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RESUMO EM PORTUGUES

A individualizagdo do tratamento é o desafio atual no campo da reproducgao
assistida. Fatores progndsticos classicos como idade ou testes de avaliagdo da
reserva ovariana nao sao suficientes para predizer completamente a resposta das
pacientes a indugdo da ovulagéo. Essa tese investiga se polimorfismos do receptor do
Hormonio Foliculo Estimulante ou do receptor do Horménio Anti-Mulleriano influenciam
na resposta ovariana a administracdo de uma dose padrdo de gonadotrofinas para
Fertilizagao In Vitro numa populacao caucasiana francesa altamente selecionada. Para
avaliacdo correta da resposta a inducdo da ovulagdo, usamos parametros classicos
como numero de odcitos recuperados ou embrides obtidos e também a relagao entre o
numero de foliculos que atingem a maturidade ao final do ciclo de indugcéo e o numero
basal de foliculos antrais — taxa de maturacdo folicular. Como resultados,
apresentamos que a presenca do alelo G para o receptor do Horménio Anti Mullleriano
esta associado com um numero menor de odcitos recuperados na pung¢ao ovariana. Ja
o polimorfismo do receptor do FSH Ser 680, apesar de associado com um nivel de
FSH basal mais elevado, nao altera a taxa de maturacao folicular. Esses dados
podem ajudar, no futuro, a escolha correta do melhor protocolo de indugcdo da

ovulagao assim como a dose de gonadotrofina a ser utilizada.



RESUMO EM INGLES

Tailoring for a single patient the use of controlled ovarian stimulation is the next
challenge in the field of reproductive technology. Classic prognostic factors such as
age or ovarian reserve tests have shown to be limited to predict patient’'s response
towards ovulation induction. This thesis searches to investigate if whether FSH or AMH
receptor polymorphisms influence ovarian response to standard gonadotropins
administration in a high selected French Caucasian population. In order to correctly
evaluate the real ovarian response of each patient, we make use of classical
parameters like the number of oocytes retrieved or number of embryos obtained at the
end of an IVF cycle, and also the relationship between the number of follicles that
reach maturity criteria and the total number of pre antral follicles — follicular output rate.
Our results show that the presence of the G allele in the AMH receptor is associated
with a lower number of oocytes retrieved. In addition, although FSHR Ser680 genotype
is associated with higher basal FSH levels, this polymorphism as well as the Ala307
does not influence the follicular output rate. Our data can help to choose the best

protocol and initial dose of gonadotrophin for ovulation induction in the future.



SUMARIO

—

. Lista de Abreviaturas

A

Introducéo

3. Revisao da Literatura

B

Justificativa

o

Objetivos

6. Hipdtese Nula

7. Referéncias

8. Artigo: Anti-Mallerian hormone type Il receptor polymorphism is
associated with a reduction in the number of oocytes retrieved
in controlled ovarian stimulation cycles.

9. Artigo: Follicle Stimulating Hormone Receptor Ser680
polymorphism affects day-3 FSH levels but do not modify the
antral follicle responsiveness to exogenous gonadotropins

10. Consideracbes Gerais

11. Perspectivas

12. Anexos

10

21

21

22

23

31

47

69

71

72



1. LISTA DE ABREVIATURAS

AMH: anti Millerian Hormone / Horménio Anti Mulleriano

EFFORT: exogenous follicle-stimulating hormone ovarian reserve test
FIV: Fertilizagao In Vitro

FSH: Follicle Stimulating Hormone / Hormdnio Foliculo Estimulante
GAST: gonadotrophin-releasin hormone agonist stimulation test)

HMG: Human Menopausal Gonadotrophin / Gonadotrofina Menopausica

Humana
HCG: Human Corionic Gonadotrophin/ Gonadotrofina Coridbnica Humana
LH: Lutheinizing Hormone / Horménio Luteinizante
SOP: Sindrome de Ovarios Policisticos

SNP: Single Nucleotide Polymorphism/ Polimorfismo de Nucleotideo Unico



2. INTRODUCAO

A infertilidade atinge dez por cento das mulheres em idade fértil e pode
ter diferentes origens como: obstrucio tubaria, endometriose, patologias ovulatérias,
anormalidades espermaticas podendo também ter origem idiopatica. As altas taxas de
gestacao obtidas com Fertilizacio in vitro (FIV) tornaram esse o procedimento viavel

para o tratamento de infertilidade de diferentes origens.

A inducdo da ovulagao consiste na administragdo de gonadotrofinas exdégenas
sob controle ecografico e hormonal com a finalidade de realizagdo de procedimentos
de reproducdo assistida. Atualmente, o desafio na medicalizacdo da reprodugao
humana é a individualizacdo do tratamento. A busca de fatores prognésticos que
auxiliem tanto na escolha do tipo de protocolo de indugdo mais adequado, quanto na
dose inicial de gonadotrofina a ser administrada € cada vez mais importante. Para
isso, deve-se, além de considerar fatores conhecidos como a causa da infertilidade,
presenca de endometriose, tabagismo e qualidade do sémen, buscar elementos

individuais que permitam ajustar o tratamento a cada caso especifico.

Nao ha consenso sobre qual o parametro ideal para quantificagdo da resposta
ovariana a estimulacdo, normalmente valores absolutos de foliculos maduros ou
oocitos recuperados sdo usados para classificar as pacientes como boas ou mas
respondedoras. O estabelecimento de valores arbitrarios de foliculos, odcitos ou
mesmo embrides é sim importante, mas n&o leva em consideragéo a reserva ovariana
inicial da paciente, ndo sendo capaz de medir corretamente a eficacia do tratamento

administrado.

Ao mesmo tempo, a taxa de gestacdo € um desfecho suscetivel a influéncia de

diversos fatores, como por exemplo, a causa da infertilidade, idade da paciente,



qualidade do sémen, também nao sendo um parametro consistente para medir o efeito

do tratamento de indugéo.

Portanto, propomos, além dos pardmetros usuais, um parametro inovador, ja
publicado, que chamamos de “Taxa de maturagao folicular’. Esse novo valor sera
calculado levando-se em conta a relagao entre o numero de foliculos maduros ao final

da inducao e o numero de foliculos antrais.

Além dos fatores prognésticos conhecidos, pesquisas recentes
demonstraram que alteragdes dos genes do receptor do FSH, do receptor do horménio
AMH estao relacionadas com alteragdes de prognéstico reprodutivo e fungao
ovulatéria, tornando interessante a investigacdo da relagdo entre essas alteracbes e
resposta a inducdo da ovulacdo. Recentemente, a individualizagdo da resposta ao
tratamento farmacologico € explicada pela expressao fenotipica diversa e os

polimorfismos podem estar envolvidos na heterogeneidade dessa resposta.

Nosso principal objetivo é avaliar a relagao entre essas alteragdes genéticas e
a resposta ovariana a estimulagdo com gonadotrofinas exdgenas através de

parametros classicos e da taxa de maturacgao folicular.
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3. REVISAO DA LITERATURA

3.1 Estimulacdo Ovariana para Reproducédo Assistida

As altas taxas de sucesso das técnicas de Fertilizagao in vitro (FIV) nos anos
90 determinaram que a inducéo da ovulagdo, anteriormente restrita as pacientes com
infertilidade associada a patologias ovulatérias como Sindrome dos ovarios policisticos
(SOP), fosse uma técnica praticada diariamente para tratamento de infertilidade de
diferentes causas (1). A estimulagdo ovariana consiste basicamente na administragcao
de gonadotrofinas exdgenas (FSH e LH) sob controle ecografico e hormonal até que
os foliculos ovarianos atinjam um didmetro de, no minimo, 16 mm quando s&o
considerados maduros para proceder a pungdo ovariana e coleta dos odcitos para
posterior fertilizacdo. Para o processo de estimulagcdo ovariana, dispomos
basicamente de trés drogas: FSH recombinante, o LH recombinante e a gonadotrofina

extraida de mulheres menopausadas (HMG) (2).

O primeiro bebé nascido de FIV foi resultado da coleta via laparoscopica de um
o0cito em ciclo espontaneo (3). As taxas de sucesso deste tipo de procedimento,
inicialmente muito baixas, levaram ao uso do citrato de clomifeno associado com HMG
para recrutamento de multiplos foliculos, e gonadotrofina coribnica humana (HCG)

para maturacéo folicular final e ovulagao (3).

