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RESUMO

CRUZ, Otavio Martins. Epidemiologia molecular: polimorfismos genéticos da
enzima metilenotetraidrofolato redutase e suas relagbes com o aborto
espontaneo 2012. 57f. Dissertagdo (Mestrado) - Programa de Pés-Graduacdo em
Biotecnologia. Universidade Federal de Pelotas, Pelotas.

O aborto esponténeo (AE) é caracterizado como a perda do produto fetal antes
de 20 semanas de gestacao e sua etiologia ndo € completamnete esclarecida.
InUmeros estudos tém demonstrado que polimorfismos no gene da enzima
metilenotetraidrofolato redutase (MTHFR) estdo envolvidos na susceptibilidade
ao AE. Dessa forma, o presente trabalho foi realizado com o objetivo de avaliar
os polimorfismos 677C>T e 1298A>C do gene da MTHFR e suas associagdes
na susceptibilidade ao aborto espontaneo em uma amostra de mulheres do Sul
do Brasil em uma abordagem de caso-controle. Noventa e oito mulheres com
AE (casos) e duzentas e vinte sete mulheres saudaveis e sem histérico de
aborto espontaneo (controles) foram estudadas. A genotipagem dos
polimorfismos MTHFR677C>T e MTHFR1298A>C foi analisada através da
técnica de discriminag&o alélica com uso de sondas pré-desenhadas TagMan®
por PCR em tempo real. Os resultados mostraram que n&o houve diferenga na
distribuicdo das frequéncias dos alelos e dos gendtipos dos SNPs
MTHFR677C>T e MTHFR1298A>C entre os casos e 0 grupo controle. Foi
observado um aumento do risco de AE em relagdo ao gendtipo
MTHFR1298CC quando comparado ao gendétipo MTHFR1298AA (RR: 1,13
95%IC: 1,04; 1,23; p=0.02). Além disso, a classificacdo do tipo de aborto &
diferente entre os gendtipos do polimorfismo MTHFR1298A>C (p = 0,03). No
grupo controle, mulheres ndo-carreadoras do alelo 677T apresentam um maior
nimero de gestagbes do que mulheres 677T (p = 0,04). Os resultados
apresentados neste trabalho sugerem que o gendtipo CC do polimorfismo
MTHF1298A>C é associado ao aumento do risco do AE, entretanto, em nossa
populagéo, o polimorfismo MTHFR677C>T ndo esta envolvido na ocorréncia do

aborto espontaneo.



ABSTRACT

CRUZ, Otavio Martins. Molecular epidemiology: genetic polymorphisms of
the methylenetetrahydrofolate reductase enzime and its relationship with
miscarriage. 2012. 57f. Dissertacdo (Mestrado) - Programa de P6s-Graduagdo em
Biotecnologia. Universidade Federal de Pelotas, Pelotas.

The spontaneous abortion (SA) is characterized as a loss of fetal product before
20 weeks of gestation and its etiology has not completely understood.
Numerous studies have shown that polymorphisms in the gene of the enzyme
metilenotetrahydrofolate reductase (MTHFR) are involved in susceptibility to
AE. Then, the present study was conducted to evaluate the polymorphisms
677C>T and 1298A>C MTHFR gene and their associations in susceptibility to
spontaneous abortion in a sample of women in the South of Brazil in a case-
control approach. Ninety-eight women with SA (cases) and two hundred and
twenty-seven healthy women with no history of miscarriage (controls) were
studied. Genotyping of MTHFR677C>T and MTHFR1298A>C polymorphisms
were analyzed by allele discrimination with TagMan® pre-designed probes in
Real Time PCR. The results showed that there was not difference in the
distribution of allelic and genotypes frequencies of MTHFR677C>T and
MTHFR1298A>C SNPs between cases and control group. It was observed an
increase in the risk of SA in relation to genotype MTHFR1298CC when
compared to genotype MTHFR1298AA (RR: 1,13 95%CI: 1,04; 1,23; p=0.02).
Moreover, the classification of the type of abortion is different between
genotypes of MTHFR1298A>C polymorphism (p = 0.03). In the control group,
non-electron carriers of 677T allele have a higher number of pregnancies than
women 677T (p = 0.04). The results presented in our work suggests that the
CC genotype of polymorphism MTHF1298A > C is associated with increased
risk of SA. However, the polymorphism MTHFR677C>T is not involved in the

occurrence of miscarriage in studied population.



LISTA DE ABREVIATURAS E DE SIGLAS

A — Adenina

C - Citosina

DNA — Acido desoxirribonucleico

DM - Diabetes Mellitus

EDTA - Acido etilenodiamino tetra-acético

G — Guanina

HAPMAP — Mapa de Haplotipos

HCG — Gonadotrofina Coribnica Humana

MTHFR — Metilenotetrahidrofolato redutase

PCOS — Sindrome dos Ovéarios Policisticos

PCR — Reacao de Cadeia de Polimerase

RNA — Acido ribonucleico

SNP — Polimorfismo de Nucleotideo Unico
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8. INTRODUCAO

8.1. Introducéo Geral

O Projeto Genoma Humano permitiu a identificagdo da sequéncia de
bases que constitui 0 DNA possibilitando a constatacdo de que individuos
diferentes compartilham 99,9% dessa sequéncia. Sendo assim, as diferencas
fenotipicas e a susceptibilidade a doengcas em cada uma das pessoas dizem
respeito a apenas 0,1 % da variacdo na sequéncia do DNA. E, portanto, nesta
pequena porcentagem que residem os chamados polimorfismos genéticos
(THE INTERNATIONAL HUMAN GENOME SEQUENCING CONSORTIUM,
2004). Como consequéncia, o Projeto HapMaP (Haplotype Map) buscou
determinar o padrdo mais comum de variagdo da sequéncia de DNA,
detectando a existéncia de mais de 10.000.000 polimorfismos de base Unica
(SNPs) (IHGSC, 2004).

A grande maioria destes SNPs é representada por dois alelos, em que
um € substituido pelo outro. Estes polimorfismos quando estdo presentes em
regibes codificadoras do gene, podem alterar a sequéncia de amino&cidos,
possivelmente, modificando a estrutura da proteina (BOTSTEIN, RISCH, 2003).
Podem, também, estar presentes em regibes promotoras dos genes
modulando o controle da transcricdo génica; em regides intronicas, modulando
a estabilidade proteica; em sitios de splicing, sitios em que ocorre a eliminagédo
dos introns e unido dos éxons; ou, ainda, em regides intragénicas. Além disso,
SNPs podem estar envolvidos na susceptibilidade a doengas ou no seu
desenvolvimento. (BETTICHER et al., 1995; LIN et al.,2003).

