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Resumo

O nascimento de gémeos na espécie humana é rodeado por muitos mistérios e, ha
bastante tempo, desperta a curiosidade tanto leiga quanto cientifica. Os estudos com
gémeos vém contribuindo para o entendimento de diversas areas da biologia humana;
porém, aspectos epidemioldgicos e etiologicos relacionados aos nascimentos gemelares em
si permanecem pouco elucidados. Para além de mera curiosidade, pesquisas nessa area
podem ajudar a compreender mecanismos relacionados a reproducdo em geral, além de
serem importantes em um contexto de saude publica, ja que a gestacdo gemelar representa
riscos adicionais @ méde e a prole. Em paises industrializados observa-se um aumento
acentuado nas taxas gemelares (TGs) que parece estar relacionado ao aumento da idade
materna na primeira gravidez e tecnologias de Reprodugdo Medicamente Assistida (RMA).
No Brasil, os aspectos geograficos e sociodemograficos dos nascimentos gemelares ainda
ndo foram profundamente estudados. Assim, este estudo objetivou responder a trés
questdes principais relacionadas aos nascimentos de gémeos: “Quantos?” “Onde? e
“Como?”, isto é, considerando aspectos epidemioldgicos e etioldgicos. Para o estudo
epidemioldgico, desenhamos um estudo de base de dados populacional e investigamos as
TGs em duas dimens0es: espacial e temporal. Para isso, utilizamos dados provenientes do
Sistema de Informac6es sobre Nascidos Vivos (SINASC) e analisamos mais de 41 milhGes
de nascimentos que ocorreram em todos 0s 5.565 municipios brasileiros entre 2001 e 2014.
Encontramos uma TG nacional média de 9,41 por 1.000 nascimentos e 0 modelo de analise
de séries temporais revelou tendéncia de aumento global ao longo do periodo estudo, mas
com notaveis diferencas regionais. De fato, resultados da “Analise de Cluster e Outlier”
(Anselin Local Moran’s 1) revelaram concentragdo de municipios com altas TGs em uma
area que vai do sul do Nordeste brasileiro até o Rio Grande do Sul (Global Moran Index =
0.062, P < 0.001). Além disso, encontramos correlacdo positiva entre o Indice de
Desenvolvimento Humano (IDH) local e as TGs em diferentes cenarios, sugerindo que o
IDH pode ser um importante indicador de RMA no Brasil. Nossas analises também
revelaram aumento de 26.42% na TG entre as mulheres com mais de 44 anos durante o
periodo estudado. A tendéncia de aumento temporal encontrada para algumas regides do
pais esta de acordo com o que € observado em outros paises industrializados, enquanto que

a andlise geogréfica revelou duas situa¢es bem distintas dentro do Brasil. Por sua vez, 0s



estudos acerca da etiologia dos nascimentos de gémeos foram concentrados em investigar
polimorfismos de nucleotideo unico (SNPs) em mées de Candido Godoi (CG), uma
pequena cidade do Sul do Brasil conhecida como a “Cidade dos Gémeos”. Este titulo é
devido a alta TG observada no municipio e a recorréncia do trago nas familias locais, com
forte descendéncia europeia. Nos desenhamos um estudo caso-controle e genotipamos sete
SNPs relacionados a foliculogénese (rs6166:C>T em FSHR, rs11031006:G>A proximo a
FSHB, e rs17293443:T>C in SMAD3) ou a gestacdes de sucesso (rs1801131:T>G e
rs1801133:G>A em MTHFR, rs2010963:C>G em VEGFA, e rs1800629:G>A em TNF) em
44 méaes de gémeos (casos) e 102 maes de filhos Unicos (controles), todas residentes de
CG. Para todos os SNPs, a distribuicdo das frequéncias alélicas e genotipicas foi similar
entre casos e controles. Diferentes combinacGes de alelos de risco e analises haplotipicas
também foram homogeneamente distribuidas entre ambos os grupos. Assim, estes
resultados sugerem uma auséncia de associacdo entre 0s nascimentos gemelares em CG e
sete SNPs relacionados a foliculogénese ou a gestacfes de sucesso, mas é possivel que
outras variantes genéticas ligadas a ambos os processos possam estar envolvidas neste

fendmeno que possui uma base genética subjacente.

Palavras-chave: gémeos; taxas gemelares; polimorfismos genéticos; foliculogénese;

gravidez de sucesso.
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Abstract

The birth of twins in human species is surrounded by many mysteries and it has
long aroused both lay and scientific curiosity. Studies with twins have contributed to the
understanding of several areas of human biology; however, the epidemiological and
etiological aspects related to twin births by themselves remain unclear. Beyond mere
curiosity, research in this field may help us to understand the mechanisms related to
reproduction in general, and it is important in a public health context since a twin
pregnancy represents additional risks to the mother and offspring. Some countries have
reported a striking increase in twinning rates (TRs), which seems to be related mainly to
delayed childbearing and to Medically-Assisted Reproduction (MAR) technologies. In
Brazil, the epidemiological scenario of twin births has not been studied while considering
its territorial and sociodemographic magnitude. Therefore, this study aimed to answer three
main questions related to twin births: "How many?", “Where” and "How?", that is, we
investigated twinning in light of epidemiology and etiology. For the epidemiological study,
we carried out a population-based study, investigating twin births in two dimensions:
spatial and temporal. For that, we used data from Brazil’s Live Birth Information System
(SINASC), and we analyzed over 41 million births that occurred in all 5,565 Brazilian
municipalities between 2001 and 2014. We found an average TR of 9.41 per 1,000, and a
first-order autoregressive model of time-series analysis revealed a global upward trend
over time, but with important regional differences. In fact, a Cluster and Outlier Analysis
(Anselin Local Moran’s 1) was performed and identified clusters of high TR in an area
stretching from the south of Brazil’s Northeast Region to the South Region (Global Moran
Index = 0.062, P < 0.001). Furthermore, we found a positive correlation between the local
Human Development Index (HDI) and TRs in different scenarios, suggesting that the HDI
may be an important proxy indicator of MAR in Brazil. We also found a sharp increase
(26.42%) in TR in women aged over 44 years. The upward temporal trend in TRs is in line
with recent observations from other countries, whereas the spatial analysis revealed two
very different realities within our country. In turn, studies on the etiology of twin births
were focused on single nucleotide polymorphisms (SNPs) in mothers from Céandido Godoi
(CG), a small southern Brazilian city known as the "Twin’s Town”. This title is due to the
high TR attributed to the municipality and to the recurrence of the twin trait through the
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local families, who have a strong European descent. We performed a case-control study
and genotyped seven SNPs related to folliculogenesis (rs6166:C>T in FSHR,
rs11031006:G>A near FSHB, and rs17293443:T>C in SMAD3) and to a successful
pregnancy (rs1801131:T>G and rs1801133:G>A in MTHFR, rs2010963:C>G in VEGFA,
and rs1800629:G>A in TNF) in 44 mothers of twins (cases) and 102 mothers of singletons
(controls), all of them from CG. For all SNPs, the distributions of the genotypic and allelic
frequencies were similar between the cases and controls. Different combinations of risk
alleles and haplotypic analyses were also homogeneously distributed between both groups.
Thus, these results suggest a lack of association between twin births in CG and seven SNPs
related to folliculogenesis or successful pregnancies, but it is possible that other genetic
variants linked to both processes may be involved in this phenomenon, which has an

underlying genetic basis.

Keywords: twins; twinning rates; genetic polymorphisms; folliculogenesis; successful
pregnancy.
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1. INTRODUCAO

1.1. Sobre o titulo

“Twin Peaks” é uma famosa série estadunidense de televisdo criada na década de
1990 por David Lynch e Mark Frost. A época, esta série revolucionou a linguagem
televisiva por conta de, dentre outros, seus personagens idiossincraticos, pela fuga de
lugares-comuns presentes em outras obras da época e, sobretudo, pelas altas doses de
mistério caracteristicas do seu roteiro (Lavery 1995; Poniewozik 2007).

Decidimos batizar este trabalho de “Twin Peaks” porque estudamos um fendmeno
que é rodeado por semelhante clima de mistério: o nascimento dos gémeos na espécie
humana. Ainda, além de possuir “twin” no nome (do inglés, gémeo), a trama da série
desdobra-se seguindo a investigacdo do ficticio agente de investigacfes Dale Cooper. Em
termos gerais, o oficio do cientista em um laboratério pode ser comparado ao do detetive
investigativo, e o eminente cientista do século XX, Albert Einstein, fez comparacédo
equivalente em seu livro The evolution of Physics (Einstein and Infeld 1938).

Por fim, acreditamos que um trabalho cientifico pode ser mais atrativo quando
situado em contextos além dos jargbes e que, quando possivel, a Ciéncia deve ser
misturada as outras areas de producdo do conhecimento, incluindo a Cultura Popular.
Afinal, antes de serem separadas por pastas académicas, todas elas sd@o derivadas da

comum e eterna tentativa humana de entender-se a si mesma e ao mundo.

1.2. A Gemelaridade

A simbologia do zodiaco astroldgico, o mito da fundacdo de Roma, a tradicional
rejeicdo em algumas tribos indigenas, o nascimento de duas criangas dividindo 0 mesmo
corpo e as experimentacGes nazistas em uma pequena cidade do sul do Brasil. Esta
miscelanea de fatos historicos e ficcionais reflete o fascinio dos seres humanos pela
gemelaridade ao longo dos séculos. Além de despertar curiosidade, os gémeos fornecem
um caminho para o entendimento de eventos ligados a embriogénese humana e a diversos
processos patoldgicos (Hall 2003).

Nas ultimas décadas, tem havido um aumento significativo nas taxas de

gemelaridade principalmente nos paises desenvolvidos e a busca por explicacdes para este
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fendmeno nunca fora téo latente, sobretudo porque gestacdes gemelares aumentam o risco
de complicacbes para a gestante e a prole, alem de acarretarem custos hospitalares
adicionais (Delbaere et al. 2008; Laskov et al. 2013; Dawson et al. 2016). Todavia, dados
da epidemiologia dos nascimentos gemelares sdo pouco estudados em paises em
desenvolvimento, e no Brasil o cenério é semelhante (Geraldo et al. 2008; Smits and
Monden 2011; Otta et al. 2016).

Apesar dos esforcos tanto leigos quanto cientificos, pouco é conhecido sobre o0s
processos etioldgicos ligados ao nascimento de gémeos. Na literatura especializada,
acumulam-se associacdes entre variaveis genéticas, epigenéticas e ambientais ao fendmeno
caracteristico de carater multifatorial (McNamara et al. 2016). Mesmo assim, nem sempre

os resultados sdo concordantes e € notorio que ainda ha muito a esclarecer.

1.3.  Tipos de GEmeos

De acordo com sua origem, 0s gémeos podem ser classificados como
monozigoticos (MZ), que surgem a partir da divisdo de um o6vulo fecundado, ou
dizigoticos (DZ), que ocorrem a partir da liberacdo de mais de um 6vulo e subsequente
fecundacdo por diferentes espermatozoides. Embora tal dicotomia classica tenha sido
questionada na literatura cientifica, a divisdo em MZ e DZ continua sendo elucidativa em
estudos especializados (Shur 2009; Herranz 2015).

Em linhas gerais, a gemelaridade MZ (Mendelian Inherintance in Man — MIM:
276410) é considerada um evento pds-fertilizacdo resultante da divisao do precoce embrido
ao longo das duas primeiras semanas de desenvolvimento. O periodo no qual tal
fracionamento ocorre estabelece a corionicidade e a amniocidade das gestacdes
(Benirschke 2013; Herranz 2015). Outrora considerados “idénticos”, atualmente
acumulam-se evidéncias de que o DNA dos gémeos MZ apresenta uma miriade de
diferencas no tocante a mutacfes somaticas e mitocondriais, diferencas no controle
epigenético, anomalias cromossémicas, dentre outros (Hall 2003; Shur 2009; Benirschke
2013).

Por sua vez, a gemelaridade DZ (MIM: 276400) esta relacionada a selecdo dos
foliculos em desenvolvimento contidos no ovario, onde, ao invés de um, dois foliculos séo
maturados e ambos 0s ovdcitos sdo liberados prontos para a fecundacdo por diferentes

espermatozoides. Logo, 0s gémeos DZ apresentam o mesmo nivel de identidade genética
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que irméos de gestacdo Unica, isto &, compartilham entre si aproximadamente 50% dos
seus genes e, evidentemente, podem ser do mesmo sexo ou de sexos opostos (Hoekstra et
al. 2007).

1.4.  Epidemiologia

A taxa de gemelaridade (TG) é definida como o nimero de gestacdes gemelares
por 1000 (%o) nascimentos em um determinado ano. Notavelmente, esta taxa varia de
acordo com espaco e tempo observados, a qual, sobretudo em paises desenvolvidos,
apresentou um acentuado declinio por volta de 1900 e, em contraste, passou a aumentar
constantemente a partir de 1970 (Hoekstra et al. 2007; Smits and Monden 2011).

Nos Estados Unidos, por exemplo, a TG passou de 9,5%. em 1975 para 16,9%o0 em
2011, representando um aumento de aproximadamente 75%. Durante o mesmo periodo,
também aumentou em outros paises industrializados como Inglaterra e Pais de Gales (de
9,9 a 16,1%o), Alemanha (de 9,2 a 17,2%0), Dinamarca (de 9,6 a 21,2%o) e Coreia do Sul
(5,0 a 14,6%0) (Burt and Klump 2012; Pison et al. 2015; Dawson et al. 2016).

O aumento da idade materna na época do nascimento e o uso de técnicas ligadas a
Reproducdo Medicamente Assistida (RMA) sdo tidos como possiveis responsaveis dos
modernos aumentos na taxa de nascimentos gemelares (Shur 2009; Boothroyd 2016;
Dawson et al. 2016). Pison et al. (2015) ressaltaram que a pratica da RMA ocuparia um
protagonismo no aumento da TG, levantando uma importante questdo de salde, visto que
nascimentos gemelares estdo ligados a complicagdes tanto para a mde quanto para 0s
bebés.

O continente africano e, em especial, a Africa Central representa uma vasta zona
onde sdo encontradas as maiores taxas de nascimentos gemelares, com paises como Guiné
Equatorial e Republica Democrética do Congo apresentando taxas acima de 18,0%.. O
maior indice mundial foi observado em Benin, com 27,9 nascimentos gemelares a cada
1.000 nascimentos (Nylander 1969; Smits and Monden 2011). Nestas situacGes reforca-se
a importancia de outras causas que a ndo a RMA nos nascimentos gemelares, como
predisposicdo genética ou fatores ambientais particulares. Em geral, paises da Asia e
Ameérica do Sul apresentam indices menores (de abaixo de 9,0 a 12,0%0) (Aisien et al.;
Smits and Monden 2011).
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O trabalho de Smits and Mondem (2011) refere uma TG para o Brasil de 8,8%o.
Embora muito informativo, o estudo é baseado em dados de 1996 e ndo considera a
diversidade territorial e sociodemografica do Brasil. Outros poucos estudos tém focado
neste tema e os dados disponiveis sdo geralmente restritos a estados como Sdo Paulo e Rio
Grande do Sul, com resultados discordantes e prevaléncias maiores em S&o Paulo (Colletto
and Beiguelman 2001; Colletto 2003; Geraldo et al. 2008; Otta et al. 2016).

Até pouco tempo, considerava-se que as diferencas na TG entre 0s paises e ao
longo do tempo fossem devidas a variagdo na gemelaridade DZ, pois a epidemiologia de
gémeos MZ mantinha-se constante ao redor do mundo (aproximadamente 4,0%o) (Hall
2003; Hoekstra et al. 2007). Todavia, observou-se que a pratica da RMA também pode
influenciar os indices de gemelaridade MZ (Parazzini et al. 2016; Sobek et al. 2016;
Dawson et al. 2016).

1.5. Etiologia da Gemelaridade

N&do ha, na literatura especializada, uma causa sui generis para a gemelaridade.
Atualmente, conhece-se um conjunto de fatores genéticos e ambientais que, embora ndo
consensuais, se somam e podem tornar determinada pessoa (em especial mulheres),
familias ou ainda populagBes inteiras mais suscetiveis aos nascimentos gemelares. A
distribuicdo destes fatores ndo € homogénea entre gémeos MZ e DZ, e a maior parte das

explicacdes pode ser aplicada apenas a gemelaridade DZ.

1.5.1. Fatores Ambientais

Como j& mencionado, existe uma forte correlacdo entre procedimentos ligados a
RMA e a TG em paises desenvolvidos. Tal associacdo € devida as estratégias relacionadas
ao proprio método, como inducdo da ovulacdo e implantacdo de multiplos embrides,
potencializando as taxas de gemelaridade DZ e MZ, de modo que 0 nascimento de gémeos
é considerado o evento adverso mais comum relacionado a RMA (Nakasuji et al. 2014;
Boudjenah et al. 2014; Sobek et al. 2016).