O recrutamento de varios foliculos causava a luteinizagdo precoce que passou
a ser o maior problema dos ciclos de reproducao assistida, comprometendo até 40%
dos casos (4). A possibilidade de controle do ciclo e a simplificagdo do processo de
FIV foi possivel com a introdugcédo dos agonistas do GnRH, substancia esta que, apos
passado o periodo inicial de estimulo ou flare-up, causa uma desensibilizacao

pituitaria, possibilitando o recrutamento de varios foliculos e o controle do momento da
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ovulagcdo, melhorando significativamente as taxas de recuperagdo de odcitos na
puncéao e, consequentemente, gestacao (5;6). Ja na década de 90, a manipulagdo da
estrutura molecular do GnRH permitiu o uso comercial dos antagonistas desse
horménio. Essas moléculas atuam de forma quase imediata na secre¢do enddégena de

gonadotrofinas, diminuindo a producao de FSH e LH em um periodo de 8 horas (4).

Atualmente um grande arsenal terapéutico € disponibilizado ao clinico para
inducdo da ovulagao e diferentes protocolos foram testados. Diversos elementos foram
estudados como fatores prognésticos para o sucesso do tratamento de FIV. Apesar
disso, a busca de critérios prognosticos e dados que permitam a individualizagao do

tratamento permanece sendo tépico de constante discussao na literatura.

3.2 Fatores Progndsticos

Diversos estudos identificaram fatores que estariam possivelmente associados
com a chance de sucesso apds um tratamento de FIV, como a causa da infertilidade,
idade da mulher, numero de tentativas prévias com resultado negativo, qualidade
seminal, presenga de endometriose e tabagismo, entre outros (7-11). Entretanto, os
fatores identificados pelos estudos sado variaveis assim como a interpretagdo do seu
valor progndstico. Os fatores prognésticos mais importantes para FIV serédo descritos a

seqguir.

3.2.1 Idade

A idade tem sido tratada como o principal fator prognéstico para o sucesso do
tratamento de reproducao assistida. Estudos realizados avaliaram o impacto da idade
da mulher de formas diferentes, categorizando as pacientes como acima ou abaixo de
35 anos (12), dividindo a amostra em quatro categorias (13) ou considerando a idade

como uma variavel continua (14). De qualquer forma, é consenso entre os estudos
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que quanto maior a idade da mulher, menor é a chance de um desfecho reprodutivo
favoravel. Sabe-se que a chance de uma mulher de 40 anos gestar ap6s um ciclo de
FIV é de menos de 10%(10) e a explicacdo para esse dado estd na redugédo da

reserva ovariana, quantidade e qualidade oocitaria e caracteristicas endometriais (11).

3.2.2. Causa da Infertilidade

Pacientes cuja investigagdo € completamente normal e a causa da infertilidade
nao pode ser determinada — infertilidade idiopatica- poderiam ser consideradas como
tendo um melhor progndstico reprodutivo. Em estudos em que essas pacientes foram
usadas como categoria de referéncia, estas apresentaram maior chance de gestagao
quando comparadas as pacientes com endometriose ou fator masculino severo
(14;15). Entretanto, outros estudos consideram que pacientes com infertilidade de
origem tubaria pura apresentariam maior chance de gestacdo quando submetidas a

FIV (16).

A endometriose € um fator particularmente importante e pacientes portadoras
dessa doenca tém resposta significativamente pior em todos os marcadores de
sucesso reprodutivo, sendo que a presenca de endometriose diminui em 20% a taxa
de gravidez quando comparadas com mulheres com outras indicagdes de FIV. Esses
dados sugerem que a endometriose atua de forma negativa na reserva ovariana, na

receptividade endometrial, na qualidade oocitaria e embrionaria (17).

3.2.3 Tabagismo

Uma metanalise recente reuniu vinte e trés artigos que avaliaram o peso do
tabagismo nos resultados de ciclos de FIV (18). Além de levarem um tempo

significativamente maior para engravidar (19), pacientes usuarias de tabaco
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demonstraram menores taxas de gestacao clinica, e taxas maiores de abortamento e
gestacdo ectopica (18;19). Estima-se que a chance de gestacdo clinica caia pela

metade nas mulheres usuarias de tabaco (18).

3.2.4 Parametros de Reserva Ovariana

Diversos testes de rastreamento foram desenvolvidos para avaliacdo da
reserva ovariana e sua resposta as gonadotrofinas exdégenas e a predigdo da chance
de gestacédo (20). Considerando a queda da fertiidade com a idade e o aumento
progressivo dos niveis de FSH é légico antecipar que os valores deste horménio
teriam algum valor prognéstico. De fato, a dosagem sérica do FSH de terceiro dia é o
método mais simples e, ainda, o mais usado na clinica para avaliacdo de reserva
ovariana. Diversos estudos investigaram a associacéo dos niveis de FSH e a relagao
FSH/LH para predizer os resultados de procedimentos de reproducéo assistida e, por
serem marcadores indiretos da reserva ovariana, um valor normal desse horménio néo

identifica corretamente pacientes com maior chance de gravidez (20).

A ultra-sonografia também foi estudada para predizer reserva ovariana e o
recrutamento folicular avangado no terceiro dia do ciclo é correspondente a niveis de
FSH aumentados e esta correlacionado com uma fase folicular mais curta em
pacientes com idade avangada. Essa dominancia folicular precoce esta associada a
niveis de estradiol no terceiro dia aumentados e esse achado foi correlacionado com
ma resposta a indugao da ovulagdo (20). Esse recrutamento precoce pode inclusive
alterar a confiabilidade de outros testes de reserva ovariana (21)

Testes de estimulo como a administracdo de agonista do GnRH (GAST-
gonadotrophin-releasin hormone agonist stimulation test), a administracdo exdégena de
FSH (EFORT- exogenous follicle-stimulating hormone ovarian reserve test) (20) ou

com a administragcdo de citrato de clomifeno (22) foram estudados como forma de
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avaliacdo da reserva ovariana. Entretanto, ndo estdo associados com sucesso
reprodutivo em ciclos de reproducdo assistida (23).

Diversos artigos foram publicados sobre o uso da ultra-sonografia para predizer
resposta ovariana. Contagem de foliculos antrais e volume ovariano parecem
correlacionar-se com resposta a procedimentos de reprodugdo assistida (24). A
avaliagdo da coorte folicular é descrita como a média da soma de foliculos antrais nos
dois ovarios e a presenca de menos que cinco foliculos parece predizer ma resposta
ovariana (25). O namero de foliculos antrais foi descrito como o melhor marcador em
pacientes sumetidas a FIV para predizer ma resposta ovariana quando comparado
com FSH, estradiol e inibina B (26).

A inibina B é uma glicoproteina dimérica produzida pelas gbnadas possuindo
uma propriedade definida de supressédo da secrecao das gonadotrofinas, no entanto,
seu papel da fisiologia do ciclo menstrual nao foi totalmente esclarecida (27). Niveis
séricos de inibina B se correlacionaram melhor que o FSH para predizer cancelamento
de ciclo e numero de odcitos recuperados em estudos que compararam os dois testes
(28;29), entretanto esses dados foram contestados por outros autores (30).

O horménio anti-milleriano (AMH) € um horménio glicoproteico que pertence a
superfamilia do Transforming Growth Factor g, sendo essencialmente expresso por
células fetais para dirigir a diferenciacdo sexual fetal (31). Em mulheres adultas, O
AMH é produzido pelos foliculos antrais e pré antrais e esta envolvido na regulacéo da
estereidogénese, refletindo a atividade desses foliculos que sido independentes de
FSH e fazendo deste marcador um método interessante de avaliacdo de reserva

ovariana.

Estudos demonstraram que a dosagem sérica do AMH é capaz de predizer
resposta ovariana a estimulagdo, numero de foliculos maduros, niumero de odécitos
recolhidos e até mesmo chance de cancelamento do ciclo devido a resposta

insuficiente ou chance de hiperestimulo ovariano (31-36). Outros autores
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demonstraram que a dosagem desse hormdnio € mais precisa em avaliar a reserva
ovariana que outros marcadores classicos como a dosagem de FSH ou de inibina B
(31) e esta intimamente correlacionada com a contagem de foliculos antrais (34;36) no
inicio da fase folicular com a vantagem de n&o variar significativamente durante o ciclo

menstrual (37).

Contagem folicular, volume ovariano e niveis séricos de inibina B
correlacionam-se com numero de odcitos estimulados ou recuperados (38;39).
Entretanto apenas a dosagem sérica do AMH esté correlacionada significativamente
quando o desfecho avaliado é gestagéao (36).

