol *# Theenzyme CYP17A1, alsoknown as 17
a-hydroxylase, is encoded by the gene with the same name,
located in chromosome 10q24.3.% The single nucleotide
polymorphism (SNP) CYPI7AT -34A = G is located in the 5°
untranslated region (UTR) of the CYPI7AT gene, and it causes
a significant increase in the expression of 17 u-hydroxylasc.s
A different gene product, the aromatase enzyme, is encoded
by the gene CYPI9AI, which is located in chromosome
15g21. The SNP CYPI9AT 1531G > A is found in the 3'UTR
of this gene, and it causes a significant change in the levels of
circulating estradiol.® Progesterone is also involved in the
pathogenesis of endometriosis, as it is a strong antagonist of
estrogen, and thus plays an essential role in the regulation of
endometrial cell proliferation. The PGR gene, located in
chromosome 11q22-q23, is responsible for encoding both
progesterone receptor isoforms (PR-A and PR-B) by tran-
scribing from alternative promoters.? The SNP PGR +3310/T,
located in the gene promoter region, creates an additional
TATA box, and causes higher transcription of PR-B.°

As the SNPs PGR 331C =T, CYPI7Al -34A > G and
CYPI19A1 1531G > A are located near potential elements
that regulate their respective genes, interfering with the
levels of expression of the corresponding proteins, it be-
comes relevant to evaluate the influence of these SNPs in the
development of endometriosis. To date. 12 studies have
evaluated the association of the SNPs PGR +331C> T,
CYP17A1 -34A > G and CYP19A1 1531G > A in the develop-
ment of endometriosis in different populations. However,
the results of the amalyses are controversial.'2' In this
context, the objective of this study was to evaluate the
magnitude of the association of the SNPs PGR +331C > T,
CYPI7A1 -34A > G and CYP19A1 1531G > Awith the devel-
opment of endometriosis in women treated in two public
reference hospitals in Brazil.

Methods

Study Design

This was a retrospective, case-control study approved by the
Human Research Ethics Committees of two of our institu-
tions (under protocols number 414/11 and 1.244.29 respec
tively), both located in the city of Rio de Janeiro, Brazil. All
participating patients (n — 340) provided written informed
consent, and visited one of the two institutions between
March 2011 and October 2015, The research was conducted
in accordance with the Declaration of Helsinki, which was
revised in 2008, Patients with a surgical diagnosis (after

laparoscopy or laparotomy) of endometriosis with histologi-
cal confirmation of the disease, as well as those diagnosed by
magneticresonance imaging (MRI), were considered the case
group (n = 161). The control group (n = 179) consisted of
women with a negative diagnosis of endometriosis, after
laparoscopy or laparotomy for tubal ligation (n = 48) or for
the treatment of benign diseases, such as myoma (n = 52),
ovarian cysts (n = 30), hydrosalpinx (n = 5), or for other
reasons (n = 44), Women with any history or diagnosis of
cancer or adenomyosis were excluded.?

The stage of the endometriosis was determined according
to the revised American Fertility Society classification, which
divides the disease intofour stages: | (minimum), Il (mild), Il
(moderate) and IV (severe).? Regarding the classification of
the endometriosis, we considered the proposal of Nisolle and
Donnez:?? superficial endometriosis (SUP ). ovarian endome-
trioma (OMA), and deep infiltrative endometriosis (DIE).
Superficial endometriosis and ovarian endometrioma may
be found in association with deep endometriosis.?* and the
cases in which this association was observed were consid-
ered DIE

The body mass index ( BMI) was calculated as the weight (kg)
divided by the height squared (m*). Only severe and incapaci-
tating symptoms of pain were included. Women who failed to
conceive after one year of regular, contraceptive-free inter-
course were considered infertile. Cyclical intestinal or urinary
symptoms were defined as bowel and/or urinary pain and/or
bleeding coinciding with menstrual periods.

Genotyping
Genomic DNA was extracted from the peripheral blood
sample using a genomic DNA extraction kit (Genomic DNA
Extraction, Real Biotech Corporation, Bangiao City, Taiwan),
according to the manufacturer’s instructions.
Genotypingof PGR +331C > T(rs10895068 ), CYPI7A1-34A
> G(rs743572) and CYP19AI 1531G > A(rs10046) SNPs was
performed by real-time polymerase chain reaction ( PCR) using
the TagMan system. Oligonucleotides and probes specific to
each SNP were obtained from Applied Biosystems:
rs10895068 (C_27858738_10), rs743572 (C_2852784_30)
and rs10046 (C_8234731_30). For all SNPs, PCRs were per-
formed with 30 ng of template DNA, 1~ TagMan Universal
Master Mix (Applied Biosystems, Foster City, CA, US), and with
each primer and probe assay at 1~ dilution, and H20 to 8plL.
The PCR conditions were: 95°C for 10 minutes, followed by 40
cycles of denaturation at 92°C for 15 seconds, and annealing at
60°C for 1 minute. Allele-detection was performed on a 7500
Real-Time System (Applied Biosystems, Foster Gity, CA, US),
and the genotypes were then determined directly.

Statistical Analyses

The continuwous variables were expressed as the mean +
standard deviation (SD) and the differences between
means were evaluated using the Student’s t-test. The cate-
gorical data were expressed as percentages, and evaluated
by the Chi-square (x2) test or Fisher's exact test, when
applicable. For each SNP, the Hardy-Weinberg equilibrium
(HWE) was calculated, and the allelic and genotypic
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Table 1 Demographic and clinical characteristics of the study population (N = 340)

Variable Controls Cases p
(N =179) (N = 161)
Age (years) n (%)
18-29 30 (16.8) 29 (18.0) 0.011
30-39 60 (33.5) 79 (49.1)
=40 86 (48.0) 48 (29.8)
No information 3.7 5(3.1)
Marital status
Married/partner 96 (53.6) 111 (68.9) 0,046
Single 53 (29.6) 38(23.7)
Divorced | Widow 5(2.8) 1(0.6)
No information 25 (14.0) 111{6.8)
Level of Schooling
Elementary education 38(21.3) 24(14.9) = 0.001
High school §9 (49.7) 60(37.3)
Higher education 26 (14.5) 67 (41.6)
No information 26(145) 10(6.2)
BMI
< 18.5 3(.7) 7(4.4) 0.013
18.5-24.9 48 (26.8) 48 (29.8)
25-299 50(27.9) 63 (39.1)
30-40 65 (36.3) 35(21.7)
= 40 13 (7.3) 8 (5.0
Infertility
Primary 19 (10.6) 53(32.9) < 0.001
Secondary 3.7 16 (9.9)
None** 133 (74.3) 58 (36.1)
No attempt 20(11.2) 32(19.9)
No information 4(2.2) 2(1.2)
Parity
] 19 (10.6) 53(32.8) < 0.001
1 23(12.8) 37 (3.0
2 58 (32.5) 27 (16.8)
3 or more 55 (30.7) 10{6.2)
No attempt 20(11.2) 32(20.0)
No information 4(2.2) 2(1.2)
Symptoms***
Dysmenorrhea 29 (16.1) 77 (47.5) < 0.001
Chronic pelvic pain 70 (38.9) 124 (76.5)
Dyspareunia 50(27.8) 102 (63.0)
Cyclical urinary complaints®** 9 (6.4) 41(27.5)
Cyclical intestinal complaints™** 8 (6.0) 74 (49.7)

Abbrevdation: BMI, body mats index
Motes:"pvalue obtained by Pearson's Chi-squared (x2) test. “Number of fertile women. ™ The same woman can have more than one symptom.
****Pain or bleeding during the menstrual period.
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distributions were compared between cases and controls by
the x2 test or Fisher's exact test., To evaluate the association
between the SNPs and the development of endometriosis,
as well as the presence of symptoms, the classification and
staging of the disease were used to estimate the odds ratios
(ORs) and their respective 95% confidence intervals (95%
Cls), with adjustment for possible confounding factors,
using a multivariate logistic regression, Values of p < 0.05
were considered statistically significant. All analyses were
performed using the Statistical Package for the Social
Sciences (SPSS, IBM Corp., Armonk, NY, US) software,
version 20.0.

Results

The endometriosis cases were diagnosed through laparosco-
py (n =90, 55.9%) laparotomy (n = 27, 16.8%) or MRI
(n = 44,273%), and 87 (54%) were classified as DIE. Of the
117 surgery cases, 37 (31.6%) presented stages |-l diseases,
and 80 (68.4%) presented stages III-IV. The most common
locations of the endometriotic lesions were in the ovary
(31%), followed by the intestine (19%), and the uterosacral
ligaments (15%). The average age of the endometriosis
patients at the time of diagnosis was 31.5 + 7.5, and the
average time for disease diagnosis, which was the time since
the beginning of the symptoms until the definitive diagnosis,
was 5.2 + 6.9 years.

In =Table 1, the demographic and clinical data from the
study population are described. The patients with endometri-
osis were significantly younger than the controls (36.0 + 7.3
versus 38.0 = 85 respectively, p = 0.023), and presented a
higher education level (41.6% versus 14.5%), as well as a lower
BMI (263 + 48 versus 27.9 + 5.7 respectively, p = 0.006).
The number of infertile women (primary or secondary) was
significantly higher in the case group (42.9%) than in the
control group (12.3%), and nearly 63% of the women from
the control group had 2 or more children. The patients with
endometriosis presented a higher prevalence (p < 0.001) of
symptoms, including dysmenorrhea, dyspareunia, chronic
pelvic pain, and urinary and intestinal changes. Considering
the charactenistics of the menstrual cycle, a significant differ-
ence was detected between cases and controls in relation to
the average duration of the menstrual flow (7.4 = 4.9 versus
6.1 = 4.4 days respectively, p = 003) and the average interval
between menstrual periods (25.2 + 9.6 versus 27.5 + 11.1
days respectively, p — 0.05).

When comparing the allelic and genotypic frequencies of
the SNPs PGR +331C > T, CYPI7Al -34A > G and CYPI9A1
G > A between the cases and controls (=Fig. 1), no signifi-
cant differences were detected, even when considering the
staging and endometriosis classification (data not shown).
The allelic distribution of the SNPs PGR +331C > T,CYP17A1
-34A > G and CYPI9A! G > A in relation to the absence or
presence of symptoms (dysmenorrhea, pelvic pain, dyspar-
eunia, infertility, and urinary and intestinal problems, for
example) in the endometriosis patients is summarized
in =Fig. 2. Considering the symptoms of the disease, no
significant differences were found.
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Fig. 1 Allelic and genotypic frequencies of the polymorphisms PGR
+331C > 1, CYPI17A1 -34A > G and CYPI9A] G > A In the study
population.

A combined analysis of the three studied SNPs (PGR
+331C > T, CYPI7A1 -34A > G and CYPI9A1 G > A), com-
pared between the endometriosis cases and controls, was
performed to investigate whether the presence of more than
1 SNP would increase the risk of developing the disease
(=Table 2). It has been observed that relative to the com-
bined wild-type genotype (PGR +331CC/CYPI7A1 -34AA|
CYP19A11531GG), the combined genotype PGR +331TT/
CYPI7A1 -34AA[CYPISAT1531AA is associated with an in-
creased risk of developing endometriosis. A combined anal-
ysis of the PGR +331C > T, CYPI7A1 -34A > G and CYPI9A1
G > A genotypes was also performed in relation to the
absence or presence of symptoms (dysmenorrhea, pelvic
pain, dyspareunia, infertility, and urinary and intestinal
problems, for example) in the endometriosis patients. How-
ever, no significant differences were found (data not shown).

In =Table 3, we describe the variant allele frequencies of
the SNPs PGR +331 T, CYPI7A1 -34 G and CYP19AIA in
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Fig. 2 Minor allelic frequencies of the polymorphisms studied among symptomatic and asymptomatic endometriosis patients.

different populations. The allele frequency PGR + 331 T'varied
between 2% and 10% and 5% and 10% in the cases and controls
respectively, based on 3 studies that have evaluated this SNP,
including the present one. The SNP rs743572 has been
evaluated in 7 studies, in addition to the present study,
and the frequency ofthe CYP17A1 -34 G allele varied between
35% and 58% in the cases and between 31% and 63% in the
controls. In addition to our study, 4 other studies also
evaluated the SNP rs10046, and the allele frequency of
CYPI9A1 1531A varied between 35% and 58% and between
41% and 60% in the cases and controls respectively.

Discussion

Endometriosis is a complex multifactorial gynecological
disease caused by the combination of hormonal, genetic
and environmental factors, as well as immunological pro-
cesses. Estrogen and progesterone are essential in the regu-

Rev Bras Cinec

lation of endometrial tissue growth, and, as such, they may
play acentral role in the pathogenesis ofendometriosis.”® In
this study, a positive association between the combined
genotype PGR +331TT/CYP17A1 -34AA/CYPI9A1 1531AA
and the development of endometriosis was observed.
Supporting our results, neither Lamp et al,'® in Estonia,
nor Trabert et al' in the United States, could find an
association with only the PGR +331T allele. However, van
Kaam etal,'? in the Netherlands, observed a protective effect
(OR = 0.22; 95%Cl = 0.06-0.77) for the development of en-
dometriosis. In agreement with our findings, 5 studies from
China.™ Japan,' Turkey,'” Italy'® and the United States'®
failed to observe an association between the SNP CYP17A1
-34G and endometriosis. However, 2 studies in the Chinese
population'''? found a positive association between endo-
metriosis and the CYPI17A1 -34A allele (p — 0.046 and
p = 0.009), With relation to the SNP CYPI9AT 1531G > A,
none of the studies found an association with endometriosis,
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Table 2 Combined genotype frequencies of the polymorphisms PGR +331C = T, CYPI7 -344 > G and CYP19 15316 > Abetween
controls and cases, and their association with the risk of endometriosis

Genotypes Controls Cases p- OR
N (%) N (%) (95%C1)"

PGR +331C > T, CYP17 -34A > G and OYP19 15316 > A

WT [ WT | WT 23(13.5) 11(7.3) 1o+

WT | WT | VAR 29(17.1) 28 (18.6) 0.20 1.82(0.73-4.57)
WT | VAR | VAR 70 (41.2) 60 (40.0) 0.17 1.35 (0.88-2.05)
VAR | WT [ WT 2(1.2) 4(2.7) 0.18 1.57 (0.82-3.00)
VAR | VAR | WT 7 (4.1} 10 (6.7) 0.20 1.23 (0.90-1.67)
VAR | WT | VAR 1(0.6) 71(4.7) 0.02 1.72(1.00-2.72)
WT [ VAR | WT 25(14.7) 22 (14.7) 0.15 1.13 (0.96-1.34)
VAR | VAR | VAR 13 (7.6) 81(5.3) 0.87 1.02 (0.85-1.21)

Abbreviations: 95%C1, 95% confidence intervak OR, odds ratio,

MNotes: WTWT/W T, CC/AAGE WTWT VAR, CCA4,/0A or COMAAMA; WT VAR VAR, O0/CGIAA or OCfALGA or CCAGAAor CC/GG/CA; VAR WTWT, CT/
AAJGG or TT/AAGG; VAR VARWT, CT/AG/GG or CT/GG/GG or TTIAGAGG or TT/GG/GG: VAR WT VAR, CT/AA/GA of CTIAAJAA or TTJAA/GA or TT/ARAA
WTIVARMWT, CC/GG/G G or CO/AGIGG: VAR VAR VAR, TTIGG/AA; “pvalue obtained through the Chi-squared test (Pearson Paalue) or Fisher's exact
test. “Adjusted by age and BMI. "~Reference group.

Table 3 Frequency of the studied polymorphisms among different populations (endometriosis patients and controls)

Polymorphism Population N* Frequency among | Frequency | Association with Reference
the controls (%) among the | endometriosis
cases (%)

PGR +331C =T PGR +331T

(rs10895065) Estonla 349 | 8.8 6.7 Mo association Lamp et al'®
United States | 823 | 4.8 5.1 No association Trabert et al"®
Netherlands | 165 | 9.7 2.3 Protective (T allele) | van Kaam et al'®
Brazil 179 | 6.6 101 No association Present study

CYPIFAT -34 A4 = G CYPITALD -34 G

rs743572) Turkey 93 | 308 57.6 No association Bozdag et al'’
China 247 | 602 50.8 Risk (A allele) Hsieh et al'l
China 227 | 629 50.8 Risk (A allele) Hsieh et al'?
China 510 | 543 58.2 No association Juo et al
Japan 317 | 398 429 Mo association Kado et al'®
United States | £23 393 348 Mo association Trabert et al'®
Italy 190 | 372 423 No association vietri et al'”
Brazil 180 | 42.7 44.4 No association Present study

CYPISAT 15316 = A CYPI9AD 1531 A

{rs10046) Korea M2 | ss9 55.8 Mo association Hur et al'™*
Estonia 349 | 59.8 55.0 Mo association Lamp et al'®
China 371 | se4 57.5 No association Wang et al’®
China 202 | 410 35.3 Mo assodiation Yang et al!
Brazil 180 | 394 406 No association Present study

Abbreviations: CYP17A1, cytochrome P450 17A1; OYP19AY, cytochrome P450 1941; PGR, progesterone receptor,
Mote: "N total number of individuals induded in the study (cases + controls).
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which is similar to our results,'#'%29-21T¢ date, no study has
investigated the combined effect of the SNPs PGR +331TT/
CYP17A1 -34AA/CYP19AT 1531AA on the development of
endometriosis.

The strength ofthe present study is that it is the first study
performed in the Brazilian population that evaluated the

6 Bedaiwy MA, Dahoud W, Skomorovska-Prokvolit Y, et al, Abun-
dance and Localization of Progesterone Receptor Isoforms in
Endometrium in Women With and Without Endometriosis and
in Peritoneal and Ovaran Endometriotic Implants. Reprod Sci
2015:22(091:1153-1161

Lafay Pillet MC, Schneider A, Borghese B, et al. Deep infiltrating

~

SNPs PGR +331C > T, CYPI7AT1-34A > Gand CYP19A1 1531G
> Ain terms of endometriosis development, while consider-
ing the symptoms of the disease. All control patients were
surgically evaluated to confirm a negative diagnosis of
endometriosis; 27% of them had previously undergone ster-
ilization. and 63% had already had 2 or more children. A
limitation of this study was that the controls also included
women with other gynecological diseases, providing lower
risk estimations. Furthermore, considering the endometni-
osis patients, 27% were diagnosed by MR1. However, this has
been a specific and accurate method for the detection ofdeep
endometriosis.”® 2

In conclusion, the combined analysis of the polymor-
phisms PGR-CYPI7A1-CYPI9A] suggests a gene-gene inter-
action in the susceptibility to endometriosis. The results may
contribute to the identification of genetic biomarkers that
are able to helpindisease diagnosis and/or prognosis, as well
as in the identification of possible molecular targets for
individualized treatments.
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7.3 TERCEIRO ARTIGO DA TESE

Role of cytochrome P450 2C19 polymorphisms and body mass index in endometriosis:
A case—control study (publicado em 2017, na revista European Journal of Obstetrics &

Gynecology and Reproductive Biology)

Este artigo investigou a contribuicdo dos SNPs CYP2C19*2 e CYP2C19*17, e
do IMC como fatores de risco para o desenvolvimento da endometriose. Para este
estudo, foram recrutadas do HFSE e HMF 187 casos de endometriose diagnosticados
por cirurgia ou RNM e 169 controles com diagnoéstico cidrgico negativo da doenga. A
frequéncia do alelo variante do SNP CYP2C19*2 foi significativamente diferente entre
0s casos e controles (P = 0,008) e, apos o ajuste de fatores de confundimento, este SNP
foi associado com o aumento do risco de endometriose, considerando todos 0s casos
(OR =1,83; 95% IC = 1,17 - 2,85) ou apenas EPI (OR = 2,32; 95% IC = 1,42 - 3,77).
Além disso, entre as mulheres obesas (IMC 30 - 40), o SNP CYP2C19*2 foi associado
com um maior risco de endometriose (OR = 3,27; 95% IC = 1,55 - 6,89). Estes dados
sugerem que o SNP CYP2C19*2 esta associado positivamente com a suscetibilidade a
endometriose, e 0 IMC tem uma interacdo significativa com esse SNP e o risco de

endometriose.
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ARTICLE INFO ABSTRACT

Article hetory: Objective: To investigate the contribution of CYP2C19 polymorphisms and body mass index (BMI) in the

Receved 18 July 2017 development of endometniosis.