Outro fator que parece influenciar a gemelaridade (sobretudo DZ) é a idade
materna avancada (Lambalk et al. 1998; Dawson et al. 2016). A notavel diminuicdo da TG

no inicio do século XX reflete, dentre outros fatores, a diminuigdo da idade materna média,
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enguanto que seu aumento a partir de 1970 também tem sido associado a uma idade
materna elevada ao nascimento (Hall 2003; Helle 2008). O mecanismo subjacente proposto
seria a presenca de distarbios em decorréncia da idade avancada no mecanismo de
retroalimentacdo responsavel pela liberagdo do FSH, mas o assunto ainda permanece alvo
de debate (Simoni and Casarini 2014).

Demais fatores maternos associados a gemelaridade DZ seriam maior paridade,
etnia, status sociecondmico, taxa de ovulacdo, composicdo corporal, variacdo sazonal,
tabagismo e influéncia dietética (Hankins and Saade 2005; Steinman 2006; Morales-
Suérez-Varela et al. 2007; Hoekstra et al. 2007; Shur 2009; Steinman 2009; Dawson et al.
2016). Uma possivel associagdo com o acido félico permanece controversa (Haggarty et al.
2006; Muggli and Halliday 2007; Enciso et al. 2016).

Entretanto, fatores ambientais ndo s@o suficientes para explicar por completo a
ocorréncia de gemelaridade, sobretudo porque tém sido relatadas comunidades livres da
influéncia dos fatores ambientais mais comumente associados (como metodologias ligadas
a RMA), além de que, em alguns casos, o fenotipo “ter gémeos” é claramente prevalente
em determinados nucleos familiares (Matte et al. 1996; Hoekstra et al. 2008; Shur 2009).

1.5.2. Fatores Genéticos

A ligacdo entre caracteres genéticos e nascimentos gemelares tem sido explorada
pela comunidade cientifica ha tempos, em grande parte através de estudos familiares onde
foi possivel identificar forte predisposicao intrafamiliar ao nascimento de gémeos DZ (Hall
2003). Outrora considerada um tragco passado exclusivamente pela mée, a gemelaridade
DZ hoje em dia é compreendida como sendo transmitida tanto via materna quanto paterna,
com expressdo limitada ao sexo feminino (Hoekstra et al. 2007; Shur 2009).

Em linhas gerais, a gemelaridade DZ parece ser influenciada por muitos genes e
ndo demonstra ser um simples fendtipo dominante ou recessivo (Derom et al. 2006;
Hoekstra et al. 2007). Além disso, € possivel que fatores epigenéticos também possam
estar relacionados (Burt and Klump 2012; McNamara et al. 2016). Por sua vez, a genética
da gemelaridade MZ permanece ainda mais enigmatica e ndo existem componentes
definitivamente implicados, muito embora a participacdo de um componente genético seja
considerada “indubitavel” (Shur 2009; Herranz 2015; Mbarek et al. 2016).



18

Tem sido possivel a caracterizacdo de genes ou variantes genéticas associadas ao
nascimento de gémeos DZ, seja por abordagem gene-cadidato (Al-Hendy et al. 2000;
Palmer et al. 2006; Tagliani-Ribeiro et al. 2011; Sirugo et al. 2012; Huang et al. 2015) ou
por estudos livres de hipdtese (Derom et al. 2006; Palmer et al. 2006; Painter et al. 2010;
Mbarek et al. 2016). Porém, os resultados nem sempre sdo concordantes e ndo tem sido
possivel a identificacdo de genes maiores de predisposicao.

Extensamente relacionada ao mecanismo de poliovulacdo, a genética da
gemelaridade DZ tem sido implicada, embora ndo exclusivamente, a rota do horménio
foliculo estimulante (FSH) (Al-Hendy et al. 2000; Hoekstra et al. 2007; Simoni and
Casarini 2014; Mbarek et al. 2016). Em consonancia, a incidéncia da gemelaridade DZ
espontanea tem sido também proposta como um potencial marcador para fecundidade
(Derom et al. 2011).

Além da rota do FSH, alguns outros candidatos foram implicados nos nascimentos
gemelares, como o PPARG (Busjahn et al. 2000), PTX3 (Sirugo et al. 2012), GDF9
(Palmer et al. 2006) e FIGLA (Palmer et al. 2006), cuja investigacdo destes genes ndo foi
incluida neste trabalho. Ao invés disso, decidimos investigar variantes genéticas
relacionadas a uma gestacdo de sucesso (tanto em MTHFR, quanto em VEGFA e TNF),
pois, independentemente dos fatores precoces ligados a fecundacdo em si, € preciso que

haja um organismo preparado para manter uma gestacao gemelar.

15.2.1. A rota do FSH

A multipla ovulacdo tem sido considerada o fendmeno biolégico fundamental da
gemelaridade, porém, é flagrante que suas bases genética e molecular permanecem
pobremente compreendidas (Sirugo et al. 2012). De fato, a gemelaridade DZ espontanea
tem-se mostrado associada a um aumento na concentracdo de FSH na mde, dada a sua
relevante funcdo de estimular o crescimento e a maturacdo do foliculo ovariano (Lambalk
et al. 1998; Hoekstra et al. 2007; Bernard et al. 2010).

O FSH é uma gonadotrofina sintetizada e liberada pela glandula pituitéria anterior
apos estimulo hipotalamico que induz o crescimento folicular e a maturagdo dos ovarios,
bem como a sintese de estradiol. O hormonio consiste de uma subunidade a e subunidades
B (FSHB), e se liga ndo-covalentemente a um receptor presente nas células gonadais
(FSHR) (Bernard et al. 2010).
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O metabolismo do FSH estd contido em um contexto de retroalimentacdo que
envolve outra importante gonadotrofina de origem pituitaria, o hormonio luteinizante (LH)
(Bernard et al. 2010; Simoni and Casarini 2014). Falhas neste mecanismo de feedback
decorrentes da idade avangada podem levar ao desenvolvimento folicular multiplo e, na
presenca de dois ovdcitos de qualidade, uma gestacdo gemelar pode ocorrer (Beemsterboer
et al. 2006; Van der Stroom et al. 2013).

Pesquisas nas duas Ultimas décadas revelaram o papel de variantes nos genes que
codificam FSHR e FSHB na determinacdo dos niveis hormonais séricos e na resposta a
orgdos-alvo (Simoni and Casarini 2014). T&o logo, variantes em FSHR e FSHB associadas
a gemelaridade DZ foram descritas. Como exemplo, Al-Hendy et al. (2000) identificaram
uma associacdo entre a gemelaridade e duas variantes em desequilibrio de ligacdo (LD) no
éxon 10 de FSHR, rs6166:C>T e rs6165:C>T, sugerindo que a homozigosidade para
ambas estaria associada com gemelaridade DZ repetida, por meio da producdo de um
FSHR mais sensivel. Todavia, tais resultados foram recebidos com certo criticismo
(Derom et al. 2001; Gromoll and Simoni 2001; Lambalk 2001).

Mbarek et al. 2016, por meio de um robusto estudo de associacdo gendémica
(GWAS - genome wide association study) em mées de gémeos DZ e mulheres-controle de
ancestralidade europeia, identificaram dois polimorfismos genéticos (rs11031006:G>A,
proximo a FSHB e rs17293443.T>C, em SMAD3) como variantes de risco para a
gemelaridade, ambos relacionados a diversos aspectos da capacidade reprodutiva e salde.
Ainda no mesmo estudo, os achados foram replicados em uma grande coorte na Isléandia e
foram, inclusive, associados a demais aspectos relacionados a fertilidade feminina.

Foi sugerido que mulheres carreando o alelo rs11031006-G, proximo a FSHB,
teriam maior deplecdo do pool folicular ovariano. Este polimorfismo mostrou-se
importante para diversos aspectos reprodutivos femininos, como idade mais precoce no
desenvolvimento das mamas, menarca, menopausa, dentre outros. Por sua vez, SMAD3
codifica um membro de uma familia de proteinas transdutoras de sinais e moduladores
transcricionais, sendo altamente expresso no ovario humano, onde participa no mecanismo
de resposta ao FSH, e o alelo rs7293443-C parece aumentar as chances de gemelaridade
DZ (Mbarek et al. 2016)

15.2.2. MTHFR e a rota do folato
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O metabolismo do folato estd intimamente relacionado a sintese e ao reparo do
DNA, controle da expressao génica e muitos outros processos biologicos de fundamental
importancia para a divisdo celular e o desenvolvimento do embrido (Enciso et al. 2016).
Variantes em genes envolvidos na rota do folato e no ciclo da homocisteina/metionina tém
sido implicados ndo s6 em malformacdes e patologias no curso gestacional, mas também
em diversos aspectos da reproducéo, incluindo a gemelaridade, muito embora os resultados
ndo sejam absolutamente concordantes (Haggarty et al. 2006; Hoekstra et al. 2007; Huang
et al. 2015).

Em termos de prevaléncia e impacto, variagdes no MTHFR, o qual codifica a
enzima 5,10-metilenotetrahidrofolato redutase, estdo entre as mais importantes
biologicamente. Dentre elas, destacam-se 0s SNPs nas posicdes 677 (rs1801133:G>A) e
1298 (1801131:T>G) do mRNA, cujos alelos A e G, respectivamente, diminuem a
atividade da enzima MTHFR e, consequentemente, influenciam nos niveis séricos de
homocisteina e demais metabolitos envolvidos (Forges et al. 2007).

H& uma série de evidéncias revisadas por Forges et al. (2007) que mostram que a
atividade reduzida de MTHFR e a subsequente reducdo de SAM (S-adenosilmetionina,
doador universal do grupamento metil para reacGes de metilacdo) podem influenciar em
diversos aspectos da reproducdo humana, inclusive no nascimento de gémeos. Tal
associacdo parece ser mantida tanto em um cenario de RMA, guanto no caso de gestacdes
naturalmente concebidas (Hasbargen et al. 2000; Haggarty et al. 2006; Huang et al. 2015).
Adicionalmente, foi mostrado recentemente que ambos os polimorfismos anteriormente
citados podem influenciar no sucesso reprodutivo em niveis distintos, desde a implantagédo

do embrido até a sua viabilidade (Enciso et al. 2016).

1.5.2.3 Manutencdo de uma gestacao de sucesso

O processo de implantacdo (ou nidacao) requer a interacdo direta entre o blastocisto
e 0 endométrio materno, o qual precisa ser receptivo. A receptividade do endométrio é um
processo ativo, limitado no tempo e que envolve a regulacéo da expresséo de centenas de
genes, onde alguns componentes maternos representam uma ameagca para o feto, enquanto
outros séo téo uteis quanto necessarios (Hoozemans et al. 2004).

Certas citocinas inflamatorias sdo fundamentais na relacdo materno-fetal e,

consequentemente, importantes para o processo de implantacdo. Especificamente, o TNF
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(fator de necrose tumoral) € importante durante os periodos de pré e peri-implantacdo e
consideraveis desbalangos nos niveis de TNF estdo associados com perdas gestacionais
(Hoozemans et al. 2004; Chaouat et al. 2007). Sabe-se que polimorfismos genéticos podem
impactar nos niveis de TNF e influenciar na taxa de implantagdo do embrido e de gestacdes
multiplas (Vialard et al. 2013).

Além disso, o desenvolvimento saudavel do embrido ndo seria possivel sem um
adequado suprimento sanguineo materno. O VEGFA (fator de crescimento endotelial
vascular) é expresso durante a pré e peri-implantacdo no estroma uterino, possuindo o
papel critico de regulador da angigogénese, a qual, por sua vez, é importante para o
crescimento folicular, qualidade do ovadcito, vascularizacdo endometrial e taxas de
implantacdo (Chaouat et al. 2007; Boudjenah et al. 2014).

De fato, em um cenario de RMA, Boudjenah et al. 2014 investigaram 13 SNPs
possivelmente associados com o risco de falha de implantacdo recorrente em mulheres sem
fatores de infertilidade, dos quais dois SNPs individuais nos genes rs2010963:C>G em
VEGFA e rs1800629:G>A TNF mostraram-se significativamente associados com a taxa de
implantacdo e/ou as taxas de gestacdo, além de mostrarem que a combinagdo de ambos
pode modificar o potencial de implantagéo.

1.6. Candido Godoi: a “Cidade dos GEmeos”

O municipio de Céandido Godoi (CG, 27°57°07°’S; 54°45°07°’0) esta localizado na
regido noroeste do estado brasileiro do Rio Grande do Sul, a 524 km da capital Porto
Alegre (Figura 1). A cidade possui mais de 6500 habitantes, a maioria pertencendo a zona
rural (IBGE 2010) e cuja populacdo € majoritariamente descendente de alemaes e
poloneses (Matte et al. 1996).

Dividida em 24 secdes ou distritos chamados “linhas”, cuja intercomunicacao
geralmente é complicada, CG ¢é conhecida como “a cidade dos gémeos”, por apresentar
uma TG duas vezes superior a nacional (estimada em 1%), sendo que em uma das sec¢des
da cidade, Linha Sdo Pedro, a TG varia entre 7% e 10% (Matte et al. 1996; Tagliani-
Ribeiro et al. 2011). Ao que nos consta, sdo poucos os relatos na literatura que descrevem
uma alta prevaléncia de gemelaridade natural a uma regido geogréafica restrita livre da
influéncia das metodologias de RMA (Nylander 1969; Hamamy et al. 2004; Sahab Khan
and Skandhan 2011; Sunde et al. 2013).
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Os estudos da gemelaridade em CG datam a partir de 1996, quando Matte et al.
confirmam a alta TG na cidade, especialmente na LSP, atribuindo a principal causa a
fatores genéticos devido, sobretudo, a auséncia dos principais fatores ambientais
comumente relacionados aos nascimentos gemelares (como metodologias ligadas 8 RMA)
e a alta recorréncia familial, além das caracteristicas intrinsecas & formagdo da cidade.
Assim, foi sugerido que teria ocorrido uma concentracdo de genes que predispunham a
gemelaridade em uma populagdo fundadora, a qual teria permanecido relativamente

isolada com um alto grau de endocruzamento (Matte et al. 1996).
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Figura 1: Localizagdo geografica do municipio de Candido Godoi. Fonte:
Adapatado de Google Maps 2018 (https://maps.google.com)

De fato, mais de 10 anos depois dos estudos iniciais, a hipotese do efeito genético
do fundador é confirmada por meio da andlise de registros de batismo e de isonimia, em
contraste a hipoteses alternativas que também buscavam explicar o fendémeno da
gemelaridade em CG, como experimentagcfes nazistas e demais mitos locais (Tagliani-
Ribeiro et al. 2011; De Oliveira et al. 2013).

Além disso, Tagliani-Ribeiro et al. (2012) realizaram um estudo caso-controle em
maes de gémeos DZ (casos) e mae de filhos Unicos (controles) originarias do municipio.

Considerando que a via p53 desempenha um importante papel nas gestacdes através de
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implantacdo do blastocisto e da sobrevivéncia do embrido, os autores analisaram cinco
SNPs e identificaram o alelo P72 de TP53 (rs1042522) como um forte fator de risco para a
gemelaridade local.

Embora estes resultados contribuam para o esclarecimento do fendmeno, é notavel
o carater multigénico da gemelaridade e é bem provavel que outras variantes genéticas
estejam ligadas a alta recorréncia gemelar (Palmer et al. 2006; Hoekstra et al. 2007; Huang
et al. 2015). Além disso, novos estudos fornecem novas pistas para o entendimento das
bases bioldgicas subjacentes aos nascimentos de gémeos em Candido Godoi, um municipio
onde a taxa de gemelaridade natural ainda pode ser observada, isto é, onde a alta incidéncia

gemelar ndo demonstra ser alterada pela influéncia de RMA.
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2. JUSTIFICATIVA

A despeito de despertar a curiosidade na espécie humana ha& seculos, a
gemelaridade é uma caracteristica multifatorial ainda pouco compreendida. O estudo com
gémeos tem contribuido para o entendimento de diversas areas da biologia humana, mas
principalmente aspectos etiolégicos e epidemioldgicos relacionados aos nascimentos
gemelares permanecem pouco conhecidos (Hall 2003; McNamara et al. 2016).

Comparado ao nascimento de filhos Unicos, 0 nascimento de gémeos esta associado
a diversas complicagdes para a mde e para a prole, acarretando cuidados e custos
hospitalares adicionais (Corsello and Piro 2010; Dawson et al. 2016). Ultimamente,
diversos paises tém relatado tendéncia ascendente na incidéncia de nascimentos de
gémeos, 0 que tem gerado preocupacgdes principalmente no campo da RMA, onde a
gemelaridade é considerada o principal fator iatrogénico associado (Pison et al. 2015;
Fellman 2016; Dawson et al. 2016). No Brasil, o cenario epidemioldgico dos nascimentos
gemelares ainda ndo foi estudado considerando a sua magnitude territorial e
sociodemogréfica.

Do ponto de vista etioldgico, alguns estudos apontam variantes genéticas
especificas aumentando a chance de uma mulher portadora ter filhos gémeos (Al-Hendy et
al. 2000; Hasbargen et al. 2000; Palmer et al. 2006; Painter et al. 2010; Huang et al. 2015;
Mbarek et al. 2016). Porém, além dos resultados nem sempre concordarem, nao parece
haver uma Unica via biol6gica que leve ao nascimento de gémeos. Pesquisas nessa area
podem, além de aprofundar o entendimento sobre a reprodugdo humana, contribuir para o
desenvolvimento de estratégias que tratem pessoas com infertilidade (Lambalk, 2001).