Dessa forma, estudos da associagdo de polimorfismos de base Unica
com doengas complexas, podem contribuir para que se identifiguem novos
marcadores moleculares, os quais podem vir a ser aplicados no diagndstico e
progndstico das mais diversas patologias (THUROW et al., 2011), entre elas o
aborto espontaneo (ZETTERBERG et al., 2003; ZETTERBERG, 2004,
MTIRAOQUI et al., 2006; CALLEJON et al., 2007; MAYOR-OLEA et al., 2008;
RODRIGUEZ-GUILLEN et al., 2009; POPP et al., 2012).
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A seguir serdo apresentados os tdpicos relativos a definicdo de aborto
espontaneo, suas principais causas e a epidemiologia da doenca. Sera
abordado também, o papel da enzima metilenotetrahidrofolato redutase
(MTHFR) no metabolismo do &cido fdlico e, a relacdo estabelecida, até o
momento, entre os polimorfismos 677C>T e 1298A>C da MTHFR e o aborto

espontaneo.

1.2. Aborto Espontaneo (AE)

O aborto espontaneo € definido como a perda do produto fetal antes de 20
semanas de gestacdo (CHAN et al., 2010). A etiologia do AE é variada
(Figura.1), sendo que aspectos anatdmicos, endodcrinos, imunolégicos,
infecciosos e genéticos ja foram caracterizados como algumas de suas
principais causas (FORD; SCHUST, 2009, WU et al.,, 2012). Entretanto,
aproximadamente 50% dos casos de AE ainda ndo tém sua etiologia
estabelecida (WU et al., 2012).

2%-5%
Fatores 10%-15%
Genéticos

Fatores
Anatémicos

20%
Auto imune

40%-50%
Causas inexplicaveis

0.5%-5%
Infecgdes

17%-20%
Fatores
Endécrinos

Figura.l — Etiologia do Aborto Espontaneo (FORD; SCHUST, 2009)

1.2.1. Aspectos Anatdmicos e o Aborto Espontaneo

Em relacdo aos aspectos anatdomicos que podem causar 0 aborto
espontaneo, foi estabelecido que malformacfes uterinas, polipos uterinos,
sinéquias, miomatose uterina e incompeténcia istmo cervical contribuem,

significativamente, para a ocorréncia da doenca (CAETANO et al., 2006).
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Cabe destacar, que algumas alteragbes anatdomicas sao mais relacionadas
com perdas gestacionais tardias (durante o segundo trimestre) ou trabalho de
parto prematuro, como por exemplo, incompeténcia istmo-cervical e miomatose
uterina (HARGER et al.,, 1983; STRAY-PEDERSEN, STRAY-PEDERSEN |,
1984). As anomalias citadas podem interromper o suprimento vascular ao
endométrio e, por isso, aumentar a predisposicdo ao aborto espontaneo
(FORD; SCHUST, 2009)

1.2.2. Causas Endécrinas e o Aborto Espontaneo

Insuficiéncia do corpo luteo, sindrome dos ovarios policisticos (PCOS,
policystic ovary syndrome), Diabetes Mellitus (DM), doengas da tiredide e
hiperprolactinemia estéo entre as principais desordens enddcrinas envolvidas

na etiologia do aborto espontaneo (GLUECK et al.,2002).

Entende-se por insuficiéncia do corpo liteo a producéo inadequada de
progesterona luteinica e a maturagdo endometrial insuficiente para a formacéo
da placenta (FORD; SCHUST, 2009). Alguns estudos observaram aumentos
anormais de horménio luteinizante e de androgénios, ambos associados a
insuficiéncia do corpo liteo, em pacientes com aborto espontdneo, o que
sugere que estas anormalidades hormonais podem levar ao envelhecimento
prematuro do odcito, além de retardar a maturacdo endometrial (WATSON et
al., 1993; BUSSEN et al.,, 1999). Apesar do conhecimento acumulado, o

verdadeiro papel dessa desordem na ocorréncia do AE ainda € controverso.

Em relacdo & sindrome dos ovérios policisticos (PCOS), estudos tém
demonstrado que 40% de mulheres diagnosticadas com aborto espontaneo
apresentam quadro de PCOS (RAl et al., 2000).

Outras desordens enddcrinas envolvidas na etiologia do AE sdo a

Diabetes Mellitus do Tipo 1, e o Hipotireoidismo (MILLS et al., 1988; KUTTEH
et al., 1999; RUSHWORTH et al., 2000; VAQUERO et al., 2000).
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1.2.3. O Sistemalmune e o Aborto Espontéaneo

Uma &rea bastante estudada no intuito de esclarecer casos de aborto
espontaneo é a participacdo do sistema imune na ocorréncia dessa patologia.
Neste aspecto estdo envolvidos os fendmenos autoimunes e os aloimunes
(MATTAR et al., 2004). O mecanismo autoimune se caracteriza pela producéo,
por parte do sistema imunoldgico materno, de auto-anticorpos que vao alterar o
leito placentario e com isso determinar a perda gestacional (CLIFFORD et al.,
1994; FORD; SCHUST, 2009). No fendmeno aloimunoldgico ocorrem
distarbios no reconhecimento dos antigenos fetais de origem paterna e/ou no
desencadeamento de resposta imunolégica materna moduladora e protetora
(CHRISTIANSEN,1996), culminando no aborto espontaneo.

1.2.4. Infecgbes e o Aborto Espontaneo

Certas infecgdes, incluindo as causadas por Listeria monocytogenes e
Toxoplasma gondii, além da rubéola, herpes, sarampo e aquelas causadas
pelo citomegalovirus, sdo conhecidas por predisporem ao aborto espontaneo
(MATTAR et al., 2004; FORD; SCHUST, 2009). Os mecanismos que levam a
perda fetal por infecgdo podem ser explicados quando: (1) a infecgdo acontece
diretamente no utero, no feto ou na placenta; (2) a infeccdo provoca
insuficiéncia placentéria; (3) a infeccdo refere-se & endometrite e endocervicite;
(4) ocorre amnionite; ou (5) a infecgdo ocorre por dispositivos intrauterinos
contaminados (SUMMERS et al., 1994).