Received in '“f:i"""';’ Qctolier 2017 Study design: This is a case-control study that includes 356 women (187 cases and 169 controls) recruited

m:; ol;'f:‘u' o from two hospitals in the Brazilian public health system. The genotyping analyses of the CYP2C19°2 and
CYP2C19°17 polymorphisms were performed using TagMan allelic discimination assays, and the
association of the studied polymorphisms with end 1osis was eval d by multivariate logistic

:’I'?:';‘sm regression, Pearson comrelation coefficients were used to investigate the interaction between BMI and

mzzclg CYP2C19 polymorphisms.

Endometriosis Results: The variant allele frequencies of CYP2C19°2 were significantly different between cases and

Body mass index controls, and after adjusting for confounding factors, the CYP2C19°2 polymorphism was more frequent in
with end: 105iS, C idering all cases (CYP2C19°2: OR~1.83; 95% C1~117-285) and only
deeply infiltrating endometriosis (DIE) cases (CYP2C19'2: OR~2.32; 95% Cl=142-377) BMI was
ficantly lower in e nosis patients (26.5 -+ 4,68) than in controls (278 +5.65, P < 0.02). Among
obese women (BMI 30-40), the CYP2C19°2 polymorphism had a greater association with endometriosis
(CYP2C19°2: OR~3.27; 95% (I~ 1.55-6.89). There was a positive comelation between CYP2(19°2 and BMI
30-40 (P=0004).

Conclusions: The findings of our study suggest that CYP2C 192 is positively associated with endometriosis

and that BMI may have a significant interaction with CYP2C19°2 and the risk of endometriosis.
© 2017 Elsevier B.V. All rights reserved.

Introduction suggested an association with various demographic/personal

factors (eg.. BMI, educational attainment and smoke), menstrua-

Endometriosis is a relevant public health problem that affects tdon (eg., early menarche and irregular menstrual cycles)

approximately 10% of reproductive-age women | 1]. Endometriosis reproductive factors (eg., parity reduction) and genetic factors
is an estrogen dependent condition characterized by the presence [3-9].

of functional endometrial tissue outside the uterine cavity and is The growth of endometrial tissue is mediated by aromatase

currently one of the most important causes of female infertility | 2]. P450, which is a key component of estrogen biosynthesis that

Although its etiology remains unclear, several studies have promotes the conversion of testosterone into estradiol and

androstenedione into outshone [10]. The cytochrome P450 family

2, subfamily C. 19 (CYP2C19), a member of the CYP supergene

* Corresponding author at: West Zone State University - UEZO, Research family, is an important candidate that is present in the estrogen

Laboratory of Pharmaceutical Sciences, Av. Manuel Calderra de Alvarenga, 1203, conversion process of estradiol to outshone and in the production
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[11,12]. In addition to its involvement in the biosynthesis of
hormones [13], the CYP2C19 enzyme is also involved in the
metabolism of many drugs | 14], the detoxification of potential
carcinogens | 15,16, and the bioactivation of some environmental
procarcinogens [16], A series of polymorphisms related to CYP2C19
have been found to play a role in the pathogenesisof endometriosis
[17-21]. Among the known allelic variants of CYP2C19, CYP2C19°2
(G681A - splice site mutation) and CYP2C19°17 (CB06T - increased
gene expression) stand out and are classified as slow and ultra-fast
metabolizers, respectively, resulting in decreased or increased
metabolic capacity of the enzyme [10,22]. These polymorphisms
were selected for this study based on their high frequencies in the
Brazilian population, corresponding to 13% for the CYP2C19°2 allele
and 17% for the CYP2C19°17 allele [23).

Several studies have shown a significant association between
endometriosis and low BMI, but the precise mechanism remains
uncertain [4,58]. A recent a genome-wide association study
(CWAS), with 3194 endometriosis cases and 7060 controls,
described locus 7p15.2 as being associated with endometriosis
and fat distribution, suggesting that both conditions may have a
shared genetic basis [6]. In this context, the aim of this study was to
investigate the association of CYP2C19 polymorphisms with BMlin
women with endometriosis.

Materials and methods
Study design

The study protocol was approved by the Ethics Committees of
the Brazilian Hospital Federal dos Servidores do Estado (414/2011)
and of the Hospital Moncorvo Filho of Federal University of Rio de
Janeiro (1.244.294/2015). This case-control study included 356
women recruited from two Brazilian public hospitals that are
reference institutions for the diagnosis and treatment of endome-
triosis in Rio de Janeiro, Brazil, from 2011 through 2016. All
participants provided informed consent and completed a demo-
graphics questionnaire by interviews during preoperative appoint-
ments in the two hospitals of the Brazilian public health system.

A total of 187 patients with endometriosis, diagnosed by
laparoscopy (n=96) or laparotomy (n=33) with histological
confirmation of the disease or those diagnosed by magnetic
resonance imaging (MRI) (n=58), were selected as the case group.
According to the disease stages of the patiemts with surgical
diagnosis, stratified by the revised American Fertility Society
classification {24], 41 (31.8%) were diagnosed as minimal or mild
(Stages 1-11), 81 (62.8%) were diagnosed as moderate or severe
(Stages 1I-IVL and 7 (5.4%) had this information missing.
According to Nisolle and Donnez, |25] endometriosis may be
classified as superficial endometriosis (SUP), ovarian endome-
trioma (OMA ) or deeply infiltrating endometriosis ( DIE). According
to this classification, 27 (14.4%) endomefriotic patients were
classified as SUP, 51 (27.3%) as OMA, and 102 (54.6%) as DIE, and 7

weight (185 < BMI < 249), overweight (25< BMI<299) obese
(30 < BMI < 40) or morbidly obese (BMI > 40). As described in our
previous study |8, only severe and incapacitating symptoms of
pain were considered in this study. Infertility was defined as a
couple not being able to conceive after one year of regular,
contraceptive-free intercourse (primary or secondary) |8).

CYFP2C19 genotyping

DNA was extracted using a genomic DNA extraction kit
(Genomic DNA Extraction, Real Biotech Corporation, Bangiao City,
Taiwan) following the procedures recommended by the manufac-
turer. The genotyping analyses of the CYP2C19°2 (rs4244285) and
CYP2C19*17 (rs12248560 ) polymorphisms were performed using a
TaqMan allelic discrimination assay kit obtained from Applied
Biosystems (C_25986767_70 and C_25986767_70, respectively).
For all polymorphisms, real-time polymerase chain reaction (PCR)
was performed using a 7500 Real-Time System (Applied Bio-
systems, Foster City, CA, USA), and the genotypes were then
directly determined.

Statistical analysis

Student's t-test was used to compare continuous variables
between endometriosis patients and controls, and results are
expressed as the mean + standard deviation (SD). Chi-square (x2)
test or Fisher's exact test, when applicable, was applied to compare
differences in age, BMI, marital status, education level, and
endometriosis clinical symptoms and for the statistical analysis
of the distribution frequencies of genotypes and alleles between
the two groups. Additionally, the Hardy-Weinberg equilibrium
(HWE) was calculated by the chi-sq test for good of-fit.
CYP2C19*1 is the default allele, calculated as CYP2C19'1 =1 - (
CYP2C19°2+ CYP2C19°17). Multivariate logistic regression analyses
were performed to identify possible confounding factors in the
associations between the polymorphisms and endometriosis or
between the polymorphi and triosis features, which
was estimated by the odds ratio (OR) with a 95% confidence
interval (95% Cl). Pearson’s correlation test was used to evaluate
the strength of the relationship between the polymorphisms and
endometriosis-related BMI. Difference were considered statisti-
cally significant when P< 0.05. All analyses were performed using
the Statistical Package for Social Sciences (SPSS Inc., Chicago, IL,
USA), version 20.0.

Results

There were significant differences between the cases and
controls regarding mean age (35.9 £ 7.29 and 37.7 + 8.59, respec-
tively, P=0.03), education level (P < 0.001) and all endomeftriosis
clinical symptoms (dysmenorrhea, non-cyclic chronic pelvic pain,
deep dyspareunia, infertility, cyclical urinary and intestinal

(3.7%) had this information missing. Both superficial peri |
and ovarian endometrioma may be found in association with deep
endometriosis, and such cases were considered DIE [26].

The control group consisted of 169 women with a negative
diagnosis of endometriosis by laparoscopy (n = 140) or laparotomy
(n=29) who had undergone surgery to treat benign diseases, such
asovarian cysts (n=30), myoma (n = 52), hydrosalpinx (n =5}, tubal
ligation (n=48) or other reasons (n=34). The exclusion criteria
were women who had been diagnosed with adenomyosis, a
previous history or current diagnosis of cancer, hypertension-
related chronic kidney disease or rheumatoid arthritis.

BMI was calculated as the weight (kg) divided by the square of
height (m?). According to WHO's expert committee [27], the
women were classified as underweight (BMI < 18.5), normal

ymp P < 0.001). With regards to the characteristics of the
menstrual cycle including menarche age (125 =172 versus
12.5 + 1.99, respectively, P=0.98), average duration of menstrual
bleeding (6.9 + 4.52 versus 6.5 = 6.01 days, respectively, P=041)
and average time interval between menstruations (25.3 £+ 8.95
versus 269 = 11.48days, respectively, P=0.22), there were no
significant differences between the two groups. There was a
significant difference between the two groups in mean BMI
(26.5 + 4.68 cases and 27.8 + 565 controls, P=0.02) The control
group (43.2%) exhibited a higher BMI (obese and morbidly obese)
than the endometriosis group (25.7%).

All polymorphisms were in Hardy-Weinberg equilibrium,
Patients with endometriosis showed a higher frequency of the
variant allele CYP2C19°2 than the controls. Conversely, no
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significant differences were detected in the allele or genotype
distribution of the CYP2C19°17 polymorphisms between the two
groups. Table 1 shows the association analysis of the CYPC219°2
and CYP2C19*17 polymorphisms between control and endometri-
osis cases, either considering all cases or only DIE patients. Because
endometriosis is also affected by clinical and demographic
variables, such characteristics should to be analyzed in parallel
with genetic variations. Such variables were evaluated in
multivariate logistic regression models, with only age and BMI
remained significant co-factors for endometriosis susceptibility.
After adjusting for confounding factors, variant allele and
genotypes of the CYP2C19°2 polymorphism were associated with
a higher risk (approximate 2-fold) of endometriosis, either
considering all cases or DIE cases (Table 1). In addition, we also
observed that the CYP2C19°2 polymorphism was positively
associated with disease susceptibility, considering only stages
-1V of endometriosis (OR~194; 95% (0~ 1,14-3.30) (data not
shown}. No significant association was found for the CYP2C19°17
polymorphism in end riosis develop considering all
cases or DIE cases (Table 1)

Combined analyses of the polymorphisms studied and BMI in
endometriosis development were used to evaluate gene-environ-
ment interactions. Endometriosis cases had a higher frequency of
the CYP2C19°2 polymorphism for all categories of BMI
(<18.5=3.7%; 18.5-24.9+29.4%; 25-29.9 =41.2%; 30-40 =~ 22.5%;
>40=3.2%) than controls (BMI < 18.5 = 1.8%; 18.5-24.9 = 27.2%; 25~
29.9 = 27.8%; 3040 = 35.5%; >40 = 7.7%). Among women with a BMI
30-40, the variant allele CYP2C19°2 was associated with a higher
risk of endometriosis susceptibility (CYP2C19°2: OR=3.27; 95%
(=155-6.89 and ‘1/°2+°2/"2: OR=4.24; 95% Cl~=168-10.7).
There was a relationship between the CYP2C19°2 polymorphism
and obese women (BMI 30-40), which was related to endometri-
osis {correlation coefficient r*=0.280, P~0.004). However, no
significant association was observed for the CYP2C19° 17 polymor-
phism (data not shown).

In addition, we investigated the association of the CYP(219°2
and CYP2C19°17 polymorphisms with the absence or presence of
dysmenorrhea, pelvic pain, dyspareunia, infertility, and urinary
and intestinal problems in the endometriosis patients, but no
significant differences were found (data not shown)
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Estrogen is highly expressed in endometriotic lesions compared
with the normal endometrium [28,29]. A recent meta-analysis of
11 genome-wide studies identified five novel loci that were
significantly associated with endometriosis risk, implicating genes
involved in steroid hormone pathways, such as the estrogen
receptor (ESR1), and thus reinforcing the important role of this
hormone in endometriosis susceptibility [30).

The CYP2C19*17 polymorphism was not significantly associated
with endometriosis risk in our study, in agreement with Painter
et al. [19). However, a lower endometriosis risk was previously
observed for carriers of the CYP2C19°17 allele in only one study
[20]. The CYP2C19°17 variant {in the 5'-flanking region of the gene)
may confer a rapid metabolism of CYP2C19 substrates, which may
decrease estrogen levels and, therefore, reduce endometriosis risk
131).

We found that allelic and genotypic variants of CYP2C19°2 were
associated with increased risk of susceptibility to endometriosis,
Only four studies have evaluated the association of this polymor-
phism with the development of endometriosis. Cayan, et al, [17]
and Painter et al. |20] proposed that the CYP2C19°2 polymorphism
increased endometriosis risk, corroborating our findings. However,
the other two studies did not observe an association of the
CYP2C19°2 polymorphism with the disease [18.19]. This synony-
mous polymorphism located in exon 5 causes no change to the
amino acid sequence, but creates an alternative splice site
downstream resulting in a truncated, non-functional protein
[32] and a poor metabolizer phenotype [ 10].

Estrogens are also produced in adipocytes, and the increased
production of estrogen is associated with increased adiposity [33].
Reduced or increased estrogen expression has been associated
with the prevalence of certain aspects of the metabolic syndrome
[34-36/, and polymorphisms in estrogen-related genes have been
associated with abnormal adiposity | 35.37]. We hypothesized that
CYP2C19 could alter circulating estrogen levels and modify the risk
of endometriosis influenced by BMI status. Thus, we observed that
CYP2C19°2 is positively associated with end riosis in
with BMI between 30 and 40. These findings suggest a gene-
environment interaction in the susceptibility to endometriosis.

Association analysis of the CYRC219°2 and CYP2C19°I7 polymorphisms between control and cases (all endometriosis patients or DIE cases).

Folymosphisms Controls (n=169)  Endometriosis (n=187)  Pvalue*  OR gpaues (955 Q)™ DIE(M=IR)  Pvalue*  OR Loy pe (5% C1) %4
w1972 N (%) N (%)

Genotypes

M/ 131(775) 122 (65.3) 1® 61(9.8) Vs

Y2 36 (21.3) 58 (31.0) 002 1.83 (1.10-3.06) 35(343) 0.01 213 (118 - 3.83)
272 2(12) 7(37) 014 349 (0.67 - 181) 6(59) 0.02 6.80(131 - 354)
"N2e22 38 (225) 65(347) 001 L2 (117 - 317) 41 (40.2) 0.003 2.39(136 - 4.20)
Alleles

‘1 298 (882) 302 (80.7) 157 (770) 0.0m

2 40 (11.8) 72(193) 0008 163 (117 ~ 285) 47 (B.0) 2.32(142 - 3.77)
awPC19°17

Genotypes

y1 104 (6L.5) 124 (663) 14 63 (61.8) 1*

v 51(302) 55(29.4) 097 099 (061 - 1.60) 32(314) 0.94 0.97 (0.51 - LB7)
197 14(83) 8{43) 007 040 (0.5 - 1.06) 7(68) 0.53 0.72 (0.26 - 2.00)
bt /a0 i i g 65 (385) 63(3317) 052 086 (055 - 1.36) 39(382) 0.82 106 (063 - 180)
Alleles

‘1 259 (766) 303 (81.0) 158 (675)

a7 79 (234) 71 (19.0) 0.19 088 (096 —1.01) 46 (325) 0.88 0.99 (097 - 103)

Default allele, calaulated as OYPAC19%) =1 — (CYP2C19°2 =CYP2C19°17). OR: odds ratio; CI: confidence interval; DIE: deep infiltrating endometriosis. * Chi-square test or
Fisher's exact test.” Adjusted by age and BML © Controls vs. all endometriosis patients. € Controls vs DIE. * Reference group.
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Recent advances in gene technology have led to the discovery of
new genes for obesity and infertility susceptibility, as family
history and genetic factors play roles in both conditions [38].
Although epidemiological data can be used to better understand
endometriosis, further studies are needed to investigate the
genetic, environmental, and pathophysiology of BMI decline in
women with endometriosis. This is the first study to link CYP2C19
polymorphisms with endometriosis-related BMI. In addition, all of
our controls were surgically evaluated to detect endometriosis,
excluding the presence of asymptomatic endometriosis. However,
this was a hospital-based study conducted in two Brazilian public
hospitals over a period of almost 5 years. In addition, the sample
size is relatively small, which may be due to the long time required
to diagnose endometriosis. Due to the variety in the presentation
and severity of clinical symptoms of endometriosis, approximately
5-8 years elapse from the onset of symptoms to the definitive
diagnosis of the disease [8,39.40],

In summary, the findings of our preliminary study demonstrate
that variants of CYP2C19°2 are positively associated with endome-
triosis and that BMI may have a significant interaction with
CYP2C19°2 and risk of endometriosis.
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Matrix metalloproteinases 3 polymorphism increases the risk of developing advanced
endometriosis and infertility: A case-control study (publicado em 2019, na revista

European Journal of Obstetrics & Gynecology and Reproductive Biology: X)

Este estudo avaliou o papel do SNP MMP-3 276G>A como fator de risco para
o0 desenvolvimento da doenga e seus sintomas. Foi incluido neste trabalho 283 mulheres
com endometriose (casos) e 217 mulheres sem a doenga (controles) que foram
submetidas a cirurgia laparoscopica ou laparotomia recrutadas de trés hospitais publicos
brasileiro (FMUSP, HFSE e HMF). A distribuicdo alélica do SNP MMP-3 276G>A foi
significativamente diferente entre os dois grupos (P = 0,03). O gen6tipo variante MMP-
3 276AA foi associado ao aumento do risco de endometriose nos casos com
estadiamento I11-1V (OR = 2,08; 95% IC = 1,05-4,07 e OR = 1,87; 95% IC = 1,01-
3,45). Mulheres inférteis com endometriose apresentaram uma associa¢do positiva na
presenca do SNP MMP-3 276G>A (OR = 3,13; 95% IC = 1,08-9,08 e OR = 3,30; 95%
IC = 1,31-8,33). Esses achados sugerem que o SNP MMP-3 276G>A esta envolvido

com os casos de estadiamento I11-1V e a infertilidade relacionada a endometriose.
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Objective: Endi 1osis has a complex and multifactonial pathology. and itis ¢ ed one of the main
causes of infertility nowadays. The angiogenic process, which involves remodeling of extracellular
matnx, is crudal for the development of this disease, mainly by the action of the manx
metalloproteinase 3 (MMP-3). It is known that genetic factors can influence endometriosis, thus; we
investigated the role of MMP3 276G >A polymorphism as a risk factor for the development of the disease
and its symptoms.
Study Design: ‘nns case-control study induded 283 with end nosis (cases) and 217 women
without the d (co is ) who were submitted to L opic or laparotomy surgery Real-nme
polymerase chain reaction performed by TagMan system was applied for all poly p A
multvanate logistic regression was performed to evaluate the association between polymorphism and
endometniosis or clinical and gynecological charactenstics of the disease, using their respective odds
ratios {OR) and 95% confidence intervals (Q)
Results: The allelic frequency of the MMP3 276G = A polymorphism was 33.6% in controls and 40.3% in
endometnosis cases, The allelic distribution was significantly different between the two (P=003). The
vanant genotype of MMP3 276AA was associated with increased endometriosis nsk in the advanced
entbmemosls cases (OR: 2.08, 95% CI: 1.05 - 407 and OR: 187 95% CI: 101 - 3.45). Regarding the
5. € s-related infertile women had a positive assodation with the presence of MMP3
2766 ~ A polymorphism (OR: 3.13, 95% CI: 1.08-9.08 and OR: 330, 95% CI: 1.31 - 8.33)
Conclusions: These findings suggest that the MMP3 276A polymorphism is involved with advanced
endometnosis cases and infertility, and these assoclations may implicate in the behavior of disease.
© 2019 Pubhished by Elsevier BV. This is an open access article under the CC BY-NC-ND license {http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction and directly disturbs their quality of life. This can be because of the
delay and elevated cost of the treatment and diagnosis, beyond the
incapacitating symptoms |3.4], of which infertility stands out. A
recent study conducted in a Swedish cohort with 3406 women,
followed by thirty-nine years, showed an increased rate of
endometriosis among women with previous infertility problems [5].