Resultados importantes sobre a etiologia dos nascimentos gemelares foram obtidos
a partir de estudos em alguns poucos locais conhecidos como “cidades dos gémeos”, como
a pequena cidade de CG localizada no Sul do Brasil. Nesta cidade, a gemelaridade ocorre a
uma taxa naturalmente alta e o traco gemelar corre entra as familias locais, 0 que tem
levado a elaboracdo de teorias com significado nem sempre comprovadas pelo método
cientifico (Tagliani-Ribeiro et al. 2011). Assim, estudos em CG podem contribuir ndo
apenas para uma melhor compreenséo sobre uma questao local, mas também para o estudo

de questdes ainda mais profundas sobre a reprodu¢do humana.
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3. OBJETIVOS

3.1.

OBJETIVO GERAL

Estudar aspectos relacionados a epidemiologia da gemelaridade no Brasil e

investigar a associacdo de variantes genéticas relacionadas a foliculogénese e a

manutencdo da gestacdo na populacdo de Candido Godoi (RS).

3.2

OBJETIVOS ESPECIFICOS

Estudo epidemioldgico:

Caracterizar as taxas gemelares brasileiras de acordo com geografia (pais, regioes,
estados e municipios) e tempo (2001 a 2014);
Entender possiveis tendéncias e variacdes, além de identificar fatores
epidemioldgicos potencialmente implicados;

Contextualizar os resultados encontrados no Brasil com outros paises.

Estudo molecular:

Estudar a associagdo dos SNPs rs11031006:G>A proximo a FSHB,
rs17293443:7>C em SMAD3, rs1801131:T>G em MTHFR, rs2010963:C>G em
VEGFA, e rs1800629:G>A em TNF com os nascimentos gemelares em CG;
Integrar os resultados encontrados com as genotipagens de outros dois SNPs
(rs6166:C>T em FSHR, e rs1801133:G>A em MTHFR) ja realizados no laboratério
(Tagliani-Ribeiro 2011);

Comparar as frequéncias encontradas com outras populacfes ja estudadas e

relacionar estes achados com os nascimentos gemelares na populagdo em questao.
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ABSTRACT

Twin births are an important public health issue due to health complications for
both mother and children. While it is known that contemporary factors have drastically
changed the epidemiology of twins in certain developed countries, in Brazil, relevant data
are still scarce. Thus, we carried out a population-based study of live births in spatial and
temporal dimensions using data from Brazil’s Live Birth Information System, which
covers the entire country. Over 41 million births registered between 2001 and 2014 were
classified as singleton, twin or multiple. Twinning rates (TR) averaged 9.41 per 1,000 for
the study period and a first-order autoregressive model of time-series analysis revealed a
global upward trend over time; however, there were important regional differences. In fact,
a Cluster and Outlier Analysis (Anselin Local Moran’s 1) was performed and identified
clusters of high TR in an area stretching from the South of Brazil’s Northeast Region to the
South Region (Global Moran Index = 0.062, P < 0.001). Spearman’s correlation
coefficient and a Wilcoxon matched pairs test revealed a positive association between
Human Development Index (HDI) and TRs in different scenarios, suggesting that the HDI
might be an important indicator of Medically Assisted Reproduction (MAR) in Brazil.
Furthermore, there was a sharp increase of 26.42% in TR in women aged 45 and over
during study period. The upward temporal trend in TRs is in line with recent observations
from other countries, while the spatial analysis has revealed two very different realities
within the same country. Our approach to TR using HDI as a proxy of MAR can be applied

to other developing countries with regional inequalities resembling those found in Brazil.

Keywords: twin births; assisted reproduction; maternal age; developing world; human
development index; delayed childbearing
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INTRODUCTION

Twin Peaks is an award-winning American TV series of the 90s created by Mark
Frost and David Lynch, whose plot famously boasts high levels of mystery (Frost and
Lynch, 1990). A similar mystery surrounds the “twinning peaks” of developing countries:
while the incidence of twinning is well known for high-income countries, equivalent
information is scarce for the developing world, mainly due to a lack of representative data
(D’addato, 2007; Pison et al., 2015).

Twinning is an important public health issue. It has been shown that morbidity and
mortality are both higher in twin babies than singletons (Hall, 2003; Corsello and Piro,
2010). Health complications associated with twinning include reduced birth weight,
preterm births and congenital defects (Corsello and Piro, 2010; Jauniaux et al., 2013;
Dawson et al., 2016). In addition, mothers of twins are at an increased risk of diabetes,
preeclampsia, postpartum depression and maternal mortality (Delbaere et al., 2008; Ananth
and Chauhan, 2012; Laskov et al., 2013).

The twinning rate (TR) is defined as the number of twin births per 1,000 (%o)
deliveries. In industrialized countries, rising maternal age and the increased use of assisted
reproductive techniques (ARTSs) have sent TRs on a dramatic upward trajectory (Zegers-
Hochschild et al., 2009; Pison et al., 2015; Malamitsi-Puchner et al., 2017). TRs are thus a
useful proxy for the use of ARTSs, and where reliable statistics on ART use are scarce,
comprehensive information on TRs can be valuable (Pison et al., 2015).

The epidemiology of twins in the Brazilian population remains understudied.
Currently available data, derived mainly from the two states of S&o Paulo and Rio Grande
do Sul, are highly discordant (Colletto and Beiguelman, 2001; Colletto, 2003; Geraldo et
al., 2008; Otta et al., 2016). To the best of our knowledge, the only study to report a TR for
the country as a whole, although very informative, is based on data from 1996 and
addressed twinning across 75 low- and middle-income countries. As such, it did not
consider Brazil’s territorial and socio-demographic diversity (Smits and Monden, 2011).

Here, we present data on twin births from 41 million live births registered in 5,565
municipalities across Brazil between 2001 and 2014. An important aim of the present
paper is to characterize Brazilian TRs across the two dimensions of space and time. In
addition, we aim to understand trends and variation in twinning data, and to identify factors

relevant to the epidemiology of twins.
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MATERIAL AND METHODS

Brazil is the largest country in South America, with a population over 200 million.
It is divided into five geographical regions: North, Northeast, Midwest, Southeast and
South (Fig 1a). The political and administrative organization of the country comprises a
federal district (seat of the federal government) and 26 states (the highest administrative
unit), with a total of 5,565 municipalities (the lowest administrative unit) (IBGE 2010;
IBGE 2017).

Fig 1. Brazilian geographical features. Brazilian geographical regions and the states

mentioned in the paper.

Data Sources

Information on all live births registered in Brazil between 2001 and 2014 was obtained
from the Brazilian Health Department’s public Live Birth Information System (SINASC).
This system covers all Brazilian regions, states and municipalities (Brasil, 2017) and has
been shown to be a reliable tool for the measurement of population health indicators (Frias
et al., 2014). While SINASC provides information on singleton, twin and multiple births, it
does not include stillbirths. Because twin births are associated with higher mortality than
singletons (Hall, 2003; Corsello and Piro, 2010), SINASC data may therefore
underestimate true TRs.

TRs were calculated as follows: TR = [(individual twin births/2)/ total of deliveries) x
1,000]. Multiple birth rates were calculated using the same formula, but dividing individual
multiple births by three (assuming that the majority of multiple births were triplets). We
were able to analyze 41,013,511 deliveries that occurred across Brazil between January
1st, 2001 and December 31st, 2014, inclusive. Of these, 385,477 were of twins (0.94%)
and 9,502 of multiples (0.02%). A total of 73,547 deliveries with an unknown type of birth
were not included in our analyses.

SINASC data includes information on maternal factors linked to twinning, such as marital
status, educational level and age (Delbaere et al., 2008; Ananth and Chauhan, 2012).
Information on the sex composition of twin births, however, is not publicly available. It
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was therefore not possible to estimate the frequency of monozygotic (MZT) and dizygotic
(DZT) twins according to Weinberg’s method (Fellman and Eriksson, 2006). Thus, like in
other similar studies, the TRs reported here represent combined rates of MZT and DZT
(Smits and Monden, 2011; Ananth and Chauhan, 2012; Pison et al., 2015; Fellman, 2016;
Malamitsi-Puchner et al., 2017).

The use of ART-related procedures is a major factor associated with twinning peaks across
the world (Hall, 2003; Ananth and Chauhan, 2012; Pison et al., 2015; Sobek et al., 2016);
however, information on ART is not recorded in the SINASC database. In Brazil, access to
reproductive technologies is linked to socioeconomic factors (Makuch and Bahamondes,
2012; Bahamondes and Makuch, 2014; Corréa and Loyola, 2015; Tavares et al., 2016). As
a proxy for the use of ARTSs, we therefore decided to include the Human Development
Index (HDI) in our analyses. The HDI is a well-established summary measure of human
development, which factors in health, education, and income (Brazilian Institute of
Geography and Statistics, 2000, 2013). It varies between 0 and 1; the closer it is to 1, the
greater the human development (United Nations Development Programme, 2013). HDI

values were obtained from the Brazilian censuses of 2000 and 2010.

Statistical Methods

To examine temporal trends for each type of birth in the country as a whole, we
plotted singleton, twin and multiple rates over time. In addition, TRs were described
separately for the five geographic regions, and for seven categories of maternal age at
birth: <19, 20—24, 25-29, 30—34, 35-39, 40—44 and >45 years.

In our time series analysis, we used a first-order autoregressive model to identify
temporal trends of TRs from 2001 to 2014. Because women over 30 are more prone to
seek fertility treatment (Pison et al., 2015; Tavares et al., 2016), we included a maternal
age of 30 or above as a co-variable in our model. Statistically significant parameter
estimates (P < 0.05) support the relevance of time and/or maternal age to explain the
observed TRs. Time-series analysis was performed using R version 3.2.3 software (R Core
Team, 2016).

Spatial analyses were conducted in ArcGis version 10.3 software using the IBGE

cartographic database, which is publicly available on the IBGE website (Brazilian Institute
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of Geography and Statistics, 2015). The threshold for statistical significance was set to P <
0.05. First, we calculated the TR for each municipality in the first (2001) and last year
(2014) of our analysis, and the average TR for the analyzed time span. Second, we
calculated the Global Moran Index (GMI) to test the global spatial dependence of TRs
(Anselin, 2010). Third, we performed a Cluster and Outlier Analysis (Anselin Local
Moran’s Index) to identify groups of municipalities with similar TRs or HDI (clusters).
This analysis generated a map indicating statistically significant hot spots of municipalities
with high TRs surrounded by other municipalities with high TRs (high-high areas), as well
cold spots (low-low areas) and spatial outliers (high-low and low-high) (ESRI, 2017). The
identification of outliers is especially useful in the case of municipalities with a high TR,
which are surrounded by municipalities with low TRs. These outliers can be due to the
occasional, random, occurrence of twin births against the very low background live birth
rate of a small city, thus causing a substantial variation in gross TRs. Data from recently
established municipalities were joined with those from the municipality from which they
had emerged, in order to avoid mismatches in the analysis (Brazilian Institute of
Geography and Statistics, 2014). A similar cluster map was generated from the 2010 HDI
data.

SPSS v18.0 software was used to obtain Spearman’s rank correlation coefficient
(rs) for each individual state’s TR and HDI data. Since TR and HDI data were not
consistently available for the same years, the coefficient was calculated for three different
scenarios: TR data from 2001 and HDI data from 2000; TR and HDI data from 2010;
average TR for the 2001-2014 period and HDI data from 2010. For the last scenario at the
municipality level, we also performed a graphic Cluster and Outlier Analysis using
normalized data and applying a spatial correlation index with maximum (max) and

minimum (min) values of both indicators using the formula:

(TR — TRmax) (HDI — HDImax)
X
(TRmax — TRmin) (HDImax — HDImin)

Finally, we divided the municipalities into three categories according to 2010 HDI
figures: low (< 0.599; n = 1399), medium (0.600—0.699; n = 2233) and high (> 0.700; n =
1933). For each category, we compared TRs from 2001 and 2014 using the Wilcoxon

matched pairs test.
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RESULTS

For the analyzed time period, the global average rate of twin births in Brazil was
9.41%o or one twin birth in 106.3 live births. Over time, the average rate increased by
17.34%, from 8.65%. in 2001 to 10.15%0 in 2014. The global average rates of singleton and
multiple births were 990.37%0 and 0.23%o, respectively (Fig 2). Fig 3 presents the
distribution of TR in Brazil for the different classes of maternal age over the 14 years of
the study. The increase in twinning seems to be more pronounced for women 30 years or
older, and a particularly sharp increase of 26.42% was observed in women aged 45 and

over.

Fig 2. Temporal distribution. Singleton, twin and multiple birth rates per 1,000 births in
Brazil, 2001-2014.

Fig 3. Maternal age and twinning rates. Twinning rates among different classes of
maternal age in Brazil, 2001-2014.

On average, mothers of twins or multiples had completed more years of education than
mothers of singletons. From 2001 to 2014, 19.77% of mothers of twins or multiples had
completed 12 or more years of education (values for individual years went up from 13.79%
in 2001 to 25.35% in 2014), compared to 14.86% of mothers of singletons (11.75% in
2001 to 17.36% in 2014). Similarly, the proportion of married mothers was greater among
mothers of twins and multiples than among those of singletons. From 2001 to 2014,
41.84% of mothers of twins and multiples were married (45.93% in 2001 to 40.63% in
2014), compared to 35.91% of mothers of singleton (41.15% in 2001 to 32.74% in 2014).

In the autoregressive time-series model, the temporal parameter estimate was statistically
significant, revealing an upward trend of TRs, both for the country as a whole and for all
states of the Southeast, South and Midwest regions, as well as Bahia and Paraiba in the
Northeast (Table 1). However, the temporal trend was no longer statistically significant for

the whole of Brazil, as well as for most individual states, when factoring in a maternal age
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above 30. Instead, a positive relationship between maternal age and TR emerged, both for
Brazil as a whole and for all individual states, with the exception of Roraima and Tocantins

in the North, and Maranhdo and Piaui in the Northeast.

Table 1: Twinning rates (years 2001 and 2014 and average) and its percentage variation, as
well the parameters estimated in the autoregressive models.

L ocation Twinning rate (%) _ \/ariation AR (temporal AR (temporgl mgtoe'r\gllzzf>
2001 2014 Average (%)  parameter)  parameter) 00
BRAZIL 8.65 10.15 941 17.34% 0.97* 0.47 0.86*
NORTH 6.92 754 7.31 8.88% 0.51 -0.35 0.69*
Roraima 7.68 8.47 8.17 10.22% -0.17 -0.53* 0.54*
Acre 7.28 9.12 7.54 25.20% 0.29 0.56 1.38*
Amazonas 6.42 7.17 7.06 11.73% 0.11 -0.36 0.72*
Roraima 751 6.67 6.88 -11.12% -0.35 -0.21 0.69
Para 6.81 7.41 7.19 8.86% 0.06 -0.21 0.62*
Amapa 7.32 6.35 7.48  -13.25% 0.02 0.16 0.59
Tocantins 7.42 853 7.76 14.92% 0.01 -0.57* 0.66*
NORTHEAST 8.37 9.07 8.71 8.35% 0.65* 0.04 0.55*
Maranhao 8.56 7.60 8.02 -11.17% 0.47 0.02 -1.15
Piaui 8.58 8.92 8.45 3.97% -0.20 -0.06 0.33
Ceara 8.42 9.29 8.46 10.31% -0.46 -0.40 0.44*
Rio Grande do
Norte 8.07 9.00 8.34 11.45% 0.47 0.34 0.73*
Paraiba 8.89 9.79 8.99 10.16% 0.54* 0.03 0.83*
Pernambuco 837 9.11 8.83 8.84% 0.44 -0.40 0.71*
Alagoas 7.34 856 8.22 16.74% 0.05 -0.11 1.39*
Sergipe 8.42 9.36 9.08 11.19% 0.09 -0.02 0.81*
Bahia 8.43 9.69 9.31 14.91% 0.72* -0.11 0.84*
SOUTHEAST 9.20 11.33 10.34 23.16% 0.96* 0.42 0.92*
Minas Gerais 9.27 10.83 10.13 16.74% 0.90* 0.45* 0.82*
Espirito Santo 8.47 10.20 9.28 20.47% 0.87* -0.25 0.90*
Rio de Janeiro 8.88 1043 9.91 17.45% 0.84* 0.41 0.97*
Séo Paulo 9.35 1198 10.69 28.12% 0.94* 0.21 0.96*
SOUTH 9.09 11.02 10.07 21.19% 0.93* 0.05 1.17*
Parana 9.01 1058 9.86 17.36% 0.87* -0.51* 1.21*
Santa Catarina 852 10.72 9.74 25.75% 0.81* 0.20 1.18*
Rio Grande do Sul 9.48 11.70 1051 23.41% 0.78* -0.18 1.12*
MIDWEST 8.31 10.17 9.07 22.39% 0.92* -0.27 0.81*
Mato Grosso do Sul 7.96 9.93 8.73 24.82% 0.80* 0.19 1.03*
Mato Grosso 7.73 1030 8.70 33.25% 0.81* -0.46* 0.98*

Goias 8.61 9.57 8091 11.12% 0.65* -0.72* 0.76*
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Distrito Federal 8.60 1159 10.12 34.69% 0.66* 0.48 0.83*

AR: Autoregressive
®Model considering only the time period

®Model considering time and the co-variable maternal age > 30
*Stastitically significant at 0.05 level

While an upward trend for TRs was found in all regions, there were substantial
differences between regions (S1 Fig). The highest average TR, and the highest increase in
twinning over time, was observed in the Southeast Region (10.39%. average TR; 23.16%
increase between 2001 and 2014). The lowest TR was found in the North Region (7.32%o
average TR, varying from 6.92%. in 2001 to 7.54%. in 2014). Finally, the lowest
percentage increase was found in the Northeast (8.35%), which also had the second lowest
average TR (8.71%o).

