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RESUMO 

Introdução: A endometriose é uma doença inflamatória, estrogênio- 
dependente que afeta um grande número de mulheres em idade reprodutiva. O 
hormônio folículo-estimulante (FSH) desempenha um papel na 
esteroidogênese e atua por meio de uma glicoproteína transmembrana, o 
receptor FSH (FSHR). Polimorfismos de nucleotídeo único (SNP) no gene 
FSHR foram previamente associados com variabilidade no nível sérico de FSH 
e resultados reprodutivos, mas sua relação com a endometriose não foi 
esclarecida.  
Objetivos: Investigar a influência dos SNPs Ala307Thr e Asn680Ser do gene 
FSHR no risco de desenvolvimento e/ou progressão da endometriose e nos 
resultados reprodutivos. 
Métodos: No estudo caso-controle foram estudadas 352 mulheres inférteis com 
endometriose e 510 mulheres férteis sem a doença. No estudo transversal 
foram incluídas 214 com endometriose e 126 com infertilidade causada por 
fator masculino ou tubário submetidas a tratamento de fertilização in vitro. A 
genotipagem dos SNPs foi realizada por PCR em tempo real usando a 
metodologia TaqMan. 
Resultados: No estudo caso-controle, a frequência dos genótipos e alelos dos 
SNPs estudados não foram diferentes entre o grupo endometriose e controles. 
Uma associação positiva foi encontrado entre o genótipo 680Ser/Ser ou GG do 
SNP Asn680Ser e mulheres férteis com endometriose (p=0,004). Os alelos 
combinados dos SNPs do gene FSHR revelaram que o haplótipo 
“GG/307Ala680Ser’’ foi mais frequentemente encontrado em mulheres férteis 
com endometriose (45,4% em mulheres férteis com endometriose e 38,3% nos 
controles, p=0,041), enquanto o haplótipo ‘‘GA/307Ala680Asn’’ foi menos 
frequentemente encontrado no grupo endometriose (6,5% em casos e 11,9% 
em controles, p=<0,001), independentemente da condição de fertilidade e 
estadio da doença. Considerando o estudo transversal, os níveis de FSH no 
grupo controle foram menores do que no grupo endometriose, p=0,0016. O 
genótipo AA do SNP Ala307Thr e o genótipo AA do SNP Asn680Ser podem 
conferir proteção para a síndrome do hiperestimulo ovariano no grupo 
endometriose em comparação ao controle (p=0,037 e p=0,014, 
respectivamente). O grupo endometriose mínima/leve com o genótipo GG do 
SNP Ala307Thr teve menor número de embriões (p=0,030) do que o grupo 
controle e uma dosagem mais alta de FSH para o genótipo AG (p=0,012) do 
que o grupo controle. No genótipo AA do SNP Asn680Ser foi encontrado menor 
número de folículos visualizados (p=0,006), oócitos (p=0,018) e MII (p=0,044) 
no grupo de endometriose moderada/grave em comparação com mínimo/leve. 
Conclusões: Os resultados sugerem que o genótipo 680Ser-Ser/GG e o 
haplótipo “GG/307Ala680Ser’’ aumentam o risco de endometriose em mulheres 
férteis, enquanto o haplótipo ‘‘GA/307Ala680Asn'' diminui o risco de 
desenvolvimento e progressão da endometriose. O genótipo AA/SerSer do 
SNP Asn680Ser foi associado a piores resultados reprodutivos no grupo 
endometriose moderada/grave em comparação ao grupo com a forma 
mínima/leve da doença.  
Palavras-chave: Endometriose, Fertilização In Vitro, Infertilidade, Polimorfismo 

de Nucleotídeo Único. 



 

 

ABSTRACT 

Introduction: Endometriosis is an inflammatory, estrogen-dependent disease 
that affects a large number of women in reproductive age. Follicle-stimulating 
hormone (FSH) plays a role in steroidogenesis and acts through a 
transmembrane glycoprotein, the FSH receptor (FSHR). Single nucleotide 
polymorphisms (SNP) in the FSHR gene were previously associated with 
variability in FSH levels and reproductive outcomes, but their relationship to 
endometriosis has not been elucidated. 
Objectives: To investigate the influence of the Ala307Thr and Asn680Ser SNPs 
of the FSHR gene on the risk of development and/or progression of 
endometriosis and on reproductive outcomes. 
Methods: In the case-control study, 352 infertile women with endometriosis and 
510 fertile women without the disease were studied. In the cross-sectional 
study, 214 women with endometriosis and 126 women with infertility caused by 
male or tubal factor undergoing IVF treatment were included. Genotyping of 
SNPs was performed by real-time PCR using the TaqMan methodology. 
Results: In the case-control study, the frequency of genotypes and alleles of the 
SNPs studied were not different between the endometriosis group and controls. 
A positive association was found between the 680Ser/Ser or GG genotype of 
the Asn680Ser SNP and fertile women with endometriosis (p=0.004). The 
combined alleles of the FSHR gene SNPs revealed that the 
"GG/307Ala680Ser" haplotype was more frequently found in fertile women with 
endometriosis (45.4% in fertile women with endometriosis and 38.3% in 
controls, p=0.041), while the ''GA/307Ala680Asn'' haplotype was less frequently 
found in the endometriosis group (6.5% in cases and 11.9% in controls, 
p=<0.001), regardless of fertility status and disease stage. Considering the 
cross-sectional study, FSH levels were lower in the control group than in the 
endometriosis group, p=0.0016. The AA genotype of the Ala307Thr SNP and 
the AA genotype of the Asn680Ser SNP may provide protection for ovarian 
hyperstimulation syndrome in the endometriosis group compared to the control 
group (p=0.037 and p=0.014, respectively). The minimal/mild endometriosis 
group with the GG genpotype of the Ala307Thr SNP had fewer embryos 
(p=0.030) than the control group and a higher FSH levels for the AG genotype 
(p=0.012) than the control group. In the AA genotype of the Asn680Ser SNP, a 
smaller number of visualized follicles (p=0.006), oocytes (p=0.018) and MII 
(p=0.044) was found in the moderate/severe endometriosis group compared 
with minimal/mild. 
Conclusions: The results suggest that the 680Ser-Ser/GG genotype and the 
'GG/307Ala680Ser'' haplotype increase the risk of endometriosis in fertile 
women, while the ''GA/307Ala680Asn'' haplotype decreases the risk of 
endometriosis development and progression . The AA/SerSer genotype of the 
Asn680Ser SNP was associated with worse reproductive outcomes in the 
moderate/severe endometriosis group compared to the group with the 
minimal/mild form of the disease. 
 
Keywords: Endometriosis, In Vitro Fertilization, Infertility, Single Nucleotide 
Polymorphism. 
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1 INTRODUÇÃO 

 

A endometriose é uma doença inflamatória estrogênio-dependente que afeta 

um grande número de mulheres em idade fértil causando dor pélvica, dispareunia ou 

infertilidade, interferindo assim na qualidade de vida dessas mulheres [1]. 

Caracteriza-se pela presença de tecido endometrial estromal e/ou glandular 

funcionante em região ectópica [2]. A principal região de acometimento é a pelve, 

em especial as estruturas em que o sangue decorrente da menstruação retrógrada 

permanece a maior parte do tempo, que são: ovários e suas fossas, tubas e 

estruturas presentes no fundo de saco de Douglas, representadas pelo septo 

retovaginal, sigmoide e ligamentos úterossacrais [3]. 

A etiologia da doença ainda é incerta e muitas são as teorias para explicá-la. 

Possivelmente uma somatória das clássicas teorias aos novos conceitos poderia 

explicar a origem da endometriose. Fatores permissivos decorrentes da falha do 

sistema imune na remoção de fragmentos de endométrio da cavidade peritoneal 

podem causar um estado de inflamação local com hiperativação de macrófagos, que 

segregam uma variedade de compostos diferentes. Alguns destes compostos 

podem causar metaplasia do peritônio e o desenvolvimento de resíduos müllerianos 

[4], ou ainda, as células que chegam ao peritônio são metabolicamente alteradas, 

tendo alta capacidade de se implantar ectopicamente sem serem destruídas pelo 

sistema imune [5]. 

Cerca de metade das pacientes com endometriose apresentarão infertilidade 

conjugal [6]. A relação causal entre endometriose e infertilidade ainda não foi 

claramente estabelecida, mas a taxa de fecundidade diminui significativamente em 

pacientes com endometriose [7]. Possivelmente os mecanismos que diminuem a 

fertilidade na paciente endometriótica são [8]:  

- distorção da anatomia pélvica e da função tubária;  

- função peritoneal alterada (fatores inflamatórios); 

- anormalidades ovulatórias e endócrinas (insuficiência lútea); 

- distúrbios de implantação; 

- piora da qualidade oocitária e embrionária; 

Vale ressaltar que mesmo a endometriose classificada como mínima pode 

diminuir a fertilidade das pacientes [9], mostrando que não é apenas a extensão, 
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número de implantes ou localização da lesão que levam à infertilidade, devendo a 

ligação com infertilidade estar muito além da questão exclusivamente anatômica. 

 O FSH (hormônio folículo estimulante) é uma glicoproteína secretada pela 

hipófise anterior que possui papel no desenvolvimento dos folículos, maturação 

oocitária, regulação na esteroidogênese, proliferação das células da granulosa e 

indução da síntese da enzima aromatase, que age como mediadora da 

aromatização de andrógenos em estrógenos [10-13].  

O FSH atua via receptor (FSHR), o qual é uma glicoproteína transmembrana, 

e se expressa nas células da granulosa ovarianas [14]. Este receptor é sintetizado 

por uma cópia gênica simples, localizada na região 2p21-16 [15]. Muitos 

polimorfismos foram descritos para o FSHR, mas dois destes são os mais 

comumente estudados: Ala307Thr e Asn680Ser.  

Estes polimorfismos foram descritos na literatura relacionados à infertilidade, 

síndrome dos ovários policísticos e insuficiência ovariana prematura nas mulheres. 

Há diversos relatos sobre resposta aumentada ou diminuída em relação à 

estimulação ovariana controlada para estes polimorfismos. Pouco há sobre sua 

relação com endometriose e os resultados de terapias de reprodução assistida [16-

22]. 

O presente estudo objetivou correlacionar os polimorfismos do FSHR 

Ala307Thr e Asn680Ser com os resultados de reprodução assistida em pacientes 

inférteis com e sem endometriose. 

 

 

 

 

 

 

 

 

 

 

 

 

https://pt.wikipedia.org/wiki/Andr%C3%B3geno
https://pt.wikipedia.org/wiki/Estr%C3%B3geno
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2 REVISÃO DA LITERATURA 

 

2.1 A Endometriose 

Endometriose é uma doença crônica e frequente nas mulheres em idade fértil 

[8]. É definida pela presença de tecido semelhante ao do endométrio em região 

ectópica, ou seja, externa à cavidade uterina, levando a uma reação inflamatória 

intermitente e geralmente progressiva [23]. É uma condição benigna, em que o 

tecido ectópico é funcionante e responsivo à ação hormonal [2]. Embora as 

pacientes possam ser assintomáticas, a maioria tipicamente apresenta dor pélvica, 

infertilidade ou massa anexial [8, 24]. Apesar do grande impacto social e econômico, 

a endometriose permanece mal diagnosticada, mal compreendida e com 

tratamentos de baixa eficácia [25].  

 

2.2 Quadro Clínico 

A doença exibe um amplo espectro de manifestações clínicas, propensas à 

progressão e recorrência [26]. Os principais sintomas relacionados à endometriose 

são dismenorreia, dor pélvica crônica acíclica, infertilidade, dispareunia de 

profundidade, alterações urinárias e intestinais cíclicas (tais como dor ou 

sangramento no período menstrual, de acordo com o local de acometimento) [4, 27]. 

Pode envolver diversas estruturas anatômicas, incluindo os ovários, o 

peritônio, os ligamentos uterossacrais, o septo retovaginal, o reto, o cólon sigmoide, 

o íleo terminal, o apêndice cecal, a bexiga e os ureteres (Figura 1) [3, 4, 28]. Em 

localizações mais distantes ao útero como a pele, ou ainda, como o pulmão e a 

mucosa nasal os implantes também podem ser encontrados [29, 30, 31]. 

 

2.3 Diagnóstico 

A suspeita diagnóstica ocorre pelo quadro clínico de algia pélvica e/ou 

infertilidade, além de possíveis alterações em exames de imagem. O diagnóstico 

definitivo ocorre através do exame histológico das lesões retiradas durante a 

laparoscopia, o que é considerado como padrão ouro para o diagnóstico da doença 

[32]. 
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         Figura 1: Possíveis locais de acometimento da endometriose. 

Fonte: modificado de Coleção Netter de Ilustrações Médicas, 2015 [33] 

 

O sintoma mais prevalente é a dismenorreia, sendo que em um estudo 

brasileiro este acometimento foi encontrado em 62% das pacientes com 

endometriose peritoneal.  Nesta mesma pesquisa a prevalência de dor pélvica 

crônica foi de 57%, dispareunia de profundidade de 55%, alterações intestinais 

cíclicas de 48%, infertilidade em 40% e dismenorreia incapacitante em 28% das 

pacientes [34]. 

No exame físico deve-se realizar o exame especular, com a inspeção e a 

procura por implante vaginal. O toque vaginal bimanual poderá denunciar 

tumorações anexiais, a falta de mobilidade uterina e sua retroversão, nodulações 

endurecidas e dolorosas no fórnice posterior ou ligamentos uterossacrais. O toque 

retal poderá ser realizado quando houver suspeita de acometimento intestinal por 

infiltração ou massa comprimindo o retosigmoide [35]. Importante ressaltar que o 

diagnóstico pode ainda ser suspeitado, mesmo que o exame físico seja normal, se 

houver quadro clínico sugestivo [36].  

Vários métodos de imagem podem ser úteis na avaliação da endometriose 
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ovariana e profunda, mas nenhum deles tem valor prático na detecção da 

endometriose superficial [37]. A ultrassonografia transvaginal e a ressonância 

nuclear magnética são exames de imagem que podem contribuir para o diagnóstico, 

especialmente na presença de lesões ovarianas. A ultrassonografia transvaginal 

apresenta excelente sensibilidade e especificidade para o diagnóstico dos 

endometriomas ovarianos (Guerriero et al., em 1998, encontraram sensibilidade de 

97% e especificidade de 90%) [38]. Já a ressonância permite uma visão panorâmica 

com possibilidade de reconstruções multiplanares e tridimensionais, sendo um 

excelente método para visualização das estruturas pélvicas [37], assim como o 

mapeamento das lesões, caracterização tecidual da endometriose profunda, 

identificando a paciente com doença multifocal e detectando lesões em localizações 

extrapélvicas [39]. 

A endometriose tem três apresentações distintas sob o aspecto clínico, 

anatomopatológico e de imagem: superficial, ovariana e profunda [37]. A 

endometriose é definida histologicamente como profunda, quando a infiltração da 

estrutura anatômica é maior do que 5mm. Como é um processo infiltrativo, em 

continuidade com o tecido fibromuscular, pode ter comportamento agressivo, 

ocasionando estenose ureteral ou intestinal, além de envolvimento de nervos da 

pelve. Estima-se que 25 a 30% das pacientes acometidas pela doença tenham esta 

forma de apresentação [40], o que corresponde a cerca de 1% das mulheres em 

idade reprodutiva [41]. 

Na suspeita de acometimento de doença infiltrativa profunda, a 

ultrassonografia transvaginal com preparo intestinal, se realizada por profissional 

treinado, poderá dar grande acurácia para a doença intestinal, definindo com maior 

precisão a camada de acometimento e distância da borda anal, sendo para isto 

superior à ressonância magnética [42]. Tais informações são fundamentais para o 

planejamento cirúrgico.  

A endometriose é classificada de acordo com as normas da American Society 

for Reproductive Medicine como mínima, leve, moderada e grave, através da 

avaliação laparoscópica (anexo 1) [43]. Essa classificação baseia-se em um sistema 

de pontuação que leva em consideração a profundidade de invasão da lesão, sua 

extensão, a bilateralidade e envolvimento dos ovários, assim como a densidade das 

aderências e comprometimento do fundo de saco de Douglas. Limitações 
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importantes são observadas nesta classificação por apresentar pobre correlação 

com as taxas de gestação. Outros sistemas de classificação foram propostos, como 

o sistema Enzian e o EFI (Endometriosis Fertility Index), porém ainda possuem 

pequena aceitação mundial [44, 45]. Apesar de criticada, a classificação da ASRM 

permanece como a mais utilizada [46]. 

O CA-125 (Cancer antigen 125) sérico tem sido proposto como um candidato 

a biomarcador para a endometriose. É um bem estabelecido marcador para câncer 

ovariano de células epiteliais, e é derivado do epitélio celômico que está presente no 

endométrio, tuba uterina, ovário e peritônio [47]. O CA-125 está elevado na 

endometriose em decorrência da estimulação do epitélio celômico e é o marcador 

diagnóstico não invasivo mais investigado [48].  O caráter inespecífico deste 

marcador tem causado importante confusão aos médicos e em suas pacientes. 

Hirsch e cols, em uma metanálise de 2016, com 3626 participantes concluíram que 

em mulheres sintomáticas, o CA-125 ≥ 30 unidades/ml, é altamente específico para 

o diagnóstico de endometriose (especificidade de 92,7%). Já o valor < 30 u/ml não 

exclui a doença e uma melhor investigação deverá ser realizada [49]. 

Trata-se de uma área da ginecologia de grande interesse no meio científico, 

especialmente porque a etiologia da doença não é clara, assim como o seu 

comportamento. O padrão ouro para o diagnóstico ocorre através de um ato 

cirúrgico e por este motivo este diagnóstico é muitas vezes postergado, chegando a 

um atraso de até 10 anos entre os primeiros sintomas e o diagnóstico, inclusive em 

países desenvolvidos como Alemanha e Áustria [50]. Além disso, não existe um 

tratamento curativo, havendo sempre a individualização de cada caso, com a 

necessidade muitas vezes de se optar por tratar a dor ou a infertilidade em 

determinado momento, com riscos importantes de sequelas, principalmente se a 

opção for o tratamento cirúrgico [51, 52]. 

 

2.4 Epidemiologia 

A doença tem uma importância econômica relevante para qualquer sistema 

de saúde. Em 2016, Soliman et al. em uma revisão sistemática observaram que os 

custos diretos com a doença partiam de $1.109,00 por paciente por ano no Canada 

até $12.118,00 por paciente por ano nos EUA. Custos indiretos iam de $3.314,00 

por paciente por ano na Áustria até $15.737,00 por paciente por ano nos EUA [53].  
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Importante ressaltar que se trata de uma doença com significativa piora na 

qualidade de vida, e isto reflete diretamente na produtividade destas mulheres, 

podendo levar a ausências no trabalho, especialmente por episódios álgicos [54]. 