1.2.5. Aspectos Genéticos e o Aborto Espontaneo

Em relacdo aos aspectos genéticos, a anormalidade mais frequente € a
translocacdo no cariétipo de um dos parceiros. Outras anormalidades
cromossOmicas que podem ser encontradas sdo: mosaicismo sexual, inverséo
cromossOmica e cromossomos em anel. Essas aberragdes irdo gerar embrides
com cromossomopatias que evoluem para o aborto (MATTAR et al., 2004). Além
disso, diversos estudos de associagdo de polimorfismos genéticos com o

aborto espontaneo vém sendo realizados na busca por marcadores
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moleculares para o diagnostico e prognostico do aborto espontadneo (WU et al.,
2012; LIU et al., 2010; NUNES et al., 2011; TANG et al., 2011). Em especial, o
gene da enzima metilenotetrahidrofolato redutase, tem regiées polimorficas que
tém sido estudadas com relagdo ao AE, uma vez que essa enzima
desempenha um papel essencial no processo de desenvolvimento fetal
(ZETTERBERG et al., 2003; ZETTERBERG, 2004; MTIRAQUI et al., 2006;
CALLEJON et al., 2007; MAYOR-OLEA et al., 2008; RODRIGUEZ-GUILLEN et
al., 2009; POPP et al., 2012).

1.3. Epidemiologia do Aborto Espontaneo

No ano de 2003, foi estimada a ocorréncia de 41,6 milhdes de abortos no
mundo, dentre os quais, 21,9 milhdes foram considerados abortos espontaneos
(BENUTE et al., 2009).

No Brasil, um estudo recente apresenta uma compilagdo de dados referentes a
pesquisa nacional sobre demografia e saude (PNAD) realizada no em 1996. De
uma amostra total de 16.451 domicilios inicialmente selecionados, 12.612
mulheres em idade fértil (15-49 anos) foram entrevistadas. Onde, desse total,
14% das mulheres referiram alguma vez ter tido exclusivamente aborto
espontaneo (CECATTI et al., 2010). Observou-se também nesse estudo que a
Regido Sul do pais apresenta 11,5% dos casos de aborto espontaneo (Tabela.
1).

Tabela.1 — Distribuicdo percentual de mulheres, segundo a experiéncia de
aborto, no Brasil (Adaptado de CECATTI et al., 2010)

Regido*

Experiéncia aborto RJ sp S oL NE N c.0 Total
Nunca abortou 79.0 85.0 86.8 85.6 80.8 85.0 84.4 83.6
Aborto espontaneo 14.5 13.7 115 13.2 16.0 12.7 14.3 14.0
Aborto provocado 6.5 1.3 17 1.2 3.1 2.3 1.3 2.4

Total de mulheres 800 1.355 1571 1.368 4.772 1.340 1.406 12.612
Total ponderado 1208 2.681 2.136 1550 3.467 614 957 12.613

*RJ (Estado do Rio de Janeiro); SP (Estado de S&do Paulo); S (Regiao Sul); C-L (Regido
Centro—Leste); NE (Regiao Nordeste); N (regido Norte); C-O (Regido Centro-Oeste).*p < 0,001

(estatistica c2 com base no delineamento complexo)
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1.4. Metabolismo do Acido Félico (Metabolismo de um Carbono)

O metabolismo de um carbono ou folato-dependente (Figura.3) €
essencial na sintese de nucleotideos, na sintese da metionina e para a
metilacdo do DNA. Esse metabolismo depende de algumas enzimas que séo
funcionalmente polimérficas (JENNINGS et al., 2010).

Uma vez obtido a partir da dieta, o folato ou &acido félico é reduzido a sua
forma ativa, chamada tetrahidrofolato, passando a 5,10
metilenotetrahidrofolato. A partir dessa etapa ocorre uma rea¢édo mediada pela
enzima metilenotetrahidrofolato redutase (MTHFR), a qual converte 5,10
metilenotetrahidrofolato & 5 metiltetrahidrofolato, a forma circulante do folato
(Brandalize, 2009). O produto dessa reagdo s&o grupos metil utilizados na
sintese de metionina (GOYETTE et al.,1994).

Na segunda etapa do metabolismo do &cido félico, a enzima metionina
sintase catalisa a remetilacdo de homocisteina & metionina. E a partir dessa
reacdo que ocorre a sintese de S-adenosilmetionina, o doador universal de
grupos metil para a metilagdo do DNA, proteinas, neurotransmissores e
fosfolipidios (LECLERC et al., 1996). Importante destacar que a vitamina B12

atua como um cofator dessa reagéo.

Serina Metionina m]’
Glicina Tetra- S -Adenosil
. M, M-dimetil metionina
hldrofnlatn\ afoing. Aceplor

5,10-Metilenc- Helmmna Bz Colina

tetra-hidrofolato sintetase ‘/ Aceptor

S-Adenosil- metilado

MTHF Betaina -

Red uta&&. / \ humcmslelna
S-Metil-tetra- Humocmtelna

hidrofolato Cistationina B l/— Serina

Sintetase
Cislationina
T-Cistationase )
Bg -cetobutirato
Cisteina
80,°

Figura.3 — Metabolismo do Acido Félico
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1.5. Enzima Metilenotetrahidrofolato Redutase, Folato e Homocisteina

A metilenotetrahidrofolato redutase é uma enzima chave no metabolismo
do folato e da homocisteina. E codificada pelo gene MTHFR localizado no

brago curto do cromossomo 1 (1p36.32).

O folato atua em inimeras reacbes de transferéncia de um carbono,
incluindo a sintese de purinas, pirimidinas e a formagdo de S-
adenosilmetionina. A biossintese de purinas e pirimidinas € requisito essencial
para a sintese de DNA e RNA (BAILEY et al., 1999). Tendo em vista as
reacOes folato-dependentes, percebe-se a importancia do folato para o
desenvolvimento e crescimento fetal (BRANDALIZE, 2009).

Varios polimorfismos de base Unica ocorrem na regido codificadora do
gene da MTHFR, incluindo as posi¢des 677(rs:1801133) e 1298(rs:1801131). O
SNP mais estudado é o 677C>T, o qual resulta na substituicio de uma alanina
por uma valina no dominio catalitico da enzima. O polimorfismo 1298A>C é
relativo a substituicdo de um glutamato por uma alanina (RODRIGUEZ-
GUILLEN et al., 2009).