We found a clear pattern in the spatial distribution of TRs. The GMI was 0.004 for
2001; 0.013 for 2014; and 0.062 for the average TR (all P < 0.001), indicating that
twinning rates are spatially dependent in all three scenarios. From 2001 to 2014, TRs
increased mainly in municipalities of the Southeast and South (S2 Fig). A cluster of high
average TRs was also observed in Paraiba, in the east of the Northeast Region; however,
the highest average rates were spatially concentrated in a large strip following the coastline
from Babhia in the south of the Northeast Region to Rio Grande do Sul in the South (Fig
4A).

Fig 4. Cluster and Outlier Analysis. (A) Distribution of average Twinning Rates (TRs)
across Brazilian municipalities. (B) Distribution of Human Development Index (HDI)
figures from the 2000 census across Brazilian municipalities. (C) Spatial correlation index
from normalized average TR and 2010's HDI across Brazilian municipalities.

The correlation analysis between TRs and HDI for each state revealed a statistically
significant association in the three different scenarios studied: TRs from 2001 and HDI
figures from the 2000 census (rs = 0.496; P = 0.008); TRs and HDI figures from 2010 (rs =
0.719; P < 0.001); and average TRs and HDI figures from 2010 (rs = 0.617; P < 0.001).
Considering this last scenario at the municipality level, the spatial correlation revealed an
overlap involving both indicators (Fig 4A and 4B), with a statistically significant spatial
concentration (GMI = 0.399; P < 0.001) (Fig 4C).
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The highest TRs were observed in municipalities with a high HDI, and the lowest
TRs were found in municipalities with a low HDI (S3 Fig). In municipalities with a high
HDI, TRs were statistically higher in 2014 than 2001 (mean difference = 1.92; P < 0.001).
In contrast, no statistically significant differences in TRs between 2014 and 2001 were
found in municipalities with a low (mean difference = -0.74; P = 0.091) and medium
(mean difference = 0.27; P = 0.331) HDI.
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DISCUSSION

Although twin births can have important consequences for both mother and
children and are considered an important public health issue, our knowledge of the
epidemiology of twinning in the developing world is limited (D’addato, 2007; Smits and
Monden, 2011). Here, we report an average TR of 9.41 per 1,000 deliveries for the
Brazilian population between 2001 and 2014, with a peak at 10.15%o in 2014.

The average rate reported here is slightly higher than 8.8%o, the only previously
available figure for the country as a whole (Smits and Monden, 2011). However, our
analysis is based on a larger and more recent sample (over 41 million versus 11,099;
20012014 versus 1996). In addition, we present a regionally differentiated analysis,
which also takes into account other factors potentially associated with twinning. Other
studies have reported TRs for specific localities of the country, but the data underlying
these reports are outdated and/or limited to specific regions (Colletto and Beiguelman,
2001; Colletto, 2003; Otta et al., 2016).

The average rate found here for Brazil is close to that of other South American and
some Asian countries, where TRs are below 9%o, and considerably lower than that of
Central Africa, which has the highest incidence of twinning worldwide (Bulmer, 1970;
Hall, 2003; Hoekstra et al., 2007; Smits and Monden, 2011). While the average rate of
twinning in the Brazilian population is lower than in a number of developed countries,
including the United States, France, England and Wales, and Norway, among others, the
global upward trend in twinning seen in Brazil mirrors the recent trends seen in some of
these countries, where increased twinning is mainly associated with two factors: delayed
childbearing and/or ART (Pison et al., 2015; Dawson et al., 2016; Fellman, 2016).

Reproductive procedures, such as ovarian stimulation in hypofertile women, in
vitro fertilization (IVF), assisted hatching and blastocyst culture, are associated with a
large increase in the chance of multiple births, the vast majority of which are twin births
(Aston et al., 2008; Ananth and Chauhan, 2012; Jauniaux et al., 2013). The common
practice of transferring several embryos to enhance the probability of a successful
pregnancy directly increases the chances of a twin birth, despite a recent tendency to

transfer fewer embryos (Corsello and Piro, 2010; Jauniaux et al., 2013). However, other
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factors, such as the type of ovarian stimulation and the medium used in embryo culture,
may also increase the incidence of MZT (Vaughan et al., 2016).

In Brazil, the high cost of ART represents a significant economic barrier to the use
of reproductive technologies (Makuch and Bahamondes, 2012; Bahamondes and Makuch,
2014; Corréa and Loyola, 2015; Tavares et al., 2016), and access to these procedures is
thus generally limited to those who can afford the hefty price tag associated with them. Our
results indicate that, in the absence of accurate information on ART in the Brazilian
population, the positive correlation between HDI and TRs in different scenarios can help
us understand the spatial and temporal distribution of twinning.

There is marked heterogeneity among the five geographical regions of Brazil in
terms of demography, socioeconomics, culture, and healthcare. These differences are
further accentuated by widespread internal inequalities (Paim et al., 2011). Despite
significant recent social advances, some areas in Brazil, particularly in the North and
Northeast, are still characterized by a HDI typical of very poor societies. Meanwhile, the
HDI of other regions, notably the Southeast and South, falls into the range of developed
countries (Brazilian Institute of Geography and Statistics, 2013; United Nations
Development Programme, 2013).

In a recent study, Otta et al. (2016) reported an average TR of 11.96%. for Sé&o
Paulo, the capital of the homonymous state. In our study, the highest average TRs were
seen in the state of S&o Paulo (10.69%0) and the geographic region it belongs to, the
Southeast (10.34%0), both characterized by a high HDI. Interestingly, but perhaps not
surprisingly, official figures from 2014 show that the vast majority of assisted reproduction
centers are located in the Southeast (Anvisa, 2014). In stark contrast with this, in the North
region, where the HDI is lower, some states have average TRs below 7%., and no
significant upward trend can be observed over the study period.

While relatively short, the 14-year period considered has been a time of enormous
social and economic change across the country, as reflected by the important upward
change of the national HDI from 0,612 in 2000 to 0,727 in 2010. While the indices rose
more in some parts of the country than in others, they increased in all states of the country
(Brazilian Institute of Geography and Statistics, 2000, 2013; United Nations Development
Programme, 2013). These and other changes have affected the health and health behavior

of Brazilians, in addition to causing positive educational changes (Paim et al., 2011;
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Madalozzo, 2012; Tejada et al., 2017). Taken together, such changes can result in delayed
childbearing, even though some parts of the country may be affected more than others
(Madalozzo, 2012; United Nations Development Programme, 2013). We found mothers of
twins and multiples to have a higher educational level than singleton mothers, and
increased twinning was particularly evident among older women. Especially in those aged
45 years and over, there has been a significant increase in twinning in recent years, which
is likely due to the use of ART caused by difficulties in falling pregnant at an advanced
maternal age.

We thus believe that the increasing TRs across Brazil, seen mainly in women over
30, as well the particularly sharp rise of twinning in women aged 45 and over, are due to a
combination of five major factors: first, delayed childbearing, particularly among higher-
income women (Makuch et al., 2011; Bahamondes and Makuch, 2014; Tejada et al.,
2017). Second, infertility increases with maternal age (Leridon, 2004) and can reach high
rates in developing countries (Ombelet, 2009; Makuch et al., 2011). Third, a recent (if
unevenly spread) improvement in human development across Brazil (Madalozzo, 2012;
United Nations Development Programme, 2013). Fourth, an increase in the availability of
ART services (Makuch and Bahamondes, 2012; Anvisa, 2014). Fifth, as recently
emphasized by Corréa & Loyola (2015), current ethical norms suggesting the transfer of no
more than two embryos in fertility procedures amount to a recommendation, rather than an
obligation or law. As a result, low standards in ART services across the country may imply
an increased risk of multiple pregnancies. In addition to these major factors, an increased
likelihood of spontaneous twins in older women has been recognized (Ananth and
Chauhan, 2012).

The democratization of access to ART in Brazil is currently a hot debate involving
the scientific community, federal and state governments and the general population
(Ombelet, 2009; Makuch et al., 2011; Makuch and Bahamondes, 2012; Corréa and Loyola,
2015; Tavares et al., 2016), and the universal access to reproductive health is one of the
UN Millennium Development Goals (United Nations, 2015). The impact of infertility on
health and well-being is undeniable, and since available treatments are currently beyond
the reach of most Brazilian women (Makuch et al., 2011; Tavares et al., 2016), access to
ART services needs to be widened. In this context, we emphasize, however, that the

implementation of this public health goal requires special caution, due to the enhanced
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probability of twin births, which is considered to be the main iatrogenic effect of assisted
medicine (Jauniaux et al., 2013). In some countries, TRs have declined after reaching a
peak, a development which has mainly been attributed to changes in ART procedures, such
as a reduction in the number of embryos transferred to the uterus (D’addato, 2007; Pison et
al., 2015).

While TRs are internationally regarded as a useful indicator of the use of medical
reproductive services (Pison et al., 2015), further studies are needed to clarify the effects of
ART in Brazil. The inclusion of information about ART services involved in a birth in
SINASC, or even the creation of an independent database system would be very useful for
such future studies.

Other factors besides maternal age and HDI as a proxy for ART may be involved in
the mystery behind increased twinning, and the difficulty of analyzing them represents a
limitation of this study. For example, parity has been related to twinning, and greater parity
has been associated with a higher risk of twin pregnancies (Hall, 2003; Hoekstra et al.,
2007). However, Brazil has achieved an intermediary stage of the demographic transition
with decreasing fertility levels, making this explanation less likely (Madalozzo, 2012;
Tejada et al., 2017). Another factor that has been related to twin births is maternal diet, but
the reports on this are conflicting (Bulmer, 1970; Hall, 2003; Fellman, 2016).

The Brazilian population is one of the most ethnically admixed in the world. It has
formed by extensive admixture between Europeans, Africans and Native Americans
(Pimenta et al., 2006). Geographically, the highest levels of European ancestry are
observed in the South, while African ancestry is highest in the East, and Native American
ancestry in the North (Ruiz-Linares et al., 2014). Twin births are known to be linked to
ethnic background and genetic predisposition (Bulmer, 1970; Hall, 2003; Tagliani-Ribeiro
et al., 2012; Dawson et al., 2016). African ancestry in particular is associated with
increased twinning rates (Bulmer, 1970; Hall, 2003; Smits and Monden, 2011). It might
thus be tempting to explain our results as a reflection of genetic ancestry. However, the
observed TRs were highest in the South and Southeast regions, where European ancestry is
most prominent, rather than in the East, where African ancestry is particularly common.
Moreover, genetic ancestry would not have changed enough over the study period to

explain the upward trends in TRs observed here (Pison et al., 2015).
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Our results thus indicate that the temporal and spatial distribution of TRs across
Brazil are mainly linked to the effects of maternal age and ART, with local HDI figures
serving as an important proxy for the socioeconomic changes underlying this scenario.
Given the importance and urgency of the topic and given the lack of reliable statistics on
ART across the developing world, we believe that our approach can be applied to other
countries with territorial and socioeconomic profiles similar to those of Brazil, and in

particular the other major emerging economies of the BRICS association.
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ABSTRACT

Candido Goddi (CG) is a small city in South Brazil in which natural twin births
(both monozygotic and dizygotic) occur at an unusually high rate and the twin trait runs
through the local families, which are mostly European descendants. The aim of this study
was to investigate this phenomenon from a genetic point of view, evaluating single
nucleotide polymorphisms (SNPs) related to folliculogenesis (rs6166:C>T in FSHR,
rs11031006:G>A near FSHB, and rs17293443:T>C in SMAD3) and successful pregnancies
(rs2010963:C>G in  VEGFA, rs1800629:G>A in TNF, rs1801131:T>G and
rs1801133:G>A in MTHFR,) in 44 mothers of twins (cases) and 102 mothers of singletons
(controls), all of them from CG. Genotypes were determined by real-time PCR (TagMan
SNP Genotyping Assay). For all SNPs, the distributions of the genotypic and allelic
frequencies were similar between cases and controls. Interestingly, a deviation from the
Hardy-Weinberg equilibrium was detected for SNP rs11031006:G>A near FSHB in the
control population. Different combinations of risk alleles and haplotypic analyses were
homogeneously distributed between cases and controls. Therefore, these results suggest a
lack of association between the seven studied SNPs and twin births in CG; however, we
hypothesized that other genetic variants related to folliculogenesis or successful
pregnancies may be involved in this phenomenon, which has an underlying genetic basis.
Identifying such genetic components may be important not only for the Brazilian "Twin’s

Town," but also for a better understanding of twinning in general.
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INTRODUCTION

There are a few places in the world where twin births are recorded at unusually
high rates and the twin trait runs through the local families (Nylander, 1969; Matte et al.,
1996; Hamamy et al., 2004; Sahab Khan & Skandhan, 2011; Sunde et al., 2013). These
cities are known as "Twin’s Towns" and, besides being surrounded by much mystery and
speculation, they represent a unique opportunity to study a fascinating and puzzling natural
phenomenon: human twinning.

Candido Goddi (CG) is a small city, located in the northwest region of Rio Grande
do Sul (South Brazil), where a high frequency of natural twin births has been observed,
especially in a small district of the city (Matte et al., 1996). Our research group has
contributed to the understanding of this noteworthy phenomenon, which was once
associated with Nazi experiences (Tagliani-Ribeiro et al., 2011). We have argued that a
genetic founder effect must have occurred during the settlement of CG and that genetic
factors may help to explain the familial aggregation of twinning in that city (Tagliani-
Ribeiro et al., 2012; De Oliveira et al., 2013).

The genetic component of human twinning has been investigated for some time.
Some genes and, more specifically, some single nucleotide polymorphisms (SNPs) have
been associated with maternal susceptibility for twin births (Al-Hendy et al., 2000;
Hasbargen et al., 2000; Tagliani-Ribeiro et al., 2012; Huang et al., 2015; Mardini et al.,
2017) ; however, the results are not always concordant, and more importantly, there does
not seem to be only one pathway that leads to the "having twins" phenotype in humans. In
addition, most efforts have focused on identifying variants that lead to the birth of
dizygotic (DZ, or fraternal) twins, whereas monozygotic ones (MZ, or identical) remain
even more enigmatic (Derom et al., 2006; Palmer et al., 2006; Painter et al., 2010; Sirugo
etal., 2012; Mbarek et al., 2016). In CG, both type of twin births run through local families
(Matte et al., 1996; Tagliani-Ribeiro et al., 2011).

Classically, DZ twinning has been related to the mechanism of polyovulation
(although not the only one), in which multiple oocytes from separate follicles are fertilized
by two different sperms (for a review, see Hoekstra et al. 2007). Folliculogenesis is closely
related to the follicle-stimulating hormone (FSH) and specific variants in genes from this

pathway seem to influence the likelihood of DZ twin births, especially SNPs in FSHR
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(OMIM: 136435), FSHB (OMIM: 136530), and SMAD3 (OMIM: 603109) (Al-Hendy et
al., 2000; Mbarek et al., 2016).

However, regardless of the early mechanism that leads to MZ or DZ twinning, there
must be a prepared organism to sustain a successful pregnancy, i.e., it is necessary that
post-fecundation events ensure the possibility that a twin pregnancy will succeed to term,
which can be modulated by specific genetic variants (Tagliani-Ribeiro et al., 2012;
Boudjenah et al., 2014; Huang et al., 2015). Thus, events such as embryo implantation and
in utero embryo survival may contribute to the maintenance of a twin pregnancy, and
SNPs in the genes MTHFR (OMIM: 607093), TNF (OMIM: 191160), and VEGFA
(OMIM: 192240) have been listed as good candidates, although the results do not always
agree (Hasbargen et al., 2000; Haggarty et al., 2006; Vialard et al., 2013; Boudjenah et al.,
2014).

In fact, due to their important roles in implantation and in utero survival, we studied
some SNPs in the p53 pathway, through a case-control study, in mothers of twins and
mothers of singletons from CG (Tagliani-Ribeiro et al., 2012). The rs1042522-C allele in
the TP53 gene was a strong risk factor for twinning in that city, but it is probably only part
of the genetic repertoire that mediates this intriguing phenomenon.