A endometriose se apresenta como uma doença de difícil levantamento 

epidemiológico, perfil impreciso e que necessita de levantamentos disponíveis, para 

que se tenha uma noção aproximada da sua prevalência na população feminina [37]. 

Estima-se que afete 10 a 15% das mulheres em idade reprodutiva [55], cerca de 

80% das mulheres com dismenorreia e mais de 40% das mulheres inférteis possuem 

esta enfermidade [56, 57]. Em 2009, Barbosa et al. observaram que curiosamente, 

16% de mulheres assintomáticas e férteis, que foram submetidas à 

videolaparoscopia para laqueadura tubária, possuíam focos de endometriose 

peritoneais confirmados pelo exame histológico [58].  

Alguns autores tem descrito a endometriose superficial como um fenômeno 

normal e cíclico na vida da mulher, e tem indicado que o desenvolvimento e 

progressão da doença ocorrem somente em algumas destas mulheres por 

mudanças da resposta imunológica [59, 60]. 

A nuliparidade, a infertilidade, primeira gestação tardia, intervalos prolongados 

entre as gestações, menarca precoce e menopausa tardia, ou seja, situações de 

maior exposição aos estrógenos são consideradas fatores de risco para a doença 

[60]. Em oposição, condições que diminuem a exposição aos estrógenos, como 

atividade física regular e tabagismo, parecem conferir proteção, mas estes dados 

são ainda inconsistentes [61, 62]. Alguns estudos relatam um risco de endometriose 

3 a 10 vezes maior em parentes de primeiro grau [63], o que sugere uma etiologia 

genética da doença. 

 

2.5 Etiologia 

Não há consenso sobre a origem da endometriose, mesmo ela tendo sido 

descoberta há mais de 100 anos.  O mecanismo fundamental deve ocorrer em 

decorrência de uma falha do mecanismo imune em destruir tecidos ectópicos, 

associado a uma anormal diferenciação do tecido endometrial que chega ao 

peritônio [5]. São muitas as teorias propostas, mas nenhuma isoladamente 

consegue explicar todos os tipos e sítios de implantação. A união destas teorias 

poderia explicar a etiologia da doença [64]. 
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Von Recklinghausen (1896) e Russel (1899) propuseram a origem da 

endometriose a partir das células embrionárias. Esta teoria parte do pressuposto de 

que em áreas adjacentes aos ductos de Müller possam existir células de origem 

müllerianas, que quando ativadas por algum mecanismo ainda não elucidado, 

originariam células semelhantes às do endométrio original e viáveis [65].  

A teoria da menstruação retrógrada de Sampson (1927) (Figura 2) [66, 67] 

sugere que a migração de células endometriais viáveis através da tuba e 

subsequente implantação leve à endometriose. No entanto a menstruação 

retrógrada é quase que um fenômeno universal, já que 90% das mulheres 

apresentam este fenômeno, como pode ser observado em um trabalho de Halme et 

al., de 1984 [68]. A presença de tecido endometrial viável no fluido peritoneal que é 

capaz de implantar e se desenvolver [69] e a distribuição anatômica dos implantes 

corroboram esta teoria [70]. 

 

Figura 2: John A. Sampson e a teoria da menstruação retrógrada. 

      

Fonte: Dastur & Tank, 2010 [66] 

 

Na teoria da metaplasia celômica, o tecido endometrial se desenvolve quando 

células mesoteliais celômicas do peritônio ou da superfície ovariana sofrem 

metaplasia, influenciadas pelos níveis estrogênicos [64]. Outra teoria postula a 

circulação e implantação do tecido menstrual ectópico do sistema venoso ou 

linfático, ou de ambos [71]. 

A origem do tecido ectópico tem sido objeto de muita investigação. Estudos 

propõem elucidar as alterações moleculares, tanto no endométrio tópico quanto no 

microambiente peritoneal, que favoreçam a formação de lesões endometrióticas. 

Possivelmente ambos encontram-se alterados, permitindo adesão, invasão, 
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proliferação e crescimento das lesões (Figura 3) [37]. 

 

          Figura 3: Teorias sobre a patogênese da endometriose. 

 

Fonte: modificado de Burney & Giudice, 2008 [72] 

 

  

Assim, a suscetibilidade das mulheres portadoras da endometriose depende 

da interação de fatores imunológicos, ambientais, hormonais e genéticos (Figura 3). 

 Diversos estudos mostraram a associação entre distúrbios imunológicos, 

doenças autoimunes e endometriose. Estudos em diferentes populações mostraram 

uma consistente associação entre endometriose, artrite reumatoide e psoríase [73, 

74]. Se considerarmos outras patologias mediadas pelo sistema imunológico, há 

associações entre endometriose, asma e rinite alérgica [75].  

 A endometriose demonstra muitas similaridades com doenças autoimunes 

como níveis elevados de citocinas, apoptose celular diminuída, danos tissulares e 

anormalidades das ações das células T e B [76]. Nosso grupo demonstrou diversos 

polimorfismos relacionados ao sistema imunológico em pacientes com 

endometriose, envolvendo as células T (FOXP3, PTPN22) [60, 77, 78], linfócitos B 
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(FCRL3, BLyS) [77, 78, 79, 80, 81] e o receptor da vitamina D [82, 83]. 

Alguns estudos têm sugerido que a exposição às dioxinas pode causar 

endometriose. Evidências recentes também sugerem que outras toxinas ambientais, 

como os ftalatos, bisfenol A e poluentes organoclorados, podem também exercer um 

papel no desenvolvimento da doença [84, 85]. Porém, os atuais dados são ainda 

inconsistentes [86]. Este tipo de exposição pode modular a resposta imunológica, 

dando uma explicação biológica para o potencial efeito na patogênese da 

endometriose. 

Classicamente a endometriose é relacionada a fatores hormonais, e 

denominada de patologia estrogênio-dependente, mas outros hormônios também 

podem estar envolvidos na etiopatogenia da doença [87]. Nosso grupo relacionou 

uma série de polimorfismos de receptores hormonais à etiologia da endometriose, 

como os relacionados ao estrógeno (ERβ) [88, 89, 90], progesterona (PROGINS) 

[88, 91, 92], LH (LHβ) [88] e FSH (FSHR) [16].  Vale ressaltar que polimorfismos 

destes hormônios ou de seus receptores podem também estar relacionados à 

infertilidade [87].  

 

2.6 Endometriose e Infertilidade 

 Há um claro envolvimento da endometriose com a queda da taxa de 

fecundidade nas mulheres envolvidas. Enquanto a taxa de fecundidade mensal 

(TFM) no primeiro ano de tentativas para casais normais varia de 20% a 30% [93], a 

TFM em casais em que a mulher é portadora de endometriose encontra-se entre 2% 

e 10% ao mês [94]. Mesmo a endometriose mínima pode estar associada à 

diminuição da fertilidade [9]. 

 Os reais mecanismos da relação endometriose e infertilidade não estão 

totalmente elucidados. Parece haver um comprometimento multifatorial que envolve 

causas mecânicas, moleculares, genéticas e hormonais [37]. 

 Numerosos mecanismos podem interferir na fertilidade de mulheres com 

endometriose (Figura 4) e estes incluem alteração na foliculogênese, levando a uma 

disfunção ovulatória e piora na qualidade oocitária, interferência no mecanismo de 

captação e transporte do oócito, exposição a um ambiente hostil com macrófagos, 

citoquinas e substâncias vasoativas presentes no fluido peritoneal que pode 

impactar tanto no oócito quando na progressão e ação dos espermatozoides, 
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disfunção anatômica das tubas uterinas e ovários, bem como deficiência na fase 

lútea, redução na fertilização, implantação e anormalidades na embriogênese [37, 

95]. Fenômenos gestacionais como aborto recorrente ou perdas pré-termos podem 

também ser observados mais frequentemente em pacientes com endometriose [96]. 

 

Figura 4: Fatores de redução da fecundidade em mulheres com endometriose. 

 

Fonte: modificado de Stilley et al., 2012 [96] 

 

 

 2.7 Manejo da doença 

 O tratamento da paciente infértil com endometriose deve levar em 

consideração se há associação com dor pélvica, a idade da paciente, o status 

tubário e se há fator masculino associado. Pode-se optar por tratamento cirúrgico ou 

por técnicas de reprodução assistida de baixa ou alta complexidade. Tratamento 

medicamentoso como supressão da função ovariana para pacientes com 

endometriose e desejo reprodutivo mostraram-se ineficazes e não devem ser 

recomendados antes ou após o tratamento cirúrgico [97]. Apenas o uso de análogo 

de GnRH mostrou ser benéfico se utilizado antes de uma fertilização in vitro (FIV), 

por 3 a 6 meses [98]. 
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 O tratamento cirúrgico destas pacientes consiste em remover o tecido 

endometriótico e lise de aderências, preferencialmente por via laparoscópica, com a 

intenção de restaurar a anatomia normal [99]. A videolaparoscopia diagnóstica não 

tem mais espaço como opção terapêutica, já que a cirúrgica mostrou-se muito 

superior e com semelhante morbidade [100]. O tratamento cirúrgico pode levar a 

maiores taxas de gestação, tanto nos estágios mais leves de endometriose quanto 

nos mais severos, quando comparados à conduta expectante [32, 101, 102, 103]. 

Porém estes números não são animadores já que são necessárias 12 

videolaparoscopias para cada gestação nas pacientes classificadas como nível I ou 

II de endometriose [103]. 

 A presença de endometriomas ovarianos indica doença severa, 

representando um desafio ao cirurgião [104] e geralmente são marcadores de uma 

endometriose mais extensa, raramente restrita apenas ao ovário [99]. A abordagem 

cirúrgica aos endometriomas ovarianos deve objetivar a exérese da cápsula, e não 

apenas a coagulação da parede ou a drenagem do conteúdo. Desta maneira há uma 

diminuição da taxa de recorrência e aumento na chance de gravidez [105]. 

Endometriomas maiores que 3 cm de diâmetro devem ser retirados quando 

possíveis, levando-se sempre em consideração o evento adverso da diminuição da 

reserva ovariana que este ato pode levar, com risco de selar o futuro reprodutivo 

destas pacientes [32, 99]. Em 2016, Mircea et al. observaram que das pacientes 

submetidas à videolaparoscopia para cistectomia, 40% apresentavam perda de 

parênquima ovariano normal, que havia sido retirado inadvertidamente, apesar dos 

cirurgiões serem considerados experientes [106]. Diversos trabalhos também 

observaram a queda do hormônio anti-mülleriano após a exérese do endometrioma 

[107, 108], o que fortalece a hipótese de diminuição da reserva ovariana com o 

procedimento e reforça a necessidade de cautela e individualização de cada caso, 

especialmente em grupos de risco para pool oocitário diminuído, como por exemplo, 

em paciente com mais de 35 anos ou que sofreram uma cirurgia ovariana prévia.  

 Após a primeira cirurgia para tratar as mulheres endometrióticas com 

infertilidade, cirurgias adicionais raramente aumentarão a fecundidade, e estas 

pacientes terão melhores chances se realizarem terapias de reprodução assistida 

[109]. 
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 2.7.1 Endometriose e Terapia de Reprodução Assistida 

A estimulação ovariana controlada associada à inseminação intra-uterina, 

especialmente quando se utiliza gonadotrofinas, podem elevar a taxa de 

fecundidade mensal das pacientes com endometriose I e II, se comparada à conduta 

expectante [110]. Os melhores resultados acontecerão nos primeiros seis meses 

após a realização da cirurgia, com taxa de gravidez por ciclo de 21% nas pacientes 

com endometriose mínima e 18,9% em pacientes com endometriose leve [32, 111]. 

 Segundo o último guideline da ESHRE, devemos considerar a FIV em 

paciente inférteis com endometriose quando a função tubária estiver comprometida, 

existir fator masculino associado ou houver falhas em técnicas de tratamentos 

anteriores (cirurgia e/ou baixa complexidade) [32]. 

 Em 2010 a ASRM divulgou seus resultados de transferência embrionária pós-

FIV e foi relatado que a taxa global de nascimento por captação em mulheres 

inférteis varia de 44,6%, naquelas abaixo dos 35 anos de idade, a 14,9% no grupo 

de 41 a 42 anos de idade. A taxa média por captação em pacientes com 

endometriose foi de 39,1% [112].  

  Harb et al., em sua metanálise de 2013, observaram dados de 27 estudos e 

8984 mulheres e foram evidenciados redução de 7% nas taxas de fertilização em 

pacientes com endometriose I/II quando comparadas com o grupo controle 

(RR=0,93; IC95% 0,87-0,99; p=0,03). Em pacientes com endometriose III/IV, foram 

observadas menores taxas de implantação (RR = 0,79, IC95% 0,67-0,93; p=0,006) e 

de gestação clínica (RR = 0,79, IC95% 0,69-0,91; p=0,0008). Os autores concluíram 

que a redução nas taxas de gestação clínica (21%) em mulheres com endometriose 

III/IV submetidas à FIV, significa que o tratamento da endometriose não irá 

necessariamente restaurar as taxas de gravidez clínica, tornando-as similares 

àquelas de mulheres sem endometriose [95]. 

 A fertilização in vitro (FIV) é um processo constituído das seguintes etapas: 

estimulação ovariana controlada com gonadotrofinas, a fertilização dos oócitos, o 

desenvolvimento dos embriões, a transferência de embriões e o suporte de fase 

lútea para favorecer a implantação. Todas estas etapas são críticas para uma FIV 

bem-sucedida [113]. 

 A estimulação ovariana controlada objetiva a obtenção de um número 

adequado de oócitos de boa qualidade para que a fertilização seja bem sucedida e 
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permita a seleção de bons embriões para transferência [113, 114], maximizando as 

taxas de gravidez/implantação. No entanto, as mulheres submetidas ao estímulo 

promovido pelo uso de gonadotrofinas podem responder de diferentes maneiras e, 

com os recursos disponíveis até o momento, é difícil de predizer esta resposta [16]. 

 De acordo com a resposta ovariana à estimulação ovariana controlada, estas 

pacientes poderão ser classificadas como normo-respondedoras, pobre-

respondedoras ou hiper-respondedoras. As hiper-respondedoras, especialmente se 

produzirem mais do que 20 folículos e apresentarem sintomas clínicos como ascite, 

hemoconcetração, derrame pleural, anormalidades da função hepática e 

coagulação, além de estradiol sérico ≥ 4000UI, serão classificadas como portadores 

da Síndrome de Hiperestímulo Ovariano (SHO) [115], que é a mais séria 

complicação em reprodução assistida e representa risco à vida [116]. 

 Em contraste a esta situação, as pobre-respondedoras terão menores 

chances de gravidez e poderão necessitar de repetidos ciclos de estimulação e/ou 

FIV para obter-se o número apropriado de oócitos e o sucesso da gestação. As 

pacientes com endometriose têm maior risco de se comportarem como pobre-

respondedoras, sendo este um dos motivos para piores resultados em comparação 

a outros grupos de mulheres com infertilidade por outras causas [8]. 

 

 2.7.2 Marcadores de reserva/resposta ovariana  

 Vários são os marcadores propostos para tentar predizer a resposta ovariana. 

Dentre estes, se destacam: a idade da mulher, o perfil hormonal [FSH, 17-β-

estradiol, Inibina B e hormônio anti-mülleriano (AMH)], o índice de massa corpóreo 

(IMC), sinais ultrassonográficos (volume ovariano, fluxo ao doppler e contagem de 

folículos antrais), histórico da paciente em relação aos vícios (tabagismo), histórico 

de cirurgia ovariana prévia, histórico de estimulação ovariana prévia [117].  

 Dentre todos os marcadores de reserva ovariana e preditores de gestação, 

nenhum é superior à idade da paciente [118]. O FSH sérico coletado no 3° dia do 

ciclo menstrual continua sendo o mais utilizado, porém ele prediz apenas o mal 

prognóstico e quando este já está claramente instalado [119], além de possuir uma 

variabilidade importante entre um ciclo e outro. Hansen et al. concluíram que o AMH 

e a contagem de folículos antrais se correlacionam com número de folículos 

primordiais ovarianos, mesmo após o ajuste para idade cronológica [120].  
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 O AMH parece ser o mais promissor dentre todos estes marcadores 

hormonais. É produzido exclusivamente nas gônadas pelas células da granulosa 

para limitar o número de oócitos recrutados e regular o número de folículos que 

deverão crescer, além de selecionar o folículo dominante para ovulação [121].  Uma 

meta-análise incluindo 1500 pacientes de nove estudos estabeleceu que o AMH é 

um bom preditor de resposta ovariana excessiva [122]. Sem dúvida é um bom 

marcador, mas ainda não foi estabelecida uma relação com o prognóstico da 

resposta ovariana quando se tem baixa reserva, nem como prognóstico do sucesso 

de uma FIV.  

Novos marcadores para prever a resposta ovárica foram propostos, 

destacando-se os polimorfismos de vários genes, como por exemplo, o receptor de 

estrogênio alfa (ESR1), citocromo P450 19A (CYP19A) e o hormônio folículo-

estimulante (FSH) [113, 123, 124, 125, 126]. 

 

2.8 Polimorfismos 

O termo polimorfismo gênico refere-se a uma variante de uma determinada 

sequência gênica encontrada em mais de 1% da população geral. Os SNPs 

(polimorfismos de nucleotídeo único) apresentam geralmente dois alelos 

correspondendo a duas bases diferentes que ocupam uma localização em particular 

no genoma (lócus) (Figura 5). O fato dos SNPs serem comuns não significa que eles 

sejam inertes. As alterações em lócus incluem (I) alterações na sequência do DNA, 

mas que não mudam a sequência da proteína; (II) alterações na sequência do DNA 

que levam a alterações na sequência da proteína, mas sem mudar a sua função; (III) 

alterações na sequência do DNA que levam a alterações da proteína, com diferentes 

atividades (aumento ou diminuição da função); e (IV) alterações na sequência de 

DNA que levam a alterações na proteína que a tornam não funcional. Existem 

evidências que eles estejam envolvidos em alterações sutis em suscetibilidade a 

doenças, em vez de uma causa direta dessas enfermidades [127]. 
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Figura 5: Representação esquemática de um polimorfismo de base única (SNP – Single Nucleotide 

Polymorphism) 

 

 

 

Fonte: modificado de Corrêa-Giannella et al., 2008 [128]. 

 

2.8.1 FSHR 

 O FSH tem sido implicado no crescimento, maturação e atresia folicular, na 

proliferação de células da granulosa e na síntese de estradiol a partir de 

androgênios através da enzima aromatase [129]. Os efeitos do FSH são mediados 

pelo receptor de FSH (FSHR), um receptor acoplado à proteína G e expresso nas 

células da granulosa [130]. O gene FSHR está localizado na região 2, banda 1 do 

braço curto do cromossomo 2 (2p21 – Figura 6), abrangendo uma região de 54kb 

[131] e contém um grande exon, que codifica a transmembrana e domínios 

intracelulares; e nove exons menores, que codificam os domínios extracelulares 

[130]. 