Apesar de todos esses fatores conhecidos predizerem modestamente a
resposta de uma paciente especifica a indugcdo da ovulacdo (34), estes devem ser
considerados no momento da prescricao de um tratamento de reproducéo assistida. A
busca por novos fatores que estariam envolvidos nessa resposta é fundamental para
particularizar protocolos e doses ao prescrever um tratamento de FIV.

3.3 Polimorfismos Genéticos

Polimorfismos genéticos sdo pequenas variagdes que ocorrem no genoma e
que garantem as diferengas individuais. Por definicdo ocorrem em mais de 1% da
populacado. A suscetibilidade a doencas e as caracteristicas individuais, por exemplo,
podem ser devido a essas pequenas alteracbes no genoma. A forma mais comum
desta variagdo génica acontece através da substituicdo de um unico nucleotideo por
outro (single nucleotide polymorphism — SNP), que ocorre com uma freqiéncia

aproximada de 1 a cada 1000 pares de base (40).

O sequenciamento do genoma humano e a busca de mutagdes em condi¢des
patolégicas mostraram que SNPs sao freqlientes e ocorrem em horménios do eixo
hipotalamo-hipéfise assim como em seus receptores (41). Em geral a frequéncia de
polimorfismos varia entre 15 a 50% da populagao. Isso indica que essas alteragdes

genéticas ndo tém efeito deletério pronunciado sobre a funcéo reprodutiva, de outra
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forma a evolucao teria eliminado esses polimorfismos. Entretanto, os polimorfismos
podem atingir a funcdo através de, no minimo, dois mecanismos: (i) mudanca das
propriedades bioquimicas do produto do gene; ou (ii) atuando na transcricdo génica

para modificar a atividade do mesmao.

SNPs geram diversidade genética e complexidade inter espécie e podem estar
ligados ao ajuste fino do feed back enddcrino e da atividade hormonal. O resultado
dessas pequenas alteragdes genéticas pode alterar o desempenho reprodutivo com
um espectro que pode variar da funcionalidade completa a subfertidade (41). Uma
aplicacao potencial do estudo dos polimorfismos é a da farmacogenética, que é o
estudo das variagbes genéticas que podem levar a respostas individuais as drogas

utilizadas.

3.3.1 Polimorfismos do Receptor do FSH

A interacdo entre o FSH e seu receptor € complexa e envolve mudancas
conformacionais no horménio que ocupa o dominio extracelular do receptor (42). O
gene do receptor do FSH esta localizado no cromossomo 2 e sua estrutura envolve
678 aminoacidos com sete dominios transmembrana (42). Até o presente momento, o
National Center for Biotechnology Information (NCBI) indica que existem 731 SNPs no
gene do receptor do FSH, mas apenas 5 estdo localizadas em regides codificadoras
do gene (éxon), sendo que essas mutagdes ocorrem no exon 10 nos cédons 307, 329,
524, 665 e 680. Apesar de os polimorfismos Ala307Thr e Ser680Asn serem bem
caracterizados quanto a freqlUéncia e distribuicdo étnica, ndao ha informagdes

disponiveis sobre os outros trés polimorfismos.

O éxon 10 codifica a regido terminal do dominio extracelular do receptor do
FSH, assim como toda regido transmembrana e o dominio intracelular e desempenha
papel fundamental na transdug¢ao do sinal (43). Os dois SNPs mais comuns do éxon

10 correspondem as posi¢cdes dos aminoacidos 307 e 680.
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Estudos realizados em mulheres com fungido ovariana normal demonstraram
que os SNPs no éxon 10 modulam a fung¢do do receptor e a resposta a indugdo com

gonadotrofina exdégena.

A funcao dos polimorfismos na variagdo a resposta a indugdo da ovulagao foi
demonstrada primeiramente através de um estudo retrospectivo que avaliou o
polimorfismo Asn680 num grupo de mulheres submetidas a administracido de
gonadotrofina exdégena para ciclos de reproducdo assistida. Foi demonstrado que
mulheres homozigotas para Asn680 necessitaram menor dose de FSH para atingir a
maturidade folicular do que pacientes homozigotas para Ser680 ou heterozigotas
(44;45). Isso sugere uma sensibilidade folicular menor ao FSH exdgeno nas pacientes

com gendétipo Ser680.

Em uma analise do tipo caso controle, mulheres submetidas a inducdo da
ovulagédo foram categorizadas como mas respondedoras ou respondedoras normais
de acordo com o numero de foliculos que atingiram a maturidade.O grupo de
pacientes com polimorfismo Ser680 em homozigose teve um numero maior de
pacientes que responderam mal a indugao e que tiveram seu ciclo cancelado por ma

resposta que o grupo selvagem para esse alelo (46).

Outros investigadores avaliaram 161 mulheres submetidas a indugdo da
ovulagao para FIV e, como desfechos, o numero de foliculos pré ovulatérios, numero
de odcitos recuperados e o nivel de estradiol alcangado foi independente da presenca
de polimorfismos. Entretanto, pacientes com polimorfismo Ser680 tinham niveis de
FSH levemente mais altos que pacientes heterozigotas ou homozigotas selvagens
(44). Recentemente nosso grupo demonstrou que os dois polimorfismos do receptor
do FSH estdo fortemente associados, mas n&o estdo completamente ligados ao

contrario do que demonstrado em estudos anteriores (47).
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3.3.2 Polimorfismo do AMH e seu receptor

Como descrito anteriormente, essa proteina € um excelente marcador de
reserva ovariana, entretanto sua atuagao como proteina intra-ovariana ainda é motivo
de debate. Seu papel foi evocado na iniciacdo do crescimento folicular, ja que existe
uma deplecao acelerada do estoque de foliculos primordiais nos ratos AMH-
deficientes em relacdo aos controles (48), assim como o crescimento folicular
dependente de FSH (49) implicando essa proteina como um fator determinante da

sensibilidade folicular ao FSH.

Em estudo clinico recente, nosso grupo também evidenciou que a dosagem
sérica de AMH esta inversamente correlacionada com a taxa de maturacgao folicular,
indo ao encontro dos dados que sugerem que o AMH seria um fator limitante da
sensibilidade folicular ao FSH (50). Por outro lado, McGee et AL. (51) demonstraram
que o AMH promove o crescimento folicular pré antral, ndo provocando a

diferenciacao celular.

Os dados na literatura em relagdo ao papel do polimorfismo do receptor do
AMH sao escassos e confusos. Dois artigos correlacionam esse polimorfismo com
dados que sugerem uma redugao da reserva ovariana. Polimorfismos do gene do
AMH e seu receptor AMHR2 foram identificados e associados com niveis mais altos
de estradiol do inicio da fase folicular em mulheres normo-ovulatérias o que sugere,
mais uma vez o papel dessa proteina na regulacado da sensibilidade ovariana ao FSH
(52). Outro estudo do mesmo grupo demonstrou que mulheres portadoras de um
polimorfismo especificos do receptor do AMH (A>G — 482) iniciam a menopausa 2.8
anos mais cedo, mais uma vez sugerindo um papel sinalizador do AMH no uso do pool

de foliculos primordiais (53).

Esses dados em conjunto mostram que os polimorfismos do receptor do

FSH e do AMH podem estar associados com uma sutil redugao da reserva ovariana. O
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esclarecimento do seu papel exato na fungdo ovariana e na reposta ovariana a
inducdo da ovulagdo pode ajudar a selecionar fatores importantes a serem

contabilizados na individualizagdo do tratamento de reproducgéo assistida.

3.4 Medidas de Resposta a Inducdo da Ovulagdo e Taxa de Maturacéo

Folicular

A forma correta de quantificar a resposta ovariana ao estimulo com
gonadotrofinas ainda é motivo de debate na literatura, ndo havendo uma definicao

clara de ma ou boa respondedora.

Classicamente a resposta a indugao da ovulagcado é quantificada pelo numero
de foliculos pré-ovulatérios ao final do ciclo de indugdo ou pelo niumero de odcitos
recuperados na pungao ovariana. Na grande parte dos trabalhos, as pacientes que
tém ao final da inducdo menos de quatro foliculos maduros ou naquelas em que se
obteve menos de quatro odcitos sdo consideradas mas respondedoras (32;37;54;55).
Parametros diferentes desses também ja foram descritos (33;56) como numero de
embrides obtidos ou taxa de cancelamento de ciclos. Nenhum desses parédmetros leva
em conta a reserva ovariana inicial, ou seja, a partir de quantos foliculos capazes de

responder ao estimulo a paciente inicia o ciclo de indugao.