Therefore, in this work we decided to test seven SNPs related to folliculogenesis
(which would affect DZ twin births) and to successful pregnancies (which would affect

both kinds of twin births) in the population from CG, a Twin’s Town in South Brazil.
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MATERIAL AND METHODS
Subjects

We performed a case-control study in which cases were represented by mothers of
twins and controls by mothers of singletons; all the mothers were from CG. A detailed
characterization of this sample was given by Tagliani-Ribeiro et al. (2012). Briefly, the
case group was composed of 44 women who gave birth to twins, which were divided into
21 mothers of DZ twins and 10 mothers of MZ twins (besides one woman who had triplets,
two of them MZ, the remaining 12 women were mothers of same-sex twins who were not
investigated for zygosity). The case samples represented 40% of all mothers of twins born
in CG after 1955. The control group was comprised of 102 women who only gave birth to
singletons and had no first-degree relative who was a twin. All the women signed written
consent forms before the collection of information and blood samples. This research
project was approved by the Hospital de Clinicas de Porto Alegre Ethics Research
Committee under protocol number 09-359.
Molecular analysis

DNA was extracted according to the method of Lahiri and Nurnberger (1991) and
quantified using a NanoDrop 2000 (Thermo Scientific, USA). We studied a total of seven
SNPs (Table 1) in genes related to folliculogenesis (rs6166:C>T in FSHR,
rs11031006:G>A near FSHB, and rs17293443:T>C in SMAD3) and to successful
pregnancies (rs2010963:C>G in VEGFA, rs1800629:G>A in TNF, and rs1801131:T>G
and rs1801133:G>A in MTHFR). Genotypes were determined by allelic discrimination
using a TagMan SNP Genotyping Assay (Applied Biosystems, USA); the demand assay
numbers are listed in Table 1. Not all samples were genotyped for all polymorphisms
because some samples were exhausted. The real-time PCR reactions were performed in 48-
well plates and each reaction contained: 2 ng of genomic DNA, 2x TagMan Genotyping
Master Mix (Applied Biosystems), probes specific for each polymorphism (40x), and
enough water to reach 10 pl. For quality control, a subsample of 10% of all samples was
genotyped in duplicate for each polymorphism. The reactions were conducted in a
StepOne™ PCR Real-Time System and the genotyping results were analyzed in StepOne
Software v2.2.2 (Applied Biosystems, USA). For SNPs in the same chromosome, linkage
disequilibrium (LD) analysis was performed using Haploview 4.2 (Barrett et al., 2005),

and PHASE v.2.1 (Stephens et al., 2001) was used for Bayesian haplotype estimation.
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Statistical analysis

Genotypic and allelic frequencies were calculated through simple counting. The
Hardy-Weinberg equilibrium (HWE) was tested for cases and controls using the chi-
squared test (x°). Differences in the distributions of the genotypic and allelic frequencies in
the case and control groups were tested through Pearson's chi-squared and the two-tailed
Fisher’s exact test, respectively. Mothers of DZ twins (n = 21) were compared separately
with control samples. Due to the remarkable European ancestry present in CG (Matte et al.,
1996; Tagliani-Ribeiro et al., 2011), we decided to compare the frequencies of the case
group with the allelic frequencies attributed to the European population according to the
1,000 Genomes Project Phase 3 (Auton et al., 2015) and the Exome Aggregation
Consortium — EXAC (Lek et al., 2016). We also performed allelic combinations by
considering a gene-gene additive effect and according to a dominant model in which either
one or two copies of the risk allele are required for an increasing likelihood of the
phenotype, and Pearson's chi-squared test was used to test any difference in the frequency
between the cases and controls. Statistical analysis was done in SPSS 18.0 for Windows
(BM SPSS, IBM Corp, Armonk, NY, USA). The threshold for statistical significance was
setat P <0.05.
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RESULTS

A total of 44 mothers of twins (case group) and 102 mothers of singletons (control
group) were studied, all of them from CG. Table 2 shows the distributions of the genotypic
and allelic frequencies of the studied SNPs in the mothers of both groups. All studied
polymorphisms were in HWE for the case and control groups (all P > 0.05), except for
rs11031006:G>A near FSHB in the control group (* = 8.39; P = 0.0038). Due to the
deviation from the HWE, rs11031006:G>A near FSHB was not included in later analyses.

No significant differences were found in the genotype and allelic distributions of
the seven studied SNPs (P > 0.05) between cases and controls. The absence of statistical
significance was maintained when we compared only the mothers of DZ twins with the
control group (Table 2). Furthermore, the distribution of the rs1800629-A allele in TNF
was statistically significantly different between cases (23.3%) and the healthy European
population (13.4%; P = 0.019) according to the 1,000 Genomes Project Phase 3, but this
difference was not maintained when comparing cases with the European (Non-Finnish)
population recorded in the EXAC (22.1%; P = 0.794).

Different combinations of risk alleles for twin births were statistically
homogeneous across the cases and controls for all polymorphisms (Table 3). Both
polymorphisms in MTHFR were in linkage disequilibrium in this population (D’ = 0.95;
LOD = 10.33), unlike SNPs in VEGFA and TNF (D’ = 0.067; LOD < 2.0). According to
haplotype analysis in MTHFR, we found three haplotypes in the case group and four in the
control group (Table 4). Although the risk haplotype was overrepresented in the case

group, no statistically significant difference was found between the groups (P = 0.623).
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DISCUSSION

Although evident, the genetic component for human twinning is still poorly
understood. In this work, we hypothesized that SNPs in genes related to folliculogenesis or
to successful pregnancies could be involved in the high natural rate and intrafamilial
transmission of twin births in CG, a Twin’s Town located in South Brazil.

SNPs in the FSH pathway have been considered in twinning due to the involvement
of this hormone with folliculogenesis, a key event related to DZ twinning (for a review, see
Hoekstra et al. 2007). A polymorphism in the gene encoding the FSH receptor (FSHR
rs6166:C>T) was associated with DZ twin births (Al-Hendy et al., 2000), but we did not
find any association between this SNP and twin births (overall or only DZ) in CG. This
result is in agreement with others who did not replicate this association (Liao et al., 2001,
Montgomery et al., 2001; Derom et al., 2006).

We also decided to evaluate two other polymorphisms related to folliculogenesis:
rs11031006:G>A near FSHB, which encodes one of the two subunits (B-subunit) of FSH
(for a review see, Simoni and Casarini 2014); and rs17293443:T>C in SMAD3, which
encodes a transduction factor that regulates the synthesis of FSH (Li et al., 2017). Both
polymorphisms were recently associated with DZ twinning through a genome-wide
association study (GWAS) in mothers of DZ twins and a subsequent replication in a large
cohort from Iceland (Mbarek et al., 2016). We did not replicate the association between
rs17293443:T>C in SMAD3 and twin births in CG, and we found a deviation from the
HWE for the SNP rs11031006:G>A near FSHB in the CG control population.

Deviations in HWE can be caused by genotyping errors, but we have excluded this
possibility because the samples were randomly tested more than once and the genotyping
accuracy rate was greater than 99%. Sample size is another factor that may be responsible
for random errors in allelic frequencies, and our sample number is limited, although
representative of a naturally small population. In addition, Hardy-Weinberg disequilibrium
may be related to heterozygous advantage, population admixture, copy number variants, or
inbreeding (Li & Leal, 2009). Although this deviation was only observed for
rs11031006:G>A near FSHB, a high degree of inbreeding in the CG population has already
been demonstrated (Tagliani-Ribeiro et al., 2011; De Oliveira et al., 2013). In addition to
DZ twinning, rs11031006:G>A near FSHB was strongly associated with polycystic ovary
syndrome (PCOS) in women of European ancestry (Hayes et al., 2015). Therefore, we are
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led to believe that inbreeding, together with the limited sample size observed in our study,
may underlie the observed deviation in a SNP that has been strongly related to human
reproduction. In addition, the deviation from HWE is also found in some healthy American
populations according to the 1,000 Genomes Project Phase 3 (P < 0.05) and, when
considering only women of European ancestry, the P-value of the HWE is borderline (P =
0.060) (Auton et al., 2015).

Considering that the frequency of both kinds of twins (MZ and DZ) is increased in
CG, we decided also to test genetic variants related to successful pregnancies. Firstly,
embryo implantation is a multifactorial event that depends on the interplay between the
embryo and maternal endometrium, which needs to be receptive (for a review, see
Hoozemans et al. 2004). VEGFA and TNF are important factors in this process, although
the biological basis of such involvement is far from fully understood (for a review, see
Hoozemans et al. 2004; Boudjenah et al. 2014). Beyond implantation, genetic variants in
the genes encoding VEGFA and TNF could be associated with multiple pregnancies due to
their potential role in crucial processes in the course of a successful pregnancy, such as
implantation, decidualization, angiogenesis, and embryo survival (Vialard et al., 2013;
Boudjenah et al., 2014).

In fact, the rs1800629-A allele in TNF was associated with high implantation and
multiple pregnancy rates after IVF in women without known infertility factors (Vialard et
al., 2013). Also, Boudjenah et al. (2014) identified associations between multiple
pregnancies and rs1800629:G>A in TNF and rs2010963:G>C in VEGF (alone or in
combination) in a sample within a medically-assisted reproduction context. However, our
results did not confirm the association of both polymorphisms alone or in combination
with twin births in CG. Although the rs1800629-A allele in TNF was more frequent in the
case group than in the healthy European population (Auton et al., 2015), this association
was not maintained for the more robust data provided by EXAC for the non-Finnish
European population (Lek et al., 2016).

In addition, folate deficiency, caused either by dietary folate intake or by genetic
polymorphism, affects ovarian function, implantation, embryo development, and the
chance of multiple births (for a review, see Thaler 2014). In twin pregnancies, demands for
folic acid are considerably increased and some studies have linked the maternal folic acid

status with the chance of twin births, although that association has not always been
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replicated (Czeizel et al., 1994; Kallén, 2004; Haggarty et al., 2006; Muggli & Halliday,
2007). Two common missense variants (rs1801131:T>G and rs1801133:G>A) of the
MTHFR gene decrease the enzyme’s catalytic activity, resulting in lower levels of serum
folic acid, and these missense variants affect different contexts of human reproduction,
including variations in embryo survival and twin births, especially in women with low folic
acid concentrations (Hasbargen et al., 2000; Montgomery et al., 2003; Haggarty et al.,
2006; Enciso et al., 2016). Hasbargen et al. (2000) found a lower frequency of the A-allele
in MTHFR rs1801133:G>A in dichorionic twin mothers when compared to singleton
mothers, and, more recently, it was shown that the rs1801131-G allele in MTHFR was
overrepresented amongst women who had undergone several unsuccessful assisted
reproductive treatments (Enciso et al.,, 2016). In a context of medically assisted
reproduction, it was showed that folic acid intake can influence twin births, but the
genotypes of both polymorphisms were statically homogenous between the twin and
singleton mothers (Haggarty et al., 2006).

In this study, although both the risk allele and the risk haplotype in MTHFR were
found in greater numbers in the cases than in the controls, there was no statistical support
for a consistent association. It has also been considered whether only DZ twinning would
be affected by changes in folic acid levels (Kallén, 2004), but in our study, the frequency
of polymorphisms was statistically similar between the cases (overall or DZ alone) and
controls. Our results are in agreement with those of Montgomery et al. (2003), who studied
both polymorphisms in mothers of DZ twins and did not find any association between
MTHFR genotype and twinning. Beyond genotypes, the association between the likelihood
of twin pregnancy and maternal folic acid levels not always had statistical support, and it
has been questioned due to possible confounding factors. The question is still a matter of
debate (Vollset et al., 2005; Muggli & Halliday, 2007).

This study had some limitations. It would be interesting to evaluate data on FSH,
ovarian reserve, or folic acid levels in our sample; however, this is a population-based
study and many women included in the case or control groups are no longer at
reproductive age. Therefore, we have considered that these data, at the present time, would
not be informative. We could be missing a minor effect due to the small sample size, but
the cases sampled in this study represented 40% of all mothers of twins born in CG after
1955.
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To sum up, the present study suggests a lack of association between twin births in
CG and seven SNPs related to folliculogenesis and successful pregnancies. Finally, it is
important to consider that this city has a very particular founding history and it is possible
that other genetic variants linked to both processes may explain the high twinning rate
found in the region.
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Table 1: General characteristics of the seven SNPs studied in this work.
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Risk Allele for

Gene SNP HGVS name Common name  Locus Probe Annotation S RAF® RAF®
Twin Births
FSHR rs6166:C>T NC_000002.12:9.48962782C>T FSHR Asn680Ser 2pl16.3 C__ 2676874 10 missense T 0.53 0.55
near FSHB rs11031006:G>A NC_000011.10:9.30204981G>A - 11p14.1 C__32036787_10 intergenic G 0.87 -
SMAD3 rs17293443 :T>C NC_000015.10:9.67145525T>C - 15¢022.33 C__ 33991338 10 intron c 0.25 -
VEGFA rs2010963:C>G  NC_000006.12:9.43770613C>G VEGF +405G/C 6p21.1 C__ 8311614 10 5 UTR G’ 0.67 -
TNF rs1800629:G>A NC_000006.11:9.31543031G>A TNFa -308 6p21.33 C__ 7514879 10 upstream A’ 0.12 0.22
MTHFR rs1801131:T>G  NC_000001.11:9.11794419T>G MTHFR A1298C 1p36.22 C___ 850486_20 missense T® 0.69 0.68
MTHFR rs1801133:G>A NC 000001.11:9.11796321G>A MTHFR C677T 1p36.22 C_ 1202883 20 missense G' 0.65 0.66

Abbreviations: SNP, single nucleotide polymorphism; RAF, risk allele frequency for twin births. *Frequency to European women according to 1,000 Genomes
Project Phase 3 (Auton et al., 2015); °Frequency to European (Non-Finnish) according to EXAC (Lek et al., 2016); “Based on Al-Hendy et al. (2000); “Based on
Mbarek et al. (2016); Based on Hasbargen et al. (2000); 'Based on Enciso et al. (2016); Based on Boudjenah et al. (2014).



Table 2: Genotypic and allelic frequencies of the studied SNPs.
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SNP Cases % (n) Controls % (n) P Cases DZ % (n) P
FSHR rs6166:C>T n=42 n =101 n=20

TT 26.2 (11) 23.8 (24) 0.798* 10.0 (2) 0.323°
TC 52.4 (22) 49.5 (50) 65.0 (13)

CcC 21.4 (9) 26.7 (27) 25.0 (5)

T 52.4 (44) 485 (98) 0.604" 425 (17) 0.495°
HWE (P) 0.746 0.928

FSHB rs11031006:G>A  n =43 n =102 n=21

GG 83.7 (36) 82.4 (84) - 90.5 (19) -

GA 16.3 (7) 13.7 (14) 9.5(2)

AA 0 (0) 3.94) 0 (0)

G 91.9 (79) 89.2 (182) - 95.2 (40) -
HWE (P) 0.561 0.004

SMAD3 rs17293443:T>C n =43 n =102 n=21

CcC 11.6 (5) 3.94) 0.193* 9.5(2) 0.553"
CT 27.9 (12) 34.3 (35) 33.3(7)

TT 60.5 (26) 61.8 (63) 57.1(12)

C 25.6 (22) 21.1 (43) 0.442° 26.2 (11) 0.539°
HWE (P) 0.080 0.752

MTHFR rs1801131:T>G n =43 n =102 n=21

TT 48.8 (21) 42.6 (43) 0.741% 47.6 (10) 0.795°
TG 39.5 (17) 45.5 (47) 38.1 (8)

GG 11.6 (5) 11.9 (12) 14.3 (3)

T 68.6 (59) 65.4 (133) 0.590" 66.7 (28) 1.000
HWE (P) 0.590 0.877

MTHFR rs1801133:G>A n =42 n =101 n=20

GG 50.0 (21) 43.6 (44) 0.689% 45.0 (9) 0.691°
GA 42.9 (18) 45.5 (46) 45.0 (9)

AA 7.1(3) 10.9 (11) 10.0 (2)

G 71.4 (60) 66.3 (134) 0.487° 67.5(27) 0.597°
HWE (P) 0.746 0.843

VEGFA rs2010963:C>G n =43 n =102 n=21

GG 39.5 (17) 43.1 (44) 0.813* 33.3(7) 0.894°
GC 48.8 (21) 43.1 (44) 52.4 (11)

CcC 11.6 (5) 13.7 (14) 14.3 (3)

G 63.9 (55) 64.7 (132) 0.894" 59.5 (25) 1.000
HWE (P) 0.698 0.575

TNF rs1800629:G>A n=43 n =102 n=21

AA 2.3(1) 1.0(1) 0.6422 0 (0) 0.731°
AG 41.9 (18) 36.3 (37) 38.1(8)

GG 55.8 (24) 62.7 (64) 61.9 (13)

A 23.3 (20) 19.1 (39) 0.428° 19.1 (8) 1.000°
HWE (P) 0.257 0.081

Abbreviations: SNP, Single

Nucleotide Polymorphism; Cases DZ, only mothers of DZ twins.
%Pearson’s chi-square; "Two-tailed Fisher’s exact test. “Pearson’s chi-square with Yates' correction.
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Table 3: Different combinations of risk alleles for twin births in mothers of twins (cases)
and of singleton (controls) in CG.

Alleles? Cases % (n) Controls % (n) PP
FSHR rs6166-T + SMAD3 rs17293443-C 29.3 (12) 26.7 (27) 0.638
MTHFR rs1801131-T + MTHFR rs1801133-G 80.5 (33) 77.2 (78) 0.670
VEGFA rs2010963-G + TNF rs1800629-A 34.9 (15) 33.3(34) 0.296

MTHFR rs1801131-T + MTHFR rs1801133-G +
VEGFA rs2010963-G + TNF rs1800629-A
%Includes the presence of the allele in homozygosis or heterozygosis; "Pearson’s chi-square.