 

Figura 6: Figura esquemática da localização do gene FSHR (seta) no cromossomo 2, em 2p21. 

 

Fonte: disponível em Ensembl: http://www.ensembl.org/Homo_sapiens/Location/View [132] 

 

 

http://www.ensembl.org/Homo_sapiens/Location/View
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Mudanças na estrutura do receptor de FSH (FSHR) poderiam interferir na 

ação do próprio FSH, modificando a produção de estrogênio e a função folicular 

normal, o que influenciaria o início e persistência da infertilidade, assim como da 

endometriose e consequentemente os resultados das terapias de reprodução 

assistida. Desta maneira é de se supor que pesquisas sobre os polimorfismos do 

FSHR poderiam ter grande importância na individualização das doses de 

gonadotrofinas utilizadas na hiperestimulação ovariana controlada (HOC), no 

entendimento da infertilidade e também da endometriose [133, 134].  

Recentemente, mutações naturais dos genes do FSH e FSHR foram descritas 

e até agora mais de 900 SNPs são conhecidos. Dois dos polimorfismos do FSHR 

mais estudados são: Ala307Thr na posição 307 do domínio extracelular, que troca 

uma alanina (Ala) por uma tirosina (Thr) e o Asn680Ser, localizado na posição 680 

do domínio intracelular, que troca uma asparagina (Asn) por uma serina (Ser) [114]. 

Esses dois SNPs foram relacionados à resposta ovariana e afetam a função do gene 

mudando as propriedades da proteína e consequentemente modificando a resposta 

ao FSH [135]. 

Perez et al. foram os primeiros a relatar que o polimorfismo FSHR680Ser está 

associado com níveis mais elevados de FSH sérico e maior necessidade de 

gonadotrofinas durante a HOC [136]. Achados similares foram encontrados por 

outros grupos em diferentes populações [137, 138]. Por outro lado, um estudo 

britânico com 421 pacientes não demonstrou associação do polimorfismo 

Ser680Asn com marcadores de reserva ovariana, como o AMH, assim como não 

demonstrou correlação com a resposta ovariana à estimulação com gonadotrofinas 

[139, 140]. Binder et al. analisaram este mesmo polimorfismo em 259 mulheres 

germânicas que foram submetidas a terapia de reprodução assistida (TRA) e 

descobriram que a variante genética Asn680Ser não serve como preditor de má-

resposta na HOC [141].  

Já Pabalan et al., em sua meta-análise de 2014, demonstraram que o 

genótipo do gene FSHR pode ser importante para determinar a resposta ovariana. 

Os achados demonstraram que para o FSHR N680S o genótipo SS era mais 

encontrado em pobre-respondedoras (OR=1,61, p=0,08) e os genótipos NN e NS 

não demonstraram associação [16]. Um estudo chinês de coorte com 1250 mulheres 

que foram submetidas à FIV/ICSI observou que há uma correlação linear entre os 
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níveis de FSH basal, consumo de gonadotrofina exógena, oócitos recuperados na 

punção ovariana e alelos Ser680. Pacientes do grupo SS homozigoto apresentaram 

níveis de FSH basais mais elevados, requerendo doses maiores de gonadotrofinas 

para a estimulação ovariana, e um número menor de oócitos recuperados em 

comparação ao grupo heterozigoto e homozigoto NN.  

Muitos são os trabalhos que envolvem os polimorfismos do FSHR e os 

resultados em reprodução humana assistida, porém nem todos demonstraram 

associação, o que pode ser explicado pelo número de participantes de cada estudo 

ou pela particularidade de cada população envolvida.  Os trabalhos com maior 

número de pacientes demonstraram uma clara associação entre polimorfismo dos 

receptores do FSH e os desfechos da HOC. 

Já a relação FSHR e endometriose foi abordada em 2014 por Kerimoglu et 

al., que demonstraram que pacientes com o genótipo SS (680 Ser/Ser) ou AA (307 

Ala/Ala) tinham uma menor chance de desenvolver um endometriose III ou IV. Outro 

estudo investigou 300 pacientes taiwanesas com endometriose e 337 controles, 

tendo encontrado que o alelo G (Ser) do polimorfismo Asn680Ser era protetor para 

endometriose, observada em mulheres GG (Ser/Ser) e AG (Ser/Asn) [142]. São 

poucos os trabalhos que analisaram estes polimorfismos e a endometriose, apesar 

da provável associação, já que a endometriose é uma doença estrogênio-

dependente e modificações no receptor do FSH poderiam promover uma ação 

modificada do FSH na foliculogênese e esteroidogênese, modificando a quantidade 

de estrogênio circulante, favorecendo ou diminuindo o aparecimento da 

endometriose. 

Como o FSH desempenha um papel central na estimulação de crescimento 

dos folículos, esta é a gonadotrofina utilizada durante os protocolos de FIV e em 

outros tratamentos de infertilidade tanto femininas quanto masculinas. Embora 

protocolos de estimulação semelhantes sejam utilizados em FIV, a resposta 

ovariana ao FSH exógeno tem uma ampla variação, podendo apresentar desde uma 

pobre resposta até uma hiper-resposta. Aproximadamente 20% das mulheres 

submetidas à HOC respondem pobremente ao estímulo com gonadotrofinas [143]. 

Estas pacientes apresentam baixa concentração sérica de estradiol, menor 

quantidade de óvulos maduros e taxas de gestação diminuídas. 

Muitos parâmetros têm sido utilizados como marcadores de predição da 
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resposta ovariana, conforme descrito anteriormente. Porém, a determinação da dose 

de FSH necessária para atingir uma ótima resposta ovariana durante a FIV é um dos 

atuais desafios no campo da infertilidade.  

 

2.9 Hipótese 

No atual estudo nós hipotetizamos que os polimorfismos do FSHR podem 

estar envolvidos na patogênese da endometriose e/ou infertilidade e analisamos sua 

correlação com os resultados de reprodução humana assistida.  
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Abstract 

 

Background/Aims: The endometriosis is an estrogen-dependent inflammatory disease that affect a 

large number of women in fertility age causing pelvic pain, dyspareunia or infertility, affecting 

directly the quality of life of these women. The polymorphisms in follicle-stimulating hormone 

receptor (FSHR) were associated to different sensibility to follicle-stimulating hormone (FSH) 

recombinant and it participates in steroidogenesis. Because of this we aimed to investigate if 

Asn680Ser and Ala307Thr are associated with endometriosis, its staging and the status of fertility 

when compared with fertile women without endometriosis. 

Methods: Case-control study that evaluated 862 women, 352 women with endometriosis (32.8± 2.4 

years old) and 510 fertile women without endometriosis (31±3.9 years old). The analysis of 

polymorphisms was performed using TaqMan system by real time polymerase chain reaction (PCR). 

Statistical significance was considered at p<0.05. 

c) Results: We observed an influence of Asn680Ser and Ala307Thr alleles in endometriosis.  

The allele G of Asn680Ser was more frequent in subfertile women with moderate/severe 

endometriosis (p=0.01). When we analyzed the haplotypes the wild type alleles of Asn680Ser and 

Ala307Thr (Asn/Ala) are protective factors to endometriosis in infertile patients (p=0.001). The same 

was observed in subfertile  endometriosis group (p=0.01),  suporting these results the haplotype 

Ser/Thr was more frequent in subfertility group (p=0.005). 

d) Conclusions: Based on these results we believed that FSHR polymorphisms influence the 

occurrence of endometriosis in Brazilian women and it might contribute to development the 

biomarkers of endometriosis and its states of severity and fertility. 

Key-words: Polymorphism; infertility; endometriosis; FSH. 
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1 Introduction 

Endometriosis is an estrogen-dependent inflammatory disease that result chronic pelvic pain 

and/or infertility for women with reproductive age. Its accurate mechanisms are not completely 

elucidated. There is a wide clinical variability, existing patients with pain symptoms and no infertility, 

another with infertility and no pain and some with both [1, 2]. 

Endometriosis is a multifactorial disease and knowledge about genetic aspects becomes 

increasingly important to understand the variability of endometriosis. Although many researchers 

studied single nucleotide polymorphisms (SNPs) associated with risk of developed it, its prognosis is 

difficult to predict.  

If we take into account the importance of follicle-stimulating hormone (FSH) in reproductive 

system and its responsibility in the follicle development, oocyte maturation, especially in regulation of 

steroid synthesis and granulosa cells growing and induces synthesis of the androgen-converting 

enzyme aromatase [3-5]. It is possible associated its function with endometriosis and fertility.  

The FSH acts stimulating the FSH receptor (FSHR), which is a trans-membrane glycoprotein, 

and it is expressed on granulosa cells in the ovary [6]. This receptor is synthesized by a single-copy 

gene, located in the region 2p21-16 [7]. It´s know more than 900 SPNs (Single Nucleotide 

Polymorphism) were found in this gene (FSHR) [8].  

The most explored are Ala307Thr and Asn680Ser and they were associated with variability of 

FSH level in blood and consequently of estrogens, which can influence the reproductive outcomes [9, 

10].  FSHR’s haplotype 307Ala/Ala 680Ser/Ser was associated with lower sensitivity to recombinant 

FSH (rFSH) in controlled ovarian hiper stimulation (COH) and also the genotype 680Asn/Asn had 

higher bioactivity of intracellular transduction and aromatase after binding FSH based on these results 

was considered that increases the risk of endometriosis  [11]. This hypothesis was studied but there is 

not an agreement about the FSHR’ polymorphisms in endometriosis, Wang et. al. (2012)[11] showed 

that the haplotype 307Ala/Ala 680Asn/Asn shows an increase risk to develop endometriosis whereas 

Kerimoglu et al. (2015)[12] did not find differences between the frequencies of these polymorphisms 

and endometriosis risk. 
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We hypothesized that FSHR’s polymorphisms might influence the sensibility of FSH in 

women changing their response in endometriosis. The aim was to investigate the influence of 

polymorphisms Ala307Thr and Asn680Ser in women with endometriosis, considering the stage of 

disease and the fertility status compare to fertile women without endometriosis and thus contribute to 

the propaedeutic of infertility of this type of patient. 

 

2 Materials and Methods 

2.1 Patients 

This is a case-control study that evaluated 862 women between January 2011 to June 2015. 

We have studied 352 women with endometriosis from Endometriosis Outpatient clinic at Center of 

Human Reproduction and Genetic of Faculdade de Medicina do ABC (Instituto Ideia Fértil). All 

patients were younger than 38 years old, with normal levels of FSH (≤10.0 IU/ml), TSH (<4 mIU/L) 

and prolactin (<25 ng/ml), presence of both ovaries without any morphological abnormalities, 

ovulatory cycles (25-35 days) and body mass index (BMI) ≤30.  

The diagnostic of endometriosis was confirmed by laparoscopy and histological analysis of the 

lesions It was used the Revised American Society for Reproductive Medicine classification of 

endometriosis (ASRM, 1997) [13]. 

Considering the WHO parameters, the infertility was defined by the failure to achieve clinical 

pregnancy after 12 months or more of regular unprotected sexual intercourse [14]. Because of that, the 

group of endometriosis was divided to evaluate better the endometriosis results about fertility. The 

first group is: endometriosis subfertile (112/352), women that after endometriosis treatment of assisted 

reproductive technologies got pregnancy; and the second is: endometriosis infertile (240/352), women 

that after laparoscopy, endometriosis treatment and/or assisted reproductive technology did not get 

pregnancy. The median age of endometriosis subfertile group was 32.76 ± 3.10 years and 

endometriosis infertile group 32.9 ± 2.8 years. 

Besides, case group was divided to in two groups: minimal/mild (140) or moderate/severe 

(212). In endometriosis subfertile group, 54 women were classificated in minimal/mild endometriosis 
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and 58 in moderate/severe; and in endometriosis infertile group, 86 were classificated in minimal/mild 

and 154 were moderate/severe. 

The control group was composed of 510 fertile women (mean age 31 ± 3.9 years) without 

history of endometriosis that was assisted in Integral Care Center for Women's Health (Centro de 

Atenção Integral à Saúde da Mulher - CAISM) of Faculdade de Medicina do ABC. The control group 

was compose of women with at least two child, that were submitted to permanent method of 

contraception by laparoscopy, where did not observed endometriosis in inspection of the pelvic cavity 

during the laparoscopy. 

The clinical information and the blood samples were collected after obtaining a signed in 

informed consent, approved by the local Research Ethics Committee. 

 

2.2 Methods 

2.2.1 Genotyping 

DNA was extracted from lymphocytes of peripheral blood with salting out method according 

to Lahiri and Nunberger [15]. Protocols’ genotyping of FSHR polymorphisms detection 

(919G>A/Ala307Thr/rs6165 and 2039A>G/ Asn680Ser/rs6166) was performed using TaqMan system 

by real time polymerase chain reaction (PCR), with commercially available primers and probes 

(rs6165 and rs6166) available by Life Technologies (Foster City, CA, USA). Assays were performed 

with TaqMan Genotyping Master Mix with 100 ng of DNA per reaction. PCR conditions were 40 

denaturation cycles of 15 seconds at 95°C and 1 minute of annealing/extension at 60ºC. 

 

2.2.2 Statistical Analysis  

Statistical analyses were carried out using SPSS for Windows 11.0 (SPSS, Inc., Chicago, IL). 

The chi square test was used to compare allele and genotype frequencies between groups, to estimate 

Hardy–Weinberg equilibrium, and to calculate the power of the test. The odds ratio (OR) and range 

with 95% confidence interval (95% CI) were calculated for the presence of the reference genotype 

using a logistic regression model. The association between the combined genotypes of FSHR gene 
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polymorphisms and risk of endometriosis was also evaluated by the study of haplotypes using 

Haploview software version 4.1 (http://www.hapmap.org). All p values were two-tailed, and 95% CIs 

were calculated. A p value < 0.05 was considered statistically significant. 

 

3 Results 

The genotyping analysis to Ala307Thr in all patients (862) were 210 GG (24.3%), 429 GA 

(49.8%) and 223 AA (25.9%). The control group showed:  125 GG (24.5%), 262 GA (51.4%) and 123 

AA (24.1%). In endometriosis group (subfertility and infertility), we observed: 85 GG (24.1%), 167 

GA (47.5%) e 100 AA (28.4%). The results in each group were showed in table 1. The alleles of 

Ala307Thr founded in all patients after the analysis were: 849 G (49.2%) e 875 A (50.8%) (Table 1). 

The Hardy-Weinberg Equilibrium was calculated and all groups were in equilibrium (p>0.05) (Table 

1). 

The genotyping analysis of Asn680Ser in all patients were: 300 AA (34.8%), 417 AG (48.4%) 

and 145 GG (16.8%). In control group were: 180 AA (35.3%), 254 AG (49.8%) and 76 GG (14.9%). 

In endometriosis group: 120 AA (34.1%), 163 AG (46.3%) and 69 GG (19.6%). The alleles of 

Ala307Thr founded in all patients after the analysis were: 1017 A (59.0%) and 707 G (41.0%) the 

results to each group is in Table 1, the Hardy-Weinberg Equilibrium was calculated and all groups 

were in equilibrium (p>0.05) (Table 1). 

Considering the allelic analysis (Table 1) was observed the allele G (Ser) of Asn680Ser was 

more present in patients with moderate/severe than in control group (p=0.010).  The haplotype 

analysis (Asn680Ser and Ala307Thr) showed in endometriosis infertile group less frequency of 

haplotype AG (Asn/Ala) when compared with control group (p=0.001). When stratified by the 

classification of endometriosis minimal/mild and moderate/severe also had lower frequency of this 

haplotype (p= 0.035 and p=0.008, respectively) (Table 2).  

The analysis in endometriosis subfertile group reveled the less frequency of haplotype AG 

(Asn/Ala) (p=0.010) (Table 3). But when analyzed the endometriosis stages we did not find 
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differences to this haplotype. Considering the haplotype GG (Ser/Thr) we observed that it was more 

frequent in moderate/severe endometriosis in subfertile group (p=0.005) (Table 3). 

The power of the test calculated was 99.8% (α=0.998) and 94.4% (α=0.944) to the 

endometriosis group considering the Ala307Thr and Asn680Ser polymorphism, respectively. 

 

4 Discussion 

The endometriosis is a multifactorial disease and its etiopathogeny have not been elucidated 

yet. Probably the interaction of immunological, hormonal, environmental and genetic factors can 

increase the susceptibility to development of the disease. However, the genetic contribution has been 

investigated and some genes have been associated with the development of endometriosis, also they 

might influence the local and serum levels contribute with the ectopic endometrial tissue [16-18]. 

It is known that polymorphisms associated with FSH and estradiol metabolism may be linked 

with endometriosis mechanism and its progress [19-21]. Considering the polymorphisms Ala307Thr 

and Asn680Ser can change the protein structure [22, 23], the local environmental can be influenced, 

producing more or less estrogens and even the Hipothalamus - Hypophysis - Gonad axis may be 

influenced because these hormonal changes.   

The literature evinced that FSHR’s polymorphisms could change the FSH receptor’s 

sensibility and the serum levels of FSH [10, 23, 24]. Consequently the ovarian response and 

reproductive outcomes were investigated and polymorphisms Ala307Thr and Asn680Ser were 

associated with different gonadotrophin doses used to ovarian stimulation and different reproductive 

outcomes [9, 25-27]. 

Based in this information we believe that these polymorphisms may participate in 

endometriosis pathology. As demonstrated in our results which the wild alleles (AG – Asn/Ala) were 

protective to endometrioses and the allele G (Ser) in rs6166 was involved with moderate/severe 

endometriosis of subfertility group in allelic (p=0,010) and haplotypes analysis (p=0,005). 

Wang et al. (2011) [28] investigated 300 Taiwanese Chinese women with endometriosis and 

337 controls without endometriosis. They found that allele G in Asn680Ser was protector to 
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endometriosis observed in woman GG and AG. However their study did not consider the fertility 

status and the polymorphism Ala307Thr. We consider that women with endometriosis subfertile and 

infertile had a different response to endometriosis. 

Kerimoglu et al. (2015) [12] analyzed 100 women with endometriosis and 100 fertile women, 

they did not observed differences between women with endometriosis and their controls. But when 

they stratified the patients with endometriosis according to disease staging, they found that the patients 

with the 680 Ser/Ser or 307 Ala/Ala genotype were less likely to develop stage III-/IV endometriosis 

compared to the stage I/II endometriosis group. As our results were different Ser in Asn680Ser which 

showed more frequently in women with moderate/severe endometriosis. But when we analyzed the 

haplotypes we found the allele Ala (Ala307Thr) is a protector together with Asn (Asn680Ser) to this 

group of Brazilian women. 

Considering the FSHR polymorphisms had a large variability of frequency in the world like 

demonstrated by Simoni and Casarini (2014)[10] , the different endometriosis’ symptoms and express 

and genetic variability of the Brazilian population it was expected different results from the literature. 