Even though endometriosis' etiology is not completely under-
stood, there is strong evidence that angiogenesis is essential for the

Endometriosis is a complex gynecological disease characterized
by the presence of functional endometrial tissue outside the uterus
[1]. It affects approximately 10% of women at reproductive age [2]
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establishment and growth of endometriotic lesions [6]. and
genetic components can be involved in this process [7]. Our
previous studies have demonstrated that polymorphisms in genes

2590-1613/© 2019 Published by Elsevier BY, This is an open access article under the CC BY-NC-ND license (hetp://creativecommons org/licenses by-nc-nd 4,0/},
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that regulates the angiogenic process, such as VEGF and KDR, can
be involved in endometriosis risk [8,9]. Another important factor
for the angiogenesis is the matrix metalloproteinases (MMPs)
family, which consists of enzymes involved in extracellular matrix
remodeling [10], allowing the angiogenic process. The MMP-3
(stromelysin-1), encoded by MMP3, is a key member of the MMP's
family, responsible for laminin, fibronectin, gelatins (I, -V)
collagens and cartilage proteoglycans degradation [11]. Some
studies have already shown that MMP3 is overexpressed both in
endometrial tissue | 12] and peripheral blood samples [13]

MMP3 gene is located on chromosome 11, and one of the most
studied variants of this gene is the MMP3 276G > A single
nucleotide polymorphism (SNP), within exon 2 [14). MMP3
276G > A causes an amino acid change (Glu > Lys) at residue 45,
that can lead to an interference in MMP-3 interaction with amino
acids in this region, therefore, affecting on MMP-3 activation and
function [ 14]. Then, this SNP causes in conformational changes that
result in a quick autocatalytic activation to generate a fully active
enzyme by removing a portion of the prodomain [14].

To date, there is no data in the literature regarding the
association between the MMP3 276G ~ASNP and endometriosis,
Therefore, the objective of this study was to investigate the role of
MMP3 276 G > A polymorphism as a risk factor for the development
of endometriosis and its possible associations with endometriosis’
symptoms.

Materials and Methods
Study design

This case-control study was approved by the Human Research
Ethics Committees of Hospital das Clinicas da Universidade de Sao
Paulo (FMUSP 910/2011), Hospital Federal dos Servidores do Estado
(HFSE 414/2011) and Hospital Moncorvo Filho (HMF 1.244.294/
2015). All patients were recruited at three Brazilian public
hospitals, when assigned for laparoscopic or laparotomy proce-
dures, regardless of the therapeutic indication. Subjects diagnosed
with endometriotic lesions by surgery and histologically confirmed
were considered as cases (n=283) In the control group, had no
visible ectopic endometrium sites during surgical laparoscopy or
laparotomy, that was proposed in order to perform a tubal ligation
or treatment of benign diseases (n=217). Women presenting
previous diagnostic of adenomyosis, cancer, rheumatoid arthritis
or hypertension-related chronic kidney disease where excluded
from the study. All participants signed informed consent and their
epidemiological, gynecological and clinical data were already
published in our previous article [9).

As demonstrated in our previous study |9}, endometriosis cases
were divided into two groups according to the revised American
Fertility Society classification: early stage (women with minimal or
mild endometriosis - stage 1 and II, respectively; n=109) and
advanced stage (women with moderate or severe endometriosis -
stage Il and IV, respectively; n = 164). Besides, 10 participants had
no information about the staging.

Only women with severe and incapacitating pain were
considered as symptomatic cases. Infertility was defined as not
being able to get pregnant after one year of regular intercourse and
without contraceptive methods use [ 8,9]. In the present study, the
number of infertile women with endometriosis was 126 (44.5%).

Polymorphisms genotyping

A blood sample was obtained from the participants for
subsequent DNA extraction, as previously described [8], and to
genotyping of the MMP3 276G>A (rs679620) polymorphism.
Polymorphism amplification and detection was carried by 7500

Real-Time System (Applied Biosystems, Foster City, CA, USA) using
TagMan probe (C_3047717_1_). All PCR conditions were described
by Perini et al, 2014 [8].

Stanstical analysis

All statistical analyses were performed with SPSS (Statistical
Package for Social Sciences Inc., Chicago, IL, USA) program version
20.0 and were considered as statistically significant when value of
P value <0.05 was considered statistically significant.

Hardy-Weinberg equilibrium for the MMP3 276G > A SNP was
calculated by the goodness-of-fit Chi-Square test. Allelic and
genotypic distribution of this polymorphism was performed by
gene direct counting and their frequencies were compared using
the Chi-Square Test or, when appropriate, the Fisher's exact test,
Odds ratio(OR) and 95% confidence interval (C1) were calculated by
a multivariate logistic regression model to evaluate the possible
associations between SNP and endometriosis or between SNP and
gynecological and clinical features of endometriosis, As a final
regression model, each variable was introduced in the univariate
analysis considering its biological significance and its statistical
significance with a P-value of 0.20 input and a P-value of 0.05
output., Age and Body Mass Index (BMI) were considered as
confounding factors in this model.

Results

The mean age and mean BMI in the endometriosis cases were
349 + 7.2 and 245 + 4.6, respectively, and in the control group
were 37.5 + 8.4 and 279 + 5.8, respectively. MMP3 276G > A SNP
was in Hardy-Weinberg equilibrium and the frequency of variant
allele MMP3 276A (Fig 1) in the endometriosis cases (40.3%) was
statistically higher than the control group (33.6%). Assuming a
recessive model for the MMP3 276 G>A SNP, a significant
difference in genotype distribution was observed (MMP3 276GG +
CA versus 276AA). Patients carrying the MMP3 276 A allele or the
AA genotype had higher risk of develo ping endometriosis than the
MMP3 276GG genotype (Table 1). The variables age, BMI,
educational attainment, menopausal status and family history
of endometriosis were assessed in logistic regression models
according to our previous study [9]. After adjustment by
significant co-factors that remained in logistic regression model
(age and BMI), the MMP3 276A allele and the 276AA genotype
presented a borderline significant difference. Conversely, MMP3

[ Cantrols|
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Fig. 1. Allelic and genotypic distribution of the MMP3 276G > A polymorphism in
the endometriosis cases and control group. P-value from Chi-square test (Pearson P-
value).
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Table 1

Association analyses of the MMP3 276 G > A polymorphism with endometriosis nisk.
MMP3 276G ~A Controls (n=217)  Cases (n=283)  ORc (95X C1) ORa (95% CI) Cases II/IV (n=164)  ORe (95% C1) ORa (95% )"
Cenotype
o 97 (44.7) 107 (37.8) b 59 (36.0) r o
A 94 (433) 124 (438) 120 (082 - 1.76) 128 (0.82 - 200) 69 (€2.0) 121 (0.77 - 189) 118 (0.71 - 198)
A 26 (120) 52 (184) 181 (105 - 313) 179 (096 -334) 36(22.0) 228(125-4.15) 208(105-407)
GG+GA 191 (B8.O) 231 (8186) L} 1 128 (78.0) X r
A 26 (120) 52 (184) 165(099 - 2.75) 152 {0.87 -265) 36(2.0) 207 (119 -359) 187(101 - 3.45)
Allele
G 288 (664) 338 (59.7) L ) 1 187 (57.0) 1 r
A 146 (33.6) 228 (403) 133 (103 - 173) 115 (099 - 133) 141 (430) 149 (LN - 2.00) 119 (101 - 141)

ORc = crude odds ratio; ORa = odds ratio adjusted by age and BMI: Cl= Confidence Interval: Cases IV = Staging of moderate andjor advanced endometriosis (HI/IV).

* Reference group,
" Controls vs Cases I/IV.

7
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Fig 2. Allelic and genotypec distnbution of the MMP2 276G =~ A polymorphism n
fertile and infertile women with endometriosis, Povalue from Chi-square test
(Pearson Pvalue),

276 G > ASNP presented an increased risk of the advanced stage of
endometriosis in either the crude or adjusted OR (Table 1),

Considering the symptoms of endometriosis, we observed that
infertile women with endometriosis (26.2%) had a high frequency
of the variant genotype MMP3 276 AA when compared to fertile
women (9.7%) with endometriosis (Fig. 2). The presence of the
MMP3 276 AA genotype (versus MMP3 276GG and 276 GG+GA)
was positively associated with endometriosis-related infertility
(OR: 3.13; 95% CI: 1.08 - 9.08 and OR: 3.30, 95% CI: 1.31 - 8.33,
adjusted by age and BMI). Regarding other endometriosis
symptoms (dysmenorrhea, deep dyspareunia, non-cyclic chronic
pelvic pain, intestinal and wurinary cyclical complaints) no
significant differences were found between the two groups (data
not shown).

Comment

Our results revealed a positive association between the
MMP3 276A allele and advanced stage endometriosis. No other
study has investigated the association of this SNP in the disease’s
susceptibility: however, various studies have showed that SNPs
involved in genes that take part in extracellular matrix
remodeling have been associated with endometriosis and with
advanced stage of the disease [16,15]. The MMP3 276G > A SNP is
localized in a coding region that causes a change of Glutamine to
Lysine, leading to an increase MMP3 activity [14], which can
consequently lead to increased angiogenesis and thus the

develop t of end triosis. Therefore, the MMP3 276G > A

SNP has previously been reported in association with gastric
adenocarcinoma [16].

Endometriosis is a benign disease; however, it shares several
characteristics with malignant cancer [17]. One of these invasive
properties is related to the increase of tissue proteolytic activity,
resultingin the developmentof advanced endometriosis| 18].1n these
cases, overexpression of MMPs can be related with this aggressive
behavior. It has been showed an association between MMP3 gene
expression and the expression level of RAS proteins in metastasis
formation [19]. Besides that, MMP3 can activate collagenases and
release cell surface molecules, like E-cadherin, an important
contributor to cancer development [20]. These observations
reinforce the role of MMP3 in advanced endometriosis.

Endometriosis can negatively affect the reproductive process;
however, this cause-and-effect relation was not established yet [5].
In this study, it was observed an increased risk of endometriosis-
related infertility in the presence of the MMP3 276G A SNP. Under
normal physiological conditions, progesterone levels increase
during fertilization to maintain endometrium integrity. It is known
that the progesterone inhibits MMPs expression [21], and that
withdrawal of this hormone may increase MMPs production. Anin
vitro study conducted by Lahav-Baratz et al. (2004 ) observed high
expression and activity of MMP-3 in stromal cell culture of
endometrial tissue from infertile patients; however, the MMP-3
activity could not be detected after 2 weeks of progesterone
administration [22], Since that 276A SNP increases MMP3 activity
[14] and MMP-3 27GAA genotype women were more likely to be
infertile, itis possible to suggest that the invasive action of MMP in
the endometrium may predispose to infertility. Thus, the
relationship between MMP3 SNP in endometriosis-associated
infertility needs to be further investigated.

Endometriosis i a multifactorial disease and results from
genoma wide studies are more informative than those of each
polymorphism separately investigated [23]. Nevertheless, is
relevant to extract data from distinct populations, with different
environmental backgrounds, to construct a database to compre-
hension of complex diseases |24}, such as endometriosis. As far as
we know, the present study is the first one to focus on the possible
contribution of the MMP3 276G > A SNP to the susceptibility to

d triosis or ends triosis-related infertility, Despite the
limited number of subjects, this study was conducted in three
reference centers for endometriosis treatment and had only
controls with surgical diagnosis of absence of endometriosis,
which increases credibility and ensures representativeness of data,

In conclusion, we observed that MMP3 276G > A SNP was
positively associated with advanced stage of endometriosis and
with endometriosis-associated infertility. Further studies are
needed to associate this SNPs with the expression of gene in
endometrial tissue, and thus confirm whether MMP3 276 G > ASNP
can be considered an endometriosis biomarker.
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7.5 QUINTO ARTIGO DA TESE

Systematic review of genome-wide association studies on susceptibility to endometriosis

(no prelo);

Neste artigo foi realizado uma revisdo sistemética de 15 estudos de GWA na
endometriose, com o objetivo de descrever 0s genes e 0s SNPs associados a doenca.
Todos os artigos tiveram uma qualidade adequada avaliada pelo método STROBE e
PRISMA (77% e 81%, respectivamente). No geral, foram analisados 35.022 casos de
endometriose e 181.760 controles e o numero de participantes em cada estudo foi bem
variado (171 a 17.045 para os casos e 308 a 150.021 para os controles), com predominio
da etnia europeia. A maioria dos casos de endometriose (86%) foi diagnosticada por
cirurgia, enquanto a selecdo do grupo controle foi diferente entre os estudos. Cerca de
47% dos estudos realizaram apenas uma etapa de analise (estagio de descoberta) e 53%
realizaram as analises de descoberta e replicacdo. Onze genes/SNPs foram associados
ao risco de endometriose em mais de um artigo (cromossomo 1, 2, 6, 7, 9 e 12; WNT4,
GREB1, FN1, IL1A, ETAAL, RND3, 1D4, NFE2L3, CDKN2B-AS1 e VEZT). Os SNPs
foram localizados em regides intergénicas e intronicas, suas frequéncias dos alelos de
risco variaram entre os estudos e seus resultados foram conflitantes. Como concluséo,
pode-se destacar as variantes WNT4 rs7521902, GREB1 rs13394619, FN1 rs1250248,
IL1A rs6542095 e VEZT rs10859871 devido as suas altas frequéncias encontradas nos
estudos e a via e fungé@o que cada gene influencia no desenvolvimento da endometriose
para serem posteriormente replicadas e validadas em outros estudos com diferentes

populacdes.
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Abstract

Objective: Endometriosis is a complex and heterogeneous disease in which extrinsic
and intrinsic factors, such as genetics, provide to the disease development. Genome-
wide association (GWA) studies may be essential to recognize genetic variants
associated with the endometriosis risk. However, in the current literature there are some
conflicting results between these studies. The aim of the present study was to undertake
a systematic review about endometriosis GWA studies, to describe the disease-
associated genes and single nucleotide polymorphisms (SNPs) to try to understand the
endometriosis etiopathogenesis, besides to discuss possible bias of conflicting results
among these studies.

Methods: This study is a systematic review of GWA studies in endometriosis published
until February 28", 2019 by PubMed database, considering the following descriptors:
endometriosis and (“polymorphism” or “SNP” or “genetic polymorphism" or “variants”
or “locus”) and (“GWA” or “Genome-wide” or “Genome wide” or “Genetic association
study”). The included studies were analyzed with methodological rigor (STROBE and
PRISMA) to enable better quality of case-control and meta-analysis studies,
respectively.

Results: Of the 80 articles found, only 15 were eligible. All articles had appropriate
quality evaluated by STROBE and PRISMA checklists (77% and 81%, respectively).
Overall, 35,022 endometriosis cases and 181,760 controls were analyzed. The number

of participants in each study was quite different (171 to 17,045 for the cases and 308 to
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150,021 for the controls), with a predominance of European ethnicity. Most
endometriosis cases (86%) were diagnosed by surgery, while selection of the control
group was different among studies. About 47% performed only one stage (discovery
stage) and 53% performed both the discovery and replication analyses. Eleven
genes/SNPs were associated with endometriosis risk in more than one article
(chromosome 1, 2, 6, 7, 9 and 12; WNT4, GREB1, FN1, IL1A, ETAAL, RND3, 1D4,
NFE2L3, CDKN2B-AS1 and VEZT). SNPs were localized in intergenic and intronic
regions, their risk allele frequencies varied among the studies and their results were
conflicting.

Conclusions: In summary, WNT4 rs7521902, GREB1 rs13394619, FN1 rs1250248,
IL1A rs6542095 and VEZT rs10859871 variants are highlighted due to high frequency
and pathways and function that each gene influences in the development of
endometriosis. However, the replication and validation of these variants in different
populations are necessary for a better understanding of the endometriosis
etiopathogenesis, in order to optimize the diagnosis and improve the efficiency of

clinical treatment of the disease.

Key words: Genome-wide; Endometriosis; Polymorphisms; Systematic Review.
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Introduction

Endometriosis is a benign gynecological condition characterized by the presence
of stromal and glandular tissue outside the uterine cavity, and may involve several
organs including ovaries, peritoneum, sacral uterine ligaments, rectovaginal septum,
rectum/sigmoid, and bladder (Acién, 2013). It is one of the most common gynecological
diseases, affecting approximately 10% of women in the reproductive phase, and usually
has symptoms associated with dysmenorrhea, deep dyspareunia, chronic pelvic pain and
infertility (Benagiano, 2014; Eisenberg, 2017), sometimes leading the patients to poor
quality of life and high social and economic costs (Facchin, 2015; Koltermann, 2016).