O ciclo de vida dos foliculos ovarianos foi descrito por Gougeon (57) e
sabemos que os foliculos maiores de trés milimetros sdo sensiveis a acdo do FSH
(58) e a contagem ecografica desses foliculos no inicio do ciclo menstrual é uma

estabelecida forma de quantificarmos a reserva ovariana (59).

Dessa forma propusemos um parametro inovador para quantificar a resposta
ovariana que chamamos de “Taxa de maturacdo folicular’ ou “Follicular Output

Rate”(60). Esse parametro sera calculado pelo numero de foliculos pré-ovulatérios ao
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final de um ciclo de inducdo e/ pelo numero de foliculos pré antrais (3-10 mm)
contados antes do inicio da administragdo de gonadotrofinas, conforme demonstrado

na Figura 1.

Além de avaliar os fatores em estudo de acordo com critérios usuais de
avaliagdo da resposta ovariana a indugcdo da ovulagédo, esse novo critério reflete a
eficacia da resposta ovariana a administragdo de gonadotrofinas durante um ciclo de

FIV e a sensibilidade dos foliculos antrais as gonadotrofinas exégenas.

Dessa forma, o estudo dos polimorfismos dos receptores do FSH e AMH e a
relagdo dos diferentes gendtipos com a resposta a indugédo da ovulagdo medida por
parametros classicos e pela “Taxa de Maturagdo Folicular” pode permitir a
individualizacdo do tratamento em reproducdo assistida. Essa individualizacdo se
refletira na escolha do melhor protocolo de indugao assim como a escolha da melhor

dose inicial de gonadotrofina.
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4. JUSTIFICATIVA

Considerando a importancia da infertilidade pela sua alta prevaléncia e o uso
da FIV como tratamento adequado para diversos tipos de infertilidade, € de extrema
importancia o estudo de fatores preditores de resposta ovariana a indugao.
Considerando os dados atuais da literatura que apontam que os polimorfismos dos
receptores do FSH e AMH podem estar associados com uma redugido da reserva
ovariana, a correta determinacdo e quantificacdo desses fatores permitira a

individualizacao do tratamento e melhor avaliagao prognéstica das pacientes.

5. OBJETIVOS

5.1 Objetivos Principais

Avaliar a relacdo entre a presenca dos polimorfismos do receptor do AMH
(A>G — 482) e a resposta ovariana a indugao da ovulagdo em pacientes submetidas a

Fertilizagao In vitro medida por pardmetros classicos.

Avaliar a relagao entre a presenca dos polimorfismos do receptor do FSH
Ala307Thr e Ser680Asn e a resposta ovariana a indugao da ovulagdo em pacientes
submetidas a Fertilizagdo In vitro medida por parametros classicos e através da taxa

de maturacéo folicular.

5.2 Objetivos (Desfechos) secundérios

Avaliar se a relagdo entre a presenga do polimorfismo do receptor do AMH
(A>G — 482) influencia na dose total necessaria de gonadotrofina necessaria para

inducdo da ovulagdo em pacientes submetidas a Fertilizacao InVitro.

Avaliar se a relacado entre a presenga dos polimorfismos do receptor do FSH
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Ala307Thr e Ser680Asn influencia na dose total necessaria de gonadotrofina

necessaria para inducio da ovulagado em pacientes submetidas a Fertilizacao InVitro.

Avaliar se relagéo entre a presenga do polimorfismo do receptor do AMH (A>G

—482) e a dosagem sérica do AMH em mulheres inférteis.

Avaliar a relagdo entre a presenca dos polimorfismos do receptor do FSH

Ala307Thr e Ser680Asn e a dosagem sérica do AMH em mulheres inférteis.

Avaliar a relagao entre a presenca do polimorfismo do receptor do AMH (A>G —

482) e a dosagem de FSH em mulheres inférteis.

Avaliar a relagdo entre a presenca dos polimorfismos do receptor do FSH

Ala307Thr e Ser680Asn e a dosagem de FSH em mulheres inférteis.

Avaliar a relagao entre a presenga do polimorfismo do receptor do AMH (A>G —

482) e a contagem de foliculos antrais em mulheres inférteis.

Avaliar a relacdo entre a presenca dos polimorfismos do receptor do FSH

Ala307Thr e Ser680Asn e a contagem de foliculos antrais em mulheres inférteis.

6. HIPOTESE NULA

A presenca dos polimorfismos do receptor do FSH Ala307Thr e Ser680Asn e
do receptor do AMH (A>G — 482) ndo influenciam a resposta ovariana a indu¢do da

ovulacao em pacientes submetidas a Fertilizacao In Vitro .
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Capsule:

A specific type of polymorphism of AMH type Il receptor is associated with a reduction

of oocytes retrieved in IVF cycles.
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Abstract

Objective: to verify if the AMHR2-482 A>G polymorphisms is associated to fewer
oocytes retrieved in controlled stimulation cycles in a highly selected population of

infertile, Caucasian, European women.

Design: Prospective observational study

Setting: University Hospital; Human Reproduction service.

Patients: 47 Caucasian women with a diagnosis of male infertility.

Interventions: none

Main Outcome Measures: Allelic and genotype frequencies of AMHR2-482 A>G
polymorphism and its association with number of oocytes retrieved, number of MIl

oocytes and number of embryos obtained after ovulation induction for IVF treatment.

Results: Carries of the G allele in the AMHR2-482 A>G polymorphism produced fewer
oocytes, fewer MIl oocytes and fewer embryos in response to gonadotropin stimulation
in IVF cycles. No difference was found in the clinical parameters of ovarian reserve

between the genotype groups or in pregnancy rates

Conclusion: This finding is in accordance to previous studies that suggests a

reduction in ovarian reserve of women carrying this polymorphism.

Key words: AMH, polymorphisms, ovarian response, IVF, infertility.
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Introduction

Clinically, Anti-Mdllerian Hormone (AMH) is nowadays considered the most
accurate marker of ovarian response (1-3). It is robustly correlated to the number of
early antral follicles and more sensible than other hormonal markers, like 3" day FSH
measurement (2;3). In stimulated cycles for In Vitro Fertilization (IVF) it is predictive of
gonadotrophin requirements, number of oocytes retrieved and number of embryos
obtained (4). Furthermore, concentration of AMH in follicular fluid is a marker of embryo

implantation success (5).

AMH, a glycoprotein that belongs to the transforming growth factor — 8 family, is
expressed in the ovary from the onset of primordial recruitment onwards, similarly in
women and mice (6). Studies performed in mice showed that AMH seems to inhibit
initiation of primordial follicle growth, functioning as a inhibitory growth factor during
early stages of folliculogenesis (7;8) possibly being an important element in
determining the size of the future follicular pool, however opposite results have been
shown by another group (7). Moreover, AMH is involved in the regulation of FSH

sensitivity and follicular stereidogenesis via AMH type |l receptors (8;9).

Lately, attention has been paid to the expression pattern of this glycoprotein
and genetic variations of AMH and AMH type Il Receptor (AMHR2) genes. Genetic
polymorphisms are responsible for individual variations and are extremely variable from
one population to others AMHR2-482 A>G (rs2002555) polymorphism have been
identified and associated with elevated follicular phase estradiol levels in a cohort of
normo-ovulatory women (10). Besides, the same group have described the association
of the AMHR2 -482 A>G polymorphism with natural age at menopause (11). These
data taken together, suggest that AMHR2 gene polymorphisms could be associated
with a diminished ovarian reserve.

Therefore, it would be plausible to find different responses to ovulation induction

in women depending on their genotype. If proven, determination of patient’'s genotype
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would be of critical importance in choosing ovulation induction protocols or
gonadotrophin doses before starting infertility treatments.

In the present study we searched to describe, for the first time, in a highly
selected population of Caucasian infertile women, the frequency of AMHR2-482 A>G
polymorphism and evaluated whether these polymorphisms influence the number of

oocytes retrieved in as stimulated cycle of ovulation induction for an IVF procedure.

Material and Methods

Design

We performed a prospective observational study.
Subjects

We prospectively studied 47 Caucasian infertile women investigating infertility
aged 24 to 42 years whose cause of infertility was determined to be male. All of them
met the following inclusion criteria: 1)both ovaries present, deprived of morphological
abnormalities (such as cysts, endometriomas, etc.), and adequately visualized in
transvaginal ultrasound scans; 2) regular menstrual cycle lengths ranging between 25
and 35 days; 3) no current or past diseases affecting ovaries or gonadotropin or sex
steroid secretion, clearance, or excretion; 4) no clinical signs of hyperandrogenism; 5)
body mass indexes (BMI) ranging from 16 to 32 kg/m?; 6) absence of any clinical sign
of genetic disorder, 7) Caucasian and French origins 8) absence of other infertility

cause determined by standard investigation.