This study showed a novel view about the theme considering subdivision of endometriosis 

stages and dividing the endometriosis in infertile and subfertile. The perfect group to compare would 

be the fertile patients with endometriosis, but our service has difficult to reach these patients 

considering we are a human reproductive service and because probably the patients with 

endometriosis that reach spontaneous pregnancy has difficult to discover the disease. In addition, the 

polymorphisms in FSHR gene can influence the development of endometriosis in this Brazilian 

population when compared with fertile women without endometriosis. The haplotype Asn680/Ala307 

demonstrated a protective effect and the presence of allele G (Asn680Ser) is associated with 

moderate/severe endometriosis in subfertile group. Considering the FSH response could be different 

and may modify the feedback in Hipothalamus-Hypophysis-Gonad axis, these concepts adds new 

knowledge to the gap of treatment for endometriosis, in addition, investigations  about  multifunctional 

FSHR gene polymorphism may produces new insights into the treatment of endometriosis.  
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Table 1:  Genotype and allelic frequency of polymorphisms Ala307Thr and Asn680Ser. 

FSHR  gene Groups n 
Genotypes  

 

Alleles 
p OR (CI 95%) HWE 

n (%) n (%) n (%) n (%) n (%) 

 
  GG GA AA  G A    

Ala307Thr* Infertility Endometriosis 240 53 (22.1) 115 (47.9) 72 (30.0)  221 (46.0) 259 (54.0) 0.148 1.18(0.95-1.47) 0.858 

 Minimal/mild  Endometriosis  86 21 (24.4) 38 (44.2) 27 (31.4)  80 (46.5) 92 (53.5) 0.416 1.16(0.84-1.60) 0.583 

 Moderate/severe Endometriosis  154 32 (20.8) 77 (50.0) 45 (29.2)  141 (45.8) 167 (54.2) 0.196 1.19(0.92-1.54) 0.961 
            

 Subfertility Endometriosis  112 32 (28.6) 52 (46.4) 28 (25.0)  116 (51.8) 108 (48.2) 0.718 0.94(0.70-1.25) 0.758 

 Minimal/mild Endometriosis  54 10 (18.5) 29 (53.7) 15 (27.8)  49 (45.4) 59 (54.6) 0.393 1.21(0.81-1.81) 0.828 

 Moderate/severe Endometriosis  58 22 (37.9) 23 (39.7) 13 (22.4)  67 (57.8) 49 (42.2) 0.148 0.74(0.50-1.09) 0.361 
            

 Control Group 510 125 (24.5) 262 (51.4) 123 (24.1)  512 (50.2) 508 (49.8)   0.825 
            

 
  AA AG GG  A G    

Asn680Ser** Infertility Endometriosis 240 86 (35.8) 111 (46.3) 43 (17.9)  283 (59.0) 197 (41.0) 0.689 1.05(0.84-1.31) 0.790 

 Minimal/mild Endometriosis  86 31 (36.0) 39 (45.4) 16 (18.6)  101 (58.7) 71 (41.3) 0.777 1.06(0.77-1.48) 0.835 

 Moderate/severe Endometriosis  154 55 (35.7) 72 (46.7) 27 (17.6)  182 (59.1) 126 (40.9) 0.777 1.05(0.81-1.36) 0.919 
            

 Subfertility Endometriosis 112 34 (30.4) 52 (46.4) 26 (23.2)  120 (53.6) 104 (46.4) 0.080 1.31(0.98-1.75) 0.779 

 Minimal/mild Endometriosis 54 19 (35.2) 27 (50.0) 8 (14.8)  65 (60.2) 43 (39.8) 0.920 1.00(0.67-1.50) 0.946 

  Moderate/severe Endometriosis  58 15 (25.9) 25 (43.1) 18 (31.0)  55 (47.4) 61 (52.6) 0.010 1.68(1.14-2.47) 0.586 
            

 Control Group 510 180 (35.3) 254 (49.8) 76 (14.9)  614 (60.2) 406 (39.8)   0.674 
SNP-Single Nucleotide Polymorphism. OR-Odds Ratio. CI - Confidence Interval. HWE- Hardy-Weinberg Equilibrium. Bold font meaning statistical level was p<0.05.  

*The power of the test calculated was α=0.998. ** The power of the test calculated was α=0.944. 
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Table 2: Haplotype analysis of polymorphisms Asn680Ser and Ala307Thr of FSHR gene in endometriosis 

infertile group and control group. 

 

Haplotype* 
 Infertile Endometriosis  Minimal/Mild  Moderate/severe  Control Group 

 % P  % p  % P  % 

AA  52.3 0.142  52.2 0.332  52.4 0.191  48.3 

GG  39.2 1.727  39.9 0.673  38.8 0.868  38.3 

AG  6.6 0.001  6.6 0.035  6.7 0.008  11.9 

GA  1.8 0.672  1.3 0.830  2.1 0.484  1.5 

*Haplotype of polymorphisms Asn680Ser and Ala307Thr. 

Bold font meaning statistical level was p<0.05. 
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Table 3: Haplotype analysis of polymorphisms Asn680Ser and Ala307Thr of FSHR gene in endometriosis 

subfertility group and control group. 

 

Haplotype 

* 

 
Subfertility 

Endometriosis 
 Minimal/Mild  Moderate/severe  Control Group 

 % p  % p  % p  % 

AA  48.0 0.996  53.5 0.291  41.2 0.156  48.3 

GG  44.8 0.708  38.7 0.930  51.6 0.005  38.3 

AG  6.1 0.010  6.7 0.097  6.2 0.060  11.9 

GA  1.1 0.607  1.1 0.734  1.0 0.656  1.5 

*Haplotype of polymorphisms Asn680Ser and Ala307Thr. 

 Bold font meaning statistical level was p<0.05. 
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Analysis of Ala307Thr and Asn680Ser Polymorphisms of FSHR Gene in Infertile 

Women With and Without Endometriosis and the Correlation with Human Reproduction 

Outcomes 

Abstract 

Introduction: The pathogenesis of endometriosis is still not clear, but certainly genetical factors are 

involved in the process. Changes in FSH action caused by mutations in the FSH receptor could 

interfere in follicular growth and consequently the estrogen production, causing different outcomes 

in reproduction and/or favoring the endometriosis development.  Objective: We aimed to evaluate 

Ala307Thr and Asn680Ser genotypes of the FSHR gene in infertile women with and without 

endometriosis and correlate the findings with the results of ovarian stimulation and assisted 

reproduction. Study Design: Cross-sectional study covering 340 infertile women, 214 with 

endometriosis and 126 with infertility caused by male or tubal factor, submitted to in vitro 

fertilization (IVF). Genotyping of FSHR variants was performed using TaqMan methodology by 

real time PCR. The data was analyzed statistically. Results: FSH levels in the control group was 

lower than that of the endometriosis group, p=0.0016. The genotype AA of Ala307Thr 

polymorphism and the genotype AA of Asn680Ser can confer protection for ovarian 

hyperstimulation syndrome in the endometriosis group compared to control (p = 0.037 and p = 

0.014, respectively). Endometriosis minimal/mild has a smaller number of embryos for the GG 

genotype (p = 0.030) than control group and a higher FSH dosage in for the AG genotype (p = 

0.012) Ala307Thr the polymorphism than control group. Comparing the minimal/mild 

endometriosis group with moderate/severe endometriosis was found fewer MII recovered to the GA 

genotype of the polymorphism FSHR Ala307Thr (p = 0.039) and a smaller number of follicles by 

ultrasound to moderate/severe endometriosis to the AA genotype of the same polymorphism (p = 

0.035). In the AA genotype Asn680Ser polymorphism was found smaller number of follicles on 

ultrasound (p = 0.006), minor captured oocytes (p = 0.018) and a smaller number of retrieved MII 

(p = 0.044) in moderate/severe endometriosis group compared to minimal/mild endometriosis. 
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Conclusion: Patients with polymorphic genotype (AA/SerSer) of the Asn680Ser FSHR 

polymorphism had worse results in IVF in the moderate/severe endometriosis group comparing to 

the minimal/mild endometriosis group. There is a possible protective factor for ovarian 

hyperstimulation syndrome that the wild AA genotype of the polymorphism Ala307Thr and the 

wild AA of the polymorphism Asn680Ser can check for infertile patients with endometriosis 

compared to infertility without endometriosis.  

 

Keywords: Assisted reproduction treatment; Infertility; Endometriosis; FSH receptor; 

Polymorphisms 
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1 Introduction 

Currently, endometriosis is one of the most researched gynecological diseases in the world. 

Endometriosis affects 10 to 15% of the reproductive age females [1] and is considered to have great 

socioeconomic importance, which leads to direct and indirect costs ranging from US$ 1,109.00 to 

US$ 15,737.00 per patient per year [2].  

Endometriosis can significantly affect patients' quality of life as a result of pelvic pain or 

infertility [3, 4, 5]. The average monthly fertility rates decrease from 15 to 20% per month to 2 to 

10% per month in patients with endometriosis [6]. 

 The mechanisms of infertility associated with endometriosis remain controversial and 

include abnormal folliculogenesis, elevated oxidative stress, altered immune function, and 

hormonal milieu in the follicular and peritoneal environments, and reduced endometrial receptivity. 

These factors lead to poor oocyte quality, impaired fertilization, and implantation [7]. 

 Despite the innumerable theories on the pathogenesis of endometriosis, none of them alone 

can explain all the locations and behaviors of the disease. Certainly immunological and genetic 

factors are involved in this process [8, 9]. Multiple genetic factors, epigenetic effects, and gene-

gene interactions have been reported with risk for endometriosis. In addition, several SNPs (single 

nucleotide polymorphisms) have been associated with the severity and the susceptibility to 

endometriosis in different populations [10]. 

Despite this lack of etiopathogenic clarity, it is well known that endometriosis is an 

estrogen-dependent disease. The follicle stimulating hormone (FSH) and FSH receptor (FSHR) in 

the ovaries can influence the modulation of endometriosis and in their reproductive results [11]. 

FSH is a glycoprotein secreted by the anterior pituitary.
 
 It is essential for women and plays 

a role in follicular growth, oocyte maturation, regulation of steroidogenesis in granulosa cell 

proliferation, and induces synthesis of the enzyme aromatase that converts androgens to estrogens 

[12].  Normal functioning of the FSH receptor (FSHR) is crucial for follicular development and 

estradiol production in female [13].   

Studies on polymorphisms in the FSHR gene have shown variability in clinical outcome 

among women treated with FSH.  Spliced variants of the FSHR gene have been reported and some 

of them affect fertility, mainly in females [14].  

In assisted reproductive technology programs, the response of ovulating women to 

exogenous follicular stimulating hormone (FSH) is quite variable in individuals. Past clinical results 

indicated that it is difficult to prognosticate the ovarian response to intense gonadotropin 

stimulation. Poor ovarian response results in the insufficient stimulation and cycle cancellation [15]. 

Reversely, hyper-response will potentially induce serious and life threatening complication of 
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ovarian hyper stimulation syndrome (OHSS). Cycle cancellation may be required to avoid the risk 

of ovarian enlargement and abdominal fluid extravasation [16].
 

Changes in FSH receptor (FSHR) structure could, therefore, change the estrogen production 

and normal follicle function, influencing the onset or persistence of infertility thus the 

endometriosis and results of assisted reproductive therapies. The FSHR polymorphisms researches 

can be of great value for understanding the infertility and also endometriosis [17].   

In recent times, naturally mutations in the FSH and FSHR genes have been reported, and 

until now there are more than 900 SNPs (Single nucleotide polymorphism), two more commonly 

studied in FSHR, position 307 that changes an alanine to threonine (Ala307Thr) and position 680 

that switches an asparagine to serine (Asn680Ser) [18].
 

As FSH plays a central role in stimulating follicular growth, it is used for controlled ovarian 

stimulation during in vitro fertilization (IVF) protocol and for various other infertility treatments in 

both females and males. Although similar stimulation protocols are used in IVF, the ovarian 

response to exogenous FSH varies widely ranging from poor to hyper-responsive. Many 

parameters, such as age and diminished ovarian reserve [19] and serum AMH levels [20] have been 

used as a marker to predict the ovarian response. However, determining the dose of FSH to attain 

optimum response is one of the ongoing challenges in the field of infertility management in IVF 

clinics. 

In the present study we hypothesized that FSHR polymorphisms might be involved in the 

pathogenesis on endometriosis and/or infertility and the correlation with assisted human 

reproduction results.  

 

 

2 Patients and Methods 

 

2.1 Patients  

This is a cross sectional study that included 340 infertile women [mean age, 33.0 years (31 – 

35)], between Sep 2011 and Dec 2015, which were submitted to IVF treatment at the Human 

Reproduction and Genetics Center of the Faculdade de Medicina do ABC, Santo André, Brazil. 

Two hundred and fourteen women with endometriosis and infertility [mean age, 33.0 years (31 – 

35)] and 126 infertile patients without endometriosis (mean age, 33 years (29 – 35)], with male 

factor infertility (61.9%; 78/126) or tubal factor (38.1%; 48/126) were included in this study. In the 

endometriosis group, 37.9% (81/214) had minimal/mild endometriosis and 62.1% (133/214) had 

moderate/severe endometriosis. 
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Study inclusion criteria were age ≤ 38 years, with no use of any type of hormonal therapy 

for at least 3 months, submitted to laparoscopy or laparotomy to confirming the diagnosis of 

endometriosis. The certainty diagnosis of the disease was standardized by the histological study of 

the lesions. The disease' staging established by the norms of the American Association for 

Reproductive Medicine (ASRM, 1997) [21]. Exclusion criteria were women whose partners had 

male factor associated with infertility, women with endometrial polyps, hydrosalpinx and 

submucosal and intramural myomas. 

A control group was consisted of 126 infertile women without endometriosis. Inclusion 

criteria were age ≤ 38 years, infertility caused by tubal or male factor, with normal serum levels of 

basal FSH (≤10.0 IU/ml), TSH (<4 mIU/L) and prolactin (<25 ng/ml), presence of both ovaries 

without any morphological abnormalities, ovulatory cycles (25-35 days), body mass index (BMI) < 

30, no previous history of poor response and no evidence of endocrine disease, such as 

hyperprolactinemia or thyroid disorder. Exclusion criteria were women with polycystic ovary 

syndrome, submitted to previous ovarian surgery, underwent chemo/radiotherapy or with 

endometriosis. We did not considering the necessity of laparoscopy to exclusion the endometriosis 

in this group, basing just in clinical features and imaging exams. Surgery sperm retrieval cases were 

excluded, such as epididymal sperm aspiration or testicular sperm extraction and aspiration.  

Anatomic tubal abnormalities preventing the proper functioning of the tubes, such as tubal 

obstruction, functional changes caused by pelvic inflammatory disease, but without endometriosis 

symptoms, or previous tubal surgery were considered tube peritoneal factors. These abnormalities 

were diagnosed by hysterosalpingography and/or laparoscopy.  

Male factor was considered when a patient´s partner presented in the masturbation material 

an initial concentration of less than 15 million sperm/ml, less than 32% of progressive sperms 

(asthenospermia) or less than 5 million/ml  progressive sperm after gradient centrifugation semen 

preparation, according to the World Health Organization (WHO, 2010) [22].
 
Clinical data and 

peripheral blood samples were collected only after explaining the objectives of the study and 

signing of the Informed Consent Form, approved by the Local Research Ethics Committee 

(Approval # 039/2011). 

2.2 Methods 

2.2.1 Ovarian Stimulation: Ovulation was induced by recombinant FSH (FSHr) initial daily use of 

200 IU, which was administered for about 10 days, starting on the second day of menstruation. 

From the 6th to the 10th day, the GnRH antagonist was also administered, started when the bigger 

follicle achieves ≥14 mm. Between day 8th and 12st, when the follicles reached a diameter of 

approximately ≥17 mm, as determined by transvaginal ultrasound, the patients were given human 
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chorionic gonadotropin (hCG), we used the referred size because the follicle has a higher chance of 

getting a mature oocyte (metaphase II oocytes - MII) after the hCG administration. The oocyte 

retrieval is performed 35 hours after hCG dispensation. This is fulfilled when the follicles have 

approximately 17 mm, and may be occur from the 7th to the 12th day of the medication. 

As ovarian response, we considered: I - ovarian hyper stimulation syndrome (OHSS), featured by 

multiple ovarian follicles (≥20 follicles) together with possible clinical symptoms, such as ascites, 

hematological changes (hemo concentration), pleural effusion, liver and/or coagulation 

abnormalities, according to the classification proposed by Golan et al. [23], besides ≥4000 IU of 

serum estradiol; II - hyper response, when after 6 days of ovarian stimulation with gonadotropins, 

there was the development of ≥12≤19 follicles, without clinical symptoms of OHSS; III - poor 

response, when after 6 days of ovarian stimulation with gonadotropins only up to 3 follicles smaller 

than 14 mm developed; and IV - satisfactory response, when after 6 days of ovarian stimulation 

with gonadotropins 4 to 12 follicles larger than 14 mm developed.  

 

2.2.2 Embryo transfer: Embryo transfer in a maximum of three embryos, as indicated by the 

Brazilian Federal Council of Medicine per women < 40 years, was performed on the second, third  

or fifth day after fertilization. The luteal phase support was made by vaginal progesterone at a dose 

of 600 mg/day, starting on the ovarian aspiration day.  

 

2.2.3 Pregnancy test: The pregnancy was confirmed by serum beta hCG fraction (βhCG) on the 

12nd day after embryo transfer.  

 

2.2.4 Genotyping: DNA was extracted from lymphocytes of peripheral blood with salting out 

method according to Lahiri and Nunberger [24]. Protocols’ genotyping of FSHR polymorphisms 

detection (919G>A/Ala307Thr/rs6165 and 2039A>G/ Asn680Ser/rs6166) was performed using 

TaqMan system by real time polymerase chain reaction (PCR), with commercially available 

primers and probes (rs6165 and rs6166) available by Life Technologies (Foster City, CA, USA). 

Assays were performed with TaqMan Genotyping Master Mix with 100 ng of DNA per reaction. 

PCR conditions were 40 denaturation cycles of 15 seconds at 95°C and 1 minute of 

annealing/extension at 60ºC. 

 

2.2.5 Statistical Analysis: The statistical analysis was carried out using Stata 11.0. The data were 

describing by absolut and relative frequency, as well as measures of central tendency and 

dispersion. The data normality test was the Shapiro-Wilk. For quantitative outcomes, Mann-
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Whitney test, a non-parametric test was used. It was estimate the Hardy-Weinberg equilibrium. The 

statistical level considered was p<0.05 or 5% 

 

3 Results 

Data were collected and peripheral blood of 340 infertile women with and without 

endometriosis. The control group consisted of 126 patients and the endometriosis group (case) 

consisted of 214 patients. The endometriosis group was divided into two subgroups, one consisting 

of 81 women with minimal/mild endometriosis (stage I and II); and the other subgroup of 133 

women with moderate/severe endometriosis (stage III and IV). For the characterization of the 

sample, significant differences were observed in serum FSH (Table 1). The median baseline serum 

FSH in the control group was 6,0 UI (5.09 to 7.28), whereas in the case group was 6,9 UI (5.4 to 

8.75), with statistically significant difference, p=0.0016.  