According with the European Society of Human Reproduction and Embryology
(ESHRE) guideline, the only way to definitively diagnose and/or treat endometriosis is
direct visualization of the endometriotic implant via laparoscopic examination, followed
by removal and histological confirmation (Kennedy et al., 2005). The pharmacological
treatment involves administration of progesterone oral contraceptives, gonadotropin-
releasing hormone agonists and aromatase inhibitors. However, these treatments are
ineffective and generally associated with negative adverse effects (Vercellini et al.,
2016; Becker et al., 2017). Thus, the discovery of specific biomarkers and genes
involved in disease development and maintenance could contribute and direct efforts to
optimize the diagnosis and improve the efficiency of endometriosis clinic treatment
(Hansen et al, 2010, Borrelli et al 2014).

Endometriosis’ etiology remains unclear (Baranov et al., 2014); the genetic basis
of endometriosis can contribute for approximately half the variation on the risk of
developing the disease, with an estimated heritability of 51% (Vercellini et al., 2013). In
view of this and a more specific diagnosis and treatment for endometriosis, several
genome-wide association (GWA) studies have been published to identify genetic
variants, specifically single-nucleotide polymorphisms (SNPs) (Uno et al., 2010, Adachi
etal., 2010, Painter et al., 2011, Nyholt et al., 2012, Albertsen et al., 2013, Pagliardini et
al.,, 2013, Rahmioglu et al., 2014, Borghese et al., 2015, Sapkota et al., 2015,
Steinthorsdottir et al., 2016, Wang et al., 2016, Uimari et al., 2017, Sapkota et al.,
2017a, Sapkota et al., 2017b, Sobalska-Kwapis et al., 2017). GWA studies are an
important method for the identification of genetic variants associated with common
diseases/traits, involving the analysis of thousands of variants across the genome, in

large groups of individuals (MacArthur, 2017). Despite the endometriosis is regarded as
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a complex and multifactorial disease, GWA studies may contribute to a better
understanding of the disease, based on the identification of alterations in the genome,
and can be used to find genetically heterogeneous loci that could help in the
establishment of molecular diagnostic tests and putative more effective treatment
options with identify new pharmacological targets (Fung et al., 2015).

Therefore, this systematic review aimed: (1) to describe GWA studies in
endometriosis, in order to verify which SNPs were associated with the disease, hence,
suitable for subsequent replication/validation analyses; (2) to discuss the pathways in
which these SNPs are involved and their importance in endometriosis, trying to
contribute to the understanding of the genetic basis of this pathology; and (3) to explain

the possible causes of conflicting associations between these GWA studies.

Materials and Methods
Search strategy

Papers published before February 28™, 2019 involving GWA studies conducted
in endometriosis were identified resorting to the PubMed database, following the
combined key terms: endometriosis and (“polymorphism” or “SNP” or “genetic
polymorphism” or “variants” or “locus”) and (“GWA” or “Genome-wide” or “Genome
wide” or “Genetic association study”). The reference list of each selected article was
also reviewed to find other studies that were not identified in the database search
through the descriptors included in this systematic review. In addition, to increase the
reliability of our work, we searched the GWAS Catalog database
(www.ebi.ac.uk/gwas), a publicly available resource of all published GWAS and

respective association results (MacArthur, 2017).

Inclusion and exclusion criteria

The inclusion of articles in this review was carried out according to the
following established criteria: (1) endometriosis GWA studies based either on a case-
control or meta-analysis study design, (2) studies published in English language, (3)
publications with available full-text and (4) studies published until February 2019. The
exclusion criteria were: (1) publications with no GWA perform involving
polymorphisms in endometriosis, (2) review studies and (3) publications that have only

replicated previous findings.


http://www.ebi.ac.uk/gwas
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Data extraction

After the selection of the manuscripts and complete reading, the following
information was collected: author; publication year; study type; cohort of study; number
of cases and controls; cases and controls sources; inclusion and exclusion criteria of
cases and controls; endometriosis staging; quality control; most associated SNPs; risk
allele frequency (RAF) data; and endometriosis association data. Chromosomal
location, doSNP ID, locus, position (bp), risk allele, gene and SNP location in the gene
(with their respective distances when relevant - Kb) were collected from the studies

included in this review or from the dbSNP database (www. ncbi.nlm.nih.gov/snp/).

Quality assessment of studies included

The information of the included studies was extracted and independently
analyzed by two reviewers (JVC and RP), based on the checklist Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE), for quality screening
of case-control studies, and on the checklist Preferred Reporting Items for Systematic
Reviews and Meta-Analyzes (PRISMA), for quality evaluation of meta-analysis studies.
Twenty-two assessment items of STROBE were used in this systematic review,
receiving a score from 0 to 1 and those studies with a score higher than 50% were
approved (von Elm, 2014). Regarding the PRISMA evaluation, twenty-seven
assessment items were checked and the studies that obtained a score higher than 80%

were approved (Liberati, 2009).

Results

The flowchart of the GWA studies included in this systematic review is shown
in figure 1. Initially, 80 publications was found through the search strategy previously
mentioned. After reading the titles and abstracts, 47 studies did not perform a GWA
study in endometriosis, 7 review studies and 10 replication studies, resulting in 64
removed articles. Thus, 16 articles were submitted to full-text evaluation and after this
reading, one article was excluded, because it was also a replication study. Finally, 15
articles were included in this systematic review, of which 7 were case-control and 8

were meta-analysis studies.



104

In table 1 are described the baseline characteristics and methodological quality
of included studies in this systematic review. Three case-control studies were hospital
based only (20%) and 80% were both hospital and population based. A total of 216,782
participants (181,760 controls and 35,022 cases with endometriosis) were accounted in
this review, with predominance (80%) of European-ancestry individuals, followed by
those of Japanese origin. About 47% performed only one stage (discovery stage) and
53% performed both the discovery and replication analyses. The number of SNPs
identified within each study varied between 2 and 22, being Pagliardini et al., 2013 the
study with the least number of SNPs associated with endometriosis and Sapkota et al.,
2017b and Sobalska-Kwapis et al., 2017 the two with the highest number of identified
markers. Only Steinthorsdottir et al., 2016 did not apply the stringent quality control to
individual dataset. In relation to the quality of the 15 included studies evaluated by
STROBE and PRISMA checklists, all articles presented a percentage greater than 77%
and 81%, respectively.

Endometriosis diagnosis in the case-control studies was mostly performed by
surgical confirmation, being laparotomy and laparoscopic the preferred methods
(Painter et al., 2011, Albertsen et al., 2013, Borghese et al., 2015, Steinthorsdottir et al.,
2016, Wang et al., 2016, Uimari et al., 2017, Sobalska-Kwapis et al., 2017). Borghese et
al., 2015 categorized endometriosis in SUP, OMA and DIE, and Wang et al., 2016 used
only women with OMA in their analyzes. Only Uno et al., 2010 considered as a
diagnosis method the multiple clinical symptoms, physical examinations and/or
laparoscopic surgery; however had no information about endometriosis stage (Table 2).

The selection of the control group was different among the seven case-control
studies (Table 2): 29% used women with other diseases (Uno et al., 2010, Wang et al.,
2016); 43% used women with negative diagnosis of endometriosis after surgery
(Albertsen et al., 2013, Borghese et al., 2015, Wang et al., 2016); 14% used women
with negative diagnosis of endometriosis by magnetic resonance imaging (MRI)
(Albertsen et al., 2013) or who had declared themselves as healthy women (Sobalska-
Kwapis et al., 2017); and 29% used women who had no evidence of endometriosis
diagnosis; however did not report negative diagnostic criteria (Steinthorsdottir et al.,
2016, Uimari et al., 2017).

Characteristics of the SNPs associated with endometriosis in more than one

article are described in table 3. There were a total of eleven SNPs: five of them
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localized on chromosome 2 (rs13394619, rs1250248, rs6542095, rs4141819 and
rs6734792), two on chromosome 7 (rs12700667 and rs7798431) and others on
chromosome 1, 6, 9 and 12 (rs7521902, rs7739264, rs1537377 and rs10859871,
respectively). Most SNPs are located in intergenic regions (rs6542095, rs4141819,
rs6734792, rs12700667, rs7798431, rs7521902, rs7739264, rs1537377 and
rs10859871), and only two (rs13394619 and rs1250248) in intronic regions. Regarding
the gene location of these SNPs: rs6542095 is localized 2.3 kb downstream of IL1A
(interleukin 1 alpha) gene; rs4141819 lies 227 kb upstream of ETAA1 (ETAAL activator
of ATR kinase); rs6734792 is located 280 kb upstream of RND3 (Rho family GTPase
3); rs12700667 and rs7798431 SNPs are localized near NFE2L3 (nuclear factor,
erythroid 2 like 3) gene (localized 290 kb and 331 kb downstream, respectively);
rs7521902 positions 21 kb upstream of WNT4 (Wnt family member 4) gene; rs7739264
is localized 52 kb upstream of 1D4 (inhibitor of DNA binding 4); rs1537377 SNP lies
48 kb upstream of CDKN2B-AS1 (cyclin dependent kinase inhibitor 2B antisense RNA)
gene; rs10859871 is located 17 kb upstream of VEZT (vezatin, adherens junctions
transmembrane protein) gene; rs13394619 is localized within the GREB1 (growth
regulating estrogen receptor binding 1) gene; and rs1250248 lies within the FN1
(fibronectin 1).

The molecular pathways and SNPs associated with endometriosis susceptibility
are reported in Figure 2. Three SNPs, rs6542095 (near IL1A) and rs12700667 and
rs7798431 (near NFE2L3) are implicated in inflammatory pathways. The rs13394619
SNP, lying in GREBL is related to a hormonal pathway; rs1250248, in FN1, is involved
in an angiogenic pathway and rs7521902 (close to WNT4) has implications in
embryonic development. Other two SNPs, rs1537377 (being CDKN2B-AS1 the nearest
gene) and rs7739264 (near 1D4), might have impact in transcriptional processes. Lastly,
rs6734792 (close to RND3) and rs10859871 (near VEZT) are involved in cytoskeleton
regulation; while rs4141819 (adjacent to ETAA1) is involved in DNA replication.

Risk allele frequency (RAF) and association data of the most frequently SNPs
investigated in GWA studies are showed in Table 4. The rs12700667 SNP presented a
RAF (A) between 20-78% and it was positively associated with endometriosis and
advanced disease stage in six studies (Painter et al., 2011, Nyholt et al., 2012,
Rahmioglu et al., 2014, Sapkota et al., 2015, Uimari et al., 2017, Sapkota et al., 2017).
The rs7521902 SNP was identified in 6 studies (Uno et al., 2010, Painter et al., 2011,
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Pagliardini et al., 2012, Nyholt et al., 2012, Rahmioglu et al., 2014, Sapkota et al.,
2015), however, only Uno et al., 2010 described C as risk allele and others described A
as risk allele (Painter et al., 2011, Pagliardini et al., 2012, Nyholt et al., 2012,
Rahmioglu et al., 2014 and Sapkota et al., 2015). All articles observed an increased risk
of both endometriosis and Ill and IV stages (Uno et al., 2010, Painter et al., 2011,
Pagliardini et al., 2012, Nyholt et al., 2012, Rahmioglu et al., 2014, Sapkota et al.,
2015). Four studies (Nyholt et al., 2012, Rahmioglu et al., 2014, Sapkota et al., 2015,
Sapkota et al., 2017) have reported an association between rs13394619 and
endometriosis, however, Nyholt et al., 2012, Sapkota et al., 2015 and Rahmioglu et al.,
2014 considered G as risk allele and Sapkota et al., 2017b considered A as risk allele.
Only Sapkota et al, 2017b has found a protector effect concerning endometriosis and
advanced stage conferred by this polymorphism, while the others observed an increased
risk for its development, considering either all cases or only 11l and 1V stage (Nyholt et
al., 2012, Rahmioglu et al., 2014, Sapkota et al., 2015). The rs1537377 SNP was
positively associated with endometriosis and advanced stage of disease in 4 studies
(Nyholt et al., 2012, Rahmioglu et al., 2014, Sapkota et al., 2015, Sapkota et al., 2017),
with a RAF (C) ranging between 39-44%. Three studies evaluated rs1250248 SNP
(Painter et al., 2011, Pagliardini et al., 2012, Rahmioglu et al., 2014), having reported
RAF (A) between 3-29% (Painter et al., 2011, Pagliardini et al., 2012, Rahmioglu et al.,
2014). These studies observed that patients carrying the variant allele had a higher risk
of endometriosis developing, considering both all cases and only 11l and IV stages of
disease. The rs6542095 SNP was reported in three studies, however, Sapkota et al.,
2017 described T as risk allele and Adachi et al.,, 2010 and Sapkota et al., 2015
described C as risk allele. Only Sapkota et al, 2017b found a negative association with
endometriosis, while in other studies it was associated with an increased risk for the
development of this pathology (Adachi et al., 2010, Sapkota et al., 2015), considering
either all cases or only 11l and IV stage. Three studies have tagged rs7739264 (Nyholt et
al., 2012, Rahmioglu et al., 2014, Sapkota et al., 2015) with a RAF (T) range between
52-77%. This SNP presented a positive association with endometriosis, considering
either all cases or only stage Il and IV individuals. The rs7798431 variant was
associated with an increased susceptibility to both endometriosis (Painter et al., 2011,
Rahmioglu et al., 2014) and advanced stage of disease (Painter et al., 2011) in only two
studies, with a RAF (C) between 49-79%. Additionally, two studies (Nyholt et al.,
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2012, Rahmioglu et al., 2014) have shown a positive association between rs10859871
and endometriosis, and only Painter et al., 2011 also observed this association with
I1I/IV stage of disease, reporting RAF values (C) lying between 29-37%. Regarding
rs4141819 SNP, two studies (Nyholt et al., 2012, Rahmioglu et al., 2014) have found a
positive effect in endometriosis development (with frequencies of the risk allele T
ranging from 22% to 34%), considering either all cases or only 11l and IV stage. Lastly,
two studies (Albertsen et al., 2013, Rahmioglu et al., 2014) observed an association
between SNP rs6734792 and an increased risk of endometriosis, considering both all

cases and Il and IV stages of disease.

Discussion

Endometriosis is an estrogen-dependent disease influenced by environmental
and genetic factors (Czyzyk et al., 2017). Women with family history of endometriosis
have about seven times higher incidence of the disease, in comparison to those without
family history (Matalliotakis et al., 2008). Genetic susceptibility of complex diseases,
such as endometriosis, has been investigated in GWA studies (Zondervan et al., 2016).
To date, 15 GWA studies have been performed on endometriosis (Uno et al., 2010,
Adachi et al., 2010, Painter et al., 2011, Nyholt et al., 2012, Albertsen et al., 2013,
Pagliardini et al., 2013, Rahmioglu et al., 2014, Borghese et al., 2015, Sapkota et al.,
2015, Steinthorsdottir et al., 2016, Wang et al., 2016, Uimari et al., 2017, Sapkota et al.,
2017, Sapkota et al., 2017b, Sobalska-Kwapis et al., 2017); however, the results are
conflicting and have few replication in independent populations (Zondervan et al.,
2016). Thus, discuss the gene pathways and SNPs described in GWA studies of
endometriosis are relevant to explain the possible causes of conflicting results among
these studies in order to understand the endometriosis etiopathogenesis.

Because genes have a heterogeneous structure (untranslated regions, promoters,
coding regions and introns), SNPs, depending on their location within or between
(intergenic regions) genes, may differently affect the phenotype (Montgomery et al.,
2008). In the present study the most of the SNPs identified were located in the
intergenic regions (Adachi et al., 2010, Uno et al., 2010, Painter et al., 2011, Pagliardini
et al., 2012, Nyholt et al., 2012, Albertsen et al., 2013, Rahmioglu et al., 2014, Sapkota
et al., 2015, , Uimari et al., 2017, Sapkota et al., 2017a, Sapkota et al., 2017b), and only
two SNPs were located in intronic regions (Painter et al., 2011, Pagliardini et al., 2012,
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Nyholt et al., 2012, Rahmioglu et al., 2014, Sapkota et al., 2015, Sapkota et al., 2017).
The majority of GWA studies involving complex diseases have found SNPs in non-
coding regions (intronic and intergenic) that can generally affect gene regulation
(Maurano et al., 2012; Schaub et al., 2012). Intron SNP can lead to insertions or
deletions into the final mRNA transcript, influencing alternative splicing and can
resulting in the loss of function of the translated protein (Maney, 2017). While in the
intergenic regions, the SNPs can influence the regulation of transcription through long-
range interactions mediated by the formation of chromatin loops. Generally, these SNPs
reside in promoters, enhancers and isolators, affecting genes located more than 1 kb
upstream or downstream of their target genes (Fung et al., 2015).

Confirmation of GWA studies, that indirectly selects SNPs based on linkage
disequilibrium, by validation in different populations is crucial to identify true genetic
variants that may contribute to understanding the pathogenesis of the disease
(Sundqvist, 2013). In addition, it may assist in the discovery of molecular diagnostic
tests and in the identification of new pharmacological targets. Current knowledge about
the genes pathways and biological functions of the SNPs found in this study, their
relevance and influence on endometriosis, as well as its replication and validation

studies, is described below.

IL1A - rs6542095

This SNP is located 2.3 kb downstream of IL1A (Sapkota et al., 2015b) and
encodes IL-1a, a member of the interleukin-1 cytokine family (Furutani et al., 1986),
involved in the regulation of the proinflammatory cytokines and chemokines
production, further increasing inflammation (Sharpe et al., 2010). Several studies have
reported that endometriotic lesions are characterized by increased serum and peritoneal
fluid inflammatory mediators (Hudelist et al., 2005; Yin et al., 2006; Liu et al., 2016).
Mardanian and Sheikh-Soleimani observed IL-1a levels significantly increased in the
cervico-vaginal fluid in patients with endometriosis when compared to controls,
suggesting this cytokine can be used as endometriosis diagnosis biomarker (Mardanian
and Sheikh-Soleimani, 2014). Regarding GWA studies, while Osinski et al. (2018)
found no significant results, Sapkota Y et al., 2015 found a positive association between

endometriosis and IL1A rs6542095 SNP in European and Japanese samples. In addition,
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the SNP was positively associated with 111/1V stage endometriosis in both populations
(Sapkota Y et al., 2015).