26.8 (11) 26.7 (27) 0.383
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Table 4: Haplotype analysis of rs1801131:T>G and rs1801133:G>A in mothers of twins
(cases) and of singleton (controls) in CG.

Gene Haplotypeb Total % (n) Cases % (n) Controls (%0) p?
MTHFR T-G 33.9(99)  38.6(34) 31.9 (65) 0.623
T-A 31.9 (93) 28.4 (25) 33.3 (68)
G-G 33.9(99)  33.0(29) 34.3 (70)
G-A 0.3(1) 0(0) 0.5 (1)

*Pearson's chi-square; °rs1801131: T>G and rs1801133:G>A, respectively.
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6. DISCUSSAO

Além de despertar fascinio e de ser fonte de especulacdo tanto leiga quanto
cientifica ao longo dos anos, a gemelaridade tem fornecido um caminho para o
entendimento da nossa propria biologia. A Ciéncia e, em especial, a Genética vem
utilizando este experimento biologico natural para investigar o comportamento, a
fisiologia, o desenvolvimento e outras peculiaridades dos seres humanos. Entretanto, ainda
h& muito a ser esclarecido no tocante a gemelaridade per se.

“Quantos gémeos nascem?” e “Como 0s gémeos nascem?” sao duas questdes ainda
em aberto. Respondé-las ndo se trata meramente de resolver curiosidades cientificas, mas
também de uma importante questdo de salde, visto que uma gestacdo gemelar representa
riscos adicionais a méde e a prole (Corsello and Piro 2010; Caserta et al. 2014). Ainda, o
nascimento de gémeos € atualmente considerado o principal efeito iatrogénico relacionado
RMA, o qual, juntamente com outros componentes ambientais como o0 atraso a
maternidade, tem contribuido para o aumento contemporaneo global no nimero de gémeos
(muito embora este dado seja escasso em paises em desenvolvimento) (Ananth and
Chauhan 2012; Pison et al. 2015; Dawson et al. 2016).

Neste trabalho, investigamos 0s nascimentos gemelares conforme duas perspectivas
principais: epidemioldgica e etiologica. Do ponto de vista epidemiolégico, investigamos as
taxas gemelares no Brasil entre 2001 e 2014 em duas dimensdes — espacial e temporal.
Para o0s estudos etiologicos, testamos algumas variantes genéticas relacionadas a
foliculogénese e a gestacdes de sucesso em maes de Candido Godoi, uma pequena cidade
localizada no sul do Brasil e popularmente conhecida como a “Cidade dos GEmeos”.

Epidemiologicamente, a TG é um indicador de sadde definido como o nimero de
nascimentos gemelares por 1.000 (%o) nascimentos em uma determinada localidade. No
Brasil, estudos nessa area sdo concentrados principalmente nos estados do Rio Grande do
Sul e de S&o Paulo, cujos dados séo altamente discordantes (Colletto and Beiguelman
2001; Colletto 2003; Geraldo et al. 2008; Otta et al. 2016). Ao que nos consta, existe
apenas um estudo que atribui uma TG para o Brasil como um todo e, embora seja muito
informativo, ele ndo considera a diversidade territorial e sociodemografica do Brasil, além
de apresentar dados de 1996 que podem né&o refletir a realidade de maneira fidedigna
(Smits and Monden 2011).
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Nos estudamos as TGs no Brasil a partir de dados do Sistema de InformacGes sobre
Nascidos Vivos (SINASC), braco do Ministério da Saude que cobre todo o territorio
nacional. De acordo com nossos resultados, a TG brasileira aumentou de 8.65%. em 2001
para 10.15%0 em 2014 e este aumento foi ainda mais acentuado em mulheres acima de 45
anos. Embora seja similar a TG antes reportada para todo o Brasil (8.8%0; Smits and
Monden 2011), nés detectamos, a partir da nossa andlise de séries temporais, uma
tendéncia ascendente para 0 pais como um todo e apenas para estados das regides Sudeste,
Sul e Centro-Oeste, além de Bahia e Paraiba. Ao introduzirmos a idade acima de 30 anos
como covaridvel no modelo de séries temporais, detectamos uma relagdo positiva entre
idade materna e TG para o Brasil e para todos os estados, exceto Piaui e Maranh&o.

A TG brasileira encontrada neste estudo estd proxima das TGs atribuidas para
outros paises da América do Sul e alguns paises asiaticos (9,0 a 12,0%0), e €
consideravelmente menor que aquelas atribuidas para paises da Africa Central, onde sdo
registradas as maiores incidéncias de gemelaridade ao redor do mundo (que atinge até 27,9
nascimentos gemelares a cada 1000 nascimentos) (Bulmer 1970; Hoekstra et al. 2007;
Smits and Monden 2011). Altas taxas de nascimentos gemelares também sdo recentemente
encontradas em paises industrializados, como Estados Unidos, Franga, Inglaterra e
Noruega, porém, nesses paises a tendéncia de aumento é associada a dois fatores
principais: maternidade atrasada e/ou RMA (Pison et al. 2015; Fellman 2016; Dawson et
al. 2016).

A partir dos resultados das nossas analises espaciais, nds somos levados a acreditar
que algo semelhante deve estar acontecendo no Brasil, embora de maneira heterogénea.
Isto porque um claro padrdo de distribuicdo espacial também foi detectado, com as maiores
TGs concentradas na regido Sudeste e Sul, e as menores localizadas nas regiGes Norte e
Nordeste, o que foi corroborado pela analise de Cluster and Outlier (Anselin Local
Moran’s Index). Com dados fornecidos pelo Instituto Brasileiro de Geografia e Estatistica
(IBGE), nds concluimos que altas TGs sdo significativamente concentradas em municipios
com alto Indice de Desenvolvimento Humano (IDH) e as mais baixas TGs em municipios
com um baixo IDH.

No Brasil, o alto custo associado a RMA e o0 acesso limitado a estes procedimentos,
tanto dentro da rede de salde publica quanto de planos privados de saude, representam

uma importante barreira econdémica para o uso de tecnologias reprodutivas (Makuch and
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Bahamondes 2012; Corréa and Loyola 2015; Tavares et al. 2016). Embora o periodo de 14
anos seja curto, muitas mudangas econdmicas e sociais ocorreram neste pais, e tais
mudancas afetam a vida dos brasileiros de muitas maneiras, inclusive na vida reprodutiva
(Madalozzo 2012; United Nations Development Programme 2013; Tejada et al. 2017).

Assim, nos hipotetizamos que a tendéncia de aumento nas TGs dentro do Brasil
vista principalmente em mulheres com idade mais avancada € devida a uma combinacéo de
cinco fatores principais: 1) atraso na maternidade, que tem ocorrido principalmente entre
as mulheres de alta renda (Makuch and Bahamondes 2012; Tejada et al. 2017); 2) o fato da
infertilidade aumentar com a idade materna e atingir altas taxas em paises em
desenvolvimento (Ombelet 2009; Makuch et al. 2011); 3) o recente e desigual
melhoramento no desenvolvimento humano na populacdo brasileira (Madalozzo 2012,
United Nations Development Programme 2013); 4) o aumento na disponibilidade de
servicos de RMA em alguns lugares do pais (Makuch and Bahamondes 2012; Anvisa
2014), e 5) fraca fiscalizacdo dos procedimentos ligados a MAR (como o fato da
transferéncia de ndo mais que dois embrides nestes procedimentos ser apenas uma
recomendacdo, ao invés de uma lei ou de uma obrigacao estrita) (Corréa and Loyola 2015).

Para o0 estudo acerca da etiologia dos nascimentos gemelares, nos revisitamos as
pesquisas em Candido Goddi, uma pequena cidade localizada no Noroeste do Rio Grande
do Sul, no sul do Brasil. N6s desenhamos um estudo caso-controle e genotipamos sete
SNPs relacionados a foliculogénese (rs6166:C>T em FSHR, rs11031006:G>A préximo a
FSHB, e rs17293443:T>C in SMAD3) ou a uma gestacdo de sucesso (rs1801131:T>G e
rs1801133:G>A em MTHFR, rs2010963:C>G em VEGFA, e rs1800629:G>A em TNF).
Para cada SNP, os alelos de risco para a gemelaridade foram apontados tendo como base
estudos anteriores que avaliaram a influéncia dos mesmos com diferentes contextos da
reproducdo humana (Al-Hendy et al. 2000; Hasbargen et al. 2000; Boudjenah et al. 2014;
Mbarek et al. 2016; Enciso et al. 2016).

Entre casos e controles, nenhuma diferenca estatisticamente significativa foi
encontrada entre as distribuicGes alélicas e genotipicas para os sete SNPs estudados.
Embora a frequéncia do alelo rs1800629-A em TNF tenha sido estatisticamente maior nos
casos que na populacédo europeia saudavel de acordo com o Projeto 1.000 Genomas Fase 3

(1,000 Genomes Project Phase 3; Auton et al. 2015), tal diferenca ndo foi mantida quando
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a frequéncia nos casos foi comparada a dados mais robustos obtidos no EXAC (Exome
Aggregation Consortium) para a populacdo europeia nao-finlandesa (Lek et al. 2016).

O alelo rs1800629-A em TNF ja foi associado com alta taxa de implantacdo e
gestacBes multiplas ap6s fertilizagdo in vitro em mulheres sem algum fator conhecido de
fertilidade (Vialard et al. 2013). Além disso, Boudjenah et al. (2014), em uma amostra
dentro do contexto de RMA, identificaram uma associacdo entre gestacdes multiplas e
rs1800629:G>A em TNF e rs2010963:G>C em VEGF (sozinhos ou em combina¢do), mas
nossos resultados ndo confirmam o envolvimento de ambos os polimorfismos com 0s
nascimentos gemelares em CG.

Os outros dois SNPs possivelmente associados a uma gravidez de sucesso
(rs1801131:T>G e rs1801133:G>A em MTHFR) também ndo foram estatisticamente
associados a gemelaridade neste estudo, muito embora tanto o alelo quanto o haplétipo de
risco tenham sido majoritariamente representado no grupo de casos quando comparado aos
controles. Embora ambos os polimorfismos diminuam a atividade catalitica de MTHFR e
resultem em niveis mais baixos de acido folico circulante, a associacdo de ambos com 0s
nascimentos gemelares permanece controversa (Hasbargen et al. 2000; Haggarty et al.
2006; Montgomery et al. 2014; Thaler 2014; Enciso et al. 2016). Ao contrario do
encontrado por Hasbargen et al. (2000) e Enciso et al. (2016), este resultado esta de acordo
com o relatado por Montgomery et al. (2001), o qual estudou ambos os polimorfismos em
maes de gémeos DZ e ndo encontrou nenhuma associacgao entre os genétipos em MTHFR e
a gemelaridade. Para além dos gendtipos, a associacdo entre os niveis de &cido folico
materno e os nascimentos gemelares foi questionada devido a possiveis fatores de confusao
e a questdo permanece matéria de debate (Vollset et al. 2005; Muggli and Halliday 2007).

Além disso, nossos resultados ndo fornecem suporte para uma associacao entre 0s
SNPs relacionados a foliculogénese com a gemelaridade (total ou apenas DZ) em CG. Em
consonancia, outros estudos também ndo tém replicado essa hipotese (Liao et al. 2001;
Montgomery et al. 2001; Derom et al. 2006). Muito embora a rota do FSH seja uma via
classicamente relacionada a gemelaridade DZ humana (Lambalk 2001; Hoekstra et al.
2007), é importante considerar que o nascimento de gémeos é um fen6tipo complexo e ndo
é razoavel considerar que exista apenas uma via pela qual este fenbmeno ocorre em nossa

especie.
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Este estudo possuiu algumas limitagdes. Por exemplo, seria interessante avaliar
dosagens de FSH, reserva ovariana e/ou 0s niveis de acido folico em nossa amostra.
Todavia, este € um estudo de base populacional e muitas participantes ja& ndo se
encontravam em sua idade reprodutiva e, assim, nos consideramos que este dado no
momento presente ndo seria muito informativo. Além disso, o tamanho amostral pode ter
sido outra limitagdo, principalmente no que tange a variantes de pequeno efeito, mas 0s
casos amostrados neste estudo representam 40% de todas as maes de gémeos nascidos em
CG apobs 1995.

Em conclusdo, este estudo sugere uma auséncia de associagdo entre 0s nascimentos
gemelares em CG e sete SNPs relacionados a foliculogénese e a gestacGes de sucesso.
Finalmente, é importante considerar que CG tem uma historia de fundacdo muito particular
e é possivel que outras variantes genéticas ligadas a ambos 0s processos relacionados a
reproducédo ajudem a explicar a alta TG encontra na regiéo.
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7. CONCLUSOES E PERSPECTIVAS

Na primeira parte deste trabalho, nds retratamos um desenho detalhado sobre a
epidemiologia dos nascimentos gemelares no Brasil e encontramos que a TG brasileira se
distribuiu de maneira heterogénea ao longo do pais, com alta incidéncia e tendéncia
ascendente em regifes com um alto IDH. Altas taxas de nascimentos gemelares foram
encontradas principalmente em mulheres com idade mais avancada. Em conjunto, este
cenario pode ser explicado por uma cadeia de fatores que iniciam no atraso da
maternidade, passam pela desigualdade no acesso a RMA e terminam na fraca legislacao
no tocante as tecnologias reprodutivas. Nossos resultados podem fomentar o atual debate
sobre a democratizacdo do acesso a RMA no Brasil, e acreditamos que nossa abordagem
de utilizar o IDH como “proxy” para RMA pode ser utilizado em demais paises com
caracteristicas sociodemograficas semelhantes as do Brasil.

Ainda utilizando o proprio SINASC, pretendemos aplicar uma metologia
semelhante a utilizada neste trabalho para elucidar diferencas sociais e epidemioldgicas
relacionadas aos nascimentos gemelares, utilizando variaveis como Cor/raca do RN,
Apgar, Peso e Anomalia congénita. Além disso, podemos utilizar outro banco de dados
publico, o Sistema de Informacdo de Mortalidade (SIM), para tracar um perfil
epidemioldgico no Brasil sobre as causas de morte em gémeos versus em Unicos.

Na segunda parte deste trabalho, nos focamos na etiologia da gemelaridade,
estudando alguns SNPs relacionados a foliculogénese ou a uma gestacdo de sucesso na
populacdo de CG, a “Cidade dos Gémeos”. As variantes foram escolhidas a partir de
estudos hipotese-dependente ou de varredura gendmica e nossos resultados sugerem uma
auséncia de associacdo entre as sete variantes genéticas e o fenotipo de estudo. Pesquisas
adicionais sobre o papel destas variantes no contexto reprodutivo, bem como a sua
investigacdo em demais popula¢Bes com caracteristicas similares a CG podem ajudar a

elucidar a etiologia dos nascimentos gemelares na espécie humana.



CAPITULO VIII

84

REFERENCIAS BIBLIOGRAFICAS



85

8. REFERENCIAS BIBLIOGRAFICAS

Aisien AO, Olarewaju RS and Imade GE Twins in Jos Nigeria: a seven-year retrospective
study. Med Sci Monit 6:945-50.

Al-Hendy A, Moshynska O, Saxena A and Feyles V (2000) Association between mutations
of the follicle-stimulating-hormone receptor and repeated twinning. Lancet (London,
England) 356:914.

Ananth C V. and Chauhan SP (2012) Epidemiology of Twinning in Developed Countries.
Semin Perinatol 36:156-161.

Anvisa (2014) SisEmbrio - 7° Relatério do Sistema Nacional de Producdo de Embrides.
Brasilia.