The Hardy-Weinberg analysis observed equilibrium for case and controls of both 

polymorphisms.  The FSHR Ala307Thr polymorphism presented the p = 0.397 for endometriosis 

group and the p = 0.674 for control group. The FSHR Asn680Ser polymorphism presented a p = 

0.724 for endometriosis group and a p = 0.249 for control group.  

Considering the body mass index of the patients, there was also a significant difference 

between the groups, the median in the control group was 24.29 (22.43 to 26.69) and the case group 

was 23.11 (21.45 to 25.71), p=0.003, but both groups showed results within the normal range [25]. 

Other parameters such as duration of infertility, menarche and age had no statistically significant 

differences (Table 1). 

In the analysis of ovarian stimulation, it was realized that the genotype AA of Ala307Thr 

polymorphism and the genotype AA of Asn680Ser polymorphism were statistically significant for 

ovarian hyperstimulation syndrome protection in the endometriosis group compared to control (p = 

0.037 and p=0.014, respectively. The other genotypes of these polymorphisms did not differ 

significantly when comparing the case and control groups (p=0.127; p=0.419; p=0.188; p=0.086) 

(Table 2). 

In the analysis of the studied polymorphisms comparing cases of endometriosis and its 

controls, the FSH dosage was significantly higher in endometriosis group of the genotype GA of 

Ala307Thr polymorphism (p=0.001).  The other analyzed parameters have no difference of any of 

the genotypes in the analysis of FSH dosage, number of follicles ≥ 14 mm on the day of HCG, 

number of captured oocytes, number of mature oocytes (MII) captured and number of embryos 

(2PN) formed (Table 3). 

 However, when comparing only minimal or mild endometriosis with the control, it could be 

observed a smaller number of embryos in the endometriosis group for the GG genotype (p = 0.030) 
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and a higher FSH dosage in the endometriosis group for the AG genotype (p = 0.012) Ala307Thr 

the polymorphism. For Asn680Ser polymorphism there were no differences in any of the 

parameters analyzed (FSH levels, follicle to USG, captured oocytes, number of MII and number of 

embryos) (Table 4). 

 Comparing the minimal / mild endometriosis groups with moderate / severe endometriosis 

was found fewer MII recovered to the GA genotype of the polymorphism FSHR Ala307Thr (p = 

0.039) and a smaller number of follicles by ultrasound to moderate / severe endometriosis to the AA 

genotype of the same polymorphism (p = 0.035) (Table 5). 

 In the AA genotype Asn680Ser polymorphism was found smaller number of follicles on 

ultrasound (p = 0.006), minor captured oocytes (p = 0.018) and a smaller number of retrieved MII 

(p = 0.044) in moderate/severe endometriosis group compared to minimal/mild endometriosis 

(Table 5). In the analysis of pregnancy rate there was no significant difference in any of the 

genotypes of the studied polymorphisms comparing the control group with endometriosis group nor 

in the analysis of endometriosis subdivision in minimal/mild endometriosis group and 

moderate/severe endometriosis group (Table 3, 4 and 5). 

 

4 Comment 

Since the first report on the genotypic variance of the FSHR gene by Aittomaki et al. in 1995 

[26] emerges the possibility that a single nucleotide polymorphism (SNP) of FSHR gene could 

affects the ovarian response to exogenous gonadotropins. Allelic variants of FSHR determine 

different FSHR sensitivity’s [12, 27] and because of that we expected to find that FSHR’s variants 

also influence the reproduction outcomes.  

Endometriosis is an estrogen-dependent disease and FSH is an important hormone that plays 

a major role in the regulation of the steroidogenesis. FSH receptor (FSHR) activation promotes 

folliculogenesis and estrogen synthesis [3, 28] and some studies have examined the association 

between FSHR gene polymorphisms and endometriosis. Wang et al (2011) [29] showed that 

polymorphic G allele of FSHR Asn680Ser [GG genotype (680Ser/Ser) and GA genotype 

(680Ser/Asn)] was associated with a lower risk of endometriosis. On the other hand, Kerimoglu et 

al (2015) [30] found no significant differences in genotype frequencies of FSHR gene between 

endometriosis patients and controls. When the patients were divided according to disease severity, 

they found that patients with the polymorphic GG genotype (680 Ser/Ser) of the Asn680Ser 

polymorphism or wild genotype AA (307 Ala/Ala) of the Ala307Thr polymorphism were less likely 

to develop stage 3–4 endometriosis compared to the stage 1–2 endometriosis group. Schmitz et al 

(2015) [31] also no found the association between FSHR Asn680Ser polymorphism and 

endometriosis. Finally, Trevisan and André et al (unpublished data) evaluated 352 women with 
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endometriosis and 510 fertile women without endometriosis and verified that the wild alleles of 

Asn680Ser (A/Asn) and Ala307Thr (G/Ala) are a protective factor to endometriosis and the 

polymorphic allele (G/Ser) of Asn680Ser is associated with moderate/severe endometriosis in 

subfertile women.  

The literature evinced that FSHR’s polymorphisms could change the FSH receptor’s 

sensibility and the serum levels of FSH [32]. Consequently the ovarian response and reproductive 

outcomes were investigated and polymorphisms FSHR Ala307 and Asn680 were associated with 

different gonadotrophin doses used to ovarian stimulation and different reproductive outcomes [13].
 

Perez-Mayorga et al. (2000) [33] demonstrated for the first time the association of higher serum 

FSH levels with the Ser680 allele in women undergoing IVF. This paper served as a real 

breakthrough in signifying the role of FSHR gene polymorphisms as a genetic marker to predict 

ovarian response. And recently, our group [11] performed a cross-sectional study covering 149 

infertile women submitted to assisted reproduction treatment and  observed that the frequencies of 

the FSHR Ala307Thr and Asn680Ser genotypes considering the controlled ovarian 

hyperstimulation response did not differ statistically. Considering assisted reproduction outcomes, it 

was observed that the number of MII oocytes and embryos are higher in Ala307Ala women, but the 

FSH and estradiol serum levels did not differ among Ala307Thr and Asn680Ser genotypes. 

This is the first study considering FSHR polymorphism and IFV outcomes in women with 

endometriosis. We found statistically different values regarding FSH serum levels (6.9 UI in 

endometriosis groups versus 6.0 UI in control group). Whereas the age between cases and controls 

were similar, this difference in FSH serum level may have occurred because patients with 

endometriosis had surgical approach of the ovaries leading to follicular reserve reduction, or 

because the inflammatory process resulting from the disease causes a depletion or inactivation of 

the follicles or due to a lower sensitivity to serum FSH, by changing for example its receptor 

(FSHR).  

Considering the controlled ovarian hyperstimulation response, the wild AA (307 Ala/Ala) 

genotype of the Ala307Thr polymorphism and the wild AA (607 Ala/Ala) genotype of the 

Asn680Ser polymorphism were statistically significant as a protection factor for ovarian 

hyperstimulation syndrome in endometriosis group compared to control. Regarding number of 

follicles, oocytes retrieved, MII and embryos no statistical difference were found in endometriosis 

group compared to control group to polymorphisms studied. However, when the patients were 

divided according to endometriosis severity, considering the Ala307Thr polymorphism, the patients 

with minimal/mild endometriosis with polymorphic genotype (GG/ThrThr) produced a smaller 

number of embryos. Besides, a higher FSH serum level was observed in this group considering the 

heterozygous genotype (AG/AlaThr). In the moderate/severe endometriosis group, we observed 
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fewer MII oocytes in heterozygous (AG/AlaThr) patients and smaller number of follicles by 

ultrasound in the wild genotype (AA/AlaAla). 

Regarding the FSHR Asn680Ser polymorphism, patients with polymorphic genotype 

(AA/SerSer) produced a smaller number of follicles, lower oocytes retrieved and a smaller number 

MII in the moderate/severe endometriosis group compared to minimal/mild group, suggesting the 

polymorphic genotype of FSHR Asn680Ser polymorphism may confer a worse risk for assisted 

reproduction outcomes. 

Finally, considering the pregnancy rates, there was no significant difference in any 

genotypes of Asn680Ser and Ala307Thr polymorphisms studies, even comparing endometriosis and 

control group or minimal/mild and moderate/severe endometriosis groups. We expected to find 

lower pregnancy rates in the endometriosis group compared to the control group. However, our 

control group contained 61.9% of male factor cases and 78.3% of these had less than 1 million of 

motile sperm after a seminal processing for IVF/ICSI, which leads to worse laboratory results. This 

factor may be a bias in the reproductive results found considering endometriosis and control groups. 

A control group with only tube peritoneal infertility factor would be ideal to have this comparison. 

A major limitation of our study is the relatively low number of patients. Besides, only two 

SNPs were genotyped for FSHR gene, and these markers may not provide full coverage for genetic 

test, although these markers are most commonly studied. However, the small number of studied 

patients is due to selection criteria, once all the patients included in this study had only women with 

endometriosis diagnosed by laparoscopy and classified according to the American Society for 

Reproductive Medicine with histologic confirmation of the disease [21]. 

In conclusion, our data did not bring full clarity to the role of the FSH receptor in assisted 

reproduction or endometriosis, but signaled as possible markers. Patients with polymorphic 

genotype (AA/SerSer) of the Asn680Ser FSHR polymorphism had worse results in IVF in the 

moderate/severe endometriosis group comparing to the minimal/mild endometriosis group. Another 

important discovery was the possible protective factor for ovarian hyperstimulation syndrome that 

the wild AA (307 Ala / Ala) genotype of the polymorphism Ala307Thr can check for infertile 

patients with endometriosis compared to infertility without endometriosis. 
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Table 1: Characterization of groups - control and case.  

Median     

(p25 - p75) 

 CI [95%] 

 

General aspects 

 

Control 

 

Endometriosis 

 

p 

 

Age 

33                                                                         

(29 - 35)              

[32 - 34] 

33                                                                       

(31 - 35)                  

[32 - 34] 

 

0.314 

Female Body Mass Index 

(BMI) 

24.29                                                                       

(22.43 – 26.69) 

[23.88 – 24.98] 

23.11      

(21.45 - 25.71) 

[22.78 - 23.79] 

 

0.003 

 

Menarch 

13                                                                

(12 - 13)                

[12 - 13] 

13                                                                         

(11 - 13)                          

[12 - 13] 

 

0.790 

 

Duration of infertility 

3                                                                       

(2 – 4.5)                         

[3 - 3] 

3                                                                       

(2 - 5)          

[3 - 4] 

 

0.521 

 

FSH (IU) 

6.00                                                                       

(5.09 - 7.28)                 

[5.68 - 6.55] 

6.9                                                                       

(5.4 - 8.75) 

[6.64 - 7.3] 

 

0.0016 

CI – Confidence Interval  
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Table 2: Ovarian response – polymorphisms of FSHR gene. 

OHSS: Ovarian Hyper Stimulation Syndrome; EDT: Endometriosis 

  
  

Ovarian Stimulation 

 FSHR Ala307Thr  FSHR Asn680Ser 

 GG GA AA  AA GA GG 

 Control EDT Control EDT Control EDT  Control EDT Control EDT Control EDT 

 

Poor response 

 21.43%     

(n=6) 

17.86%     

(n=10) 

27.59% 

(n=16) 

23.71% 

(n=23) 

25.00% 

(n=8) 

24.59% 

(n=15) 

 20.83%     

(n=10) 

28.77%     

(n=21) 

26.92% 

(n=14) 

18.18% 

(n=18) 

23.08% 

(n=6) 

21.43% 

(n=9) 

 

Satisfactory response 

 67.86% 

(n=19) 

69.64% 

(n=39) 

58.62% 

(n=34) 

67.01% 

(n=65) 

65.00% 

(n=26) 

60.66% 

(n=37) 

 64.58% 

(n=31) 

58.90% 

(n=43) 

61.54% 

(n=32) 

71.72% 

(n=71) 

61.54% 

(n=16) 

64.29% 

(n=27) 

Hyper response 
 3.57% 

(n=1) 

12.50% 

(n=7) 

8.62% 

(n=5) 

3.09% 

(n=3) 

5.00% 

(n=2) 

14.75% 

(n=9) 

 4.17% 

(n=2) 

12.33% 

(n=9) 

9.62% 

(n=5) 

4.04% 

(n=4) 

3.85% 

(n=1) 

14.29% 

(n=6) 

OHSS 
 7.14% 

(n=2) 

0%     

(n=0) 

5.17% 

(n=3) 

6.19% 

(n=6) 

10.00% 

(n=4) 

0%     

(n=0) 

 10.42% 

(n=5) 

0%     

(n=0) 

1.92% 

(n=1) 

6.06% 

(n=6) 

11.54% 

(n=3) 

0% 

(n=0) 

P value 
 

0.127 0.419 0.037 
 

0.014 0.188 0.086 
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Table 3: Assisted reproduction results according to the polymorphism Ala307Thr of the FSHR: endometriosis x control group. 
 

Assisted 

Reproduction 

FSHR Ala307Thr 

Median (CI 95%) 

GG GA AA 

 

 

 

Control EDT 
EDT 

I/II 

EDT 

III/IV 
Control EDT 

 

EDT 

I/II 

EDT 

III/IV 
Control EDT 

EDT 

I/II 

EDT 

III/IV 

FSH (IU) 
6.4 

(5.6-7.8) 

7.2 

(6.4-7.8) 

7.4        

(5.4-8.5) 

7.17 

(6.2-8.0) 

5.9 

(5.6-6.8) 

7.4** 

(6.7-8.0) 

7.4*         

(6.3-8.4) 

7.4* 

(6.6-8.2) 

5.7 

(5.1-6.6) 

6.1 

(5.3-6.9) 

6.6      

(5.4-6.9) 

6.1 

(4.4-7.5) 

USG follicles 
6 

(4.27-8.72) 

6 

(5-7) 

6 

(4.69-9) 

6.5 

(5-7.58) 

7 

(5-8) 

6 

(5-7) 

7 

(5.05-

8.94) 

5 

(4-7) 

6 

(5-8) 

6 

(5-7) 

8.5            

(5-10.54) 

5 

(4-7) 

Oocytes 
5 

(4-7) 

6 

(5-7) 

6 

(3-7.30) 

6 

(5-7) 

5 

(4-7) 

5 

(4-6) 

7 

(5-8) 

4 

(3-5.07) 

6 

(5-7) 

6 

(4-7) 

6 

(5-10.09) 

5 

(3-6.81) 

MII 
5 

(4-7.54) 

4.5 

(3.15-5) 

4 

(2.69-6) 

5 

(3.41-5.58) 

4 

(3.71-6) 

5 

(4-5) 

5 

 (5-7) 

4 

(3-5) 

5 

(4-6.72) 

5 

(4-6.56) 

6           

(3.10-9) 

4.5 

(2.77-

6.22) 

Embryos 
3.5 

(2.45-5) 

2 

(2-3) 

2* 

(1-3.30) 

2.5 

(2-4) 

2 

(2-3) 

3 

(2-3) 

3 

(3-4.66) 

2.5 

(1-3) 

3 

(3-5) 

3 

(2-4) 

3 

(2-5) 

3 

(1-4) 

 % (n) 

Pregnancy 

rate 

Control EDT Control EDT Control EDT 

28.00% 

(n=7) 

39.22% 

(n=20) 

40.74% 

(n=22) 

40.00% 

(n=30) 

30.77% 

(n=12) 

28.30% 

(n-15) 

EDT = endometriosis; *p<0.05; **p<0.01 
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Table 4: Assisted reproduction results according to the polymorphism Asn680Ser of the FSHR: endometriosis x control group 

Assisted 

Reproduction 

FSHR Asn680Ser 

Median (CI 95%) 

 AA AG GG 

 

 

 

 

Control 

 

EDT 

 

EDT 

I/II 

EDT 

III/IV 

 

Control 

 

EDT 

 

EDT 

I/II 

EDT 

III/IV 

 

Control 

 

EDT 

 

EDT 

I/II 

EDT 

III/IV 

FSH (IU) 
7.3 

(5.1-9.3) 

6.5 

(5.6-

6.9) 

6.6       

(5.5-6.9) 

6.2 

(4.9-7.6) 

5.8 

(5.5-7.2) 

7.30* 

(6.7-7.7) 

7.6*      

(6.51-8.37) 

7.3 

(6.6-7.8) 

6.65 

(4.4-9.4) 

7.22 

(6.2-8.0) 

6.6 

(4.6-8.3) 

7.5 

(6.2-8.5) 

USG follicles 
5.5 

(3-9) 

5 

(4-7) 

8 

(5-11) 

5 

(3-6) 

7 

(4-11) 

6 

(5.23-7) 

7 

(6-9) 

6 

(5-7) 

6 

(3-8) 

6 

(5-9) 

6 

(3-9) 

7 

(5-10) 

Oocytes 
5.5 

(3-7.33) 

5 

(3.6-6) 

6            (5 

-11) 

4 

(2-5) 

6 

(3-8) 

6 

(5-7) 

7 

(5-8) 

5 

(4-6) 

5 

(3-8) 

6 

(5-8) 

5.5 

(2-7) 

6 

(5-9) 

MII 
4.5 

(2-7) 

4 

(3-5) 

6 

(3-9) 

4 

 (2-5) 

4 

(4-6) 

5 

(4-5) 

5 

(5-7) 

5 

(4-5) 

4 

(7.67) 

5 

(4-6) 

4 

(2-6) 

5 

(4-6) 

Embryos 
3.5 

(2-5) 

2.5 

(1-3) 

3 

(2-6) 

2* 

(1-3) 

2 

(2-5) 

3 

(3-3) 

3 

(2-4) 

3 

(2-4) 

3.5 

(3-6) 

3 

(2-4) 

2 

(1-4) 

3 

(2-4) 

 % (n) 

Pregnancy rate 

Control EDT Control EDT Control EDT 

28.00% 

(n=7) 

39.22% 

(n=20) 

40.74% 

(n=22) 

40.00% 

(n=30) 

30.77% 

(n=12) 

28.30% 

(n-15) 

EDT = endometriosis; *p<0.05; **p<0.01. 
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Table 5:  Assisted reproduction results according to the polymorphisms of the FSHR: endometriosis I/II x III/IV. 
 