Patients were recruited after completing infertility investigation and before
starting any treatment. Written informed consent was obtained from all patients
included in the study. The Research Ethics Committees at Hospital de Clinicas de
Porto Alegre, Brazil and at Hopital Antoine Béclére, Paris, France approved the
research protocol. Written consent and blood collection was performed in the

consultation before starting gonadotrophin treatment.
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Hormonal Measurements
Serum estradiol and FSH levels were determined in the 2™ to 4™ cycle day

by an automated multi-analysis system using a chemiluminescence technique (Advia-
Centaur, Bayer Diagnostics, Puteaux, France. For estradiol, lower detection limit was
30 pg/mL, linearity up to 1,000 pg/mL, and intra- and interassay CV were 8% and 9%,
respectively. For FSH, lower detection limit was 0.1 mlU/mL and intra- and interassay
CV were 3% and 5%, respectively. AMH levels were determined using a “second
generation” enzyme-linked immunosorbent assay (reference A16507; Immunotech
Beckman Coulter Laboratories, Villepinte, France). Intra- and interassay coefficients of
variation were <6% and <10%, respectively, lower detection limit at 0.13 ng/mL, and
linearity up to 21 ng/mL for AMH.
Ultrasound Scans

Ovarian ultrasound scans were performed in beginning of menstrual cycle (from
the 2" to 4™ cycle day) using a 5.0-9.0 MHz multi-frequency transvaginal probe
(Voluson 730 Expert, General Electric Medical Systems, Paris, France) to evaluate the
number and sizes of ovarian antral follicles by the same experienced observer.

We determined, at baseline, the number of all follicles which diameters ranged
from 3-8 mm in both ovaries.

COH and IVF-ET Protocol

Within the 3 months preceding COH, serum FSH and estradiol levels were
measured on cycle day 3. Between cycle days 1-3 of a subsequent menstrual cycle,
they received a single-dose, time-release gonadotropin releasing-hormone (GnRH)
agonist, triptorelin (3 mg, IM, Decapeptyl, Beaufour Ipsen Pharma, Paris, France).
Three weeks later, complete pituitary desensitization was confirmed by the detection of
low serum levels of progesterone, estradiol, and LH (baseline), presence of ovarian

cysts was ruled out and endometrial thickness <5 mm was verified. Thereafter,
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recombinant FSH therapy (Gonal-F, Serono Pharmaceuticals, Boulogne, France) was
initiated, at a dosage of 300 IU/day for at least 5 days, and continued until the day of
hCG (Gonadotrophine Chorionique "Endo", Organon Pharmaceuticals, Saint-Denis,
France, 10,000 1U, IM) administration. From the 6™ day of recombinant FSH therapy
onwards, daily FSH doses were adjusted according to estradiol levels and/or the
number of growing follicles. During the last days of COH, patients had frequent visits at
our Institution for ultrasonographic and hormonal examinations to define the proper
timing for hCG administration. Administration of hCG (day of hCG administration;
dhCG) was performed as soon as 24 preovulatory follicles (16-22 mm in diameter)
were observed and estradiol levels per preovulatory follicle were >200 pg/mL. Oocytes
were retrieved 35 hours after hCG administration by transvaginal ultrasound-guided
aspiration and ETs were performed 2 days after oocyte retrieval. Luteal phase was
supported with micronized progesterone, 600 mg/day, administered continuously by
vaginal route, starting on the evening of ET. Clinical pregnancy was defined as an

embryo with heartbeat inside the uterine cavity.

AMH Polymorphisms

Genomic DNA was extracted from the QlAcards® using the QlAamp DNA
microkit® (QIAGEN, Germany) as instructed by the manufacturer. AMHR2 -482 A>G
was determined using Tagman allelic discrimination assays. For the AMHR2 — 482
A>G promoter SNP, we used an Assay-on-Demand (Applied Biosystems, The

Netherlands). Reactions were performed as described previously (12;13).
Statistics

The statistical analysis was carried out using the SPSS 12.0 software. The
measure of central tendency used was the mean and the measure of variability was the
standard deviation (SD). Medians and minimum-maximum values were used when

normality of data distribution could not be ascertained. Categorical variables in the 2
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groups were compared using the 2-sided Pearson Chi? test. Continuous variables were

compared using the student t test. We considered P<5% to be significant. Sample size

was calculated based on previous study (10) aiming PB = 0.8 and Pa = 0.05.
Genotype distribution was tested for Hardy—\Weinberg equilibrium, and the difference in
genotype frequencies between the samples was tested using a x2-test for

independence (13).

Results

Overall population characteristics

At the time of inclusion, women were aged 34.8 = 3.5 years and presented BMI
values at 22.0 + 3.2 kg/m?®. They had 16.6 + 6.3 antral follicles and serum AMH and
FSH levels at 3.1 + 1.6 ng/mL, 6.4 = 1.7 mlU/mL, respectively. In response to ovarian
stimulation with 2,603 £620 IU of gonadotropins they had 11.4+ 5.6 oocytes retrieved

and 6.2 £ 3.3 embryos produced.
Genotype Distribution

The genotype frequency found in our sample is show in Table 1. When
comparing our genotype distribution to HapMap European database, we found that the
allelic distribution of AMHR2-482 A>G is very similar to the sample of 120 European
women in the HapMap (P = 0.55) and the allelic distribution of this polymorphism in our

sample is in the Hardy-Weinberg equilibrium.
Analysis AMHR2-482 A>G genotypes and IVF outcomes

Patient characteristics in the different genotype groups are summarized in Table
2. Homozygous and heterozygous carriers for the polymorphisms were combined for
statistical reasons. No difference was detected in age, BMI or parameters of ovarian

reserve, i.e. antral follicle count, AMH, 3th day FSH or estradiol levels.
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As shown in table 2, carriers of the AMHR2-482 A>G polymorphism have
produced fewer oocytes in response to ovulation induction, although they have
received similar gonadotrophin dose. Consequently, fewer MIl oocytes were retrieved

in this group of patients, leading to fewer embryos available for transfer.

No differences were found in pregnancy rates.

Discussion

In the present study, we describe, for the first time, in a highly selected
population of infertile Caucasian European women, that carriers of the G allele for the
AMHR2 -482 A>G polymorphism have less oocytes retrieved and less embryos
fertilized when submitted to IVF ovulation induction. However, we investigated that
genetic variants in the AMHR are not related to alterations in clinical parameters of
ovarian reserve. This finding is in accordance to previous studies that suggested a

reduction of ovarian reserve in this group of patients(10, 12).

Although a recent study suggested that polymorphisms in the signaling AMH
pathway are not capable of distinguishing high and low responders (14), we consider
that the role of AMHR2 polymorphism is more subtle. As demonstrated by Kavenaar et
al, the G allele is associated with a reduction of 2.6 years in natural age of menopause
(12) when compared to homozygous women to the A allele. The same group
demonstrated that both genotypes for this polymorphism have similar basal FSH and

AMH levels, however G carriers have a subtle elevation of basal estradiol levels (10).

Polymorphisms are responsible for individual variations and are not responsible
for extreme phenotypes or natural evolution would have bannned this SNPs (15).
Recently, new insights have been gained in the investigation of the variability in the
gene that encodes hormones and receptors of human reproduction (16;17). These
genetic variations are highly dependent and inconstant depending on the population

investigated. We gathered the homozygous and heterozygous for the alleles of interest
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since because of statistical reasons and to ease interpretation since previous papers

have analyzed their data like that (10).

Response towards ovulation induction with gonadotropins can vary according to
age of patients, ovarian reserve parameters — like AMH or AFC (2;18-20), and even
depends on the cause of infertility (21). It can vary also depending on the type of
stimulation protocol utilized and depends on the quantity of gonadotrophin prescribed
(22). These were the reasons we chose to include in our sample only Caucasian,
French women, with no abnormalities or other causes for infertility submitted to a
specific protocol with standard initial dose. Besides, it is important to point that our
groups were not different in terms of age or ovarian reserve clinical measures or total

dose of gonadotrophin required during ovulation induction.

The number of patients required in the study was calculated according to our
primary endpoint which was number of oocytes retrieved. We have included pregnancy
rates in our results for informative reasons and it is tempting to extrapolate that if a
larger number of patients were recruited a statistical difference could eventually come
to light however our primary attempt was not to study this outcome. We did not find any
statistical difference in terms of serum estradiol levels among those genotypes
probably mainly due to the genetic heterogeneity of our subjects as compared to others

authors.