NFE2L3 - rs12700667 and rs7798431

The rs12700667 and rs7798431 SNPs are located at 290 kb and 331 kb
downstream, respectively, of NFE2L3 gene (Osinski, 2018), responsible for encoding a
member of the cap 'n' collar basic-region leucine zipper family of transcription factors
(Chevillard and Blank, 2011). This transcription factor has been described as a
regulator of cell differentiation, inflammation and carcinogenesis (Chevillard and
Blank, 2011). Chowdhury and colleagues showed that NRF3 promotes cancer cell
proliferation by p53 degradation through the 20S proteasome (Chowdhury et al., 2017).
In addition, NFE2L3 is highly expressed in different types of cancer tissues, included
testis, pancreatic, thyroid, colorectal and breast cancer (Almstrup et al., 2005; Chiu et
al., 2005; Rhee et al., 2008; Wang et al., 2017; Wang et al., 2018). Although the role of
this gene in the pathogenesis of endometriosis remains unknown, NFE2L3 rs12700667
was evaluated in two replication and validation studies. Osinski et al. (2018) found that
women carrying the rs12700667 variant allele (A) presented a higher risk of developing
endometriosis and endometriosis at 111/1V stage, whereas Sundgvist et al. (2013) found
no association. Only one replication and validation study evaluated the rs7798431 SNP

and there was no association (Sundqvist et al., 2013).

GREBL1 - rs13394619

The rs13394619 SNP on 2p25.1 is located between exons 9 and 10 of GREB1
gene. This gene is regulated by the estrogen receptor that binds and induces GREB1
transcription by means of three estrogen response elements (EREs) located
approximately to 20 kb upstream of this gene (Sun et al, 2007). GREBL1 is of great
importance in hormone-responsive tissues and several cancers (Pellegrini et al., 2012;
Cheng et al., 2018; Laviolette et al., 2014). Pellegrini et al., 2012 showed GREB1
MRNA levels were increased in ectopic tissue of women with endometriosis when
compared with both normal and eutopic endometrium, suggesting a key role this gene in
estrogen-dependent growth of endometriosis (Pellegrini et al., 2012). Conflicting results

were found in GWA studies, while Pagliardini et a., 2012 and Fung et al., 2015 found a
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positive association between GREB1 rs13394619 SNP and endometriosis, Pagliardini et
al. (2015) and Osinski et al. (2018) found no significant results.

FN1 - rs1250248

The rs1250248 SNP is located between exons 10 and 11 of FN1 (Pagliardini et
al., 2013). This gene encodes a glycoprotein called fibronectin, which is presented in
plasma as a soluble dimeric form, and at cell surface and extracellular matrix as a
dimeric or multimeric form (Wang, 2017). Fibronectin is involved in cell migration and
adhesion processes in the blood coagulation, wound healing, embryogenesis and
metastasis (Wang, 2017). Moreover, FN1 gene has the potential to produce 20 different
transcript variants due to alternative splicing; however the function of these variants
needs to be further studied (Wang, 2017). FN1 is known as a fibrotic marker gene and is
involved in the fibrogenesis of endometrial and endometriotic tissues (Shao and Wei
2018). Recently, Zhang and colleagues (2019) shown a high expression of fibrotic
proteins, such as fibronectin, in ectopic tissue compared to eutopic tissue, and in
endometriotic lesions from patients with advanced stage, suggesting a role important of
fibronectin in disease etiology. Three replication and validation studies investigated the
association between FN1 rs1250248 SNP and endometriosis. While Sundqvist et al.
(2013) and Matalliotakis et al. (2019) found a positive association with endometriosis,
Pagliardini et al. 2012 no found association with disease. However, Matalliotakis et al.
(2019) observed a positive association with stage I/11 endometriosis and Pagliardini et

al. 2012 observed a positive association with the ovarian endometrioma.

WNT4 - rs7521902

The rs7521902 SNP is located 21 kb upstream of WNT4 (Albertsen, 2013). The
WNT gene family is composed by structurally related genes encode secreted signaling
proteins that influence oncogenesis and different embryo developmental processes
(Jordan et al. 2001). It has been observed that WNT4 gene is increased in neoplastic
tissue compared to normal mammary epithelium (Vouyovitch 2016). Gaetje and
colleagues demonstrated WNT4 is found both in the endometrium, endometriosis and
endosalpingiosis (Gaetje et al., 2007). Moreover, our group observed Wnt/B-catenin
pathway was increased in endometriosis rat experimental model, suggesting that this

pathway may be a strategy target for clinical treatment of disease, due a role in
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induction of angiogenesis (de Mattos et al., 2016). Of the five studies that evaluated
WNT4 rs7521902 SNP with endometriosis risk (Osinski et al., 2018; Matalliotakis M et
al., 2017; Mafra F et al., 2015; Sundqvist et al., 2013), Matalliotakis et al. 2017 found a
positive association between the heterozygous genotype and I11/IV stage endometriosis
(Matalliotakis et al. 2017), whereas Pagliardini et al. 201 found a positive association
between the variant genotype and advanced stage, ovarian and peritoneal endometriosis
(Pagliardini et al. 2012).

CDKNZ2B-AS1 - rs1537377

The rs1537377 SNP is located 48 kb upstream of CDKN2B-AS1 gene (Osinski,
2018), located within the CDKN2B-CDKN2A gene cluster (9p21.3), which is a
significant genetic susceptibility locus for several pathologies, such as, cancer and
endometriosis (Uno et al., 2010; Congrains et al., 2013). CDKN2B-AS1 can lead to
epigenetic silencing of genes nearby by producing a functional RNA that interacts with
the polycomb repressive complex-1 (PRC1) and -2 (PRC2) (Burd, 2010). Several
alternatively processed transcript variants have been detected and some of them may
generate circular RNA molecules (Burd, 2010). Recently, Wang and colleagues (2019)
demonstrated mRNA levels of CDKN2B-AS1 were upregulated in ovarian cancer cell
lines. With silenced gene was observed an inhibition of cell growth, invasion and
migration and promotion apoptosis, possibly though miR-411-3p/HIF1a/VEGF/P38
pathway, showing an anti-cancer role of CDKN2B-AS1. However, rs1537377 SNP was
evaluated only in one replication and validation study with no significant associations

with endometriosis (Osinski et al., 2018).

ID4 - rs7739264

The rs7739264 SNP is located 52 kb upstream of 1D4 gene, which encodes a
protein from the inhibitor of DNA binding (ID) family (Osinski, 2018). Because of its
inability of DNA binding, the encoded protein inhibits transcription factors to regulate
gene expression (Zhou, 2018). Protein deregulation have a direct effect in initiation,
maintenance and cancer progression, besides the drug resistance by through
transcriptional events in which the gene may suffer, being considered a possible
therapeutic target (Lasorella, 2014). ID4 was reduced in both ectopic and eutopic tissue

samples compared with control samples, suggesting this gene may be a tumor
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suppressor (Amirteimouri et al., 2019). No association was found between 1D4
rs7739264 SNP and endometriosis risk (Osinski et al., 2018).

RND3 - rs6734792

The rs6734792 is located 280 kb upstream of RND3 gene, which produces a
member of the small GTPase protein superfamily (Rahmioglu, 2014). This protein
atypical Rho-GTPase has no GTP hydrolytic activity, and it is believed that it leads to
loss of cell adhesion through negative regulation of cytoskeletal organization (Hall,
2012). Moreover, it is known as a general modulator in migration and proliferation of
tumor (Hall, 2012). Riou et al (2010) explained that mutations can modify the activity
of RND3, promoting prostate and breast cancer invasion through its effects on the actin
cytoskeleton (Riou et al., 2010). RhoA, known to be antagonized by RND3, was
gradually increased in normal endometrial stromal cells (ESC), from healthy women
and in eutopic ESC (EUESC) and ectopic ESC (ECESC) from endometriosis patients
(Wu et al., 2014). These results suggest that Rho GTPase inhibitors may be a new
method and means of intervention for endometriosis treatment (Wu et al., 2014).
Similar to the ID4 rs7739264 SNP, no replication and validation study were found with
RND3 rs6734792 SNP and endometriosis.

VEZT - rs10859871

The rs10859871 is located 17 kb upstream of VEZT (Pagliardini, 2015). This
gene encodes a transmembrane protein localized in adherens junctions that binds to
myosin VIIA. VEZT gene can produce multiple transcript variants due to alternative
splicing and its expression may be inhibited by the linkage between specific microRNA
and the 3' UTR of the transcripts (Hyenne, 2007). Recently, Fung and colleagues
showed VEZT was increased in both expression levels and transcriptional silencing in
endometrial tissue samples, suggesting a potential target for development of
endometriosis (Fung et al., 2018). Three studies were found regarding VEZT
rs10859871 SNP (Osinski et al., 2018; Matalliotakis M et al., 2017; Holdsworth-Carson
SJ et al., 2016). Matalliotakis et al. (2017) observed heterozygous genotype
(rs10859871 AC) was positively associated with endometriosis, whereas Holdsworth-

Carson et al. (2016) found association with endometriosis in presence of risk allele (C)



113

and increase in VEZT expression in blood and endometrium. However, Osinski et al.

(2018) found no significant results.

ETAAL - rs4141819

ETAAL rs4141819 SNP is located in the intronic region of long noncoding RNA
(IncRNA) AC007422.1, where it has a role in regulating gene expression, however the
biological function is not yet known (Rahmioglu, 2014). Moreover, ETAAL rs4141819
is also located 227 kb upstream of ETAAL (Osinski, 2018). Apparently, ETAAL gene
creates a new repair protein, recruited to stalled forks by RPA (replication protein A) to
promote restart of stalled replication forks (Lee, 2016). Borowski and colleagues
showed ETAA1 may function as a tumour-specific cell surface antigein in Ewing’s
family tumor, and might be used as an additional marker for diagnosis this disease
(Borowski et al., 2005). To date no study between the expression of this gene and
endometriosis was performed. Only Osinski et al. (2018) replicated ETAAL rs4141819

and observed higher risk of developing I11/1V stage endometriosis in Polish patients.

Conflicting results from genetic association studies can be explained by selection
and number of cases and controls, insufficient power of analyses and heterogeneity of
studied populations (Cardoso et al., 2016). In this review, the most of endometriosis
cases were diagnosed by surgery (Albertsen et al., 2013; Borghese et al., 2015;
Steinthorsdottir et al., 2016; Wang et al., 2016; Uimari et al., 2017; Sobalska-Kwapis et
al., 2017) and only Uno et al. 2010 recruited endometriosis patients with multiple
clinical symptoms, physical examinations, laparoscopy or imaging tests. This may
explain the conflicting results since definitive endometriosis diagnosis is
videolaparoscopy with histopathological confirmation (ASRM, 1997; Kennedy et al.,
2005). Another important point in case-control study of endometriosis is control
selection whereas 11% of endometriosis women are asymptomatic (Moradi et al.,
2014). Only 3 studies selected controls through surgery or MRI to confirm the negative
diagnosis of endoemtriosis (Albertsen et al., 2013; Borghese et al., 2015; Wang et al.,
2016). In 2016, our group suggested ideal control for association studies in
endometriosis susceptibility: (i) women from hospital basis; (ii) without history of
infertility and gynecological disorders; (iii) women undergoing tubal ligation (Cardoso
et al., 2016).
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The number of patients included in each GWA study ranged from 308 (Borghese
et al., 2015) to 150,021 (Sapkota et al., 2017b) for the control group and 171 (Sobalska-
Kwapis et al., 2017) to 17,045 (Sapkota et al., 2017a) for the endometriosis cases,
which may also explain the different results found (Cardoso et al., 2016). Sobalska-
Kwapis et al. (2017) used 171 endometriosis cases and 2,934 controls, Uimari et al,
2017 used about nineteen time more endometriosis cases and two time more controls
than them, and found 22 endometriosis-associated SNPs that were not observed in any
of included studies. The number of included individuals needed to achieve statistical
power and truly find variants associated with endometriosis may be interfering in the
results (Schulz, 2002).

Differences in allelic frequency pattern due to different ethnicity of studied
population also can explain the conflicting results. Two studies included only Asian
descendants found 5 SNPs associated with endometriosis (Uno et al., 2010; Adachi et
al., 2010), while Wang et al. (2016) studied the same population found 14. Regarding
European population: 8, 5, 2 and 22 SNPs respectively were associated with
endometriosis (Albertsen et al., 2013; Borghese et al., 2015; Steinthorsdottir et al.,
2016; Sobalska-Kwapis et al., 2017). Together, women from Asia, Europe and Oceania,
it was found 7, 2, 10 and 6 variants, respectively, associated with endometriosis (Nyholt
et al., 2012; Pagliardini et al., 2013; Rahmioglu et al., 2014; Sapkota et al., 2015).
Sapkota et al. (2017b) and Sobalska-Kwapis et al. (2017) included Oceania, European
and American population and both found 22 SNPs associated with endometriosis.
However, Sobalska-Kwapis et al. (2017) didn’t find the same SNPs associated with
disease. In addition, in most GWA studies, a discovery phase with a limited number of
samples is initially performed to select the SNPs associated with the trait of interest.
Thereafter, to confirm these associations, these SNPs are genotyped at replication stages
with a larger number of samples (Pinto et al., 2017). As observed in the present study,
47% of articles performed only one stage and 53% performed both the discovery and
replication analyses, which could also be the reason for the different SNPs found in
these studies. Thus, it is relevant to obtain data from different populations to validation
and replication in future investigations to a better understanding of the genes and SNPs

affecting risk to endometriosis development.

Conclusion
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Among the SNPs described in this study, the variants WNT4 rs7521902, GREB1
rs13394619, FN1 rs1250248, IL1A rs6542095 and VEZT rs10859871 stand out for: (i)
number of GWA studies with SNPs association with endometriosis; (ii) high frequency
of the risk allele in different population; (iii) importance and biological function of
genes in the pathogenesis disease; and (iv) SNPs localization.

As noted, the conflicting results found in GWA studies are mainly due to sample
size, insufficient power of analysis, selection criteria for cases and controls and
differences in allelic frequencies among studied population. Therefore, it is necessary to
validate SNPs in independent populations to confirm these associations with
endometriosis risk.

Finally, finding SNPs associated with endometriosis risk represents an important
advance in understanding the pathogenesis of the disease and thus can help improved
the diagnosis and prognosis of the disease, as well as outlining treatment strategies of

endometriosis.
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Figure 1. Flow chart of GWA studies included in this systematic review.



Table 1. Baseline characteristics of GWA studies included in this systematic review.
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.. Stage of Controls Cases Associated Quality' Quality
Reference Study type Ethnicity study (N) (N) SNPs (N)  control!  scores (%) X
Case-control of Discovery 1423 and
Uno et al., 2010 . Asian and 1318 and an 5 Yes 7%
hospital base - 3974 484
replication
Meta-analysis ® of
. ) . 825 (262 696 (290 0
Adachi et al., 2010 populgtlon and Asian GWA and 563)°  and 406) ° 5 Yes 85%
hospital base
Meta-analysis ° of : Discovery
. . 194
Painter et al., 2011 population and Oceania and and 7060 3194 and 3 Yes 82%
. European .. 2392
hospital base replication
Meta-analysis ° of Asian / Discovery
Nyholt et al., 2012 population and Oceania and and 9393and 4604 and 7 Yes 81%
. . 1044 4017
hospital base European replication
o Meta-analysis ® of .
Pagl l. ) A
agliardini et al, population and sian / GWA 2710 305 2 Yes 81%
2012 . European
hospital base
Discovery 14471 2019
Alber;soef 3Et al. F?:Sl(jlzi)iz:(:azz European' and (12660 (1514 and 8 Yes 95%
P replication  and 1811) 505)
Rahmioalu et al Meta-analysis ° of American,
5 (?1 4 B population and European, GWA 11506 32678 10 Yes 85%
hospital base Oceania
Case-control of Discovery 308 (20 319 (60
Borgh l., 201 . E Y 100%
orghese et al., 2015 hospital base uropean and and 288)  and 259) > & 00%



Meta-analysis' of ~ Asian / African
population and / Oceania and
hospital base European'

Sapkota et al., 2015

Case-control of
hospital base

Steinthorsdottir et

al.. 2016 European

-control of .
Wang et al., 2016 Case (.:O trol o Asian
hospital base

i Asian
Meta-analysis ¢ of Oceasrl1?a z{m d
Sapkota et al., 2017a  population and
. European/Ame
hospital base .
rican
Case-control of .
o . Oceania and
Uimari et al., 2017 population and
. European
hospital base
Meta-analysis " of ~ Oceania and
Sapkotaetal., 2017b  populationand  European/Ame
hospital base rican
. -control of
Sobalska-Kwapis et Case CO_ trofo
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al., 2017 hospital base
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N = number.

# datasets from two case—control cohorts genotyped with the Affymetrix Mapping 500K Array or
Genome-Wide Human SNP Array 6.0, respectively.

® Two individual cohorts namely QIMR-Australia and Oxford-UK participated of this study.

¢ datasets from Uno et al., 2010 and Painter et al., 2011.

¢ datasets from Adachi et al., 2010 and Painter et al., 2011.

¢ datasets from four case-control GWA cohorts (Uno et al., 2010, Painter et al., 2011, Albertsen et al.,
2013 and Pagliardini et al., 2013) and four replication studies (Uno et al., 2010, Painter et al., 2011b,
Pagliardini et al., 2013 and Sundgqvist et al., 2013).

" datasets from Painter et al., 2011, Nyholt et al., 2012, Albertsen et al., 2013 and Sapkota et al., 2015
(replication study).

9 Eleven individual cohorts namely QIMRHCS, LEUVEN, deCODE, NHS2-dbGaP, OX, 23andMe,
WGHS, BBJ, Adachi-6, Adachi-500K and iPSY CH participated of this study.

" Six individual cohorts namely QIMR-Australia, LEUVEN-Belgium, NHS2-USA,

BioVU-USA, WGHS-USA and iPSYCH-Denmark participated of this study.

" There is a preponderance of women having ancestral roots in the north-western part of Europe with a
Southern trend towards Italy. For more details visit to the website: http://www.endtoendo.com.

I Careful and thorough evaluation of data quality to reduce the rate of false-positive and false-negative
results.

¥ based on the checklist STROBE for case-control studies and on the checklist PRISMA for meta-analysis
studies.



http://www.endtoendo.com/

129

Table 2. Diagnosis/selection characteristics of the GWA case-control studies included
in this systematic review.

Stages of

.. Controls selection
endometriosis

References  Endometriosis diagnosis

Multiple clinical o o
Individuals with diseases

Unoetal., symptoms, physical O~
y_ p_ Py No other than endometriosis
2010 examinations, laparoscopy .
L (18 diseases)
or imaging tests.
Albertsen et c Laparotomy or
al., 2013 Surgery Yes laparoscopic or MRI
Borghese et
al.. 2015 Surgery Yes Surgery
inthor . .
Ste! thorsdo Laparotomy or With no history of
ttir et al., : Yes o
laparoscopic endometriosis diagnosed
2016
Wang et al., Laparoscopy or Yes Laparoscopy or
2016° laparotomy. laparotomy
Uimari et L aparoscony of laparotom Yes With no history of
al., 2017 P Py P y endometriosis diagnosed
Women declared
Sobalska- themselves as a healthy
Kwapis et  Laparoscopy or laparotomy Yes and with no evidence of
al., 2017 current endometriosis

disease stage.

MRI = Magnetic resonance image
? Borghese et al., 2015 included data on superficial endometriosis (SUP), ovarian endometrioma (OMA)

and deep infiltrative endometriosis (DIE) in their analyzes.
® Wang et al., 2016 included only women with OMA in their analyzes.