Assisted 

Reproduction 

FSHR Ala307Thr FSHR Asn680Ser 

Median (CI 95%) 

 GG GA AA  AA AG GG 

 

 

 

 

EDT 

I/II 

EDT 

III/IV 
EDT I/II 

EDT 

III/IV 
EDT I/II 

EDT 

III/IV 
 EDT I/II 

EDT 

III/IV 
EDT I/II 

EDT 

III/IV 

EDT 

I/II 

EDT 

III/IV 

FSH (IU) 

7.5         

(5.5-

9.0) 

7.20        

(6.2-8.2) 

7.37       

(6.3-8.4) 

7.44 

(6.6-8.2) 

6.57         

(5.4-6.9) 

6.1 

(4.4-7.5) 
 

6.64       

(5.5-6.9) 

6.2 

(4.9-7.6) 

7.58        

(6.6-8.4) 

7.3 

(6.6-7.8) 

6.6          

(4.6-8.3) 

7.5 

(6.2-8.5) 

USG follicles 
6 

(4-9) 

6 

(5-8) 

7 

(5-9) 

5 

(4-7) 

8.5 

(5-10.54) 

5* 

(4-7) 
 

8 

(5-11.06) 

5* 

(3-6) 

7 

(6-9) 

6 

(5-7) 

6 

(2.83-9) 

7 

(5-10) 

Oocytes 
6 

(3-8) 

6 

(5-7) 

7 

(5-8) 

4 

(3-5.0) 

6 

(5-10) 

5 

(3-7) 
 

6 

(5 -11) 

4* 

(2-5) 

7 

(5-8.72) 

5* 

(4-6) 

5 

(2 -7) 

6 

(5-9) 

MII 
4 

(2 -6) 

5 

(3-6) 

6 

(5-7) 

4* 

(3-5) 

6 

(3-9) 

4 

(3 -6) 
 

6 

(3-9) 

4* 

(2-5) 

5 

(5-7) 

4 

(4-5) 

4 

(2 -6) 

5 

(4-6) 

Embryos 
2 

(1-4) 

3 

(2-4) 
3(3-5) 

2 

(1-3) 

3 

(2-5) 

3 

(1-4) 
 

3 

(2-6) 

2 

(1-3) 

3 

(2-4) 

3 

(2-4) 

2 

(1-4) 

3 

(2-4) 

 % (n) 

Pregnancy rate 
46.67% 

(n=7) 

37.14% 

(n=13) 

51,85% 

(n=14) 

33,33% 

(n=16) 

31,82% 

(n=7) 

25,81% 

(n=8) 
 

36,36% 

(n=8)  

22,50% 

(n=9) 

45,16% 

(n=14) 

40,82% 

(n=20) 

54,55% 

(n=6) 

32,00% 

(n=8) 

EDT = endometriosis; *p<0.05 
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4 CONCLUSÃO 
 
 Em nosso primeiro artigo os dados apontam que os polimorfismos do 

gene FSHR podem influenciar no desenvolvimento da endometriose na 

população brasileira. O haplótipo Asn680/Ala307 demonstrou um efeito de 

proteção e a presença do alelo G (Asn680Ser) está associada com 

endometriose moderada/severa em pacientes inférteis. Considerando que a 

resposta ao FSH poderia ser diferente e isto modificar o feedback do eixo 

Hipotálamo-Hipófise-Gonadal, estes conceitos trazem novos conhecimentos 

para o manejo da endometriose e novos trabalhos sobre estes polimorfismos 

poderiam contribuir no tratamento da doença.  

   Em nosso segundo artigo não houve clareza sobre o papel do receptor 

de FSH na reprodução assistida ou endometriose, mas os polimorfismos do 

FSHR sinalizaram como possíveis marcadores. Pacientes com o genótipo 

polimórfico AA/SerSer (Asn680Ser) tiveram piores resultados em FIV no grupo 

de endometriose moderada/severa quando comparado ao grupo de 

endometriose leve/mínima. Outra possível descoberta foi o efeito protetor para 

síndrome do hiperestímulo ovariano que o genótipo selvagem AA (307 Ala / 

Ala) do polimorfismo Ala307Thr pode conferir para pacientes inférteis com 

endometriose, quando comparadas a inférteis sem endometriose.  

Considerando os relevantes achados e o fato de que estes são uns dos 

primeiros trabalhos que avaliaram os polimorfismos do FSHR e seus efeitos em 

pacientes endometrióticas e inférteis, podemos concluir que novas pesquisas a 

este respeito deveriam ser realizadas, dada a importância que o FSH e seu 

receptor possuem na foliculogênese e no controle do eixo Hipotálamo-Hipófise-

Ovariano.  

 
 
 
 
 
 
 
 
 
 
 
 



62 

 

 

 

REFERÊNCIAS 
 
1 Meuleman C, Vandenabeele B, Fieuws S, Spiessens C, Timmermand D, 
D´Hooghe T. High prevalence of endometriosis in infertile women with normal 
ovulation and normospermic partners. Fertil Steril. 2009. 92:68-74 
 
2 Gao X, Yeh YC, Outley J, Simon J, Botterman M, Spalding J. Health-related 
quality of life burden of women with endometriosis: a literature review. Curr Med 
Res Opin. 2006. 22:1787-97. 
 
3 Vercellini P, Fedele L, Aimi G, Pietropaolo G, Consonni D, Crosignani PG. 
Association between endometriosis stage, lesion type, patient characteristics 
and severity of pelvic pain symptoms: a multivariate analysis of over 1000 
patients. Hum Reprod. 2007. 22:266-71. 
 
4 Vinatier D, Orazi G, Cosson M, Dofour P. Theories of endometriosis. Eur J 
Obstet Gynecol Reprod Biol. 2001. 96:21-34. 
 
5 Bulun SE. Endometriosis. N Engl J Med. 2009. 360:268-79. 
 
6 Verkauf BS. Incidence, symptoms, and signs of endometriosis in fertile and 
infertile women. J Fla Med Assoc. 1987. 74:671-5. 
 
7 Hughes EG, Fedorkow DM, Collins JA. A quantitative overview of controlled 
trials in endometriosis-associated infertility. Fertil Steril. 1993. 59:963-70. 
 
8 Pfeifer S, Fritz M, Goldberg J, McClure R, Lobo R, Thomas M, et al. 
Endometriosis and infertility: a committee opinion. Fertil Steril. 2012. 98(3):591-
8. 
 
9 Guzick DS, Silliman NP, Adamson GD, Buttram VC Jr, Canis M, Malinak LR, 
et al. Prediction of pregnancy in infertile women based on the American Society 
for Reproductive Medicine´s revised classification of endometriosis. Fertil Steril. 
1997. 67:822-9. 
 
10 Gu BH, Park JM, Baek KH. Genetic variations of follicle stimulating hormone 
receptor are associated with polycystic ovary syndrome. Int J Mol Med. 2010. 
26:107-12.  
  
11 Simoni M, Nieschlag E. FSH in therapy physiological basis, new 
preparations and clinical use. Reprod Med Rev. 1995. 4:163-7.  
  
12 Themmen APN, Huhtaniemi IT. Mutations of gonadotropins and 
gonadotropin receptors: elucidating the physiology and pathophysiology of 
pituitary-gonadal function. Endrocr Rev. 2000. 21:551-83.  
  
13 Ulloa-Aguirre A, Zariñan T, Pasapera AM, Casas-González P, Dias JA. 
Multiple facets of follicle-stimulating hormone receptor function. Endocrine. 
2007. 32:251-63.  
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pfeifer%20S
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fritz%20M
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldberg%20J
https://www.ncbi.nlm.nih.gov/pubmed/?term=McClure%20R
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lobo%20R
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20M
https://www.ncbi.nlm.nih.gov/pubmed/22704630


63 

 

 

 

14 George JW, Dille EA, Heckert LL. Current concepts of follicle-stimulating 
hormone receptor gene regulation. Biol Reprod. 2011. 84:7-17.  
 
15 Lussiana C, Guani B, Mari C, Restagno G, Massobrio M, Revelli A. 
Mutations and polymorphisms of the FSH receptor (FSHR) gene: clinical 
implications in female fecundity and molecular biology of FSHR protein and 
gene. Obstet Gynecol Surv. 2008. 63:785-95.  
 
16 Pabalan N, Trevisan CM, Peluso C, Jarjanazi H, Christofolini DM, Barbosa 
CP, et al. Evaluating influence of the genotypes in the follicle-stimulating 
hormone receptor (FSHR) Ser680Asn (rs6166) polymorphism on poor and 
hyper-responders to ovarian stimulation: a meta-analysis. J Ovarian Res. 2014.  
7:285. 

17 Trevisan CM, Peluso C, Cordts EB, Oliveria R, Christofolini DM, Barbosa 
CP, et al. Ala307Thr and Asn680Ser polymorphisms of FSHR gene in human 
reproduction outcomes. Cell Physiol Biochem. 2014. 34(5):1527-35. 

18 Desai SS, Achrekar SK, Paranjape SR, Desai SK, Mangoli VS, Mahale SD. 
Association of allelic combinations of FSHR gene polymorphisms with ovarian 
response. Reprod Biomed Online. 2013. 27(4):400-6. 
 
19 Casarini L, Moriondo V, Marino M, Adversi F, Capodanno F, Grisolia C, et al. 
FSHR polymorphism p.N680S mediates different responses to FSH in vitro. Mol 
Cell Endocrinol. 2014. 5;393(1-2):83-91. 

20 Du T, Duan Y, Li K, Zhao X, Ni R, Li Y, et al. Statistical Genomic Approach 
Identifies Association between FSHR Polymorphisms and Polycystic Ovary 
Morphology in Women with Polycystic Ovary Syndrome. Biomed Res Int. 2015. 
483726.  

21 Fu L, Zhang Z, Zhang A, Xu J, Huang X, Zheng Q, et al. Association study 
between FSHR Ala307Thr and Ser680Asn variants and polycystic ovary 
syndrome (PCOS) in Northern Chinese Han women. J Assist Reprod Genet. 
2013. 30(5):717-21. 

22 Cordts EB, Santos MC, Bianco B, Barbosa CP, Christofolini DM. Are FSHR 
polymorphisms risk factors to premature ovarian insufficiency? Gynecol 
Endocrinol. 2015, 31(8):663-6. 

23 Kennedy S, Bergqvist A, Chapron C, D´Hooghe T, Dunselman G, Greb R, et 
al. ESHRE guideline for the diagnosis and treatment of endometriosis. Hum 
Reprod. 2005. 20:2698-704. 

24 Ezkenazi B, Warner ML. Epidemiology of endometriosis. Obstet Gynecol 
Clin North Am. 1997. 24:235-58. 

25 Miller JE, Ahn SH, Monsanto SP, Khalaj K, Koti M, Tayade C. Implications of 
immune dysfunction on endometriosis associated infertility. Oncotarget. 2016 
Oct 11:1-10. 

https://www.ncbi.nlm.nih.gov/pubmed/25526787
https://www.ncbi.nlm.nih.gov/pubmed/25526787
https://www.ncbi.nlm.nih.gov/pubmed/25526787
https://www.ncbi.nlm.nih.gov/pubmed/25322982
https://www.ncbi.nlm.nih.gov/pubmed/?term=Desai%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=23953588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Achrekar%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=23953588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paranjape%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=23953588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Desai%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=23953588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mangoli%20VS%5BAuthor%5D&cauthor=true&cauthor_uid=23953588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahale%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=23953588
https://www.ncbi.nlm.nih.gov/pubmed/?term=association+of+allelic+combinations+of+FSHR+gene+polymorphisms
https://www.ncbi.nlm.nih.gov/pubmed/24970684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Du%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26273622
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duan%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26273622
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26273622
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20X%5BAuthor%5D&cauthor=true&cauthor_uid=26273622
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ni%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26273622
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26273622
https://www.ncbi.nlm.nih.gov/pubmed/?term=du+duan+li+zhao+fshr
https://www.ncbi.nlm.nih.gov/pubmed/23536150
https://www.ncbi.nlm.nih.gov/pubmed/23536150
https://www.ncbi.nlm.nih.gov/pubmed/23536150
https://www.ncbi.nlm.nih.gov/pubmed/26291798
https://www.ncbi.nlm.nih.gov/pubmed/26291798
https://www.ncbi.nlm.nih.gov/pubmed/27740937


64 

 

 

 

26 Speroff L, Fritz M. Endometriosis. In: Clinical gynecologic endocrionology 
and infertility. 8th ed. Philadelphia: Lippincott Willians e Wilkins; 2011. 

27 Milburn A, Reiter RC, Rhomberg AT. Multidisciplinary approach to chronic 
pelvic pain. Obstet Gynecol Clin North Am. 1993. 20:643-61 

28 Abrao MS, Podgaec S, Dias JA Jr, Averbach M, Garry R, Silva LFF, et al. 
Deeply infiltrating endometriosis affecting the rectum and lymph nodes. Fertil 
Steril. 2006. 86:543-7. 

29 Chatzikokkinou P, Thorfinn J, Angelidis IK, Papa G, Trevisan G. 
Spontaneous endometriosis in an umbilical skin lesion. Acta Dermatovenerol 
Alp Pannonica Adriat. 2009.18(3):126-30. 

30 Inam H, Inam S, Tahir M. Catamenial pneumothorax: A case report. J Pak 
Med Assoc. 2016. 66(10):1327-29. 

31 Laghzaoui O, Laghzaoui M. Nasal endometriosis: apropos of 1 case. J 
Gynecol Obstet Biol Reprod. 2001. 30(8):786-8. 

32 Dunselman GA, Vermeulen N, Becker C, Calhaz-Jorge C, D'Hooghe T, De 
Bie B, et al. ESHRE guideline: management of women with endometriosis. Hum 
Reprod. 2014. 29(3):400-12. 

33 Smith RP, Turek PJ. In: Coleção Netter de Ilustrações Médicas – Sistema 
Reprodutor. 2nd ed. Rio de Janeiro: Elsevier, 2015.  

34 Bellelis P, Dias JA Jr, Podgaec S, Gonzales M, Baracat EC, Abrão MS. 
Epidemiological and clinical aspects of pelvic endometriosis – a case series. 
Rev Assoc Med Bras. 2010. 56(4):467-71. 

35 Bazot M, Lafont C, Rouzier R, Roseau G, Thomassin-Naggara I, Darrai E. 
Diagnostic accuracy of physical examination, transvaginal sonography, rectal 
endoscopic sonography, and magnetic resonance imaging to diagnose deep 
infiltrating endometriosis. Fertil Steril. 2009. 92(6):1825-33. 

36 Chapron C, Dubuisson JB, Pansini V, Vieira M, Fauconnier A, Barakat H, et 
al. Routine clinical examination is not sufficient for diagnosing and locating 
deeply infiltrating endometriosis. J Am Assoc Gynecol Laparosc. 2002. 
9(2):115-9. 

37 Podgaec S. In: Coleção Febrasgo. Endometriose. Rio de Janeiro: Elsevier, 
2014. 

38 Guerriero S, Ajossa S, Mais V, Risalvato A, Lai MP, Melis GB. The diagnosis 
of endometriomas using colour Doppler energy imaging. Hum Reprod. 1998. 
13(6):1691-5. 

39 Brandão A, Crispi CP, Oliveira MA. Atlas de ressonância em endometriose 
profunda: correlação com laparoscopia. Rio de Janeiro: Revinter, 2014. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chatzikokkinou%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19784526
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thorfinn%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19784526
https://www.ncbi.nlm.nih.gov/pubmed/?term=Angelidis%20IK%5BAuthor%5D&cauthor=true&cauthor_uid=19784526
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papa%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19784526
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trevisan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19784526
https://www.ncbi.nlm.nih.gov/pubmed/19784526
https://www.ncbi.nlm.nih.gov/pubmed/19784526
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inam%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27686314
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27686314
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tahir%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27686314
https://www.ncbi.nlm.nih.gov/pubmed/27686314
https://www.ncbi.nlm.nih.gov/pubmed/27686314
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laghzaoui%20O%5BAuthor%5D&cauthor=true&cauthor_uid=11917731
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laghzaoui%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11917731
https://www.ncbi.nlm.nih.gov/pubmed/11917731
https://www.ncbi.nlm.nih.gov/pubmed/11917731
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dunselman%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=24435778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vermeulen%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24435778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Becker%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24435778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calhaz-Jorge%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24435778
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Hooghe%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24435778
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Bie%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24435778
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Bie%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24435778
https://www.ncbi.nlm.nih.gov/pubmed/24435778
https://www.ncbi.nlm.nih.gov/pubmed/24435778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bellelis%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20835646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dias%20JA%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=20835646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Podgaec%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20835646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonzales%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20835646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baracat%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=20835646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abr%C3%A3o%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=20835646
https://www.ncbi.nlm.nih.gov/pubmed/20835646
https://www.ncbi.nlm.nih.gov/pubmed/19019357
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chapron%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11960033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubuisson%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=11960033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pansini%20V%5BAuthor%5D&cauthor=true&cauthor_uid=11960033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vieira%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11960033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fauconnier%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11960033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barakat%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11960033
https://www.ncbi.nlm.nih.gov/pubmed/11960033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guerriero%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9688414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ajossa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9688414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mais%20V%5BAuthor%5D&cauthor=true&cauthor_uid=9688414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Risalvato%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9688414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lai%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=9688414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melis%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=9688414
https://www.ncbi.nlm.nih.gov/pubmed/9688414


65 

 

 

 

40 Crispi CP. In: Tratado de videoendoscopia e cirurgia minimamente invasiva 
em ginecologia. 5th ed. Rio de Janeiro: Revinter, 2011. 

41 Berlanda N, Somigliana E, Frattaruolo MP, Buggio L, Dridi D, Vercellini P. 
Surgery versus hormonal therapy for deep endometriosis: is it a choice of the 
physician? Eur J Obstet Gynecol Reprod Biol. 2017. 209:67-71  

42 Abrão MS, Goncalves MO, Dias JA Jr, Podgaec S, Chamie LP, Blasbalg R. 
Comparison between clinical examination, transvaginal sonography and 
magnetic resonance imaging for the deep endometriosis. Hum Reprod. 2007. 
22:3092-97. 

43 Revised American Society for Reproductive Medicine classification of 
endometriosis. Fertil Steril. 1997. 67:817-21. 

44 Haas D, Shebl O, Shamiyeh A, Oppelt P. The rASRM score and the Enzian 
classification for endometriosis: their strengths and weaknesses. Acta Obstet 
Gynecol Scand. 2013. 92(1):3-7. 

45 Adamson GD, Pasta DJ. Endometriosis fertility index: the new, validated 
endometriosis staging system. Fertil Steril. 2010. 94(5):1609-15 

46 Adamson GD. Endometriosis Fertility Index: is it better than the staging 
systems? Curr Opin Obstet Gynecol. 2013. 25(3):186-9.  

47 Jacobs I. Screening for ovarian cancer by CA-125 measurement. Lancet. 
1988. 1:889. 
 
48 Barbieri RL, Niloff JM, Bast RC Jr, Scaetzl E, Kistner RW, Knapp RC. 
Elevated serum concentrations of CA-125 in patients with advanced 
endometriosis. Fertil Steril. 1986. 45:630–4. 