Finally we have shown, for the first time that patients with the G allele in the
AMHR2 -482 A>G polymorphism have a reduced efficiency in controlled ovarian
stimulation cycles, producing fewer oocytes, MIl oocytes, and consequently less
embryos. This information may help clinicians choose individualized protocols and
doses for these patients and joins the body of evidence that suggests the screening of

specific polymorphisms previous to ovulation induction.
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TABLE 1: AMHR2 Genotype Frequencies

N e
AMHR?2 -482 AIA 24 (51.1) 66.7
AIG 21 (44.7) 31.7
G/G 2 (4.3) 1.7
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Table 2: Baseline and IVF outcomes in AMHR2 genotype groups.

46

AMHR2
AMHR2 AA

AG/GG P
N 24 23
Ages (years) 34.1 £3.0 35.5+28 0.169
BMI (kg/m?) 22.7+3.0 21.2+29 0.131
Duration of Infertility (Years) 45+22 44+1.9 0.889
Small antral follicle (3-10 mm) count 176 £6.3 16.0+ 6.0 0.206
Day 3 FSH levels (mUI/L) 5.7+1.7 6.6+1.7 0.099
Day Estradiol levels (pmol/L) 132.1+£66.5 159.2+102 0.304
Baseline AMH levels (ng/mL) 3.0 £1.5 3.2 £1.7 0.606
Total dose of Gonadotrophin (Ul) 2554 + 606 2662 1 647 0.572
Number of oocytes retrieved 13.1 £6.1 9.3 £4.2 0.031
Number of MIl oocytes 119 £48 8.0 £3.9 0.009
Number of embryos 7.8 £3.5 43 £+ 1.8 >0.001
Pregnancy Rate (%) 50.0 34.8 0.380
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Capsule

This paper provides clinical evidence that FSH receptor polymorphisms Ser680 and

Thr307 do not modify antral follicle responsiveness to gonadotropins.

50



51

Abstract

Objective: To verify whether responsiveness of antral follicles to FSH administration,
as reflected by the follicular output rate (FORT), is altered by the presence of FSHR

polymorphisms Ser680 and Thr307.

Design: Prospective observational study

Setting: University Hospital

Patients: 143 Caucasian infertile women submitted to ovulation induction with

standard FSH doses.

Interventions: none

Main outcome measures: Allelic and genotype frequencies of Ser680 and Thr307

polymorphisms and association of these genotypes with FORT levels

Results: Carries of the Ser680 allele have higher basal FSH levels. However, no
difference was found in FORT levels. No difference was found in other IVF outcomes

either.

Conclusions: Our findings demonstrate, for the first time, that antral follicle
responsiveness to FSH, as far as it is measurable by FORT, is not influenced by the
FSHR genotype. This paper also provides evidence that FSHR polymorphisms do not

modify IVF outcomes in a highly selected population.

Key Words: FSHR polymorphisms, ovarian reserve, genetic polymorphisms, IVF

outcomes
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Introduction

Follicle Stimulating Hormone (FSH) and its receptor play a major role in human
reproduction. FSH stimulates follicular growth, oocyte maturation and estradiol
production by granulosa cells (1) and this molecule is widely used in assisted
reproductive cycles for ovulation induction. The perfect interaction between FSH and its
receptor is essential for the occurrence of normal foliculogenesis (2). FSH receptor
(FSHR) is a G-protein-coupled receptor with an N-terminal extracellular domain, seven

transmembrane domains and an intracellular C-terminal tail (3).

Due to the substantial importance of FSH action in gametogenesis, attention
has been paid for changes that could impair FSH function, especially genetic
alterations that could interfere in its interaction with the receptor (4;5). During the
screening process of such mutations, two single nucleotide polymorphisms (SNP) have
been identified: one in the extracellular domain in position 307, occupied either by
Alanine (Ala) or Threonine (Thr); and a second located in position 680, occupied by

Asparginine (Asn) or Serine (Ser) (6).

Perez-Mayorca et al. and Sudo et al. have identified in different populations that
carriers of the Serine allele in position 680 have a higher basal FSH levels and need a
higher gonadotrophin dose for ovulation induction (7;8). In both papers the two
polymorphisms studied were in complete linkage disequilibrium (7;8) which was not
confirmed by another paper (9). In another paper, homozygous women for serine allele
in position 680 undergoing controlled ovarian stimulation reached lower estradiol levels
when compared to women with the wild type allele, however this effect was overcame

by a higher dose of gonadotrophin (10).

The most suitably way of ascertain patients response to controlled ovarian

stimulation is still under discussion. Some investigators have attempted to address this



53

issue by merely analyzing the number of follicles in the end of an stimulation cycle,
number of oocytes retrieved or number of embryos obtained (11-14). Unfortunately,
none of these parameters is a reliable reflection of antral follicle sensitivity to FSH and
the true patient’s potential of ovarian response because all of these parameters do not

consider patients initial ovarian reserve.

In an effort to objectively evaluate antral follicle responsiveness to
exogenous FSH, we assessed the ratio between the number of preovulatory follicles
obtained in response to FSH and the preexisting pool of small antral follicles. This
innovative index, called Follicular Output RaTe (FORT), benefits, by design, from being
independent of the size of pretreatment cohort of small antral follicles (15). Therefore,
the present paper aimed at investigating for the first time if FSHR genotypes in codons

307 and 680 influence the antral follicle responsiveness to FSH.

Materials and Methods

Subjects

We prospectively studied 143 women in evaluation process for IVF-ET (In vitro
Fertilization-Embryo Transfer), in the Service de Gynécologie-Obstétrique et Médecine
de la Reproduction, Hépital Antoine Béclére, Clamart, France. All of them met the
following inclusion criteria: 1) both ovaries present, deprived of morphological
abnormalities (such as cysts, endometriomas, etc.), and adequately visualized in
transvaginal ultrasound scans; 2) no current or past diseases affecting ovaries or
gonadotropin or sex steroid secretion, clearance, or excretion; 3) no clinical signs of
hyperandrogenism. Patients were in the evaluation process for infertility, so they were
all submitted to hormonal measurements. Blood collection in the QIAcard (QlAcard
FTA Four Spots®, QIAGEN, Hilden, Allemagne) was performed in the day of hormonal

measurements. Protocol was approved by the review board of both institutions —



54

Hospital de Clinicas de Porto Alegre, Rio Grande do Sul, Brazil and Hopital Antoine

Béclere, Clamart, France (IRB equivalent).
Hormonal Measurements

Serum progesterone, estradiol, LH, and FSH levels were determined by an
automated multi-analysis system using a chemiluminescence technique (Advia-
Centaur, Bayer Diagnostics, Puteaux, France). For progesterone, lower detection limit
was 0.10 ng/mL, linearity up to 60 ng/mL, and intra- and interassay coefficients of
variation (CV) were 8% and 9%, respectively. For estradiol, lower detection limit was
30 pg/mL, linearity up to 1,000 pg/mL, and intra- and interassay CV were 8% and 9%,
respectively. For LH and FSH, lower detection limit was 0.1 mlU/mL and intra- and
interassay CV were 3% and 5%, respectively. AMH levels were determined using a
“second generation” enzyme-linked immunosorbent assay (reference A16507;
Immunotech Beckman Coulter Laboratories, Villepinte, France). Intra- and interassay
coefficients of variation were <6% and <10%, respectively, lower detection limit at 0.13
ng/mL, and linearity up to 21 ng/mL for AMH.

Ultrasound Scans

Ovarian ultrasound scans were performed in the 2" to 4™ cycle day using a 5.0-
9.0 MHz multi-frequency transvaginal probe (Voluson 730 Expert, General Electric
Medical Systems, Paris, France) before the start of gonadotropins to evaluate the
number and sizes of ovarian antral follicles by the same experienced observer. We
determined, at baseline, the number of all follicles which diameters ranged from 3-8
mm in both ovaries.