¢ Laparoscopy was preferred method used in this study.
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Table 3. Characteristics of the most frequently investigated polymorphisms in the GWA

studies.
Chr®  dbSNPID Position (bp)® Ioi‘;\'t;n ( disct;;rr]'se) i References
Uno et al., 2010, Painter et
WNT4 al., 2011, Pagliardini et al.,
1p36.12  rs7521902 22490474 Intergenic upstream 2012, Nyholt et al., 2012,
(21 Kb) Rahmioglu et al., 2014,
Sapkota et al., 2015.
Intronic, Nyholt et al., 2012,
between 9 Rahmioglu et al., 2014,
2p25.1  rs13394619 11727257 and 10 GREB1 Sapkota et al., 2015, Sapkota
exon et al., 2017a.
LT::\ZZL% Painter et al., 2011,
2035 rs1250248 216286843 FN1 Pagliardini et al., 2012,
10 and 11 .
Rahmioglu et al., 2014.
exon
IL1A Adachi et al., 2010, Sapkota
2913 rs6542095 113529183 Intergenic dowstream et al., 2015, Sapkota et al.,
(2.3 Kb) 2017h.
ETAAL
op14 154141819 67864675  Intergenic  upstream R;ﬁ:‘izlgtlit;';fozlgi .
(227 kb) B '
RND3
2233 rs6734792 151624632  Intergenic  upstream Ff:ﬁﬂf;.nue;a;[ 220011:«3 j
(280 kb) ’ '
_ ID4 upstream Nyh_olt etal., 2012,
6p22.3 rs7739264 19785588 Intergenic (52 Kb) Rahmioglu et al., 2014,
Sapkota et al., 2015.
Painter et al., 2011, Nyholt et
NFE2L3 al., 2012, Rahmioglu et al.,
7pl15.2  rs12700667 25901639 Intergenic dowstream 2014, Sapkota et al., 2015,
(290 Kb) Uimari et al., 2017, Sapkota
et al., 2017b.
NFE2L3 .
7p152  rs7798431 25860562  Intergenic  dowstream R:har'r?igliteat';fozl;l’ .
(331 Kb) B '
CDKN2B-AS1 Nyh_olt etal., 2012,
. Rahmioglu et al., 2014,
9p21.3 rs1537377 22169450 Intergenic upstream
(48 Kb) Sapkota et al., 2015, Sapkota
et al., 2017a.
VEZT
12g22  rs10859871 95711626 Intergenic upstream Nyh_olt etal, 2012,
(17Kb) Rahmioglu et al., 2014.

# SNPs were distributed by chromosomal location.
® Genomic position is shown relative to GRCh37 (hg19).

“ Distance of SNPs to the gene when relevant.
d Studies in which each SNP was associated with endometriosis.
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Figure 2. Molecular pathways and SNPs associated with endometriosis susceptibility.
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Table 4. Summary of the minor allelic frequency data and of the association results of GWA
studies included in this systematic review.

Association data
Gene dbSNP ID RAF Numclli)_er ?f
All cases Stage /1y Studies
NFE2L3 rs12700667 0.20-0.78 Risk (A) Risk (A) 69
dowstream
WNT4 0.20-0.57 (A) . _ )
UpStI’eam rS7521902 and 056 (Ca) RISk (A and C) RlSk (A and C) 6

042-049(G) Risk(G)and Risk (G) and

i
GREBL 113394619 4048 (A")  Protection® (A) Protection® (A) 4
CDKNZ2B- ] ) .
nS1 (51537377  0.39-044(C)  Risk (C) Risk (C) 4)
FN1 (51250248  0.03-0.30 (A)  Risk (A) Risk (A) 3k
IL1A 0.32-0.80(C) Risk(C)and Risk (C) and |
dowstream  "°0°20% nd 0,69 (T)  Protection’(T)  Protection® (T) 3
D4 (57739264 0.52-0.77(T)  Risk (T) Risk (T) 3m
upstream
NFE2LS 7708431 049-079(C)  Risk (C) Risk (C)® 2"
dowstream
VEZT 10859871 020-037(C)  Risk (C) Risk (C) ¢ 20
upstream
ETAMAL 141819 022-034(C)  Risk (C) Risk (C) 2P
dowstream
RND3 . . ]
Cowstren | 1$6734792 032-045(C)  Risk(C) Risk (C) 2

RAF = Risk allele frequency

#Uno et al., 2010 describe C as risk allele.

® only Rahmioglu et al., 2014 describes G as risk allele.

¢ only Sapkota et al, 2017b describes T as risk allele.

? only Sapkota et al, 2017b found a protector effect against endometriosis.

¢ only Painter et al., 2011 found higher risk of advanced endometriosis developing.

" Number of studies that found an association between the respective SNP and endometriosis.

9 Painter et al., 2011, Nyholt et al., 2012, Rahmioglu et al., 2014, Sapkota et al., 2015, Uimari et al., 2017,
Sapkota et al., 2017a.

" Uno et al., 2010, Painter et al., 2011, Pagliardini et al., 2012, Nyholt et al., 2012, Rahmioglu et al., 2014,
Sapkota et al., 2015.

"Nyholt et al., 2012, Rahmioglu et al., 2014, Sapkota et al., 2015, Sapkota et al., 2017b.

I Nyholt et al., 2012, Rahmioglu et al., 2014, Sapkota et al., 2015, Sapkota et al., 2017a.

K Painter et al., 2011, Pagliardini et al., 2012, Rahmioglu et al., 2014.

' Adachi et al., 2010, Sapkota et al., 2015, Sapkota et al., 2017b.

™ Nyholt et al., 2012, Rahmioglu et al., 2014, Sapkota et al., 2015.
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" Painter et al., 2011, Rahmioglu et al., 2014.
° Nyholt et al., 2012, Rahmioglu et al., 2014.
P Nyholt et al., 2012, Rahmioglu et al., 2014.
9 Albertsen et al., 2013, Rahmioglu et al., 2014.
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8 CONSIDERACOES FINAIS

Esta tese foi desenvolvida com o intuito de contribuir no entendimento da etiologia
da endometriose e na identificacdo dos fatores de risco genéticos e ambientais associados ao
desenvolvimento da doenca. Neste sentido foi avaliado uma amostra de mulheres atendidas
em trés hospitais da rede publica do Rio de Janeiro (HFSE, HFL e HMF) e um hospital da
rede publica de Sdo Paulo (HC-FMUSP) no periodo de 2011 a 2018, além de uma vasta
revisao da literatura sobre os possiveis aspectos epidemioldgicos e genéticos associados com
a endometriose.

Apesar de existirem inOmeros estudos que avaliaram a associagdo entre a
endometriose e fatores demogréaficos, habitos pessoais, variagdes menstruais, reprodutivos e
fatores genéticos, a fisiopatologia da doenca permanece um enigma e 0 aconselhamento
adequado para as pacientes em relacdo ao progndstico ainda € desafiador. Diante disso, esta
tese descreveu as caracteristicas epidemiolégicas de uma amostra de mulheres brasileiras da
regido sudeste com endometriose, revelando que a maioria delas estavam em idade
reprodutiva, apresentavam IMC normal (IMC 18,4-24,9) e uma alta frequéncia de todos os
sintomas clinicos da doenca. Considerando o nimero de sintomas de dor ginecoldgica, um
terco das mulheres relataram ter dismenorreia, dor pélvica cronica e dispareunia e um quarto
relataram ter dismenorreia e dispareunia. Além disso, a infertilidade foi observada em mais da
metade das mulheres (CARDOSO et al., 2020 - submetido).

Este estudo também determinou a associacdo entre os valores prognosticos
(classificacdo e estadimanento da endometriose), diagnosticos (cirurgia ou RNM) e sintomas
da doenca com as caracteristicas epidemioldgicas, mostrando que os sintomas dismenorreia e
dor pélvica crénica ndo ciclica foram associadas ao ciclo menstrual irregular. Enquanto que, a
dispareunia profunda foi associada com o IMC >25, consumo de &lcool e endometriose
superficial. Pacientes com endometriose profundada e infiltrativa (EPI) foram associados com
maior escolaridade e tabagismo. Ademais, EPI e estdgio IlI-1VV foram associados com o
sintoma de alteracdes intestinais ciclicas e maior tempo de diagnostico. Mulheres com idade
de 30 a 39,9 anos foram associadas a infertilidade. A dismenorreia, alteracfes intestinais
ciclicas e infertilidade também foram associadas com alguns locais da endometriose
(ligamento uterosacro, retosigmoide, intestino e tubas uterinas). Mulheres com estagios I11-1V
de endometriose também eram mais propensas a se casarem e praticar alguma atividade fisica,
enquanto que, aquelas com EPI apresentaram maior nivel de educagdo e menos chance de

fumar. Além disso, as mulheres diagnosticadas por imagem apresentaram uma idade
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significativamente mais jovem e eram mais propensas a serem solteiras e com alta paridade,
em comparagdo com as diagnosticadas por cirurgia (CARDOSO et al., 2020 - submetido).
Estes dados representam uma ferramenta importante e fornece informacgdes valiosas em
relacdo ao perfil de mulheres brasileiras com esta doenca, sendo possivel determinar diretrizes
para melhorar o diagnostico, prognostico e tratamento da endometriose.

Como a endometriose é considerada uma doenga dependente de estrogénio e fatores
genéticos podem influenciar no seu desenvolvimento, esta tese focou na anélise de SNPs em
genes envolvidos com a sintese e metabolismo do estrogénio. Os resultados das andlises
envolvendo os SNPs PGR +331C>T, CYP17A1 -34A>G e CYP19A1 1531G>A sugerem uma
interacdo gene-gene na suscetibilidade a endometriose, podendo ser considerados alvos
moleculares para o diagnostico e/ou progndstico da doenca, e até um possivel tratamento
individualizado para as mulheres com endometriose (CARDOSO et al., 2017a).

Em relacdo aos SNPs CYP2C19*2 e CYP2C19*17, foi observado uma associagéo
positiva com a endometriose na presenca do CYP2C19*2, considerando todos os casos e
apenas casos de EPI. Além disso, como o estrogénio também é produzido pelos adipdcitos e a
relacdo do IMC das mulheres com endometriose permanece um enigma, este artigo
hipotetizou que os SNPs do gene CYP2C19 poderiam alterar os niveis circulantes de
estrogénio e modificar o risco de endometriose influenciado pelo IMC. Assim, foi observado
que entre as mulheres obesas (IMC 30-40), o SNP CYP2C19*2 foi associado com a
endometriose, sugerindo que o IMC pode ter uma interacdo significativa com o SNP
CYP2C19*2 e o risco de endometriose (CARDOSO et al., 2017b).

Os focos de endometriose sdo dependentes da angiogénese, na qual envolve o
remodelamento matriz extracelular pela agcdo das MMPs, sendo a MMP-3 a enzima com um
papel crucial nesse processo. Como o gene MMP-3 é altamente polimérfico, este estudo
também  investigou o papel do SNP MMP-3 276G>A como fator de risco para 0
desenvolvimento da doenca e seus sintomas porque este SNP provoca mudangas
conformacionais na proteina, tornando a ativacdo autocatalitica rapida para gerar uma enzima
ativa. A partir dos resultados encontrados, foi sugerido que 0 SNP MMP-3 276G>A esta
associado com os casos IlI-IV de endometriose e a infertilidade relacionada a doenca
(CARDOSO et al., 2019). Entretanto, mais estudos que avaliem a relagdo deste SNP com a
expressdao do gene no tecido endometrial sdo ainda necessarios para confirmar se 0 SNP
MMP-3 276G>A pode ser considerado um marcador molecular, podendo auxiliar no

diagnostico e/ou prognoéstico da endometriose.
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O presente estudo foi o primeiro que investigou a relagdo entre os valores
prognosticos, diagnosticos e sintomas da endometriose e suas caracteristicas epidemioldgicas
em uma coorte de mulheres atendidas em dois centros especializados do Rio de Janeiro de
diagnostico e tratamento da endometriose. Alem disso, foi o primeiro estudo na populagéo
brasileira que avaliou os SNPs PGR +331C>T, CYP17Al -34A>G, CYP19A1 1531G>A,
CYP2C19*2, CYP2C19*17 e MMP-3 276G>A na suscetibilidade da endometriose,
considerando as variaveis clinicas (estadiamento e classificagdo da endometriose e 0s
sintomas clinicos da doenca) e antropomeétrica (status do IMC). Outro ponto forte do nosso
estudo foi a inclusdo do grupo controle de mulheres com diagndstico cirdrgico negativo para
endometriose, excluindo a presenca de endometriose assintomatica. Entretanto, o grupo
controle também incluiu pacientes com outras doencas ginecoldgicas, podendo fornecer
menores estimativas de risco se elas também estiverem associadas com os SNPs estudados. A
maioria dos casos de endometriose foram diagnosticada por laparoscopia ou laparotomia que
é considerado o padréo ouro para o diagnostico da doenca. No entanto, 37% dos casos foram
diagnosticadas por ressonancia magnética, que também tem sido descrito como um método
preciso para a deteccdo de endometriose profunda por sua alta especificidade e sensibilidade.
Mesmo que o tempo de recrutamento da presente tese tenha sido de 7 anos e em hospitais de
referéncia no diagnostico e tratamento da endometriose, o diagnostico da doenca é um desafio
e, portanto, longo, sendo ainda necessario um tamanho de amostra maior para detectar outras
associaces e fornecer mais confianca nas descobertas. Além disso, como essa tese se trata de
um estudo observacional, é possivel que ainda existam variaveis ndo medidas, o que proibe a
exclusdo completa de possiveis confundimentos residuais. No entanto, esse viés € minimo,
dado o ajuste por muitos fatores de confuséo realizado nos artigos. Um viés de referéncia
também deve ser levado em consideracdo, uma vez que as pacientes incluidas neste estudo
sdo tratadas em instituices de referéncia para endometriose. Essas mulheres podem
apresentar sintomatologia mais grave, e provavelmente foram encaminhadas para esses
centros, enviesando os resultados.

Por fim, como a endometriose é considerada uma doenca complexa e heterogénea,
no qual fatores extrinsecos e intrinsecos, como o perfil genético, podem contribuir para o seu
desenvolvimento, foi realizado uma revisdo sistematica dos estudos de GWA com
endometriose, a fim de descrever os genes e 0s SNPs associados a doenca, além de discutir
possiveis vieses dos resultados conflitantes entre esses estudos. Este artigo faz parte dos
resultados obtidos no Doutorado sanduiche realizado entre novembro/2018 e abril/2019 no

Laboratorio de Oncologia Molecular e Patologia Viral do IPO-Porto, sob a orientacdo do Dr.
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Rui Medeiros. Com esta revisdo foi possivel identificar as variantes WNT4 rs7521902,
GREBL1 rs13394619, FN1 rs1250248, IL1A rs6542095 e VEZT rs10859871 como possiveis
alvos de estudos moleculares devido a alta frequéncia dos seus respectivos alelos de risco em
diferentes populacdes e a funcédo bioldgica que cada gene desempenha no desenvolvimento da
endometriose (CARDOSO et al., 2020 — no prelo). No entanto, a replicacdo e a validagéo
dessas variantes em diferentes populacfes sdo necessarias para um melhor entendimento da
etiopatogenia da doenca, a fim de otimizar o diagnéstico e melhorar a eficiéncia do tratamento
clinico da endometriose. A partir dos resultados dessa revisdo sistematica, durante o
intercdmbio, foram realizadas as genotipagens dos SNPs WNT4 rs7521902 e GREB1
rs13394619 pela técnica de PCR em tempo real utilizando sondas TagMan nas amostras
recrutadas do presente estudo (casos de endometriose e controles), com o intuito de validar
esses SNPs na populacdo brasileira. A andlise estatistica dos dados encontram-se em
andamento para discussdo com a colaboracdo estabelecida com o grupo internacional, e
posteriormente serdo publicadas em forma de artigo cientifico em revista indexada de
circulacdo internacional.

Além destas, encontram-se em andamento também a analise dos dados gerados do
doutorado sanduiche, referente ao estudo de SNPs envolvidos na via inflamatéria
(interleucina-8 — IL-8 rs4073), hormonal (Leptina - LEP rs7799039 e receptor da LEP -
LEPR rs1137100), e da regulagdo da expressdo génica (DROSHA rs10719G>A e DICER1
rs3742330A>G) com o desenvolvimento da endometriose. Apds o término dessas analises
também serdo elaborados artigos cientificos para publicacdo em periddicos internacionais.

Os resultados apresentados na presente tese sdo de suma importancia para se
compreender as caracteristicas epidemioldgicas e genéticas da endometriose, que é uma
doenca extremamente complexa e multifatorial, podendo contribuir no aprimoramento das
avaliacBes diagndstica e prognostica desta doenca, além de possiveis estratégias terapéuticas,

proporcionando uma melhor qualidade de vida para as pacientes.
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ANEXO A - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO/HFSE

MINISTERIO DA SAUDE
Secretaria de Assisténcia a Saude
Departamento de Desenvolvimento, Avaliacdo e Controle de Servicos de Salude
Escritorio de Representacdo do Ministério da Saide no Estado do Rio de Janeiro
Coordenacdo Geral das Unidades Hospitalares Proprias
HOSPITAL FEDERAL DOS SERVIDORES DO ESTADO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Caracterizacdo de polimorfismos em genes envolvidos com a predisposi¢cdo do
desenvolvimento da endometriose

Pesquisador Responsavel: Dr. Plinio Tostes Berardo

Vocé estéd sendo convidada para participar, como voluntaria, em uma pesquisa. Apos
ser esclarecida sobre as informagdes a seguir, no caso de aceitar fazer parte do estudo, assine
ao final deste documento, que estd impresso em duas vias. Uma delas é sua e a outra € do
pesquisador responsavel. Em caso de recusa vocé ndo serd penalizada de forma alguma. Em
caso de duvida vocé pode procurar o Comité de Etica em Pesquisa do Hospital Federal dos
Servidores do Estado - RJ.

Introducéo:

Esta pesquisa visa estudar melhor uma doenca chamada endometriose que significa a
presenca de um tumor benigno feito de tecido endometrial (0 mesmo que existe dentro do
utero) que pode causar dor e dificuldade para engravidar, e desta maneira muitas vezes deve
ser retirado através de cirurgia. O objetivo desta pesquisa é tentar entender por que algumas
mulheres desenvolvem endometriose e outras ndo. Para isso, nos iremos estudar o perfil
genético de mulheres com endometriose.

Desenho do estudo e objetivo(s):

Essas informacbes estdo sendo fornecidas para sua participacdo voluntaria neste
estudo. Durante 0 acompanhamento clinico no HFSE, ap6s o diagnéstico da endometriose,
vocé devera ter visitas ambulatoriais trimestrais, depois de um ano sem sintomas as visitas
serdo semestrais por mais um ano quando devera estar apta para alta do HFSE para
acompanhamento de rotina ginecolégica em unidade primaria ou secundaria de salude com

encaminhamento detalhado feito em guia de contra referéncia segundo as normas de
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funcionamento do Servico de Ginecologia do HFSE. No caso de falha do tratamento inicial ou
retorno dos sintomas a frequéncia de visitas e procedimentos adicionais serd individualizada
de acordo com o seu caso, sendo assegurado todas as medidas necessarias para o tratamento
de sua doenca.