49 Hirsch M, Duffy J, Davis CJ, Nieves Plana M, Khan KS. Diagnostic accuracy 
of cancer antigen 125 for endometriosis: a systematic review and meta-
analysis. BJOG. 2016. 123(11):1761-8. 

50 Hudelist G, Fritzer N, Thomaz A, Niehues C, Oppelt P, Hass D, et al. 
Diagnostic delay for endometriosis in Austria and Germany: causes and 
possible consequences. Hum Reprod. 2012. 27(12):3412-6. 

51 Busacca M, Riparini J, Somigliana E, Oggioni G, Izzo S, Vignali M, et al. 
Postsurgical ovarian failure after laparoscopic excision of bilateral 
endometriomas. Am J Obstet Gynecol. 2006. 195(2):421-5. 

52 Zhang CH, Wu L, Li PQ. Clinical study of the impact on ovarian reserve by 
different hemostasis methods in laparoscopic cystectomy for ovarian 
endometrioma. Taiwan J Obstet Gynecol. 2016. 55(4):507-11. 

https://www.ncbi.nlm.nih.gov/pubmed/27544308
https://www.ncbi.nlm.nih.gov/pubmed/27544308
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haas%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23061819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shebl%20O%5BAuthor%5D&cauthor=true&cauthor_uid=23061819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shamiyeh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23061819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oppelt%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23061819
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+rASRM+score+and+the+Enzian+classification+for+endometriosis%3A+their+strengths+and+weaknesses
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+rASRM+score+and+the+Enzian+classification+for+endometriosis%3A+their+strengths+and+weaknesses
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adamson%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=19931076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pasta%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=19931076
https://www.ncbi.nlm.nih.gov/pubmed/19931076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adamson%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=23571831
https://www.ncbi.nlm.nih.gov/pubmed/23571831
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27173590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duffy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27173590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=27173590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nieves%20Plana%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27173590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=27173590
https://www.ncbi.nlm.nih.gov/pubmed/27173590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Busacca%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16681984
https://www.ncbi.nlm.nih.gov/pubmed/?term=Riparini%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16681984
https://www.ncbi.nlm.nih.gov/pubmed/?term=Somigliana%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16681984
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oggioni%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16681984
https://www.ncbi.nlm.nih.gov/pubmed/?term=Izzo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16681984
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vignali%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16681984
https://www.ncbi.nlm.nih.gov/pubmed/16681984
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=27590372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27590372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20PQ%5BAuthor%5D&cauthor=true&cauthor_uid=27590372
https://www.ncbi.nlm.nih.gov/pubmed/27590372


66 

 

 

 

53 Soliman AM, Yang H, Du E, Kelley C, Winkel C. The direct and indirect costs 
associated with endometriosis: a systematic literature review. Hum Reprod. 
2016. 31(4):712-221–11. 

54 Fourquet J, Gao X, Zavala D, Orengo JC, Abac S, Ruiz A, et al. Patients' 
report on how endometriosis affects health, work, and daily life. Fertil Steril. 
2010. 1;93(7):2424-8. 

55 Eskenazi B, Warner ML. Epidemiology of endometriosis. Obstet Gynecol 
Clin North Am. 1997. 24:235–58. 

56 Cramer DW, Missmer SA. The epidemiology of endometriosis. Ann N Y 
Acad Sci. 2002. 955:11–22. 

57 Ozkan S, Murk W, Arici A. Endometriosis and Infertility: Epidemiology and 
Evidence-based Treatments. Ann N Y Acad Sci. 2008. 1127:92–100. 
 
58 Barbosa CP, Souza AM, Bianco B, Christofolini D, Bach FA, Lima GR. 
Frequency of endometriotic lesions in peritoneum samples from asymptomatic 
fertile women and correlation with CA125 values. Sao Paulo Med J. 2009. 
127(6):342-5. 
 
59 Abrão MS, Podgaec S, Filho BM, Ramos LO, Pinotti JA, de Oliveira RM. The 
use of biochemical markers in the diagnosis of pelvic endometriosis. Hum 
Reprod. 1997. 12(11):2523-7. 
 
60 André GM, Barbosa CP, Teles JS, Vilarino FL, Christofolini DM, Bianco B. 
Analysis of FOXP3 polymorphisms in infertile women with and without 
endometriosis. Fertil Steril. 2011. 95(7):2223-7. 
 
61 Parazzini F, Esposito G, Tozzi L, Noli S, Bianchi S. Epidemiology of 
endometriosis and its comorbidities. Eur J Obstet Gynecol Reprod Biol. 2017. 
209:3-7. 
 
62 Cramer DW, Wilson E, Stilman RJ, Berger MJ, Belisie S, Schiff I, et al. The 
relation of endometriosis to menstrual characteristics, smoking and exercise. 
JAMA. 1986. 255:1904-8. 

63 Simpson JL, Elias S, Malinak LR, Buttram VC Jr. Heritable aspects of 
endometriosis. I. Genetic studies. Am J Obstet Gynecol. 1980. 137(3):327-31. 

64 Amer S. Endometriosis. Obstet Gynaecol Reprod Med. 2008. 18:126-33. 

65 Maruyama T, Yoshimura Y. Stem cell theory for the pathogenesis of 
endometriosis. Front Biosci (Elite Ed). 2012. 4:2854-63. 

66 Sampson JA. Peritoneal endometriosis due to menstrual dissemination of 
endometrial tissue into the peritoneal cavity. Am J Obstet Gynecol. 1927. 
14:422-69. 

https://www.ncbi.nlm.nih.gov/pubmed/26851604
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fourquet%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19926084
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20X%5BAuthor%5D&cauthor=true&cauthor_uid=19926084
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zavala%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19926084
https://www.ncbi.nlm.nih.gov/pubmed/?term=Orengo%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=19926084
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abac%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19926084
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruiz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19926084
https://www.ncbi.nlm.nih.gov/pubmed/?term=patient%C2%B4s+report+oh+how+endometriosis+affects+health%2C+work%2C+and+daily+life
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andr%C3%A9%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=21481380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barbosa%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=21481380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teles%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=21481380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vilarino%20FL%5BAuthor%5D&cauthor=true&cauthor_uid=21481380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christofolini%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=21481380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bianco%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21481380
https://www.ncbi.nlm.nih.gov/pubmed/21481380
https://www.ncbi.nlm.nih.gov/pubmed/27216973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simpson%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=7377252
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elias%20S%5BAuthor%5D&cauthor=true&cauthor_uid=7377252
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malinak%20LR%5BAuthor%5D&cauthor=true&cauthor_uid=7377252
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buttram%20VC%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=7377252
https://www.ncbi.nlm.nih.gov/pubmed/?term=HERITABLE+ASPECTOS+OF+ENDOMETRIOSIS
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maruyama%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22652684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshimura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22652684
https://www.ncbi.nlm.nih.gov/pubmed/22652684


67 

 

 

 

67 Dastur AE, Tank PD. John A Sampson and the origins of Endometriosis. J 
Obstet Gynecol India. 2010. 60(4):299-300. 

68 Halme J, Hammond MG, Hulka JF, Rak SG, Talbert LM. Retrograde 
menstruation in healthy women and in patients with endometriosis. Obstet 
Gynecol. 1984. 64(2):151-4. 

69 Bartosik D, Jacobs SL, Kelly LJ. Endometrial tissue in peritoneal fluid. Fertil 
Steril. 1986. 46(5):796-800.  

70 Jenkins S, Olive DL, Haney AF. Endometriosis: pathogenetic implications of 
the anatomic distribution. Obstet Gynecol. 1986. 67(3):335-8. 

71 van der Linden PJ. Theories on the pathogenesis of endometriosis. Hum 
Reprod. 1996. 3:53-65. 

72 Burney RO, Giudice LC. Pathogenesis and pathophysiology of 
endometriosis. Fertil Steril. 2012. 98(3):511-9. 

73 Nielsen NM, Jorgensen KT, Pedersen BV, Rostgaard K, Frisch M. The co-
occurrence of endometriosis with multiple sclerosis, systemic lupus 
erythematosus and Sjogren syndrome. Hum Reprod. 2011. 26(6):1555-9.  

74 Harris HR, Costenbader KH, Mu F, Kvaskoff M, Malspeis S, Karlson EW, et 
al. Endometriosis and the risks of systemic lupus erythematosus and 
rheumatoid arthritis in the Nurses' Health Study II. Ann Rheum Dis. 2016. 
75(7):1279-84. 

75 Kvaskoff M, Mu F, Terry KL, Harris HR, Poole EM, Farland L, et al. 
Endometriosis: a high-risk population for major chronic diseases? Hum Reprod 
Update. 2015. 21(4):500-16.  

76 Nothnick WB. Treating endometriosis as an autoimune disease. Fertil Steril. 
2001. 76(2):223-31. 

77 Bianco B, André GM, Vilarino FL, Peluso C, Mafra FA, Christofolini DM, et 
al. The possible role of genetic variants in autoimmune-related genes in the 
development of endometriosis. Hum Immunol. 2012. 73(3):306-15. 

78 Barbosa CP, Teles JS, Lerner TG, Peluso C, Mafra FA, Vilarino FL, et al. 
Genetic association study of polymorphisms FOXP3 and FCRL3 in women with 
endometriosis. Fertil Steril. 2012. 97(5):1124-8. 

79 Bianco B, Teles JS, Lerner TG, Vilarino FL, Christofolini DM, Barbosa CP. 
Association of FCRL3 -169T/C polymorphism with endometriosis and 
identification of a protective haplotype against the development of the disease 
in Brazilian population. Hum Immunol. 2011. 72(9):774-8 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20der%20Linden%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=9147102
https://www.ncbi.nlm.nih.gov/pubmed/?term=Theories+on+the+pathogenesis+of+endometriosis+Paul+J.Q.+van+der+Linden
https://www.ncbi.nlm.nih.gov/pubmed/?term=Theories+on+the+pathogenesis+of+endometriosis+Paul+J.Q.+van+der+Linden
https://www.ncbi.nlm.nih.gov/pubmed/22819144
https://www.ncbi.nlm.nih.gov/pubmed/22819144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nielsen%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=21471158
https://www.ncbi.nlm.nih.gov/pubmed/?term=J%C3%B8rgensen%20KT%5BAuthor%5D&cauthor=true&cauthor_uid=21471158
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pedersen%20BV%5BAuthor%5D&cauthor=true&cauthor_uid=21471158
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rostgaard%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21471158
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frisch%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21471158
https://www.ncbi.nlm.nih.gov/pubmed/21471158
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=26238146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costenbader%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=26238146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26238146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kvaskoff%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26238146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malspeis%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26238146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karlson%20EW%5BAuthor%5D&cauthor=true&cauthor_uid=26238146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Missmer%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=26238146
https://www.ncbi.nlm.nih.gov/pubmed/26238146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kvaskoff%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25765863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25765863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Terry%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=25765863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=25765863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poole%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=25765863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farland%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25765863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Missmer%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=25765863
https://www.ncbi.nlm.nih.gov/pubmed/25765863
https://www.ncbi.nlm.nih.gov/pubmed/25765863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bianco%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22222816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andr%C3%A9%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=22222816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vilarino%20FL%5BAuthor%5D&cauthor=true&cauthor_uid=22222816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peluso%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22222816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mafra%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=22222816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christofolini%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=22222816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barbosa%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=22222816
https://www.ncbi.nlm.nih.gov/pubmed/22222816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barbosa%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=22341374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teles%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=22341374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lerner%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=22341374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peluso%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22341374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mafra%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=22341374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vilarino%20FL%5BAuthor%5D&cauthor=true&cauthor_uid=22341374
https://www.ncbi.nlm.nih.gov/pubmed/22341374
https://www.ncbi.nlm.nih.gov/pubmed/21663782
https://www.ncbi.nlm.nih.gov/pubmed/21663782
https://www.ncbi.nlm.nih.gov/pubmed/21663782


68 

 

 

 

80 Teles JS, Bianco B, Vilarino FL, André GM, Christofolini DM, Barbosa CP. 
Association of FCRL3 C-169T promoter single-nucleotide polymorphism with 
idiopathic infertility and infertility-related endometriosis. J Reprod Immunol. 
2011. 89(2):212-5.  

81 Christofolini DM, Cavalheiro CM, Teles JS, Lerner TG, Brandes A, Bianco B, 
et al. Promoter -817C>T variant of B lymphocyte stimulator gene (BLyS) and 
susceptibility to endometriosis-related infertility and idiopathic infertility in 
Brazilian population. Scand J Immunol. 2011. 74(6):628-31. 

82 Vilarino FL, Bianco B, Christofolini DM, Lerner TG, Barbosa CP. Analysis of 
VDR gene polymorphism Fok1 in infertile women with endometriosis. Rev Bras 
Ginecol Obstet. 2011. 33(2):65-9.  

83 Vilarino FL, Bianco B, Lerner TG, Teles JS, Mafra FA, Christofolini DM, et al. 
Analysis of vitamin D receptor gene polymorphisms in women with and without 
endometriosis. Hum Immunol 2011. 72(4):359-63.  

84 Buck Louis GM, Peterson CM, Chen Z, Croughan M, Sundaram R, Stanford 
J, et al. Bisphenol A and phthalates and endometriosis: the Endometriosis: 
Natural History, Diagnosis and Outcomes Study. Fertil Steril. 2013. 100(1):162-
9. 

85 Porpora MG, Resta S, Fuggetta E, Storelli P, Megiorni F, Manganaro L, et al. 
Role of environmental organochlorinated pollutants in the development of 
endometriosis. Clin Exp Obstet Gynecol. 2013. 40(4):565-7.  

86 Heilier JF, Donnez J, Lison D. Organochlorines and endometriosis: a mini-
review. Chemosphere. 2008. 71(2):203-10.  
 
87 Barbosa CP, Souza AM, Bianco B, Christofolini DM. The effect of hormones 
on endometriosis development. Minerva Ginecol. 2011. 63(4):375-86. 

88 Christofolini DM, Vilarino FL, Mafra FA, André GM, Bianco B, Barbosa CP. 
Combination of polymorphisms in luteinizing hormone β, estrogen receptor β 
and progesterone receptor and susceptibility to infertility and endometriosis. Eur 
J Obstet Gynecol Reprod Biol. 2011. 158(2):260-4. 

89 Zulli K, Bianco B, Mafra FA, Teles JS, Christofolini DM, Barbosa CP. 
Polymorphism of the estrogen receptor β gene is related to infertility and 
infertility-associated endometriosis. Arq Bras Endocrinol Metabol. 2010. 
54(6):567-71. 

90 Bianco B, Christofolini DM, Mafra FA, Brandes A, Zulli K, Barbosa CP. 
+1730 G/A polymorphism of the estrogen receptor beta gene (ERbeta) may be 
an important genetic factor predisposing to endometriosis. Acta Obstet Gynecol 
Scand. 2009. 88(12):1397-401. 

 

https://www.ncbi.nlm.nih.gov/pubmed/21529967
https://www.ncbi.nlm.nih.gov/pubmed/21529967
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christofolini%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=21883351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavalheiro%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=21883351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teles%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=21883351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lerner%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=21883351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brandes%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21883351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bianco%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21883351
https://www.ncbi.nlm.nih.gov/pubmed/?term=BLYS+bianco+b
https://www.ncbi.nlm.nih.gov/pubmed/21779647
https://www.ncbi.nlm.nih.gov/pubmed/21779647
https://www.ncbi.nlm.nih.gov/pubmed/21277927
https://www.ncbi.nlm.nih.gov/pubmed/21277927
https://www.ncbi.nlm.nih.gov/pubmed/23579005
https://www.ncbi.nlm.nih.gov/pubmed/23579005
https://www.ncbi.nlm.nih.gov/pubmed/24597257
https://www.ncbi.nlm.nih.gov/pubmed/24597257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heilier%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=18006040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donnez%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18006040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lison%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18006040
https://www.ncbi.nlm.nih.gov/pubmed/?term=organochlorines+and+endometriosis%3A+a+mini-review
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parente%20Barbosa%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21747346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bentes%20De%20Souza%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21747346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bianco%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21747346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christofolini%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=21747346
https://www.ncbi.nlm.nih.gov/pubmed/?term=BIANCO+B+ENDOMETRIOSIS+PROGESTAGEN
https://www.ncbi.nlm.nih.gov/pubmed/21764500
https://www.ncbi.nlm.nih.gov/pubmed/21764500
https://www.ncbi.nlm.nih.gov/pubmed/20857063
https://www.ncbi.nlm.nih.gov/pubmed/20857063
https://www.ncbi.nlm.nih.gov/pubmed/19878085
https://www.ncbi.nlm.nih.gov/pubmed/19878085


69 

 

 

 

91 Pabalan N, Salvador A, Jarjanazi H, Christofolini DM, Barbosa CP, Bianco 
B. Association of the progesterone receptor gene polymorphism (PROGINS) 
with endometriosis: a meta-analysis. Arch Gynecol Obstet. 2014. 290(5):1015-
22.  

92 Gimenes C, Bianco B, Mafra FA, Rosset V, Christofolini DM, Barbosa CP. 
The progins progesterone receptor gene polymorphism is not related to 
endometriosis-associated infertility or to idiopathic infertility. Clinics (Sao Paulo). 
2010. 65(11):1073-6. 

93 Zinaman MJ, Clegg ED, Brown CC, O´Connor J, Selevan SG. Estimates of 
human fertility and pregnancy loss. Fertil Steril. 1996. 65:503-9. 

94 Gupta S, Goldberg JM, Aziz n, Goldberg E, Krajcir N, Agarwal A. Pathogenic 
mechanisms in endometriosis-associated infertility. Fertil Steril. 2008. 90:247-
57. 

95 Harb HM, Gallos ID, Chu J, Harb M, Coomarasamy A. The effect of 
endometriosis on in vitro fertilization outcome: a systematic review and meta-
analysis. BJOG. 2013. 120(11):1308-20. 

96 Stilley JA, Birt JA, Sharpe-Timms KL. Cellular and molecular basis for 
endometriosis-associated infertility. Cell Tissue Res. 2012. 349(3):849-62. 

97 Hughes E, Brown J, Collins JJ, Farquhar C, Fedorkwo DM, Vandekerckhove 
P. Ovulation supression for endometriosis. Cochrane Database Syst Rev. 2007 
18(3):CD000155. 

98 Sallam HN, Garcio-Velasco JA, Dias S, Arici A. Long-term pituitary down-
regulation before in vitro fertilization (IVF) for women with endometriosis. 
Cochrane Database Syst Rev. 2006. 25(1):CD004635.  

99 Leyland N, Casper R, Laberge P, Singh SS; SOGC. Endometriosis: 
diagnosis and management. J Obstet Gynaecol Can. 2010. 32(7 Suppl 2):S1-
32. 
 