COH and IVF-ET Protocol

Within the 3 months preceding COH, serum FSH and estradiol levels were
measured on cycle day 3 (basal levels). Between cycle days 1-3 of a subsequent

menstrual cycle, they received a single-dose, time-release gonadotropin releasing-
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hormone (GnRH) agonist, triptorelin (3 mg, IM, Decapeptyl®, Beaufour Ipsen Pharma,
Paris, France). Three weeks later, complete pituitary desensitization was confirmed by
the detection of low serum levels of progesterone, estradiol, and LH (baseline),
presence of ovarian cysts was ruled out and endometrial thickness <5 mm was
verified. Thereafter, recombinant FSH therapy (Gonal-F®, Serono Pharmaceuticals,
Boulogne, France) was initiated, at a dosage of 300 IU/day for at least 5 days, and
continued until the day of hCG (Gonadotrophine Chorionique "Endo"®, Organon
Pharmaceuticals, Saint-Denis, France, 10,000 IU, IM) administration. From the g™ day
of recombinant FSH therapy onwards, daily FSH doses were adjusted according to
estradiol levels and/or the number of growing follicles. During the last days of COH,
patients had frequent visits for ultrasonographic and hormonal examinations to define
the proper timing for hCG administration. Administration of hCG (day of hCG
administration; dhCG) was performed as soon as =4 preovulatory follicles ( 217 mm in
diameter) were observed and estradiol levels per preovulatory follicle were >200
pg/mL. Oocytes were retrieved 35 hours after hCG administration by transvaginal
ultrasound-guided aspiration and ETs were performed 2 days after oocyte retrieval.
Luteal phase was supported with micronized progesterone, 600 mg/day, administered
continuously by vaginal route, starting on the evening of ET. Clinical pregnancy was
defined as an embryo with heartbeat.

FORT was calculated by the ratio between preovulatory follicle (= 17 mm in
diameter) count on dhCG x 100/small antral follicle (3-8 mm in diameter) count at

baseline as describes elsewhere (15).

FSHR Polymorphisms

DNA Isolation and Detection of the Polymorphisms T307A and N680S
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Genomic DNA was extracted from the QIAcards® according to the
manufacturer’s instructions. Methods are described below according to STREGA rules

(16).

The general conditions, described by Sudo et al., used for both polymorphisms
were: 0.2 mM dNTP, 2.5 mM MgCl,, 1X KCI buffer, 1U Taq DNA Polymerase, 20 pmols
of each primer and 100 ng of DNA, in a final volume of 50 uL (24). All reagents were
purchased from Invitrogen (Invitrogen, USA). All the polymerase chain reaction (PCR)
reactions were performed in an Eppendorf Personal Cycler Thermocycler (Eppendorf,

Germany).

RFLP analysis of the T307A variant

The T307A variant, in exon 10 of the FSH receptor gene, was detected by the
nested PCR-RFLP (PCR-restriction fragment length polymorphism) method. First, a
657 bp fragment of the FSH receptor gene was amplified by PCR, using a set of
primers  (5_-TCTGAGCTTCATCCAATTTGCA-3_ and 5 -GGGAAAGAGGGCA
GCTGCAA-3 ) at 58°C. This PCR product (1 pL) was further amplified by a second
PCR, using another set of primers (5 -

CAAATCTATTTTAAGGCAAGAAGTTGATTATATGCCTCAG-3_ and 5 -
GTAGATTCCAATGCAGAGATCA-3 ), also at 58°C. The amplified fragment of 364 bp
was digested with Bsu36Il (New England Biolabs, USA) restriction enzyme. A mismatch
nucleotide was introduced in the second PCR. This mismatch and the A to G transition
create a Bsu36l restriction site, so that the second PCR fragment following Bsu36l
digestion and 2.5% agarose gel electrophoresis with ethidium bromide reveals three

different patterns. Based on this RFLP analysis, patients were classified into three

groups: TT (307Thr/Thr), TA (307Thr/Ala) and AA (307Ala/Ala) (Figure 1).

RFLP analysis of the N680S variant
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The FSH receptor gene was amplified by PCR using genomic DNA as the
template and a set of primers (5 -TTTGTGGTCATCTGTGGCTGC-3_ and 5_-
CAAAGGCAAGGACTGAATTATCATT-3 ), which amplified a DNA fragment of 520 bp
at an annealing temperature of 60°C. Since the A to G transition creates an
endonuclease Bsrl recognition site, the PCR fragment following Bsrl digestion and
2.5% agarose gel electrophoresis with ethidium bromide reveals three different
patterns. Based on this RFLP analysis, patients were classified into three groups, NN

(680Asn/Asn), NS (680Asn/Ser) and SS (680Ser/Ser).
Statistics

The statistical analysis was carried out using the SPSS 12.0 software. The
measure of central tendency used was the mean and the measure of variability was the
standard deviation (SD). Medians and minimum-maximum values were used when
normality of data distribution could not be ascertained. Categorical variables in the 2
groups were compared using the 2-sided Pearson Chi? test. Continuous variables were
compared using the student t test. We considered P<5% to be significant. Sample size
was calculated based on previous study (17) aiming P = 0.8 and Pa = 0.05 (110
patients). Genotype distribution was tested for Hardy—Weinberg equilibrium, and the
difference in genotype frequencies between the samples was tested using a Chi

square-test for independence (16).

Results

Overall population and COH characteristics
At the time of inclusion, women were aged 34.8 + 3.8 years and presented
BMI values at 22.0 + 3.9 kg/m®. At baseline, they had 16.5 + 6.2 antral follicles and
serum AMH, FSH and estradiol levels at 3.1 + 1.6 ng/mL, 6.4 £ 1.8 mlU/mL and 38.6 +

22.1pg/mL, respectively. Baseline data of population characteristics and indications for
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IVF-ET are shown on table 1. On dhCG, the total number of preovulatory follicles
obtained was 6.6 £ 2.9 and serum progesterone, estradiol, and LH levels were 0.85 +
0.48 ng/mL, 2,211 = 1001 pg/mL, and 1.5 £ 1.0 mIU/mL, respectively. Controlled
ovarian stimulation lasted 12.1 + 0.1 days and required a total dose of 2,730 £ 621 U
of recombinant FSH. Overall, follicular output rate was 41.1 + 20.8% (range, 5.0 -
91.6).

Frequency of the allelic variants of the FSH receptor gene

FSH genotype analysis was possible in 128 patients for the FSH 680
polymorphism and 124 patients for the FSH 307 polymorphism (16) Figure 1
represents genotype distribution of both polymorphisms. Both allelic distributions were
in the Hardy-Weinberg Equilibrium (16) Thr307/Asn680 and Ala307/Ser680 were not in
linkage disequilibrium in our sample since 8 patients were Ala307/Asn680.
Homozygous and heterozygous carriers for the polymorphisms were combined for
statistical reasons, as done in previous papers (7;8).

Analysis of Asn680Ser and Thr307Ala genotypes and IVF outcomes

Patient characteristics and COH data in the all genotype groups are
summarized in Table 2. Age, BMIs, serum AMH levels and antral follicle count were
comparable in all groups. Further, indications for IVF-ET were also not different
between groups (data not shown). We observed a significant increase in baseline FSH
levels for carriers of the Ser allele for the FSH 680 polymorphism, paralleled by a non-
significant difference for the Ala carriers in the FSH 307 polymorphism. Concerning

IVF-ET cycle data no differences were found in any of the parameters studied.

As shown in table 2 analysis of FORT was no different between groups
when analyzed with the student t test. To make the interpretation of the possible
relationship between FSHR genotype and follicle responsiveness to COH easier, we

decided to sort our population into 2 distinct groups. The 2 groups were chosen
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according to FORT levels were under the 50 " percentile (Low FORT) or above it (High
FORT). We have analyzed the genotype distribution in codon 307 and 680 inside these

groups. The distribution was not statistically different (data not shown).

Discussion

The present investigation tested the hypothesis that FSHR genotype may
influence the antral follicle responsiveness to exogenous FSH in adult women. In this
model, we elected to administer similar high recombinant FSH doses to pituitary-
desensitized patients. To quantify follicle responsiveness to FSH, instead of using the
number of follicles undergoing preovulatory maturation or the number of oocytes
retrieved, we used the FORT, an innovative measure that has the advantage of being
independent from the pre-treatment mass of FSH-sensitive follicles. The present

results showed, for the first time, that, FSHR genotype does not influence FORT.