Se vocé concordar em participar deste estudo, uma pequena e Unica quantidade de
sangue (3ml) serd coletada para se obter o seu DNA (material genético de caracteristicas
unicas de cada pessoa) e identificar as caracteristicas dos genes relacionados com o
desenvolvimento da endometriose. Desta maneira, 0s objetivos deste projeto incluem: (a)
Determinar se existem alteracGes genéticas que podem estar relacionadas ao desenvolvimento
da endometriose em mulheres diagnosticadas com a doenca, tendo o beneficio de saber se
vocé ou sua familia tem maior risco de desenvolver a doenca e com isso poder definir
condutas de prevencdo e diagnostico precoce; (b) Avaliar se estas alteracfes tém relagdes com
a idade, tipo dos sintomas ou agressividade da doenca.

Descricédo dos procedimentos:

A sua participacdo no estudo é VOLUNTARIA, e caso vocé concorde em participar
do estudo vocé devera passar pelas seguintes etapas: (a) entrevista com um profissional da
salde da equipe de pesquisa que lhe explicara as etapas e procedimentos do estudo e podera
esclarecer as suas davidas em relagdo a este Termo de Consentimento Livre e Esclarecido e
ao Questionario Clinico-Demografico; (b) assinatura deste Termo de Consentimento; (c)
preenchimento do Questionario Clinico-Demogréafico, que visa a obtencdo de informacgdes
clinicas e demogréaficas das pacientes envolvidas no estudo (Anexo Il), tais informacdes
destinam-se a assegurar a abrangéncia e restringir eventuais tendéncias da amostra
populacional; (d) coleta de uma Unica amostra de sangue que sera utilizada para a analise de
alteracdes genéticas relacionadas ao desenvolvimento da endometriose as quais serdo
realizadas no Laboratério de Pesquisa de Ciéncias Farmacéuticas (LaPesF) da Universidade
Estadual da Zona Oeste (UEZO).

Seguranca do voluntario e Beneficios do estudo:

O Comité de Etica em Pesquisa do HFSE aprovou este estudo, considerando-o ético
e seguro. A sua participagdo no estudo é voluntaria e mesmo que concorde em participar, vocé
tem o direito de desistir e interromper a sua participacdo a qualquer momento, sem
necessidade de justificar esta decisdo e neste caso vocé ndo terd nenhum prejuizo quanto a
continuidade de seu tratamento na Instituicdo. No caso de desisténcia o seu material bioldgico

(sangue) armazenado assim como 0s seus dados pessoais serd prontamente descartado de
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forma definitiva. Este estudo ndo trard nenhum beneficio imediato para vocé assim como
ndo receberd qualquer tipo de recompensa pela sua participacéo.

Confidencialidade:

E garantida a confidencialidade das informag@es obtidas, ndo sendo divulgados seus
dados pessoais em momento algum. Seus dados pessoais somente serdo conhecidos pelos
médicos e demais profissionais que participam deste estudo. Os resultados de suas analises
serdo do seu conhecimento caso manifeste esta vontade. Qualquer publicacdo que seja feita
com os resultados desta pesquisa ndo incluird nome ou outros identificadores dos
participantes da pesquisa. O pesquisador se compromete a utilizar os dados e o material
coletado somente para pesquisas relacionadas a endometriose, assim o material que nao for
utilizado ficara estocado para estudos futuros por um periodo de cinco anos Laboratorio de
Pesquisa de Ciéncias Farmacéuticas (LaPesF) da Universidade Estadual da Zona Oeste
(UEZO) o qual tem todas as condi¢fes adequadas para estocagem de material bioldgico. Caso
manifeste desejo de desisténcia em participar do estudo, em qualquer momento poderé retirar
seu consentimento para armazenamento de amostra bioldgica (sangue) bem como de seus
dados pessoais.

Despesas e compensacdes:

N&o haverd despesas pessoais para vocé em qualquer fase do estudo. Ndo ha
compensacdo financeira relacionada a sua participacdo. Vocé ndo estd abrindo mao de
qualquer direito legal ao participar deste estudo.

Com quem devo entrar em contato em caso de davidas?

Em qualquer etapa do estudo, vocé tera acesso aos profissionais responsaveis pela
pesquisa para esclarecimento de eventuais duvidas. O investigador principal é o Dr. Plinio
Tostes Berardo que pode ser encontrado no Servi¢o de Ginecologia no 7° andar do prédio
principal do HFSE ou pelos telefones: (021) 2335-7535 ramal: 171 ou 98825-0115. Se vocé
tiver alguma consideragdo ou duvida sobre a ética da pesquisa, entre em contato com 0
Comité de Etica em Pesquisa do HFSE, situado no 5° andar do prédio dos ambulatérios do
mesmo hospital, que é o 6rgdo responsavel em avaliar a parte ética das pesquisas com seres
humanos além de assegurar o bem estar e os direitos dos sujeitos da pesquisa durante o
desenvolvimento da mesma.

Rio de Janeiro, de de 201 _.

Dr. Plinio Tostes Berardo - Pesquisador responsavel
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CONSENTIMENTO DA PARTICIPACAO DA PESSOA COMO SUJEITO

Eu, RG
CPF ,  Prontuario n° :
Matricula n® , abaixo assinado, concordo em participar

do estudo Caracterizacdo de polimorfismos em genes envolvidos com a predisposi¢cdo do
desenvolvimento da endometriose, como sujeito. Fui devidamente informado e esclarecido
pelo pesquisador Plinio Tostes Berardo sobre a pesquisa e 0s procedimentos nela envolvidos.
Foi-me garantido que posso retirar meu consentimento a qualquer momento, sem que isto leve

a qualquer penalidade ou interrupcdo de meu acompanhamento/ assisténcia/tratamento.

Rio de Janeiro de de 201 .

Nome e Assinatura do sujeito:

Presenciamos a solicitacdo de consentimento, esclarecimentos sobre a pesquisa e

aceite do sujeito em participar.
Testemunhas (ndo ligadas a equipe de pesquisadores):

Nome:

Assinatura;

Nome:

Assinatura;
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ANEXO B - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO/HMF

Hospital Moncorvo Filho Universidade Federal do Rio de Janeiro — UFRJ

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Projeto: Caracterizacao de polimorfismos em genes envolvidos com a predisposi¢do do

desenvolvimento da endometriose

Pesquisador Responsavel: Dr. Renato Ferrari, Dr. Plinio Tostes Berardo e Dr. Jamila

Alessandra Perini Machado.

Vocé esta sendo convidada para participar, como voluntaria, em uma pesquisa. Apos
ser esclarecida sobre as informagdes a seguir, no caso de aceitar fazer parte do estudo, assine
ao final deste documento, que estd impresso em duas vias. Uma delas é sua e a outra € do
pesquisador responsavel. Em caso de recusa vocé ndo serd penalizada de forma alguma. Em
caso de duvida vocé pode procurar o Comité de Etica em Pesquisa do Hospital Moncorvo
Filho.

Introducao:

Esta pesquisa visa estudar melhor uma doenca chamada endometriose que significa a
presenca de um tumor benigno feito de tecido endometrial (0 mesmo que existe dentro do
utero) que pode causar dor e dificuldade para engravidar, e desta maneira muitas vezes deve
ser retirado através de cirurgia. O objetivo desta pesquisa € tentar entender por que algumas
mulheres desenvolvem endometriose e outras ndo. Para isso, nos iremos estudar o perfil
genético de mulheres com e sem endometriose.

Desenho do estudo e objetivo(s):

Essas informacdes estdo sendo fornecidas para sua participacdo voluntaria neste
estudo. Se vocé concordar em participar deste estudo, uma pequena e Unica quantidade de
sangue (3ml) serd coletada durante a consulta de rotina no Servigo de Ginecologia para se
obter o seu DNA (material genético de caracteristicas Unicas de cada pessoa) e identificar as
caracteristicas dos genes relacionados com o desenvolvimento da endometriose. Dessa

maneira, 0s objetivos deste projeto incluem: (a) Determinar se existem alteragdes genéticas
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que podem estar relacionadas ao desenvolvimento da endometriose em beneficio de saber se
vocé ou sua familia tem maior risco de desenvolver endometriose e com isso poder definir
condutas de prevencdo e diagnostico precoce; (b) Avaliar se estas alteraces tém relacbes com
a idade, tipo dos sintomas ou agressividade da doenca.

Descric¢éao dos procedimentos:

A sua participacio no estudo é VOLUNTARIA, e caso vocé concorde em participar
do estudo vocé devera passar pelas seguintes etapas: (a) entrevista com um profissional da
salde da equipe de pesquisa que Ihe explicara as etapas e procedimentos do estudo e podera
esclarecer as suas davidas em relagdo a este Termo de Consentimento Livre e Esclarecido e
ao Questionario Clinico-Demografico; (b) assinatura deste Termo de Consentimento; (c)
preenchimento do Questionario Clinico-Demogréafico, que visa a obtencdo de informacdes
clinicas e demograficas das pacientes envolvidas no estudo (Anexo), tais informacdes
destinam-se a assegurar a abrangéncia e restringir eventuais tendéncias da amostra
populacional; (d) coleta de uma Unica amostra de sangue que sera utilizada para a analise de
alteracbes genéticas relacionadas ao desenvolvimento da endometriose as quais serdo
realizadas no Laboratério de Pesquisa de Ciéncias Farmacéuticas (LaPesF) da Universidade
Estadual da Zona Oeste (UEZO).

Seguranca do voluntério e Beneficios do estudo

O Comité de Etica em Pesquisa do Hospital Moncorvo Filho aprovou este estudo,
considerando-o ético e seguro. A sua participacdo no estudo é voluntaria e mesmo que
concorde em participar, vocé tem o direito de desistir e interromper a sua participacdo a
qualquer momento, sem necessidade de justificar esta decisdo e neste caso vocé nao tera
nenhum prejuizo quanto & continuidade de seu tratamento na Instituicdo. No caso de
desisténcia o seu material biolégico (sangue) armazenado assim como 0s seus dados pessoais
sera prontamente descartado de forma definitiva. Este estudo ndo trara nenhum beneficio
imediato para vocé assim como ndo receberd qualquer tipo de recompensa pela sua
participacao.

Confidencialidade:

E garantida a confidencialidade das informagdes obtidas, ndo sendo divulgados seus
dados pessoais em momento algum. Seus dados pessoais somente serdo conhecidos pelos
médicos e demais profissionais que participam deste estudo. Os resultados de suas analises
serdo do seu conhecimento caso manifeste esta vontade. Qualquer publicacdo que seja feita
com os resultados desta pesquisa ndo incluirh nome ou outros identificadores dos

participantes da pesquisa. O pesquisador se compromete a utilizar os dados e o material
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coletado somente para pesquisas relacionadas a endometriose, assim o material que ndo for
utilizado ficard estocado para estudos futuros por um periodo de cinco anos noLaboratorio
LaPesF da UEZO o qual tem todas as condi¢cdes adequadas para estocagem de material
bioldgico. Caso manifeste desejo de desisténcia em participar do estudo, em qualquer
momento poderd retirar seu consentimento para armazenamento de amostra bioldgica
(sangue) bem como de seus dados pessoais.

Despesas e compensacoes:

N&o haverd despesas pessoais para vocé em qualquer fase do estudo. Ndo ha
compensacdo financeira relacionada a sua participacdo. Vocé ndo estd abrindo mao de
qualquer direito legal ao participar deste estudo.

Com guem devo entrar em contato em caso de davidas?

Em qualquer etapa do estudo, vocé terd acesso aos profissionais responsaveis pela
pesquisa para esclarecimento de eventuais ddvidas. VVocé pode entrar em contato com um dos
pesquisadores deste estudo, Jamila Perini, pelos telefones: (021) 2335-7535 ramal: 171 ou
98825-0115. Se voce tiver alguma consideracdo ou duvida sobre a ética da pesquisa, entre em
contato com o Comité de Etica em Pesquisa do Hospital Moncorvo Filho, que é o 6rgio
responsavel em avaliar a parte ética das pesquisas com seres humanos além de assegurar o

bem estar e os direitos dos sujeitos da pesquisa durante o desenvolvimento da mesma.

Rio de Janeiro, de de 201 .

Dr. Renato Ferrari - Pesquisador responsavel
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CONSENTIMENTO DA PARTICIPACAO DA PESSOA COMO SUJEITO

Eu, .
RG CPF , Prontuario n°

. Matricula n° ,

abaixo assinado, concordo em participar do estudo Caracterizacao de polimorfismos em genes
envolvidos com a predisposicdo do desenvolvimento da endometriose, como sujeito. Fui
devidamente informado e esclarecido pelo pesquisador Dr. Renato Ferrari sobre a pesquisa e
os procedimentos nela envolvidos. Foi-me garantido que posso retirar meu consentimento a
qgualquer momento, sem que isto leve a qualquer penalidade ou interrupcdo de meu

acompanhamento/ assisténcia/tratamento.

Rio de Janeiro de de 201 .

Nome e Assinatura da voluntéria:

Presenciamos a solicitagdo de consentimento, esclarecimentos sobre a pesquisa e

aceite do sujeito em participar.

Testemunhas (ndo ligadas a equipe de pesquisadores):

Nome:

Assinatura:

Nome:

Assinatura;




ANEXO C - QUESTIONARIO SOCIO-DEMOGRAFICO E CLINICO

Pesquisa: “Caracterizacdo de polimorfismos em genes envolvidos com a predisposicdo do

desenvolvimento da endometriose”

Amostra de Sangue
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N° da Caixa:

Freezer:

Quantidade Total de Sangue: | |__|__|ml

Quantidade de Tubos: |

Entrevistador:

ID da voluntéria:
Hospital de captagédo: (1) HFSE (2) HFL
Data da entrevista: | | |-l | | | |

ENTREVISTA INICIAL

A - Critérios de Elegibilidade

Al - Nome da voluntéria:

A2 - Data nascimento: |_ | |- | | | |

A4 - Sujeito potencial para:
(1) Endometriose () Controle. Se “Controle”, qual tipo?

(2) Ginecoldgico — Tipo de cirurgia e/ou doenca ginecoldgica

(3) Laqueadura (4)Acompanhante — Nao cirdrgico (5)Excluidas.
Motivo:

|A3 - Local de nascimento (estado): || |

A5 - Endereco Atual: Ne:
A6- Bairro:

AT -Cidade: A8 - Estado: |__|_|
A9-CEP:|_|_ ||| FL || | A10- Telefones de contato: (|__| I
All -E-mail:

B - Identificacdo (dados do prontuério)

B1 - Prontuario: |_ ||| | | | ||

B2 -Tipo de cirurgia realizada: (1)Laparoscopia (2)Laparotomia

B3 - Data do Laudo Histopatolégico: || |- |- || _|_|

B4 - Estadiamento Endometriose: (1) 1 (2) Il (3) Il (4) IV

B5 - Infiltrativa/Profunda: (0) Ndo (1) Sim

B6 - Local/Orgéo da Endometriose:

(1) Ovérios (2) Peritdnio  (3) Bexiga (4) Ureter

(5) Retosigmoide/Retrocervical (6) Intestino  (7) Septo Reto-vaginal

(8) Utero Sacro
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(9) Apéndice (10) ileo (11) Outros. Especifique:

B7 - Fez dosagem do CA125?
(0) N&do (1) Sim, 1 vez. Valor: Data: |_ | |- | ||| |
(2) Sim, 2 vezes. Valor: Data: |__|_ ||| ||| \alor: Data: |__|_ |||

C - Caracteristicas da voluntaria
C1 - Peso: kg C2 -Altura: m

C3 - Estado civil: (1) Estavel — casada ou companheira (2)Divorciada / separada (3)Vilva (4)Solteira

(9) sem informacéo

C4 - Nivel de Instrucao (Anos de estudos completos):(0) Analfabeto
(1) Ensino Fundamental (1° Grau) INCOMPLETO

(2) Ensino Fundamental (1° Grau) COMPLETO

(3) Ensino Médio (2° Grau) INCOMPLETO

(4) Ensino Médio (2° Grau) COMPLETO

(5) Ensino Superior INCOMPLETO

(6) Ensino Superior COMPLETO

(7) Mestrado

(8) Doutorado

C5 - Em sua opinido, qual é a sua cor de pele ou etnia?

(1) Branca (2) Amarela (3) Parda (4) Indigena (5) Negra (6) Outros — especificar:

C6 - Cor da Pele segundo o Entrevistador:
(1) Branca (2) Amarela (3) Parda (4) Indigena (5) Negra (6) Outros — especificar:

D - Historia Clinica Pacientes com Endometriose (caracteristicas iniciais da doenca)
D1 - J& realizou procedimentos cirargicos para remocéo dos focos de endometriose? (0) Ndo (1) Sim
(SE “NAQ”, VA PARA D5)

D2 - Se sim, qual foi 0 nimero de vezes que realizou procedimentos cirdrgicos para remog¢ao dos focos de
endometriose? |_|_|

D3 - Fez algum tipo de tratamento antes do procedimento cirdirgico para remocao dos focos de
endometriose? (0) Ndo (1) Sim

D4 - Se sim, Qual o tratamento?

D5 - Com que idade vocé foi diagnosticada com Endometriose? |_ | | (anos)

E - Histdria Clinica Geral (caracteristicas iniciais da doenca)
E1 - Vocé ja passou por alguma cirurgia no abdémen? (0) Ndo (1) Sim  Se sim, quantas? IIE

quais?
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E2 - E outra cirurgia, ja realizou? (0) Ndo (1) Sim. Se sim especificar

E3 - Qual foi o Motivo da sua procura pelo médico?

Motivo Sim ou Nao? Observacao
Dor? Se sim especificar (0)Ndo (1)
onde. Sim
. (O)Ndao (1)
Incapacidade de Gestar? .
Sim
. (O)Nao (1)
Outra? Especificar qual. )
Sim

E4 - Com que idade foi sua primeira ida ao médico, pelo motivo acima citado, antes dessa cirurgia para o

diagndstico ou tratamento? |__| | (anos)

ES - Idade da menarca: ___ (anos)

E6 - Ja entrou na menopausa? (0) Ndo (1) Sim

E7 - Se sim, com que idade? (anos)

E8 - Vocé considera seu fluxo: (1) Diminuido (2) Normal (3) Aumentado

E9 - Ciclo menstrual: (1) Regular (2) Irregular

E10 - Quantos dias duram a sua menstruacao? (dias)

E11 -Quantos dias duram em média os intervalos entre as menstruacdes? (dias)

E12 - Em relagdo a sua fertilidade, vocé: (SE “(3)”, VA PARA E18)(SE “(1)”, VA PARA

E14) (1) Nunca conseguiu engravidar (Primaria) Quanto tempo esta tentando engravidar?