Auton A, Abecasis GR, Altshuler DM, Durbin RM, Abecasis GR, Bentley DR,
Chakravarti A, Clark AG, Donnelly P, Eichler EE et al. (2015) A global reference for
human genetic variation. Nature 526:68—-74. doi: 10.1038/nature15393

Beemsterboer SN, Homburg R, Gorter NA, Schats R, Hompes PGA and Lambalk CB
(2006) The paradox of declining fertility but increasing twinning rates with advancing
maternal age. Hum Reprod 21:1531-2. doi: 10.1093/humrep/del009

Benirschke K (2013) Monozygotic Twinning. Surg Pathol Clin 6:27-32. doi:
10.1016/j.path.2012.11.006

Bernard DJ, Fortin J, Wang Y and Lamba P (2010) Mechanisms of FSH synthesis: what
we know, what we don’t, and why you should care. Fertil Steril 93:2465-85. doi:
10.1016/j.fertnstert.2010.03.034

Boothroyd C (2016) Twinning: Double, double, toil and trouble? Aust N Z J Obstet
Gynaecol 56:445-446. doi: 10.1111/a3j0.12526

Boudjenah R, Molina-Gomes D, Torre A, Boitrelle F, Taieb S, Dos Santos E, Wainer R, de
Mazancourt P, Selva J and Vialard F (2014) Associations between Individual and
Combined Polymorphisms of the TNF and VEGF Genes and the Embryo Implantation
Rate in Patients Undergoing In Vitro Fertilization (IVF) Programs. PLoS One
9:€108287. doi: 10.1371/journal.pone.0108287

Bulmer MG (1970) The Biology of the Twinning in Man. Oxford Clarendon PressOxford,
Oxford, UK

Burt SA and Klump KL (2012) How does the inclusion of twins conceived via fertility
treatments influence the results of twin studies? Twin Res Hum Genet 15:746-52. doi:
10.1017/thg.2012.53

Busjahn A, Knoblauch H, Faulhaber HD, Aydin A, Uhlmann R, Tuomilehto J, Kaprio J,
Jedrusik P, Januszewicz A, Strelau J et al. (2000) A region on chromosome 3 is linked
to dizygotic twinning. Nat Genet 26:398-9. doi: 10.1038/82515

Caserta D, Bordi G, Stegagno M, Filippini F, Podagrosi M, Roselli D and Moscarini M
(2014) Maternal and perinatal outcomes in spontaneous versus assisted conception
twin pregnancies. Eur J Obstet Gynecol Reprod Biol 174:64-69. doi:
10.1016/j.ejogrb.2013.12.011

Chaouat G, Dubanchet S and Ledée N (2007) Cytokines: Important for implantation? J
Assist Reprod Genet 24:491-505. doi: 10.1007/s10815-007-9142-9

Colletto GMDD (2003) Twinning rate trend in a population sample from the city of Séo
Paulo, Brazil. Genet Mol Biol 26:245-248. doi: 10.1590/S1415-47572003000300005

Colletto SCAM and Beiguelman B (2001) Twinning rate in a sample from a Brazilian
hospital with a high standard of reproductive care. Sao Paulo Med J 119:216-219. doi:
10.1590/51516-31802001000600007



86

Corréa MCD V. and Loyola MA (2015) Tecnologias de reproducéo assistida no Brasil:
opcBes para ampliar o acesso. Physis Rev Saude Coletiva 25:753-777. doi:
10.1590/S0103-73312015000300005

Corsello G and Piro E (2010) The world of twins: an update. J Matern Neonatal Med
23:59-62. doi: 10.3109/14767058.2010.508218

Dawson AL, Tinker SC, Jamieson DJ, Hobbs CA, Berry RJ, Rasmussen SA, Anderka M,
Keppler-Noreuil KM, Lin AE and Reefhuis J (2016) Twinning and major birth
defects, National Birth Defects Prevention Study, 1997-2007. J Epidemiol
Community Health 70:1114-1121. doi: 10.1136/jech-2015-206302

De Oliveira MZ, Schiiler-Faccini L, Demarchi DA, Alfaro EL, Dipierri JE, Veronez MR,
Colling Cassel M, Tagliani-Ribeiro A, Silveira Matte U and Ramallo V (2013) So
Close, So Far Away: Analysis of Surnames in a Town of Twins (Candido Goddi,
Brazil). Ann Hum Genet 77:125-136. doi: 10.1111/ahg.12001

Delbaere I, Verstraelen H, Goetgeluk S, Martens G, Derom C, De Bacquer D, De Backer
G and Temmerman M (2008) Perinatal outcome of twin pregnancies in women of
advanced age. Hum Reprod 23:2145-2150. doi: 10.1093/humrep/den134

Derom C, Gielen M, Peeters H, Frijns J-P and Zeegers MPA (2011) Time trends in the
natural  dizygotic  twinning rate. Hum  Reprod  26:2247-52.  doi:
10.1093/humrep/der180

Derom C, Groenen P and Vlietinck R (2001) Follicle-stimulating-hormone receptor and
twinning. Lancet 357:230-231. doi: 10.1016/S0140-6736(05)71330-1

Derom C, Jawaheer D, Chen W V, McBride KL, Xiao X, Amos C, Gregersen PK and
Vlietinck R (2006) Genome-wide linkage scan for spontaneous DZ twinning. Eur J
Hum Genet 14:117-122. doi: 10.1038/sj.ejhg.5201522

Einstein A and Infeld L (1938) The Evolution of Physics. Cambridge University Press,
London, p 319

Enciso M, Sarasa J, Xanthopoulou L, Bristow S, Bowles M, Fragouli E, Delhanty J and
Wells D (2016) Polymorphisms in the MTHFR gene influence embryo viability and
the incidence of aneuploidy. Hum Genet 135:555-568. doi: 10.1007/s00439-016-
1652-z

Fellman J (2016) Temporal and Spatial Variations in the Twinning Rate in Norway. Twin
Res Hum Genet 19:359-366. doi: 10.1017/thg.2016.49

Forges T, Monnier-Barbarino P, Alberto JM, Gueant-Rodriguez RM, Daval JL and Guéant
JL (2007) Impact of folate and homocysteine metabolism on human reproductive
health. Hum Reprod Update 13:225-238. doi: 10.1093/humupd/dmI063

Geraldo CF, Garcia G de L and Roth M da GM (2008) Prevaléncia de nascimentos
gemelares em Pelotas, Rio Grande do Sul, Brasil Prevalence of twin births in Pelotas,
in the State of Rio Grande do Sul, Brazil. Rev Bras Saude Matern Infant, Recife
8:411-417.

Gromoll J and Simoni M (2001) Follicle-stimulating-hormone receptor and twinning.
Lancet 357:230. doi: 10.1016/S0140-6736(05)71328-3

Haggarty P, McCallum H, McBain H, Andrews K, Duthie S, McNeill G, Templeton A,
Haites N, Campbell D and Bhattacharya S (2006) Effect of B vitamins and genetics on
success of in-vitro fertilisation: prospective cohort study. Lancet 367:1513-1519. doi:
10.1016/S0140-6736(06)68651-0

Hall JG (2003) Twinning. Lancet 362:735-743. doi: 10.1016/S0140-6736(03)14237-7

Hamamy HA, Ajlouni HK and Ajlouni KM (2004) Familial monozygotic twinning: report
of an extended multi-generation family. Twin Res 7:219-22.



87

Hankins GVD and Saade GR (2005) Factors influencing twins and zygosity. Paediatr
Perinat Epidemiol 19:8-9. doi: 10.1111/j.1365-3016.2005.00609.x

Hasbargen U, Lohse P and Thaler CJ (2000) The number of dichorionic twin pregnancies
is reduced by the common MTHFR 677C--&gt; T mutation. Hum Reprod 15:2659-62.

Helle S (2008) Why twin pregnancies are more successful at advanced than young
maternal age? A potential role of “terminal reproductive investment”. Hum Reprod
23:2387-9. doi: 10.1093/humrep/den305

Herranz G (2015) The timing of monozygotic twinning: a criticism of the common model.
Zygote 23:27-40. doi: 10.1017/S0967199413000257

Hoekstra C, Willemsen G, van Beijsterveldt TCEM, Montgomery GW and Boomsma DI
(2008) Familial twinning and fertility in Dutch mothers of twins. Am J Med Genet
Part A 146A:3147-3156. doi: 10.1002/ajmg.a.32585

Hoekstra C, Zhao ZZ, Lambalk CB, Willemsen G, Martin NG, Boomsma DI and
Montgomery GW (2007) Dizygotic twinning. Hum Reprod Update 14:37-47. doi:
10.1093/humupd/dmmO036

Hoozemans DA, Schats R, Lambalk CB, Homburg R and Hompes PG (2004) Human
embryo implantation: current knowledge and clinical implications in assisted
reproductive technology. Reprod Biomed Online 9:692-715. doi: 10.1016/S1472-
6483(10)61781-6

Huang H, Clancy KBH, Burhance C, Zhu Y and Madrigal L (2015) Women who deliver
twins are more likely to smoke and have high frequencies of specific SNPs: Results
from a sample of African-American women who delivered preterm, low birth weight
babies. Am J Hum Biol 27:605-12. doi: 10.1002/ajhb.22723

IBGE IB de G e E (2010) Censo Demografico 2010. In: Rio Janeiro.
http://lwww.ibge.gov.br/home/estatistica/populacao/censo2010/. Accessed 14 Apr
2017

Lambalk CB (2001) Is there a role for follicle-stimulating-hormone receptor in familial
dizygotic twinning? Lancet 357:735-736. doi: 10.1016/S0140-6736(00)04178-7

Lambalk CB, Boomsma DI, De Boer L, De Koning CH, Schoute E, Popp-Snijders C and
Schoemaker J (1998) Increased levels and pulsatility of follicle-stimulating hormone
in mothers of hereditary dizygotic twins. J Clin Endocrinol Metab 83:481-6. doi:
10.1210/jcem.83.2.4552

Laskov I, Michaan N, Cohen A, Tsafrir Z, Maslovitz S, Kupferminc M, Lessing J and
Many A (2013) Outcome of Twin pregnancy in women >45 years old: a retrospective
cohort study. J Matern Neonatal Med 26:669-672. doi:
10.3109/14767058.2012.746298

Lavery D (1995) Full of secrets: critical approaches to Twin Peaks. Wayne State
University Press

Lek M, Karczewski KJ, Minikel E V., Samocha KE, Banks E, Fennell T, O’Donnell-Luria
AH, Ware JS, Hill AJ, Cummings BB et al. (2016) Analysis of protein-coding genetic
variation in 60,706 humans. Nature 536:285-291. doi: 10.1038/nature19057

Liao WX, Roy AC and Ng SC (2001) Follicle-stimulating-hormone receptor and twinning.
Lancet 357:230. doi: 10.1016/S0140-6736(05)71329-5

Madalozzo R (2012) Transitions in Fertility for Brazilian Women: An Analysis of Impact
Factors. PL0S One 7:e40756. doi: 10.1371/journal.pone.0040756

Makuch MY and Bahamondes L (2012) Barriers to access to infertility care and assisted
reproductive technology within the public health sector in Brazil. Facts, views Vis
ObGyn 4:221-6.



88

Makuch MY, Padua KS, Petta CA, Osis MJD and Bahamondes L (2011) Inequitable
access to assisted reproductive technology for the low-income Brazilian population: a
qualitative study. Hum Reprod 26:2054-60. doi: 10.1093/humrep/der158

Matte U, Le Roux MG, Bénichou B, Moisan JP and Giugliani R (1996) Study on possible
increase in twinning rate at a small village in south Brazil. Acta Genet Med Gemellol
(Roma) 45:431-7.

Mbarek H, Steinberg S, Nyholt DR, Gordon SD, Miller MB, McRae AF, Hottenga JJ, Day
FR, Willemsen G, de Geus EJ et al. (2016) Identification of Common Genetic Variants
Influencing Spontaneous Dizygotic Twinning and Female Fertility. Am J Hum Genet
98:898-908. doi: 10.1016/j.ajhg.2016.03.008

McNamara HC, Kane SC, Craig JM, Short R V and Umstad MP (2016) A review of the
mechanisms and evidence for typical and atypical twinning. Am J Obstet Gynecol
214:172-191. doi: 10.1016/j.ajog.2015.10.930

Montgomery GW, Duffy DL, Hall J, Kudo M, Martin NG and Hsueh AJ (2001) Mutations
in the follicle-stimulating hormone receptor and familial dizygotic twinning. Lancet
357:773-774. doi: 10.1016/S0140-6736(00)04164-7

Montgomery GW, Zondervan KT and Nyholt DR (2014) The future for genetic studies in
reproduction. Mol Hum Reprod 20:1-14. doi: 10.1093/molehr/gat058

Morales-Suérez-Varela MM, Bech BH, Christensen K and Olsen J (2007) Coffee and
smoking as risk factors of twin pregnancies: the Danish National Birth Cohort. Twin
Res Hum Genet 10:597-603. doi: 10.1375/twin.10.4.597

Muggli EE and Halliday JL (2007) Folic acid and risk of twinning: a systematic review of
the recent literature, July 1994 to July 2006. Med J Aust 186:243-8.

Nakasuji T, Saito H, Araki R, Nakaza A, Nakashima A, Kuwahara A, Ishihara O, Irahara
M, Kubota T, Yoshimura Y et al. (2014) The incidence of monozygotic twinning in
assisted reproductive technology: analysis based on results from the 2010 Japanese
ART national registry. J Assist Reprod Genet 31:803-7. doi: 10.1007/s10815-014-
0225-0

Nylander PP (1969) The frequency of twinning in a rural community in Western Nigeria.
Ann Hum Genet 33:41-4.

Ombelet W (2009) Reproductive healthcare systems should include accessible infertility
diagnosis and treatment: An important challenge for resource-poor countries. Int J
Gynecol Obstet 106:168-171. doi: 10.1016/j.ijg0.2009.03.033

Otta E, Fernandes E de S, Acquaviva TG, Lucci TK, Kiehl LC, Varella MAC, Segal NL
and Valentova J V. (2016) Twinning and Multiple Birth Rates According to Maternal
Age in the City of Sdo Paulo, Brazil: 2003-2014. Twin Res Hum Genet 19:679-686.
doi: 10.1017/thg.2016.75

Painter JN, Willemsen G, Nyholt D, Hoekstra C, Duffy DL, Henders AK, Wallace L,
Healey S, Cannon-Albright LA, Skolnick M et al. (2010) A genome wide linkage scan
for dizygotic twinning in 525 families of mothers of dizygotic twins. Hum Reprod
25:1569-80. doi: 10.1093/humrep/deq084

Palmer JS, Zhao ZZ, Hoekstra C, Hayward NK, Webb PM, Whiteman DC, Martin NG,
Boomsma DI, Duffy DL and Montgomery GW (2006) Novel Variants in Growth
Differentiation Factor 9 in Mothers of Dizygotic Twins. J Clin Endocrinol Metab
91:4713-4716. doi: 10.1210/jc.2006-0970

Parazzini F, Cipriani S, Bianchi S, Bulfoni C, Bortolus R and Somigliana E (2016) Risk of
Monozygotic Twins After Assisted Reproduction: A Population-Based Approach.
Twin Res Hum Genet 19:72-6. doi: 10.1017/thg.2015.96



89

Pison G, Monden C and Smits J (2015) Twinning Rates in Developed Countries: Trends
and Explanations. Popul Dev Rev 41:629-649. doi: 10.1111/}.1728-
4457.2015.00088.x

Poniewozik J (2007) The 100 Best TV Shows of AII-TIME. In: Time.
http://time.com/3103860/twin-peaks/. Accessed 22 Feb 2018

Sahab Khan P and Skandhan KP (2011) Kodinji village puzzles medical science. J Obstet
Gynaecol Res 37:375-6. doi: 10.1111/].1447-0756.2010.01455.x

Shur N (2009) The genetics of twinning: from splitting eggs to breaking paradigms. Am J
Med Genet C Semin Med Genet 151C:105-9. doi: 10.1002/ajmg.c.30204

Simoni M and Casarini L (2014) Mechanisms in endocrinology: Genetics of FSH action: a
2014-and-beyond view. Eur J Endocrinol 170:R91-107. doi: 10.1530/EJE-13-0624

Sirugo G, Edwards DRV, Ryckman KK, Bisseye C, White MJ, Kebbeh B, Morris GAJ,
Adegbola RA, Tacconelli A, Predazzi IM et al. (2012) PTX3 genetic variation and
dizygotic twinning in the Gambia: could pleiotropy with innate immunity explain
common dizygotic twinning in Africa? Ann Hum Genet 76:454-63. doi:
10.1111/j.1469-1809.2012.00723.x

Smits J and Monden C (2011) Twinning across the Developing World. PLoS One
6:€25239. doi: 10.1371/journal.pone.0025239

Sobek A, Prochazka M, Klaskova E, Lubusky M and Pilka R (2016) High incidence of
monozygotic twinning in infertility treatment. Biomed Pap. doi: 10.5507/bp.2016.016

Steinman G (2006) Can the chance of having twins be modified by diet? Lancet (London,
England) 367:1461-2. doi: 10.1016/S0140-6736(06)68623-6

Steinman G (2009) Why the twinning rate is higher in Africa than elsewhere: an analysis
of selected factors. J Reprod Med 54:609-16.