Polymorphisms are little genetic changes that are responsible for individual
variations and, recently, new insights have been gained in the investigation of the
variability in the gene that encodes hormones and receptors of human reproduction
(18;19). Our main hypothesis was that a part of patients’ particular response to
gonadotropins could be attributable to Ser680 or Thr307 FSHR polymorphism. Several
factors influence patients response towards ovulation induction (20), thus to investigate
our hypothesis we followed STREGA rules (16) and chose to select an uniform group
of good prognostic patients that were submitted to IVF treatment with the same
protocol (long agonist protocol) and with an initial high standardized dose of
gonadotropin. This choice was made to make the ovulation induction protocol as equal
as possible and assure the recruitment of as many follicles as possible. Our choice
allowed us to isolate the polymorphism factor; however it can be seen as a limitation of

our study since it precludes us from extrapolating our results to different populations.
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Although we have a found a subtle elevation of basal FSH levels in patients
carrying the Ser680 allele, like other authors, we found absolutely no difference in
others outcomes like number of mature preovulatory follicles, number of oocytes
retrieved, number of embryos (7) or, finally, FORT values. We chose FORT as a
primary outcome because we believe this measure is a demonstration of the real
individual potential of one’s response since it is independent from the basal number of
pre antral follicles and it has been shown to predict IVF-ET outcome (21). Moreover,
FORT levels can be taken as a mensuration of follicle responsiveness to gonadotropins

(15;21).

Sudo et al in a retrospective analysis of 58 Japanese patients found that
carriers of the Ser680 allele required a higher dose of gonadotropins for ovulation
induction and they had lower estradiol levels in the HCG day (8). In this paper the
ovulation induction protocol is not described, however, when compared to our results
the total amount of gonadotropins utilized was lower in all groups. De Castro et al
categorized 102 Caucasian women according to the number of matured follicles
achieved in the end of an IVF cycle in poor responders (< 3) and normal responders
(>3) (22). A higher number of homozygous women for the Serine allele were found in
the poor responder group. A very well designed paper randomized Ser/Ser women into
two different doses and showed that these patients had lower estradiol levels in HCG
day but this effect was overcame by a higher gonadotropins administration (10). The
differences between our results and previous papers may be attributable to our highly

selected patients submitted to ovulation induction with a high dose of gonadotropins.

In addition, complete linkage between these two polymorphisms has been
reported, suggesting that only one needs to be tested (as a TAG SNP). However,
homogeneity of the studied populations have raised questions about the complete
relationship of these polymorphisms (7;8;22). Our group has already demonstrated in a

group of Brazilian fertile women that the complete association of these two alleles is
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not present in the totality of patients (9). The present data, a research in a French
infertile population, is another contribution for the fact that the complete association of
these alleles should be seen with care. Furthermore, both of the studied alleles are

in the Hardy-Weinberg equilibrium (16).

In conclusion, the present findings indicate, unprecedentedly, that antral follicle
responsiveness to FSH, as far as it is measurable by FORT, and IVF outcomes
represented by FORT, number of mature follicles, oocytes retrieved and embryos are
not influenced by the FSHR genotype. This research should be replicated in different

populations.
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Legends

Figure 1: Genotype Frequencies for FSH receptor polymorphisms.
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TABLE 1. Overall Patient characteristics

66

Mean (SD)
Ages (years) 34.8+3.8
BMI (kg/m?) 22.0+3.9
Indications for IVF-ET: Male (%) 35.2
Tubal (%) 10.2
Idiopathic (%) 28.9
Endometriosis (%) 7.8
Other (%) 17.9
Small antral follicle (3-10 mm) count 16.5+6.2
Baseline AMH levels (ng/mL)? 31+16
Baseline FSH levels (mUI/L) 6.4+1.8




Table 2: Comparison between genotype groups
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680NN 680NS/SS 5 307TT 307TA/AA 5

N 49 75 32 96

Ages (years) 35.0+3.3 34.7+3.9 0.669 35.3+3.7 34.7+39 0.548
BMI (kg/m?) 21.5+44 225+53 0.593 211149 221+5.1 0.343
Serum Day-3 FSH levels (Ul/mL) 59+1.8 6.7+2.0 0.049 6.1+1.8 6.8+1.8 0.265
Serum Day-3 E; levels (pg/mL) 35.5+20.7 411+228 0.188 393225 39.0+£21.4 0.959
Serum AMH levels (ng/mL) 3.0+14 3.2+1.8 0.539 29+1.0 3.0+1.6 0.857
AFC at baseline® 16.3+6.2 15.8+5.9 0.608 16.2+55 16.4+5.9 0.908
Total dose of Gonadotropin (1U) 2,695+642 2,720 + 611 0.841 2,822 £ 621 2,692 +£591 0.319
Number of oocytes retrieved 11.5+£5.9 10.7+£5.3 0.526 124 £6.5 10.3+£4.9 0.091
Number of MIl oocytes 10457 9.7+47 0.595 10.5+6.2 94+43 0.287
Number of embryos 6.9+4.5 6.4 +3.1 0.488 74149 6.0+2.7 0.770
Number of top-morphology 1.8+£1.9 1.6+17 0.586 1.9+22 1.5+14 0.309
Fertilization Rate (%) 64.2 £ 18.0 67.5+20.2 0419 64.7+17.3 65.4+19.5 0.877
FORT (%)° 41.8+22.8 41.0+20.2 0.858 453 +23.2 39.6+19.6 0.206
Pregnancy Rate (%) 40.8 35.1 0.571 34.4 35.8 0.885

a) Antral follicle count : follicles measuring 3-10 mm

b)  Follicular output rate defined as preovulatory follicle (= 17 mm) count x 100/small antral follicle (3-10 mm) count
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10. CONSIDERACOES GERAIS

Mulheres que carregam o alelo G para o polimorfismo do receptor do AMH tipo Il
apresentam uma reducdo no rendimento da estimulagdo ovariana com gonadotrofinas
exdgenas, ja que produzem menos odcitos quando submetidas a indugédo da ovulagdo com

doses semelhantes de gonadotrofina.

Mulheres portadoras do gendétipo ser680 do gene do receptor do FSH, apesar de
apresentarem uma sutil elevacao do nivel de FSH basal, ndo apresentam diferencgas na taxa

de maturacao folicular ao final de um ciclo de indugéo da ovulagao para FIV.

O polimorfismo do receptor do AMH (A>G — 482) nao influencia na dose total
necessaria de gonadotrofina necessaria para indugao da ovulagdo em pacientes submetidas

a Fertilizagao InVitro.

Os polimorfismos do receptor do FSH Ala307Thr e Ser680Asn nao influenciam na
dose total necessaria de gonadotrofina necessaria para inducao da ovulagdo em pacientes

submetidas a Fertilizagéo InVitro.

O polimorfismo do receptor do AMH (A>G — 482) nao altera a dosagem sérica do

AMH em mulheres inférteis.

Os polimorfismos do receptor do FSH Ala307Thr e Ser680Asn ndo alteram a

dosagem sérica do AMH em mulheres inférteis.

O polimorfismo do receptor do AMH (A>G — 482) nado altera a dosagem sérica de

FSH em mulheres inférteis.

O genotipo Ser680 esta associado com uma elevagdo na dosagem sérica de FSH

em mulheres inférteis.

O polimorfismo do receptor do AMH (A>G — 482) n&o altera a contagem de foliculos
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antrais em mulheres inférteis.

Os polimorfismos do receptor do FSH Ala307Thr e Ser680Asn nao alteram a

contagem de foliculos antrais em mulheres inférteis.
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11. PERSPECTIVAS
Nosso estudo precisa ser replicado em populagdes geneticamente distintas ja que a

freqUéncia desses polimorfismos é extremamente variavel de acordo com a etnia.

Seria interessante verificar se 0 uso de doses mais altas de gonadotrofinas ou o uso
de um protocolo especifico de indugédo da ovulagao em mulheres portadoras do alelo G para
o AMHII seria capaz de compensar o efeito negativo desse gendtipo. Nossos achados
permitem imaginar uma aplicagdo clinica da investigagdo desse polimorfismo, permitindo

que a farmacogenética seja utilizada para determinar protocolos e doses de indugéao.

A investigacao in vitro da sensibilidade folicular as gonadotrofinas em pacientes com
diferentes gendtipos para o receptor do FSH seria fundamental para comprovacgao

laboratorial do achado clinico que obtivemos com nosso estudo.

O cultivo de células da granulosa com expressao génica de fatores que possam estar
relacionados com o desenvolvimento oocitario como o GDF-9 e BMP-15 em pacientes com
diferentes gendtipos relacionados aos polimorfismos pode também contribuir para

esclarecer diferencas fenotipicas relacionadas a resposta a indugao da ovulacéo.



9. Anexos

Figura 1: Taxa de Maturacao Folicular ou “Follicular Output Rate”
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Figura 2: Gel de agarose com eletroforese 680
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Figura 3: Gel de agarose com eletroforese 307
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Figura 4: Curvas Tagman para o polimorfismo do receptor do AMH tipo Il
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