Estudos apontam uma atividade reduzida em torno de 35% da MTHFR em
individuos que apresentam o genotipo CT para o polimorfismo 677C>T,
enquanto aqueles que apresentam o alelo T em homozigose (TT) tém a
atividade reduzida em torno de 50-70% (FROSST et al., 1995).

A funcdo do polimorfismo 1298A>C, em relacdo a atividade da MTHFR,
ainda ndo foi amplamente descrita. Entretanto, esti relatado que individuos
heterozigotos (AC) para este polimorfismo apresentam atividade enzimatica
semelhante aquela descrita para os heterozigotos do SNP 677C>T (VAN DER
PUT et al., 1998).

Considerando a importancia da metilenotetrahidrofolato redutase no

desenvolvimento fetal, entende-se que a reducdo de sua atividade esteja
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relacionada a alteragdo significativa do crescimento fetal, uma vez que leva a
diminuicdo do folato e ao aumento da homocisteina na circulagdo. Conforme
mencionado anteriormente, o folato é necessério a divisdo celular devido ao
seu papel na biossintese de purinas e pirimidinas e, consequentemente, na
formacdo do DNA e do RNA. Em geral, o crescimento rapido e as
multiplicagbes celulares, aspecto central do desenvolvimento fetal, requerem
um suprimento adequado de folato (FONSECA et al., 2003). Durante a
gravidez, o folato interfere com o aumento dos eritrcitos, no alargamento do
Utero e no crescimento da placenta e do feto (SCHOLL, et al.,1996). Baixa
ingestdo de folato na gravidez e baixas concentracdes de folato plasméatico
materno podem acarretar anemia megaloblastica, parto prematuro e baixo peso
ao nascer (FONSECA et al., 2003). Cabe ressaltar, que estudos metabdlicos
apontam que a ingestdo dietética de 600 pg/dia de folato mantém uma
concentracdo normal de folato nas células vermelhas, sendo esta quantidade

diaria, portanto, adequada para mulheres gravidas (BAILEY, 2000).

A homocisteina (hcy) € um aminoacido ndo essencial encontrado na
forma de produto intermediario no metabolismo da metionina (HARBOE-
GONCALVES et al., 2005). Sua concentragdo plasmética é influenciada tanto
por fatores nutricionais, tais como a disponibilidade do folato e das vitaminas
B6 e B12, quanto por fatores hereditarios, especialmente ligados as enzimas
do metabolismo da metionina e da cisteina (MUNIZ et al., 2006). A
homocisteina é reconhecida como fator de risco independente para doencas
arteriocoronarianas, doencas vasculares periféricas e trombose venosa
profunda, sendo associada também a pré-eclampsia e risco elevado de aborto
espontaneo (FIGUEIRO-FILHO et al., 2012). Neste sentido, niveis de hcy
plasmética superiores a 15umol/L foram descritos como fator de risco para a
ocorréncia do AE (VOLLSET et al., 2000; RONNENBERG et al., 2002).

1.6. Polimorfismos MTHFR 677C>T e 1298 A>C e o Aborto Espontaneo

As associagdes relatadas até o presente momento entre os polimorfismos
677C>T e 1298A>C do gene da MTHFR e o AE né&o séo conclusivas. Alguns
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estudos atribuem a esses SNPs o aumento no risco de ocorréncia do AE
(MTIRAOUI et al., 2006; CALLEJON et al., 2007; RODRIGUEZ-GUILLEN et al.,
2009; POPP et al., 2012), enquanto outros ndo encontraram associacoes
entres tais polimorfismos e a ocorréncia da doenga (ZETTERBERG et al.,
2003; ZETTERBERG, 2004).

No estudo de Mtiraoui et al. (2006) os genétipos TT e CC dos SNPs
MTHFR677C>T e MTHFR1298A>C, respectivamente foram associados ao
aumento do risco de aborto espontdneo em mulheres da Tunisia. No trabalho
de Callejon e colaboradores (2007) foi avaliado a participagdo dos
polimorfismos 677C>T e 1298A>C da MTHFR em fetos coletados a partir de
curetagem em mulheres que sofreram aborto espontaneo, nesse trabalho ao
avaliarem os hapl6tipos dos dois polimorfismos, verificaram que a maioria dos
fetos apresentava quatro mutagdes (TTCC). J& Rodriguez-Guillen et al. (2009)
estudou a associagdo dos polimorfismos 677C>T e 1298A>C em mulheres
mexicanas com aborto espontdneo, sendo seu principal achado que os
gendtipos TT do SNP 677C>T e o genotipo AC do SNP1298A>C aumentavam
o risco de aborto espontaneo naquela populagdo. Popp e colaboradores (2012)
estudaram a relagdo do polimorfismo 677C>T com o aborto espontaneo
recorrente em mulheres da Roménia e apontaram o0 genétipo TT desse
polimorfismo como fator de risco para o AE.

Nos estudos de Zetterberg (2003; 2004), o autor realizou uma reviséo dos
estudos que envolviam os polimorfismos 677C>T e 1298A>C da MTHFR e
nestes trabalhos podem ser observadas populagdes em que os polimorfismos
em questao nao representavam fatores de risco para o aborto espontaneo.

No Brasil, sdo escassos 0s estudos relacionando os polimorfismos
677C>T e 1298A>C da MTHFR com o aborto espontaneo, sendo que na regiao

Sul nenhum trabalho com esta abordagem foi encontrado.
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2.  JUSTIFICATIVA

A etiologia do aborto espontaneo néo é completamente esclarecida, o que
permite a investigacdo de novos fatores relacionados a sua ocorréncia.
Polimorfismos de base Unica, embora sejam associados a um risco modesto de
causar doengas complexas, constituem um alvo potencial de investigacgéo,
podendo levar a novos e importantes aspectos da patogénese de
enfermidades, bem como, a habilidade na escolha de alvos para intervengdes
terapéuticas. A associacdo do polimorfismo pode ser relatada em individuos de
uma populagdo, mas ndo ser demonstrada em individuos pertencentes a outras
populagBes. Tal fato se deve a variacdo genética das populacdes. Portanto,

frente ao exposto, justifica-se a realizacéo do presente estudo.
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3. HIPOTESE
A presenga do alelo T em homozigose no polimorfismo 677C>T e/ou a
presenca do alelo C em homozigose no polimorfismo 1298A>C do gene da

MTHFR aumentam a predisposi¢do a ocorréncia de aborto espontaneo.
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OBJETIVOS

4.1. Geral

- Investigar a associagdo dos polimorfismos da MTHFR, SNP677C>T e
SNP1298 A>C, com a ocorréncia de aborto espontaneo numa amostra de
mulheres atendidas no Hospital de Clinicas da Universidade Catdlica de

Pelotas na cidade de Pelotas, no estado do Rio Grande do Sul.