100 Chang FH, Chou HH, Soong YK, Chang MY, Lee CL, Lai YM. Efficacy of 
isotopic 13CO2 laser laparoscopic evaporation in the treatment of infertile 
patients with minimal and mild endometriosis: a life table cumulative pregnancy 
rates study. J Am Assoc Gynecol Laparosc. 1997. 4:219-23. 

101 Jacobson, TZ, Duffy JM, Barlow D, Farquhar C, Koninckx PR, Olive D. 
Laparoscopic surgery for subfertility associated with endometriosis. Cochrane 
Database Syst Rev. 2010. 20(1):CD001398. 

102 Vercellini P, Pietropaolo G, De Giorgi O, Daguati R, Pasin R, Crosignani 
PG. Reproductive performance in infertile women with rectovaginal 
endometriosis: is surgery worthwhile? Am J Obstet Gynecol. 2006b. 195:1303-
1310. 

https://www.ncbi.nlm.nih.gov/pubmed/24943061
https://www.ncbi.nlm.nih.gov/pubmed/24943061
https://www.ncbi.nlm.nih.gov/pubmed/21243274
https://www.ncbi.nlm.nih.gov/pubmed/21243274
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harb%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=23834505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gallos%20ID%5BAuthor%5D&cauthor=true&cauthor_uid=23834505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23834505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harb%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23834505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coomarasamy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23834505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stilley%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22298022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Birt%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22298022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharpe-Timms%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=22298022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cellular+and+molecular+basis+for+endometriosis-associated+infertility
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leyland%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21545757
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casper%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21545757
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laberge%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21545757
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=21545757
https://www.ncbi.nlm.nih.gov/pubmed/?term=SOGC%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/21545757


70 

 

 

 

103 Marcoux S, Maheux R, Bérubé S. Laparoscopic surgery in infertile women 
with minimal or mild endometriosis. Canadian Collaborative Group on 
Endometriosis. N Engl J Med 1997. 337(4):217–22. 

104 DeWilde RL, Trew RG. Post operative abdominal adhesions and their 
prevention in gynaecological surgery. Expert consensus position. Part 2 – steps 
to reduce adhesions. Gynecol Surg. 2007. 4:243–53. 

105 Hart RJ, Hickey M, Maouris P, Buckett W. Excisional surgery versus 
ablative surgery for ovarian endometriomata. Cochrane Database Syst Rev. 
2008. (2):CD004992. 

106 Mircea O, Bartha E, Gheorghe M, Irimia T, Vlădăreanu R, Puşcaşiu L. 
Ovarian Damage after Laparoscopic Cystectomy for Endometrioma. Chirurgia 
(Bucur). 2016. 111(1):54-7. 

107 Taniguchi F, Sakamoto Y, Yabuta Y, Azuma Y, Hirakawa E, Nagira K, et al. 
Analysis of pregnancy outcome and decline of anti-Müllerian hormone after 
laparoscopic cystectomy for ovarian endometriomas. J Obstet Gynaecol Res. 
2016. 42(11):1534-40. 

108 Chun S, Cho HJ, Ji YI. Comparison of early postoperative decline of serum 
antiMüllerian hormone levels after unilateral laparoscopic ovarian cystectomy 
between patients categorized according to histologic diagnosis. Taiwan J 
Obstet Gynecol. 2016. 55(5):641-645. 

109 Pagidas K, Falcone T, Hemmings R, Miron P. Comparison of reoperation 
for moderate (stage III) and severe (stage IV) endometriosis-related infertility 
with in vitro fertilization-embryo transfer. Fertil Steril. 1996. 65(4):791-5 

110 Tummon IS, Asher LI, Martin JS, Tulandi T. Randomized controlled trial of 
superovulation and insemination for infertility associated with minimal or mild 
endometriosis. Fertil Steril. 1997. 68:8-12. 

111 Werbrouck E, Spiessens C, Meuleman C, D´Hooghe T. No difference in 
cycle pregnancy rate and in cumulative live-birth rate between women with 
surgically treated minimal to mild endometriosis and women with unexplained 
infertility after controlled ovarian hyperstimulation and intrauterine insemination. 
Fertil Steril. 2006. 86:566-571. 

112 SART. Assisted reproductive technology in the United States: 2010 results 
generated from the American Society for Reproductive Medicine/Society for 
Assisted Reproduction registry. 2010. 

113 Boudjenah R, Molina-Gomes D, Torre A, Bergere M, Bailly M, Boitrelle F, et 
al. Genetic polymorphisms influence the ovarian response to rfsh stimulation in 
patients undergoing in vitro fertilization programs with ICSI. PLoS One. 2012. 
7:e38700. 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/18425908
https://www.ncbi.nlm.nih.gov/pubmed/18425908
https://www.ncbi.nlm.nih.gov/pubmed/26988540
https://www.ncbi.nlm.nih.gov/pubmed/27527586
https://www.ncbi.nlm.nih.gov/pubmed/27527586
https://www.ncbi.nlm.nih.gov/pubmed/27751408
https://www.ncbi.nlm.nih.gov/pubmed/27751408
https://www.ncbi.nlm.nih.gov/pubmed/27751408
https://www.ncbi.nlm.nih.gov/pubmed/8654640
https://www.ncbi.nlm.nih.gov/pubmed/8654640
https://www.ncbi.nlm.nih.gov/pubmed/8654640


71 

 

 

 

114 Mohiyiddeen L, Nardo LG: Single-nucleotide polymorphisms in the fsh 
receptor gene and ovarian performance: Future role in IVF. Human Fertil. 2010. 
13:72-8. 

115 Golan A, Weissman A. Symposium: Update on prediction and management 
of OHSS. A modern classification of OHSS. Reprod Biomed Online. 2009. 
19(1):28-32.  

116 Lee T, Liu C, Huang C, Wu Y, Shih Y, Ho H, et al. Serum anti-müllerian 
hormone and estradiol levels as predictors of ovariana hyperstimulation 
syndrome in assisted reproduction technology cycles. Hum Reprod. 2008. 
23(1):160-7. 
 
117 Dzik A, Pereira D, Cavagna M, Amaral W. Reserva ovariana. In: Tratado de 
Reprodução Assistida – SBRH. São Paulo: Segmento Farma, 2010. 

118 Tehraninezhad ES, Mehrabi F, Taati R, Kalantar V, Aziminekoo E, 
Tarafdari A. Analysis of ovarian reserve markers (AMH, FSH, AFC) in different 
age strata in IVF/ICSI patients. Int J Reprod Biomed (Yazd). 2016. 14(8):501-6. 

119 Tinkanen H, Bläuer M, Laippala P, Tuohimaa P, Kujansuu E. Prognostic 
factors in controlled ovarian hyperstimulation. Fertil Steril. 1999. 72:932–6. 
 
120 Hansen KR, Hodnett GM, Knowlton N, Craig LB. Correlation of ovarian 
reserve tests with histologically determined primordial follicle number. Fertil 
Steril. 2011. 95(1):170–5. 
 
121 Peluso C, Fonseca FL, Rodart IF, Cavalcanti V, Gastaldo G, Christofolini 
DM, et al. AMH: An ovarian reserve biomarker in assisted reproduction. Clin 
Chim Acta. 2014. 437:175-82. 
 
122 Broer SL, Dolleman M, Opmeer BC, Fauser BC, Mol BW, Broekmans FJ. 
AMH and AFC as predictors of excessive response in controlled ovarian 
hyperstimulation: a metaanalysis. Hum Reprod Update. 2011. 17:46–54. 
 
123 Altmae S, Haller K, Peters M, Hovatta O, Stavreus-Evers A, Karro H, et al. 
Allelic estrogen receptor 1 (esr1) gene variants predict the outcome of ovarian 
stimulation in in vitro fertilization. Mol Hum Reprod. 2007. 13:521-26. 
 
124 Altmae S, Hovatta O, Stavreus-Evers A, Salumets A: Genetic predictors of 
controlled ovarian hyperstimulation: Where do we stand today? Hum Reprod 
Update. 2011. 17:813-28. 
 
125 Moron FJ, Ruiz A: Pharmacogenetics of controlled ovarian 
hyperstimulation: Time to corroborate the clinical utility of fsh receptor genetic 
markers. Pharmacogenomics. 2010. 11:1613-18. 
 
126 de Castro F, Moron FJ, Montoro L, Galan JJ, Hernandez DP, Padilla ES, et 
al. Human controlled ovarian hyperstimulation outcome is a polygenic trait. 
Pharmacogenetics. 2004. 14:285-93. 

https://www.ncbi.nlm.nih.gov/pubmed/19573287
https://www.ncbi.nlm.nih.gov/pubmed/19573287
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shahrokh%20Tehraninezhad%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27679824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehrabi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27679824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taati%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27679824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalantar%20V%5BAuthor%5D&cauthor=true&cauthor_uid=27679824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aziminekoo%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27679824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tarafdari%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27679824
https://www.ncbi.nlm.nih.gov/pubmed/27679824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peluso%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25086280
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fonseca%20FL%5BAuthor%5D&cauthor=true&cauthor_uid=25086280
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodart%20IF%5BAuthor%5D&cauthor=true&cauthor_uid=25086280
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavalcanti%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25086280
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gastaldo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25086280
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christofolini%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=25086280
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christofolini%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=25086280
https://www.ncbi.nlm.nih.gov/pubmed/25086280
https://www.ncbi.nlm.nih.gov/pubmed/25086280


72 

 

 

 

127 Nussbaum R, Mclness R, Willard H. In: Thompson & Thompson Genética 
Médica. 7th ed. Rio de Janeiro: Elsevier, 2008. 

128 Corrêa-Giannella ML, Vieira SM. Genetic susceptibility to microangiopathy 
development in Type 1 diabetes mellitus. Arq Bras Endocrinol Metab 2008. 
52(2):375-86. 

129 Gharib SD, Wierman ME, Shupnik MA, Chin WW: Molecular biology of the 
pituitary gonadotropins. Endocr Rev. 1990. 11:177-199. 
 
130 Simoni M, Gromoll J, Nieschlag E: The follicle-stimulating hormone 
receptor: Biochemistry, molecular biology, physiology, and pathophysiology. 
Endocr Rev. 1997. 18:739-773. 
 
131 Gromoll J, Simoni M: Follicle-stimulating-hormone receptor and twinning. 
Lancet. 2001. 357:231-232.  
 
132 Figura esquemática da localização do gene FSHR – disponível em em 
Ensembl: http://www.ensembl.org/Homo_sapiens/Location/View 
 
133 Binder H, Dittrich R, Hager I, Müller A, Oeser S, Beckmann MW, et al. 
Association of FSH receptor and CYP19A1 gene variations with sterility and 
ovarian hyperstimulation syndrome. Reproduction. 2008. 135:107–16.  

134 Huang X, Li L, Hong L, Zhou W, Shi H, Zhang H, et al. The Ser680Asn 
polymorphism in the follicle-stimulating hormone receptor gene is associated 
with the ovarian response in controlled ovarian hyperstimulation. Clin 
Endocrinol (Oxf). 2015. 82(4):577-83. 

135 Simoni M, Tempfer CB, Destenaves B, Fauser BC. Funcional genetic 
polymorphisms and female reproductive disorders: Part I: Polycystic ovary 
syndrome and ovarian response. Hum Reprod Update. 2008. 14:459-84. 
 
136 Perez MM, Gromoll J, Behre HM, Gassner C, Nieschlag E, Simoni M: 
Ovarian response to follicle-stimulating hormone (FSH) stimulation depends on 
the FSH receptor genotype. J Clin Endocrinol Metab. 2000. 85:3365-69. 

137 Sudo S, Kudo M, Wada S, Sato O, Hsueh AJ, Fujimoto S. Genetic and 
functional analyses of polymorphisms in the human FSH receptor gene. Mol 
Hum Reprod. 2002. 8(10):893-9. 

138 Yao Y, Ma CH, Tang HL, Hu YF. Influence of follicle-stimulating hormone 
receptor (FSHR) Ser680Asn polymorphism on ovarian function and in-vitro 
fertilization outcome: a meta-analysis. Mol Genet Metab. 2011. 103(4):388-93. 

139 Mohiyiddeen L, Newman WG, McBurney H, Mulugeta B, Roberts SA, 
Nardo LG. Follicle-stimulating hormone receptor gene polymorphisms are not 
associated with ovarian reserve markers. Fertil Steril. 2012. 97(3):677-81. 

http://www.ensembl.org/Homo_sapiens/Location/View
https://www.ncbi.nlm.nih.gov/pubmed/25132286
https://www.ncbi.nlm.nih.gov/pubmed/25132286
https://www.ncbi.nlm.nih.gov/pubmed/25132286
https://www.ncbi.nlm.nih.gov/pubmed/12356937
https://www.ncbi.nlm.nih.gov/pubmed/12356937
https://www.ncbi.nlm.nih.gov/pubmed/21546300
https://www.ncbi.nlm.nih.gov/pubmed/21546300
https://www.ncbi.nlm.nih.gov/pubmed/21546300
https://www.ncbi.nlm.nih.gov/pubmed/22265040
https://www.ncbi.nlm.nih.gov/pubmed/22265040


73 

 

 

 

140 Mohiyiddeen L, Newman WG, Cerra C, McBurney H, Mulugeta B, Roberts 
SA, et al. A common Asn680Ser polymorphism in the follicle-stimulating 
hormone receptor gene is not associated with ovarian response to gonadotropin 
stimulation in patients undergoing in vitro fertilization. Fertil Steril. 2013. 
99(1):149-55. 

141 Binder H, Strick R, Zaherdoust O, Dittrich R, Hamori M, Beckmann MW, et 
al. Assessment of FSHR variants and antimüllerian hormone in infertility 
patients with a reduced ovarian response to gonadotropin stimulation. Fertil 
Steril. 2012. 97(5):1169-75. 

142 Wang HS, Cheng BH, Wu HM, Yen CF, Liu CT, Chao A, et al. A mutant 
single nucleotide polymorphism of follicle-stimulating hormone receptor is 
associated with a lower risk of endometriosis. Fertil Steril. 2011. 95(1):455-7. 

143 Keay SD, Liversedge NH, Mathur RS, Jenkins JM. Assisted conception 
following poor ovarian response to gonadotrophin stimulation. Br J Obstet 
Gynaecol. 1997. 104(5):521-7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/22985950
https://www.ncbi.nlm.nih.gov/pubmed/22985950
https://www.ncbi.nlm.nih.gov/pubmed/22985950
https://www.ncbi.nlm.nih.gov/pubmed/?term=Binder%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22401810
https://www.ncbi.nlm.nih.gov/pubmed/?term=Strick%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22401810
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zaherdoust%20O%5BAuthor%5D&cauthor=true&cauthor_uid=22401810
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dittrich%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22401810
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamori%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22401810
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beckmann%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=22401810
https://www.ncbi.nlm.nih.gov/pubmed/?term=binder+assessment+of+fshr
https://www.ncbi.nlm.nih.gov/pubmed/?term=binder+assessment+of+fshr
https://www.ncbi.nlm.nih.gov/pubmed/9166190
https://www.ncbi.nlm.nih.gov/pubmed/9166190


74 

 

 

 

ANEXOS 

ANEXO 1 - CLASSIFICAÇÃO DA ENDOMETRIOSE DE ACORDO COM A 

AMERICAN SOCIETY FOR REPRODUCTIVE MEDICINE 

 

 

 

 

Estadio I (Mínima) Estadio II (Leve) Estadio III (Moderada)

Estadio III (Moderada) Estadio IV (Grave) Estadio IV (Grave)
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ANEXO 2 
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ANEXO 3 - Termo de consentimento livre e esclarecido (TCLE) 

Avaliação de polimorfismos do gene FSHR, AMH e AMHR2 em mulheres inférteis 
e sua correlação com resultados de reprodução assistida. 

 
As seguintes informações estão sendo fornecidas para sua participação voluntária neste 

estudo. Nesta avaliação serão estudadas mulheres com infertilidade com o objetivo de avaliar 
fatores genéticos e hormonais envolvidos nos resultados de reprodução assistida. 

Serão obtidas amostras de 15 ml de sangue, por meio de coleta da veia do antebraço, 
que serão utilizados para avaliação de DNA (variações nos genes do receptor do hormônio 
folículo estimulante – FSHR e no gene e no receptor do hormônio anti-mülleriano, AMH e 
AMHR2) e dosagens hormonais (hormônio FSH e AMH). Será utilizado material estéril e 
descartável. Os desconfortos decorrentes da coleta podem ser dor e vermelhidão no local, 
porém este procedimento não tem apresentado complicações na clínica diária. 

A qualquer etapa do estudo o paciente ou seu responsável terá acesso aos profissionais 
relacionados com a pesquisa para o esclarecimento de dúvidas. Os principais investigadores 
são Dra. Bianca Bianco, Dra. Denise Maria Christofolini e Prof. Dr. Caio Parente Barbosa, 
que podem ser encontrados na Faculdade de Medicina do ABC, rua Príncipe de Gales 821, 
Centro de Reprodução Humana e Genética, telefone 11 – 4438-7299.  

É garantida a liberdade de retirada de consentimento a qualquer momento e deixar de 
participar do estudo, sem qualquer prejuízo à continuidade do seu tratamento na instituição. 

As informações obtidas serão analisadas em conjunto com outros pacientes, não sendo 
divulgada a identificação de nenhum paciente. Os resultados obtidos estarão à disposição do 
paciente. 

Não há despesas pessoais decorrentes da pesquisa para o participante em qualquer 
fase do estudo, incluindo exames e consulta. Também não há compensação financeira 
relacionada à participação. 

Na eventualidade de ocorrer qualquer dano pessoal causado direta ou indiretamente 
pelos procedimentos propostos neste estudo (nexo casual comprovado), o participante terá 
direito a tratamento médico na instituição, bem como às indenizações legalmente 
estabelecidas. 

Acredito ter sido suficientemente esclarecido a respeito das informações que li ou que 
foram lidas para mim, descrevendo o estudo. 

  Por esse documento eu declaro minha decisão de participar do estudo. Ficaram claros 
para mim quais são os propósitos do estudo, os procedimentos a serem realizados, seus 
desconfortos e riscos, as garantias de confidencialidade e de esclarecimentos permanentes. 
Ficou claro também que minha participação é isenta de despesas e que tenho garantia de 
acesso a tratamento hospitalar quando necessário. Concordo voluntariamente em participar 
deste estudo e poderei retirar meu consentimento a qualquer momento, antes ou durante o 
mesmo, sem penalidades, prejuízo ou perda de qualquer benefício que eu possa ter adquirido. 

 
 

________________________________________________ Data____/____/________ 
            Assinatura do participante  

 
Declaro que obtive de forma apropriada e voluntária o Consentimento livre e 

Esclarecido deste paciente ou seu representante legal para participação neste estudo. 
 
 
 

________________________________________________ Data____/____/________ 
Assinatura do responsável pelo estudo 