(meses)

(2) Possui filhos, mas atualmente ndo consegue engravidar (Secundéria) Quanto tempo esta tentando
engravidar?___ (meses)

(3) Nao possui filhos, e ndo tenta engravidar (ndo tem vida sexual ativa, usa método anticoncepcional, etc.)

(4) Ja possui filhos, e ndo deseja mais engravidar

E13 -Em relacéo as suas gestagdes, Quantas foram?

Paridade: (0) Nao (1) Um filho (2) Dois filhos (3) Trés filnos (4) Quatro filhos (5) Cinco filhos (6) Seis
ou mais filhos

Partos Normais:

Partos Cesarea:

Gravidez Ectopica:___

Idade da primeira gestacdo: _ (anos)

Abortos:__ (Espontaneos:___ Induzidos:___ )

Idade do aborto esponténeo: (anos) (anos)
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E14 - Se ndo consegue ou conseguia engravidar,isso se deve a:
(1) Motivo desconhecido  (2) Fator Masculino  (3) Tubério (4) Insuficiéncia Ovariana (5)

Qutros:

E15 - Vocé ja fez algum tratamento para engravidar?
(0) Ndo (1) Inducédo Ovulatéria (2) Inseminagéo Intra-uterina (3) Fertilizacdo In Vitro

E16 - Vocé ja amamentou? (0) Ndo (1) Sim.

E17 -Quanto tempo vocé amamentou? (soma de todos os filhos) anos e meses

E18 - Vocé utiliza, ou utilizou na vida, algum Método Anticoncepcional Prévio?
(0O)N&@o (1) Contraceptivo Oral  (2) Tabelinha (3) Diu  (4) Camisinha (5) Contraceptivo injetavel

Nome da pilula anticoncepcional ou do Dose Idade a0 Idade ao Tempo de uso

contraceptivo injetavel inicio término em anos

(Nordette, Diane 35, Femiane, Triquilar, Microdiol, Trinordiol, Gynera, Selene, Yasmin, Yas, Qlaira,

Perlutan/Mesygina, Depo-provera, Mirena, Nuvaring)

E19 - Vocé utilizou anticoncepcional via oral ou injetavel por qual motivo?
(0) Nunca usei (1) Contracepgdo (2) Distarbios menstruais (3) Dismenorreia

E20 - Uso de reposicdo hormonal:
(0) Nao

(1) Sim, alopéatica Qual?
(2) Sim, fitoterépica Qual?

(3) Sim, sem informacé&o.
E21 - Tempo de usode reposi¢do hormonal (anos)
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Baseado na seguinte escala visual anal6gica de dor:

ODERADA !

E22 | Vocé sente ou sentia célicas
( ) (0) Nao (1) Sim, e ndo necessita de medicacéo.
menstruais (dismenorréia)?
(2) Sim, e necessita de medicagéo para alivia-las.
Escala de d (3) Sim, e necessita de medicacdo para alivia-las, no entanto ndo melhoram.
scala de dor n°
(4) Sim, e necessita de medicagéo, no entanto elas ndo melhoram e j& precisou ir
ao Pronto Socorro, ou faltar ao trabalho em decorréncia das mesmas.
E23 | Vocé sente colicas que ndo
¢ lacs h (0) Ndo (1) Sim, e ndo necessita de medicagdo.
apresentam relagdo nenhuma com o ) _ o o
- trual (Dor Pélvica)? (2) Sim, e necessita de medicagdo para alivia-las.
seu ciclo menstrual (Dor Pélvica)?
(3) Sim, e necessita de medicacao para alivia-las, no entanto ndo melhoram
(4) Sim, e necessita de medicacdo, no entanto elas ndo melhoram e ja precisou ir
Escala de dor n° o
ao Pronto Socorro, ou faltar ao trabalho em decorréncia das mesmas.
E24 | Voce sente ou sentia dor durante o (0) Ndo (1) Na penetracdo  (2) De profundidade (Dor no fundo da vagina) -
ato sexual (dispareunia)? Escala de dor n°
E25 | Vocé sente alteragdes intestinais (0) Ndo (1) Dor - Escala de dor n°
relacionadas com a menstruagao? (2) Sangramento  (3)Intestino Solto  (4)Intestino Preso
E26 | Vocé sente alteragdes urinarias (0)N&o (1) Dor - Escala de dor n°
relacionadas com a menstruagao? (2) Sangramento  (3) Aumento da freqiiéncia
E27 | Qual o principal sintoma que a (0) Nenhum (1)Dismenorreia (2)Dor Pélvica (3)Dispareunia (4)Infertilidade

incomoda?

(5) Alteracdo Intestinal Ciclica (6) Alteracdo Urinéria Clinica

F - Histéria de Endometriose na familia

F1 - Algum familiar em 1 - grau apresentou Endometriose?

(0) Nao
PULE SESSAQ “G”)
F2 - Tipo de familiar:

(1) mée(2) irméd(3) filha(4) Tia Materna sanguinea (5) Tia Paterna sanguinea (6) Avo Paterna

Materna

G - Histéria de Cancer na familia

(1) Sim (Se, Sim especificar)

(2) N3o sabe (SE ‘NAQ’/’NAO SABE’,

(7) Avo




172

G1 - Algum familiar em 1 - grau apresentou Cancer?

(0) Nao (1) Sim (Se, Sim especificar) (2) N&o sabe (SE ‘NAQ’/’NAO SABE’,
PULE SESSAQ “H”)

G2 - Tipo de familiar:

(1) Mae(3) irma (5) filha (7) Tia Materna sanguinea  (9) Tia Paterna sanguinea  (11) Avd Paterna
(13) Avo Materna

(2) Pai(4) irmdo (6) filho (8) Tio Materno sanguinea (10) Tio Paterno sanguinea (12) Avd Paterno
(14) Avb Materno

Tipo de Local ou tipo de ] . Local ou tipo de ] N Local ou tipo
. ) Tipo de familiar ) Tipo de familiar A
familiar cancer cancer de cancer

H - Alguma vez o seu médico disse que vocé teve algumas das doencgas abaixo?

H1 - Diabetes (0) Ndo (1) Sim.
H2 - Obesidade (0) Ndo (1) Sim.
H3-Mioma  (0) Ndo (1) Sim.

Tratou? (0) N&o (1) Sim.

Qual?
H4 - Doenca Ovariana (0) Ndo (1) Sim.
Qual?
Tratou? (0) Ndao (1) Sim.
Qual?
H5 - Cisto de mama (0) N&o (1) Sim.
Qual?
H6 - Hiper ou Hipotireoidismo (0) Ndo (1) Sim.
Qual?
H7 - Algum tipo de cancer:(0) Ndao (1) Sim.
Qual?
H8 — HIV(0) Ndo (1) Sim

H9 - Hepatite: (0) Néo (1) Sim.
Qual?
H10 - Outra Comorbidade: (0) Naéo (1) Sim.
Qual?

| - Habitos do Fumo

11 -J& fumou pelo menos por 1ano? (0) Nunca fumou (1) Somente no passado  (2) Sim, ainda fuma
(SE “NUNCA”, VA PARA I2)
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A Sra. fumou cigarro,
charuto, cachimbo ou

maconha?

N - de vezes que
fumava por dia ou

macos ao dia

Idade
ao

inicio

Idade
ao
términ

0

Tempo de fumo

€m anos

Observacao

(1) Cigarro (2) Charuto (3)
Cachimbo

(1) Cigarro (2) Charuto (3)
Cachimbo

(1) Cigarro (2) Charuto (3)
Cachimbo

(1) Cigarro (2) Charuto (3)
Cachimbo

12 - JA morou junto com um fumante (pai, irméo, mae, marido, filhos, avos) ou trabalhou em um lugar fechado

onde as pessoas fumassem?

(0) Ndo

(1) Sim, em casa.

(2) Sim, no trabalho.

I3 - Tempo em anos de exposicdo: |__|__|Anos

Sua idade quando essa pessoa iniciou

o fumo

Sua idade quando essa pessoa

parou o fumo

J - Habitos Alimentares

J1 - Qual a frequéncia com que come 0s seguintes alimentos e bebidas?

Quantas Quantas Quantas
Unidade Alimento Nune vezesao | vezespor | vezesao
A més? semana? dia?
1 copo Leite [ || L
1 pote logurte | || |
1 porgéo Manteiga [ || L
lporcio | P&o L] | |
1 porgéo Arroz [ || |
1 porcao Massa [ || L
Cereal de milho (Sucrilhos
1 porcéo [ | |
e etc.)
1 porgio Produtos de Soja [ || [
1 porcao Mandioca | || L
1 porgéo Carne bovina [ || |




1 porgéo Porco | || [
1porcdo | Galinha Industrializada | || L
1porgio | Galinha caipira | || L
1porgdo | Outra carne (ovelha) | | [
1 porgéo Peixe [ || -
; Presunto ou salame ou
1 porcao . | || |
salsicha
1 Ovo L | L
1 porgéo Queijo [ || -
1 média Batata | | L
3 Vegetais verdes ndo
1 porgéo . | || |
cozidos (saladas)
y Cruciferas (brocolis,
1 porcéo L | [
repolho, etc)
1 média Cenoura [ || L
1 média Tomate (fresco da estagio) L || ||
y Gréos (ervilha, feijao,
1 porcao . | || |
lentilha)
Em resumo, quantas vezes
o(a) Sr(a) come uma
1 porcéo porcdo de qualquer tipo de ] | ]
vegetal (exceto batata e
cenoura)?
1 copo Suco de frutas frescas [ || L
1 média Maca ou Pera [ || ||
Fruta citrica (laranja,
1 média lim&o, lima) na época de L | [
colheita
1 média Banana | || L
Em resumo, quantas vezes
o vocé come 1 fruta de
1 média ) | | |
qualquer tipo , fresca, por
semana ?
1 fatia ou
Bolo e sobremesa [ | [
taca
1 copo Café [ | |
1porcdo | Gréo de Bico [ || L
1porcdo | Alho | || |

174
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J2 - Qual o tipo de gordura usa predominantemente: Coloque (A) usa para cozinhar, (B) usa para temperar 0s

vegetais e (C) usa para paes, torradas e biscoitos.

(13) outra gordura animal

(1) azeite de oliva |__| | (5) margarina |__| (9) girassol |_|

(6) ndo usa gordura

(2) azeite dendé |__| L (10) oleo de soja|_| (99) ndo sabe |_|
) i (11) outro 6leo de
(3) azeite de coco | | | (7) 6leode uva|_|
semente |__|
) (8) 6leo de milho
(4) manteiga |__| (12) banha de porco |_|

J3 - Vocé ingere ou ingeriu vitaminas (farmaco)? (0) Ndo (1) Sim (3) N&o sabe
J4 - Qual? (1) Poli vitaminico (2) Outros
J5 - Com que frequéncia toma estas vitaminas?
(0) Nunca

(1) Ocasionalmente

(2) Uma vez por semana
(3) Uma vez por més

(4) Diariamente

J6 - Por quanto tempo? (meses)
K - Habitos de bebida

K1 - Ja ingeriu bebidas com alcool pelo menos 1 vez por més?
(0) Nunca (1) S6 no passado(2) Sim, ainda bebe (SE “NUNCA”, PULE PARA SESSAQ “L”)
K2 - Com que frequéncia bebe ou bebia? (1) Diariamente (2) Semanalmente (3) Quinzenalmente (4)

Mensalmente (5) Em eventos e festas

Tipo de Bebida Idade de Tempo de uso em

inicio anos

(1)Cerveja (2)Vinho (3)Cachaga (4)Licores (5)Whisky
ou Vodca

(1)Cerveja (2)Vinho (3)Cachaga (4)Licores (5)Whisky
ou Vodca

(1)Cerveja (2)Vinho (3)Cachaga (4)Licores (5)Whisky

ou Vodca

(1)Cerveja (2)Vinho (3)Cachaga (4)Licores (5)Whisky

ou Vodca




L - Exercicio Fisico

L1 - Vocé pratica esporte ou exercicio fisico?
(0) Ndo (1) Sim, Atualmente.(2)Sim, No passado.(SE “NAO”, O QUESTIONARIO TERMINA AQUI)

176

. A . . Horas Frequéncia por Tempo em anos
L2 - Qual esporte ou exercicio fisico vocé praticou mais )
Praticadas semana
frequentemente? .
(por dia)
I I L] ||
N L] ||
I I L] ||
M - Histdria Ocupacional
. . ] Idade ao Idade ao Se h4 um periodo sem ocupac¢ado
Ocupacédo/ Cargo Tipo de companhia L o .
inicio término antes do trabalho 2, anote a razéo

Fim do questionario.
OBRIGADA POR SUA PARTICIPACAO EM NOSSA PESQUISA!

Rubrica da voluntéaria:

Rubrica da Entrevistadora:
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ANEXO D - PARECER CONSUBSTANCIADO DO CEP/HC-FMUSP

FEs Hospital das Clinicas da FMUSP
LH Comizsdo de Elica para Analise de Projeios de Pesquisa
FraLlfarE EAPPEHEI

N® Protacolo: 0910411

Titule; CARACTERIZACAD DE POLIMORFISMOS EM GEMNES ENVOLVIDOS COM
A PREDISPOSICAD AC DESENVOLVIMENTD DA ENDOMETRIOSE

Pesquisador Responsdvel; Mauricic Simdes Abrdo

Pesquisadaor Executante; Flinio Tostes Berarclo

Co-autares: Jlamila Perini, Daniel Escorsim Machado

Departamento: OBSTETRICIA E GINECOLOGIA

A Comissto de Elico pora Andlde de Proelos de Pesqusa -
CAPPasq da Diretoro Clinica do Hospilol des Cliricos dao Faculdode de sMedicing
da Universidade de 500 Pauls, APROVOU / TOMOU CIENCIA na sessds dalada de

010202012, o profocols acirma,

A CAPPesq e chedigncio a Besolugho CHE 19494, solicita ao
pesguisadar (a) 5 elaboracao de relatorc porcial e fingd,

Mo coso de relotdne parcial & necessdro informar o tempo
previsto parg o conclusdo do profocolo @ breve resumo dos resultados

ablicdos.
CAPPesq. D-f-de?@erair:- da 2012
’i
&

e

E
FROF. DR, Lgl( £ Gﬁglf} GARCED LEME
" Coerdenadar
Comissdo de Elica para Andlise de
Profelos de Pesquize - CAPPesg



ANEXO E - PARECER CONSUBSTANCIADO DO CEP/HFSE

SERVICO 'PI'JBLICO FEDERAL
MINISTERIO DA SAUDE
HOSPITAL FEDERALDOS SERVIDORES DO ESTADO

Rio de Janeiro, 25 de margo de 2011.

Do: Comité de Etica em Pesquisa em Seres Humanos do Hospital Federal dos Servidores do
Estado (CEP-HFSE).
Ao limo Sr. Dr. Plinio Tostes Berardo Carneiro da Cunha.

Assunto: Aprovagao do Protocolo CEP: 000.414.

O Comité de Etica em Pesquisa em Seres Humanos do HFSE, apo6s analisar as
respostas as pendéncias ao parecer consubstanciado do CEP de 13.09.10 e as respostas a
carta do CEP-HFSE de 22.11.10, considerou aprovado com recomendagéo, o protocolo de
pesquisa intitulado: “Caracterizagdo de polimorfismos em genes envolvidos com a
predisposicéo do desenvolvimento da endometricse”, na Versdo 10.08.10, assim como o termo
de consentimento livre e esclarecido, na verso 2.0 de 10.03.2011, cujo pesquisador principal
€ o Dr. Plinio Tostes Berardo Carneiro da Cunha, médico desta instituicio, estando o mesmo
de acordo com o que preconiza as Resoluces 196/96, 340/04 e 347/05 do Conselho Nacional
de Salde (CNS), devendo o pesquisador principal:

1- atentar para as recomendagoes contidas no Parecer Consubstanciado do CEP-HFSE;

2- observar que qualquer outra nova pesquisa utilizando o material bioldgico armazenado ou
os dados obtidos dos sujeitos de pesquisa, necessitardo da elaboragdo de um novo
protocolo de pesquisa com aprovagio do CEP-HFSE, conforme o item 1112 da Resolugéo
340/04 do CNS;

3- comunicar ao CEP imediatamente em casos de eventos adversos ocorridos com os
sujeitos de pesquisa, mesmo ndo se tratando de pesquisa com o envolvimento de
farmacos;

4- comunicar ac CEP em casos de emenda ao protocolo de pesquisa ou ao TCLE e

5- enviar os relatorios da pesquisa nas datas estabelecidas na folha de rosto e segundo os
critérios que se fagam necessarios pelo Comité ou pelo pesquisador, assim como os
termos de consentimento livre e esclarecidos, assinados pelos sujeitos de pesquisa, até a
data do primeiro relatério parcial.

/ ~
)

Dr. Margos Henrique Manzoni
Coordenadgr do Comité de Etica em
Pesquisa em|Seres Humanos do HFSE
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ANEXO F - PARECER CONSUBSTANCIADO DO CEP/HMF

3w " MATERNIDADE ESCOLADA . .
R -’-i{' -4 UNIVERSIDADE FEDERAL DO & ,{gmﬂ S fiaddd
=%  RIO DE JANEIRO/ ME-UFRJ

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA
Titulo da Pesquisa: Caracterizagdo de polimorfismos em genes envelvidos com & predispesicZo do
desanvolvimento da endometriose
Pesquisador: Jamila Alessandra Perini Machado
Area Tematica:
Versdo: 2
CAAE: 45541715.5.0000.5275

Instituicdo Proponente: Matarnidade-Escola da UFRJ
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 1.244.294

Consideragdes Finais a critério do CEP:
1) De acordo com o item VIL.13.¢, da Resolucdo CNS n.? 466/12, o pesquisador devera apresentar relatonics
aruais (parciais ou finais, em fung&o da duragio da pesquisa).

2) Eventuais emendas (modificagtes) ac protocoio devem ser aprezentadas, com justficativa, ao CEP de
forma clara e sucinta, identificando a parte do protecolo a ser modificada,

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Siuagao

Folha de Roste falhaDeRosto pdi 08,/09/2015 |Jamila Alessandra Aceito
10:23:16 | Perini Machaco

TCLE/Termos de | TCLE.pdf 08/09/2015 |Jamila Alessandra Aceito

Assentimento / 10:30:38 | Perini Machado

Justificativa ce

Auséncia

TCLE/Termos de | TCLEZ pdf 08/09/2015 |Jemila Alessandra Aceito

Assentimento / 10:31:50 | Perini Machado

Justificativa de

Auséncia

Projeto Delalhado [ | Projeto.pcf 08/09/2015 |Jamila Alessandra Aceito

Brochura 10:37.04 |Perini Machado

Investinador

Outros Pendencia.pdf 09/09/2015 |Jamila Alessandra Aceito
15:07:41 | Perini Machado

Informagoes Basicas| PB_INFORMACCES_BASICAS_DO_P | 09/039/2015 Aceito

do Proieto ROJETO 4928610.pdf 15:08:30

Situagdo do Parecer:

Aprovado

Necessita Apreciacdo da CONEP:

Nio

RIO DE JANEF&(’):-Q ambro de 2015

’

Assinado por:

Basilio da Costa Junior
(Coordenador)