4.2. Especificos
- Apresentar a distribuicdo alélica e genotipica dos SNPs 677C>T e
1298A>C da MTHFR em mulheres com aborto espontaneo e sem

histérico de aborto espontaneo (grupo controle).

- Relacionar os dados de genotipagem dos SNPs 677C>T e 1298A>C da
MTHFR, com variaveis bioldgicas, clinicas e comportamentais em

mulheres com aborto espontaneo.

- Investigar a associacdo de hapldtipos dos polimorfismos 677C>T e

1298A>C da MTHFR com a ocorréncia de aborto espontaneo.
- Investigar a associagdo das variaveis biologicas, clinicas e

comportamentais com os hapl6tipos dos polimorfismos 677C>T e 1298
A>C da MTHFR.
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5.

ARTIGO

Maternal MTHFR polymorphisms and risk of spontaneous abortion in

Southern Brazil

(Artigo cientifico escrito sob formato do periddico Gene)
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Abstract

The spontaneous abortion (SA) is characterized as a loss of fetal product before 20
weeks of gestation and its etiology has not completely understood. Numerous studies
have shown that polymorphisms in the gene of the enzyme metilenotetrahydrofolate
reductase (MTHFR) are involved in susceptibility to AE. Then, the present study was
conducted to evaluate the polymorphisms 677C>T and 1298A>C MTHFR gene and
their associations in susceptibility to spontaneous abortion in a sample of women in the
South of Brazil in a case-control approach. Ninety-eight women with SA (cases) and
two hundred and twenty-seven healthy women with no history of miscarriage (controls)
were studied. Genotyping of MTHFR677C>T and MTHFR1298A>C polymorphisms
were analyzed by allele discrimination with TagMan® pre-designed probes in Real
Time PCR. The results showed that there was not difference in the distribution of allelic
and genotypes frequencies of MTHFR677C>T and MTHFR1298A>C SNPs between
cases and control group. It was observed an increase in the risk of SA in relation to
genotype MTHFR1298CC when compared to genotype MTHFR1298AA (RR: 1,13
95%Cl: 1,04; 1,23; p=0.02). Moreover, the classification of the type of abortion is
different between genotypes of MTHFR1298A>C polymorphism (p = 0.03). In the
control group, noncarriers of 677T allele have a higher number of pregnancies than
women 677T (p = 0.04) The results presented in our work suggests that CC genotype
polymorphism MTHF1298A>C is associated with increased risk of SA. However, the
polymorphism MTHFR677C>T is not involved in the occurrence of miscarriage in

studied population.

Keywords: SNP 677C>T, SNP 1298A>C, one-carbon metabolism, miscarriage
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1. INTRODUCTION

The spontaneous abortion (SA) or miscarriage is a problem of public health defined
as the loss of the fetal product before twenty weeks of gestation. Lifestyle, diet, and
more recently, maternal genetic characteristics have been identified as the main causes
of the SA (Rodriguez-Guillen et al 2009). Hereditary thrombophilia and
hyperhomocysteinemia are also considered important factors for the occurrence of SA,
altering placental circulation, the development of the uterus and pregnancy outcome
(Popp et al 2012). Although some studies has been conducted to identify the unknown
mechanisms of the SA, the causes of this pathology can be found in only 50% of cases
(Franssen et al 2005; Jauniaux et al., 2006; Lee et al., 2010).

In Brazil, the miscarriage is characterized as a major cause of maternal mortality
(Cecatti et al 2010). The frequency of SA in the country, considering all types of
abortion, is 14%, and thus researches about the etiology of disease becomes essential for
proper investigation and control of maternal mortality (Cecatti et al 2010). Given the
extent of the problem, studies relating genetic polymorphisms with human diseases may
contribute in order to identify new molecular markers, which may be applied in the
diagnosis and prognosis of these diseases (Thurow et al 2011).

The methylenetetrahydrofolate reductase (MTHFR) enzyme has a crucial role in
folate metabolism because it is a mediator of reduction of 5.10
methylenetetrahydrofolate to 5-methyltetrahydrofolate, which enables the conversion of
homocysteine to methionine. Any interruption in the function of this enzyme, as a
decrease in the bioavailability of folate and vitamin B12, may prejudice the control of
metabolism and thereby increase the concentration of homocysteine in circulation

(Finkelstein, 2000).
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Several single nucleotides polymorphisms (SNPs) are found in the coding region of
the MTHFR gene, highlighting the 677C> T (rs:1801133) and 1298A> C (rs: 1801131),
which has been widely studied in several diseases, such as cancer (Mattia and Toffoli,
2009), coronary heart disease (Tripathi et al 2010), neural tube defects (Félix et al 2004)
and Down syndrome (Tayeb 2012).

The polymorphism 677C> T refers to change through the C base by the T base,
resulting in the substitution of an alanine for a valine in the catalytic domain of MTHFR
(Frosst et al. 1995). The T allele of SNP 677C> T was associated with reduced
enzymatic activity, with the decrease of folate in serum, plasma and red blood cells, and
contribute to the increase of the concentration of total plasma homocysteine (Brustolin
et al 2010).

The polymorphism MTHFR 1298A>C is an exchange of the A base for the C base,
wich results in substitution of a glutamate by one alanine (Van der Put et al 1998;
Weisberg, et al. 1998). This polymorphism also affects the activity of MTHFR, without
causing biochemical changes (Brustolin et al 2010).

It is important to note that folate acts as a coenzyme in various fundamental cellular
reactions and is required for cell division because acts in the biosynthesis of purines and
pyrimidines and, therefore, the formation of DNA and RNA. In general, the rapid
growth and cellular multiplication, central aspect of fetal development, require an
adequate supply of folate (Fonseca et al 2003). During pregnancy, folate interferes with
the increase of erythrocytes, extending from the uterus and growth of the placenta and
fetus (Scholl et al. 1996). Low folate intake during pregnancy and low maternal folate
concentrations can cause megaloblastic anemia, premature delivery and low birth

weight (Fonseca et al 2003). Furthermore, in some studies, homocysteine levels
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exceeding 15umol/L has been described as a risk factor for the occurrence of
reproductive problems (Vollset et al. 2000; Ronnenberg et al. 2002).