Sunde J, Boric M, Urlic N and Urlic L (2013) COMPARISON OF TWINNING RATES
FOR VILLAGES IN MAKARSKA REGION, CROATIA. J Biosoc Sci 45:841-852.
doi: 10.1017/S0021932013000011

Tagliani-Ribeiro A (2011) Analise genética e epidemioldgica na cidade de Candido Godoi
- RS, a “Terra dos Gémeos.” Universidade Federal do Rio Grande do Sul

Tagliani-Ribeiro A, Oliveira M, Sassi AK, Rodrigues MR, Zagonel-Oliveira M, Steinman
G, Matte U, Fagundes NJR and Schuler-Faccini L (2011) Twin Town in South Brazil:
A Nazi’s Experiment or a Genetic Founder Effect? PLoS One 6:€20328. doi:
10.1371/journal.pone.0020328

Tagliani-Ribeiro A, Paskulin DD, Oliveira M, Zagonel-Oliveira M, Longo D, Ramallo V,
Ashton-Prolla P, Saraiva-Pereira ML, Fagundes NJR, Schuler-Faccini L et al. (2012)
High twinning rate in Candido Godoi: a new role for p53 in human fertility. Hum
Reprod 27:2866-71. doi: 10.1093/humrep/des217

Tavares R, Cunha G, Aguiar L, Duarte SC, Cardinot N, Bastos E and Coelho F (2016)
Socioeconomic profile of couples seeking the public healthcare system (SUS) for
infertility treatment. JBRA Assist Reprod 20:112-7. doi: 10.5935/1518-
0557.20160026

Tejada CAO, Triaca LM, da Costa FK and Hellwig F (2017) The sociodemographic,
behavioral, reproductive, and health factors associated with fertility in Brazil. PLoS
One 12:e0171888. doi: 10.1371/journal.pone.0171888

Thaler C (2014) Folate Metabolism and Human Reproduction. Geburtshilfe Frauenheilkd
74:845-851. doi: 10.1055/s-0034-1383058

United Nations Development Programme (2013) O indice de Desenvolvimento Humano
Municipal Brasileiro. Brasilia



90

Van der Stroom EMC, Konig TE, Vink JM, Boomsma DI and Lambalk CB (2013)
Ovarian reserve and anti-Mullerian hormone (AMH) in mothers of dizygotic twins.
Twin Res Hum Genet 16:634-8. doi: 10.1017/thg.2013.4

Vialard F, El Sirkasi M, Tronchon V, Boudjenah R, Molina-Gomes D, Bergere M,
Mauduit C, Wainer R, Selva J and Benahmed M (2013) Tumor necrosis factor-308
polymorphism increases the embryo implantation rate in women undergoing in vitro
fertilization. Hum Reprod 28:2774-83. doi: 10.1093/humrep/det264

Vollset SE, Gjessing HK, Tandberg A, Renning T, Irgens LM, Baste V, Nilsen RM and
Daltveit AK (2005) Folate supplementation and twin pregnancies. Epidemiology
16:201-5.



CAPITULO IX

91

Anexo



92

9. ARTIGO ANEXO - Lack of Association between Genetic Polymorphisms in IGF1 and
IGFBP3 with Twin Births in a Brazilian Population (Candido Godéi, Rio Grande do Sul)

Artigo aceito para publicacdo na revista Genetics and Molecular Biology

Neste trabalho, n6s hipotetizamos que o fator de crescimento semelhante a insulina
do tipo 1 (IGF-1), que é classicamente envolvido na reproducdo e desenvolvimento de
mamiferos, pode estar associado aos nascimentos gemelares em CG. Assim, nos
investigamos dois polimorfismos genéticos relacionados ao metabolismo do IGF-1 (IGF1
(CA)n and IGFBP3 rs2854744) em 39 mées de gémeos e 214 mées de ndo-gémeos (97
delas morando em CG e 117 morando em Porto Alegre). Nos ndo identificamos diferencas
estatisticamente significativas entre ambos os polimorfismos e 0s nascimentos gemelares

em CG. As limitagdes foram as mesmas deste presente trabalho.
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ABSTRACT

Insulin-like growth factor (IGF-1) is an important peptide hormone involved in the
reproduction and fetal development of mammals, and it is suggested that it may influence
the human twinning rate. Thus, this study aimed to test such possible association,
investigating the genetic polymorphisms IGF1 (CA)n and IGFBP3 rs2854744 in the
population from Candido Godoi (CG), a small city located in the South of Brazil where is
found a high prevalence of twin births. A case-control study was performed comprising a
total of 39 cases (representing about 40% of the mothers of twins who were born in CG
after 1995) and 214 controls (mothers of non-twin children) — 97 of whom were living in
CG while 117 were living in Porto Alegre. DNA was extracted from blood leucocytes and
genotyping was performed. According to the statistical analyses, there was no statistically
significance difference in the frequencies of both studied genetic polymorphisms when
comparing case group with control groups. Thus, our results pointed to a lack of
association between polymorphisms IGF1 (CA)n and IGFBP3 rs2854744 and the twin
births in CG, but further investigations in other populations with different characteristics

must be performed to confirm the role of IGF-I in human twinning.
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Although genetic factors related to twin births in the human species have been
investigated by different approaches (Montgomery et al. 2001; Painter et al. 2010;
Tagliani-Ribeiro et al. 2012; Mbarek et al. 2016), there is still a confusing scenario of
which genes or alleles may be related to etiology of twinning, overall because it is a
complex phenomenon and different causes may be involved in different situations
(Lambalk et al. 1998; Huang et al. 2015; Mardini et al. 2017).

The small city in the South of Brazil called Céandido Goddéi (CG, Ilatitude
27°45°07”, longitude 54°45°07”) has attracted the attention of researchers and curious
observers, due to high rates of natural monozygotic (MZ) and dizygotic (DZ) twin births
found there and because this trait run among local families (Matte et al. 1996; Tagliani-
Ribeiro et al. 2011). Studies previously performed in this population have suggested that
the founder effect hypothesis linked to geographical isolation may explain such peculiarity,
associated to the finding of a single nucleotide polymorphism (SNP) of TP53 as a strong
risk factor for twinning, possibly due to its important role in blastocyst implantation and
intra utero embryo survival (Tagliani-Ribeiro et al. 2012). However, it is expected that
other factors, including other genetic polymorphisms, may be contributing with the high
twinning rates found in CG.

Besides the p53 pathway, other factors possibly related to twin births have been
studied in different contexts, among which, factors related to individual endocrine profiles
stand out (Montgomery et al. 2001; Rickard et al. 2012). Insulin-like growth factor (IGF-
1), for example, has previously been proposed to be associated with twin births in humans
(Steinman 2009), and biochemical and genetic studies has already related such factor to
twinning in cattle (Echternkamp et al. 1990; Echternkamp et al. 2004; Kim et al. 2008).

IGF-1 is an important peptide hormone for cellular differentiation and growth, and
it is also involved with mechanisms related to reproduction and fetal development of
mammals (Adam et al. 2000; Echternkamp et al. 2004; Thomas et al. 2016). In human
reproduction, IGF-1 acts as a pituitary regulator of follicular growth and potentiates the
action of both gonadotrophins, luteinizing hormone (LH) and follicle stimulating hormone
(FSH) (Ohlsson et al. 2009). In the ovary, it regulates the differentiation of granulosa cells
and the development of the follicle, and may influence the twinning rate (Lambalk et al.
1998; Erickson and Shimasaki 2001). Furthermore, traits associated with IGF-1, such as
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ethnicity and body mass index covaries with twinning ratio (Steinman 2009; Rickard et al.
2012).

Genetic factors are known to influence IGF-1 levels and its individual variation
(Rosen et al. 1998; Kwasniewski et al. 2016). The IGF1 gene has a polymorphic
microsatellite of cytosine and adenine nucleotides, (CA)n, which range in sizes from 10 to
24 CA repeats, located at the IGF1 promoter region, approximately 1 kb upstream from the
transcription start site (GenBank accession number AB133839.1) (Jernstrém et al. 2001).
In the Caucasian population, the most common allele contains 19 CA repeats
(NG_011713.1:9.4248CA[19]), commonly known as (CA)19, which corresponds to
fragments of 192bp after amplification (Costalonga et al. 2012). Interestingly, an exception
can be found in the results by Kato et al. (2003), in which a Caucasian population
presented the allele with 18 CA repeats as the most frequent, and the authors listed the
small sample number and the population admixture as possible explanations for such
discrepancy. The length of CA repeats has been associated with serum IGF-1 levels and to
different human phenotypes, as well as breast and endometrial cancer (Wagner et al. 2005;
Kwasniewski et al. 2016), bone disorders (Kim et al. 2002) and others (Costalonga et al.
2012; Kaczmarek et al. 2015).

In turn, the IGFBP3 gene (which synthesizes insulin-like growth factor binding
protein 3) is responsible for transporting about 90% of the circulating IGF-1 and is capable
of deregulating the levels of IGF-1 present in the plasma (Al-Zahrani et al. 2005; Ohlsson
et al. 2009). There is evidence that the polymorphism rs2854744. C>A
(NG_011508.1:9.4797C>A) in IGFBP3 is a genetic factor influencing the levels of
IGFBP-3 and IGF-1, and it has been shown that women homozygous to the allele A have
higher levels of circulating IGFBP-3, and consequently, higher levels of circulating IGF-1
(Ali et al. 2003; Al-Zahrani et al. 2005; Costalonga et al. 2009; Ohlsson et al. 2009).

Taking into consideration the role of IGF1 (CA)n and IGFBP3 rs2854744
polymorphisms in the metabolism of IGF-1 and in the reproductive context, the aim of this
study was to investigate whether such genetic polymorphisms can help to explain the high
rates of twin births found in the city of Candido Goddi, in the state of Rio Grande do Sul,
Brazil.

We designed a population-based case-control study, with mothers of twins in case

group and mothers of singletons in two control groups. The study was approved by the
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ethics committee of the Hospital de Clinicas of Porto Alegre (HCPA) under protocol #09-
359. The case group was formed by 39 women, who were mothers of twins and resided in
the municipality of CG. This sample number represents about 40% of the mothers of twins
who were born in CG after 1995 (Tagliani-Ribeiro et al. 2011). To compare with case
group, we studied a control group composed by 97 mothers of non-twin children and who
were born in the municipality of CG. The characteristics of both case and control groups
from CG were already described in Tagliani-Ribeiro et al., 2012.

In addition, considering the common ancestral origin of CG population, we decided
to include an external control group to determine the frequency of the investigated alleles
in the state of Rio Grande do Sul. Thus, we included a second control group consisting of
117 mothers of non-twin children living in Porto Alegre (PA), the capital city of state. The
control group from PA showed a mean age of 22.6 years and a mean number of
pregnancies of 2.5, similar values to control group from CG (Tagliani-Ribeiro et al. 2012).

Taking into account that both MZ and DZ twins have increased prevalence in CG
(Matte et al. 1996; Tagliani-Ribeiro et al. 2011) and that our biological hypothesis is
focused in aspects related not only to ovulation, but also to fertilization and embryo
development, we decided to analyze births of MZ and DZ twins combined.

Genomic DNA of the blood samples was extracted in accordance with that
described by Lahiri and Nurnberger 1991. For the IGF1 (CA)n polymorphism, polymerase
reaction chain (PCR) was performed as described by Rosen et al. 1998, using primers
sequences 5 5 GCTAGCCAGCTGGTGTTATT3’ and
5’ACCACTCTGGGAGAAGGGTAZ’. The analysis of fragments was then performed by
capillary electrophoresis in an Applied Biosystems® 3500 Genetic Analyzer sequencer. In
order to test the veracity of the results, one sample from each homozygote pair was
sequenced for the following alleles: IGF1 (CA)19, (CA)20, (CA)21 and (CA)22. The
samples were purified with the EXO | and SAP enzymes and then subjected to Sanger
sequencing. In turn, the rs2854744 of the IGFBP3 gene was determined via the TagMan
SNP Genotyping Assay, through allelic discrimination using the C__ 1842665 10 assay in
accordance with the manufacturer's instructions (Applied Biosystems, USA). The reactions
were conducted in the StepOnePlus™ PCR Real-Time System, and the reaction products

were analyzed in the StepOne v. 2.2.2 software.
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The Hardy-Weinberg equilibrium was calculated using version 3.11 of the Arlequin
program. Simple comparisons of IGF1 allelic frequencies in the cases and controls were
done using the G-Test (Likelihood ratio chi-square), with a 95% confidence interval, in
version 11.15 of the WInPEPI program. For analysis of the IGFBP3 gene, the Two-tailed
Fisher’s exact test and Person’s chi-square were used to compare the allelic and genotypic
frequencies between case and control groups using IBM SPSS v.18.0 software (IBMCorp.,
Armonk, NY).

The samples of case and control groups were in Hardy-Weinberg equilibrium for
both of the polymorphisms tested (p > 0.05 in cases and control groups for both
polymorphisms). The analyses of the IGF1 (CA)n polymorphism revealed eight different
alleles in CG, varying of 11 to 22 CA repeats (Table 1). In turn, the alleles with 23 and 24
CA repeats (with 200 and 202 pb respectively) were found in Porto Alegre, even that at a
low frequency. In all studied populations, the most frequent allele was that with 19 CA
repeats, with 192 pb. Although the allele with 22 CA repeats (with 198 pb) have occurred
more frequently in the mothers of twins (cases, 7.7%) than in the both control groups, there
was no statistical significance in the distribution of IGF1 (CA)n between cases and control
groups from CG (p = 0.182) and from PA (p = 0.065). Similarly, for the IGFBP3
rs2854744 polymorphism, there was no statistically significant difference between cases
and controls groups, both for allelic and genotypic frequencies (Table 2).

Although IGF-1 has been considered an important candidate to understanding
human twinning (Steinman 2009), we did not find statistical association between two
genetic polymorphisms commonly related to its metabolism in a population with a very
peculiar foundation history and that shows increased rates of twin births (Matte et al. 1996;
Tagliani-Ribeiro et al. 2011).

Interestingly, upon analyzing the results obtained in studies of the IGF1 (CA)n
polymorphism in various continents (Table 3), it could be seen that the frequency of the
allele with 22 repeats is low — it ranged from 1.5% in European populations (Vaessen et
al. 2001; Rietveld 2009) to 3.4% in a study conducted in China (Xie et al. 2010). In the
case group of the present study, this allele occurred at a frequency of 7.7%, while in the
controls, from both CG and PA, these frequencies were similar to those observed in studies
conducted in Europe and North America (Vaessen et al. 2001; Kato et al. 2003; Wen et al.
2005; Cleveland et al. 2006; Rietveld 2009).
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In conclusion, our results pointed to a lack of association between twin births in CG
and polymorphisms IGF1 (CA)n and IGFBP3 rs2854744. Unfortunately, we could not
access the serum IGF-1 levels and comparing it with the investigated genetic
polymorphisms. However, genetic variants related to such factor have been independently
associated with a plenty of different phenotypes (Wagner et al. 2005; Cleveland et al. 2006;
Kaczmarek et al. 2015). Furthermore, to the best of our knowledge, this is the first study to
investigate the IGF1 (CA)n and IGFBP3 rs2854744 polymorphisms in human twinning
and further investigations in other populations with different characteristics must be
performed to confirm the role of IGF-1 in human twin births.
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Table 1. Frequency of IGF1 (CA)n polymorphism in cases and controls.

104

Cases CGP" controls PAC controls

Number

of CA® (n=39) (n=97) (n=117)

repeats , ,

% N % p N % p

11 - - 1 0.5 0.55 1 0.4 0.55
16 - - 2 1.0 0.40 2 0.9 0.40
17 1 1.3 3 15 0.66 3 1.3 0.97
18 4 5.1 15 7.8 0.37 21 9.0 0.25
19 50 64.1 112 57.8 0.31 148 63.2 0.75
20 13 16.7 47 24.2 0.13 29 12.4 0.38
21 4 5.1 11 57 0.86 26 11.1 0.10
22 6 7.7 3 15 0.01 2 0.9 <0.001
23 - - - - - 1 0.4 0.55
24 - - - - - 1 0.4 0.55

Total 78 100 194 100 0.18 234 100 0.07

ACA: cytosine-adenosine; °CG: Candido Godoi; °PA: Porto Alegre; ‘G-test
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Table 2. Frequency of IGFBP3 rs2854744 gene polymorphism in cases and controls.

Cases CG" controls PA” controls
Allele ¢
(n = 39) (n=97) (n=117)
N % N % N %
C 44 56.4 104 53.6 0.689 112 47.9 0.239
A 34 436 90 46.4 122 52.1
Genotype N % N % p° N % p°
CcC 14  35.9 32 33.0 32 27.4
CA 16  41.0 40 41.2 0.927 48 41.0 0.484
AA 9 23.1 25 25.8 37 31.6

*CG: Candido Godéi; "PA: Porto Alegre; “Two-tailed Fisher’s exact test; “Person’s chi-

square test
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Table 3: Percentage of IGF1 (CA)n polymorphism in some general and non-diseased
populations around the world.

REGION BRAZIL NORTH AMERICA EUROPE CHINA
_ Cleveland Katoetal. Katoetal. ) Xie et
Number This Rietveld  Vaessenet Wenetal.
. b et al. (2003) (2003) .
of CA study ) (2009) al. (2001) (2005)
(2006) White Black (2010)
repeats N =214 N=5386 N=1080 N=2172
N =736 N =112 N =114 N =446
10 - - 0.9 - - - - -
11 0.5 0.1 - - - - 0.1 -
13 - - 0.9 0.9 - - - -
15 - - 0.9 9.7 - 0.2 0.2 -
16 0.9 0.3 2.7 3.5 - 0.3 0.1 0.2
17 1.4 1.4 7.1 18.4 1.9 1.9 10.5 7.6
18 8.4 6.0 36.6 254 4.6 4.1 16.7 15.9
19 60.7 64.3 30.4 18.4 65.3 65.9 35.1 38.8
20 17.8 18.7 16.1 14.9 19.4 18.7 7.7 6.3
21 8.6 7.5 45 6.1 6.9 7.4 26.3 27.1
22 1.2 1.6 - 1.8 15 15 3.1 34
23 0.2 0.1 - 0.9 - - 0.1 0.5
24 0.2 - - - - - - 0.2
Others - - - - 0.4 - - -

3CA: cytosine-adenosine; "Frequencies of the control samples from Candido Godoi and
Porto Alegre
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