Several studies has demonstrated associations between these both polymorphisms
and spontaneous abortion (Zetterberg et al., 2003 , Zetteberg, 2004, Mtiraoui et al.,
2006; Callejon et al., 2007, Mayor-Olea et al., 2008, Rodriguez-Guillen et al., 2009,
Popp et al., 2012), however, these results still seem conflicting and inconclusive.
Furthermore, studies linking these polymorphisms in women from southern Brazil were
not performed.

The objective of this study was investigate the association of SNP677C>T and
SNP1298A>C polymorphisms of MTHFR with the occurrence of spontaneous abortion
in a sample of women treated in the Clinical Hospital of the Catholic University of

Pelotas, Pelotas, Rio Grande do Sul, southern Brazil in case-control study.

2. MATERIALS AND METHODS

2.1) Study population

This was a case-control study carried out from February 2011 to June 2012 in
Pelotas, Rio Grande do Sul, a city in southern Brazil. This study was approved by the
Ethics Committee of the Federal University of Pelotas and the Ethics Committee of the
Catholic University of Pelotas.

A total of 98 patients with spontaneous abortion treated at the Department of
Obstetrics and Gynecology, in Catholic University of Pelotas were studied. These
women were invited to participate in the study and signed a consent form, besides
answering a questionnaire for the collection of biological, clinical and behavioral

variables.
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For molecular analyzes 3 ml of maternal blood of the cubital fossa were collected
using tubes containing EDTA and kept refrigerated for later DNA extraction via Dneasy
Blood and Tissue Kit (Qiagen).

The control group consisted of 227 women without history of abortion who had at
least one normal pregnancy. These women were invited to participate in the study when
they were in their routine consultations in obstetrics and gynecology in Franklin Olive
Leite Clinic, Catholic University of Pelotas. All control women signed the consent form
and the questionnaire used to collect epidemiological data. For genomic DNA
extraction and molecular analyzes in this control group, oral cavity samples were
collected with brush cytology (Purgene DNA Buccal Cell Kit, Gentra Systems) and then
were stored in a solution of cell lysis. All samples were processed later according to the

manufacturer's protocol, according previous work (Breton et al., 2009).

2.2) Biological, Clinical and Behavioral variables

All study participants completed a questionnaire to collect data on reproductive
and medical history. The following variables were included: type of miscarriage, age,
number of pregnancies, alcohol use, smoking, preeclampsia, difficulties of pregnancy,

treatment for pregnancy and previous abortions number.

2.3) Diagnosis of Miscarriage

To confirm the diagnosis of miscarriage, a ultrasonography (U.S.) in each one of
the women with suspected SA was performed. From the U.S. was possible to determine
the type of abortion and the age at which the loss occurred, moreover, it is noteworthy
that prior to performing this work all patients with SA had conducted the examination

Beta-HCG (Human Chorionic Gonadotropin) to confirm pregnancy.
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The type of abortion was categorized as follows: complete abortion, when the
fetus was expelled completely; incomplete abortion, where, despite of all the fetus has
been expelled, the cavity remaining within the endometrium products placenta; retained
abortion, when the fetus was not expelled, but remained in the uterus and placenta and

fetal tissues and anembrionyc when no embryo development, only gestational sac.

2.4) Genotyping

The 677 C> T (rs:1801133) and 1298 A> C (rs:1801131) SNPs were analyzed
by allelic discrimination assay using pre-designed TagMan probes (Applied
Biosystems, Foster City, CA) in equipment Real Time PCR-System 7500 (Applied
Biosystems / Life Technologies). The reactions was performed with a total volume of 6
pl, as follows: 3 pl of Tagman ® PCR Master Mix (Applied Biosystems), 0.3 pl of
assay mix (Applied Biosystems), 2.2 pl of free water DNA and RNA (Life
Technologies) and 0.5 pl of DNA [20ng]. The standard reaction conditions were an
initial denaturation at 95 ° C for 10 minutes followed by 40 cycles of denaturation at 94
° C for 15 seconds and annealing and extension at 60 ° C for 1 minute each. A negative
control was used in each reaction to determine the presence of contaminants, in
addition, 10% of samples were randomly repeated for quality control and the accuracy

of the genotyping was 100%.

2.5) Haplotypes
From the genotyping of two polymorphisms analyzed in this study, haplotypes
were constructed using the program PHASE, which is based on Bayesian statistics to

construct haplotype data for genotyping (Stephens et al. 2001).
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2.6) Statistical Analyses

The Hardy-Weinberg Equilibrium was analyzed by the chi-square test. The
Fisher’s exact test was used to evaluate the association between the genotypes and
alleles of the polymorphisms and biological, clinical and behavioral variables. In order
to calculate the relative risk of the occurrence of spontaneous abortion according to the
genotypes of the genetic variants analyzed in this study, a Poisson regression was
performed. All analyzes were performed in the statistical package STATA 12.0

considering p <0.05 how statistically significant the differences.

3. RESULTS

3.1) Allele and genotypic frequencies

The distribution of allele and genotypic frequencies and RR risk of 677C> T and
1298A> C MTHFR polymorphisms are shown in Tablel. The 677C> T and 1298A> C
variants MTHRF gene in the sample of cases and controls studied are distributed
according to the Hardy-Weinberg equilibrium (MTHFR677C>T cases p=0.88,
MTHFR677C>T controls p=0.69; MTHFR1298A>C cases p=0.13, MTHFR1298A>C
controls p=0.62).

Regarding to polymorphism 677C> T, the T allele showed minor allele
frequency (MAF) of 52% in cases and 45.4% in controls. Where no statistical
significance difference was found between these groups (p= 0.28). Likewise, the
genotype distribution of the polymorphism 677C> T did not appear different between
cases and controls (p=0.30). In the analysis of the polymorphism 1298A> C, the C allele
showed MAF of 40.8% in cases and 48.5% in controls (48.5%), however no differences

were observed in this distribution (p=0.23).
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The variant MTHFR677C> T did not represent a risk factor for spontaneous
abortion. However, were observed a 1.13 increase risk of SA in women genotyped as

CC for MTHFR 1298A> C compared to women genotyped as AA.

3.2. Association of polymorphisms 677C> T and 1298A> C MTHFR with

biological, clinical and behavioral variables

Tables 2 and 3 present data about biological, clinical and behavioral variables of
women studied and the genotypes of MTHFR 677C> T and MTHFR 1298A> C,
respectively. The tables 4 and 5 show the data relating to these variables and alleles of
MTHFR 677C> T and MTHFR 1298A> C polymorphisms, respectively.

Regarding the MTHFR 1298A> C, it was observed that the genotypes exhibit a
significant difference in the type of abortion (miscarriage retained anembrionyc,
complete and incomplete) (p=0.03). There were no significant associations between the
MTHFR 677C> T and the variables investigated, only controls T noncarriers for
MTHFR677C>T was significantly compared gestational number (p=0.04). Similarly,
among women carrier of the allele A, the classification of the type of abortion vary
significantly (p=0.02). The number of abortions was statistically different among
women carrier of allele A in polymorphism MTHFR1298A> C (p=0.03). Independently

of number abortion the allele A frequence was major in women carriers this allele.

3.3. Haplotypes analysis of the MTHFR 677C> T and 1298A> C
polymorphisms and biological, behavioral and medical variables
association

The analysis of haplotype of MTHFR677C>T and MTHFR1298A>C SNPs were

constructed based on the prevalence of these individual frequency SNPs. Nine

haplotypes were formed and their frequencies are shown in Table 6. The most frequent
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haplotype was CTAA cases (28.7%), whereas in controls the most frequent haplotype in
controls CCAC (26.1%). No significant differences were observed between the
haplotype frequencies in case and control groups (p =0.34). Haplotypes when compared
with biological, behavioral and medical variables showed have not association with any

these variables (table.7).

DISCUSSION

We investigated MTHFR677C>T and MTHFR1298A>C polymorphisms of the
methylenetetrahydrofolate reductase gene in women with spontaneous abortion in
southern Brazil. This study detected an increased risk of SA among female carriers of
the MTHFR 1298CC genotype. This results support the findings of recent studies
(Mtiraoui et al 2006; Sheikhaa et al 2012) that have shown an effect of homozygosity
for MTHFR1298A>C on occurrence of spontaneous abortion, but should be interpreted
with caution due to the small sample size of this study. Studies relating these
polymorphisms with SA indicate the SNP MTHFR677C>T as a major variants involved
in the occurrence of this pathology (Zetterberg 2004). Still, other studies has been
demonstrated the importance of SNP lately MTHFR1298A> C in the occurrence of AE
(Rodriguez-Guillen et al 2009, Sheikhaa et al 2012). Rodriguez-Guillen et al (2009)
with Mexican women, it was observed that the genotype MTHFR1298AC increased the
risk of miscarriage. However, similar to our study, the CC genotype polymorphism
MTHFR1298A> C was associated with increased risk of SA in a population of women
in Tunisia (Mtiraoui et al 2006). Considering that mutations in the gene that encode
MTHEFR, reduce its activity and causing direct implications on fetal development from
the reduction of folate and increased of homocysteine concentration, is suggested that

the genotype MTHFR1298CC added to environmental factors can, as shown by our
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study, increase the predisposition to miscarriage (Brustolin et al 2010). La Merrill and
colleagues (2012) propose that the decrease in catalytic activity of the
methylenetetrahydrofolate reductase enzyme, as a result of mutations as occur in the
MTHFR 1298A> C, can lead to DNA hypomethylation due to vitamin B6 deficiency
caused by clutter folate metabolism, impairing fetal development.

As it is known that allele and genotype frequencies of 677C> T and 1298A> C
MTHFR gene polymorphisms vary according to the geographical region in which these
variants were analyzed. A Mexican female population with spontaneous abortion not
observed any woman with the CC genotype for the polymorphism MTHFR1298A> C,
while the TT genotype of the polymorphism MTHFR677C> T was the most frequently
(43.5%) (Rodriguez-Guillen et al 2009). In our study there was a low frequency of the
CC genotype for the polymorphism MTHFR1298A> C (2.0%) and, differently to the
study with the Mexican women, the frequency of TT genotype of the polymorphism
MTHFR677C> T was only 5.0%. In a population of Iranian women with miscarriage,
the genotype frequency of SNP MTHFR1298A> C showed that AC genotype is more
frequent in those women (75%) (Sheikhaa et al 2012) and in our study the AA genotype
is the most frequent (59.2%).

Another relevant finding in our study rarely addressed in other studies is that there is
a statistical significance difference between the genotypes of polymorphism
MTHFR1298A>C and classification of spontaneous abortion (retained, complete,
incomplete and anembrionyc). The biological implications of this found, remains to be
better established from studies in other populations. In the same way, the C allele of
SNP MTHFR1298A> C was associated with the classification of abortion, although it is

not established that biologically means of this finding.
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In conclusion, our study showed that polymorphism MTHFR677C> T did not
represent a risk factor for the occurrence of spontaneous abortion. Regarding the
polymorphism MTHFR1298A>C it was observed that the CC genotype is related to
increased risk of SA. Furthermore, factors such as the type of miscarriage and previous
abortions were associated with occurrence of this disease. Our results suggest that
further research is needed so that the knowledge about the genetic etiology of SA is

better understood.
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Tables

Table 1.Genotype and allele frequencies and relative risk (RR) of MTHFR 677C>T and

MTHFR1298A>C polymorphisms in women with spontaneous abortion (SA) and control

group

Women with SA*

Polymorphisms n(%) Controlsn(%) Pvalue RR (95% CI) X2
MTHFR677C>T
Genotypes
CcC 47 (48.0) 124(54.6) 1
CT 46 (47.0) 86(37.9) 0.30 0.96(0.90-1.01) 0.28
TT 5(5.0) 17(7.5) 1.03(0.92-1.14)
Alleles
C 93(94.9) 210(95.5) 0.63
T 51(52.0) 103(45.4) 0.28 0.96(0.91-1.02)*  0.27
MTHFR1298A>C
Genotypes
AA 58(59.2) 117(51.5) 1
AC 38(38.8) 94(41.4) 0.13 1.03(0.89-1.32) 0.02
CcC 2(2.0) 16(7.1) 1.13(1.04-1,23)
Alleles
A 96(97.8) 211(93.0) 0.11
C 40(40.8) 110(48.5) 0.23 1.04(0.97-1.10)* 0.20

*A general genetic model retains the 3 distinct genotype classes and makes no assumptions

about how the risk or mean for heterozygotes compares with the 2 homozygotes. The general

model requires 2 df for testing association for a SNP, whereas the other models require only 1

df.

41



Table 2. Genotype frequencies of MTHFR677C>T polymorphism in women with and without spontaneous abortion history according to

biological, behavioral and medical variables

Cases n(%)

Controls n(%)

Biologica, Behavioral and Medical Variables SA cases MTHFR677 genotypes SA cases MTHFR677 genotypes
n(%o) CcC CT TT p value n(%6) CcC CT TT p value

Age <30 37(37.8) 21(56.8) 15(40.5) 1(2.7) 0.39 109(48.0) 62(56.9) 39(35.8) 8(7.3) 0.80

>31 61(62.2) 26(42.6) 31(50.8) 4(6.6) 118(52.0) 62(52.5) 47(39.8) 9(7.6)
Alcohol Yes 55(56.1)  29(52.7) 23(41.8) 3(5.5) 0.50 70(30.8) 33(47.1) 31(44.3) 6(8.6) 0.32

No 43(43.9) 18(41.9) 23(53.5) 2(4.6) ' 157(69.2) 91(58.0) 55(35.0) 11(7.0) '
Smoking Yes 27(27.5) 11(40.7) 14(51.9) 2(7.4) 0.56 45(19.8) 25(55.6) 16(35.5) 4(8.9) 0.87

No 71(72.5) 36(50.7) 32(45.1) 3(4.2) ' 182(80.2) 99(54.4) 70(38.5) 13(7.1) '
Gestational Number <3 80(81.6) 39(48.7) 37(46.3) 4(5.0) 0.91 191(84.5) 99(51.8) 77(40.3) 15(7.9) 01

>4 18(18.4)  8(44.4) 9(50.0) 1(5.6) 35(15.5) 25(71.4) 8(22.9) 2(5.7)
Delivery Number <3 80(81.6) 39(48.7) 37(46.3) 4(5.0) 0.91 211(92.9) 113(53.5) 82(38.9) 16(7.6) 0.52

>4 18(18.4)  8(44.4) 9(50.0) 1(5.6) 16(7.1) 11(68.7) 4(25.4) 1(6.3)
Abortion Classification Retained 47(48.0) 22(46.8) 23(48.9) 2(4.3)

Anembryonic 15(15.3)  9(60.0) 5(33.3) 1(6.7) 0.77

Incomplete 35(35.7)  15(42.9) 18(51.4) 2(5.7)

Conmplete 1(1.0) 1(100.0) 0(0.0) 0(0.0) : : : :
Malformation Yes 5(7.0) 2(40.0) 3(60.0) 0(0.0) 1.00 10(4.5)  4(40.0) 4(40.0) 2(20.0) 024

No 66(93.0) 31(47.0) 30(45.4) 5(7.6) ' 210(95.5) 118(56.2) 77(36.7) 15(7.1) '
Pre-Eclampsia Yes 12(16.9)  5(41.7) 5(41.7) 2(16.6) 031 53(29.1) 23(43.4) 24(45.3) 6(11.3) 0.10

No 59(83.1)  28(47.7) 28(47.7) 3(5.2) 167(65.9) 99(59.3) 57(34.1) 11(6.6)
Pregnancy Difficulties Yes 11(15.5)  7(63.6) 4(36.4) 0(0.0) 051 27(12.3) 17(63.0) 8(29.6) 2(7.4) 0.73

No 60(84.5) 26(43.3) 29(48.4) 5(8.3) 193(87.7) 105(54.4) 73(37.8) 15(7.8)
Pregnancy Tratament Yes 4(5.6) 1(25.0) 3(75.0) 0(0.0) 071 9(4.1) 6(66.7) 2(22.2) 1(11.1) 0.48

No 67(94.4) 32(47.8) 30(44.8) 5(7.4) 211(95.9) 116(55.0) 79(37.4) 16(7.6)
Previous Abortion Number 0 70(71.4) 34(48.6) 32(45.7) 4(5.7) 227(100.0) 124(54.6) 86(37.9) 17(7.5)

1 22(22.5)  9(40.9) 12 (54.5) 1(4.6) 0.86

>2 6(6.1) 4(66.7) 2(33.3) 0(0.0)
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Table 3. Genotype frequencies of MTHFR1298A>C polymorphism in women with and without spontaneous abortion history according to

biological, behavioral and medical variables

Cases n(%)

Controls n(%o)

Biological, Behavioral and Medical Variables SA cases MTHFR1298 genotypes SA cases MTHFR1298 genotypes
n(%o) AA AC CC  pvalue n(%o) AA AC CC pvalue

Age <30 37(37.8)  20(541) 15(405) 2(54) .. 109(48.0) 52(47.7) 51(46.8) 6(55) .

>3l 61(62.2) 38(62.3) 23(37.7) 0(0.0) ’ 118(52.0) 65(55.1) 43(36.4) 10(8.5) '
Gestational Number <3 80(81.6) 51(63.8) 27(33.7) 2(2.5) 0.10 191(84.5) 97(50.8) 82(42.9) 12(6.3) 0.30

>4 18(18.4)  7(38.9) 11(61.1) 0(0.0) ' 35(15.5) 20(57.2) 11(31.4) 4(11.4)
Delivery Number <3 80(81.6) 51(63.8) 27(33.7) 2(2.5) 0.10 211(92.9) 106(50.2) 90(42.7) 15(7.1) 0.31

>4 18(18.4)  7(38.9) 11(61.1) 0(0.0) ' 16(7.10) 11(68.7) 4(25.0) 1(6.3) '
Alcohol Yes 55(56.1) 33(60.0) 21(38.2) 1(1.8) 1.00 70(38.8) 36(51.4) 29(41.4) 5(7.2) 1.00

No 43(43.9) 25(58.2) 17(39.5) 1(2.3) ' 157(69.2) 81(51.6) 65(41.4) 11(7.0)
Smoking Yes 27(27.6) 18(66.7) 8(29.6) 1(3.7) 0.30 45(19.8) 22(48.9) 21(46.7) 2(4.4) 0.68

No 71(72.4)  40(56.3) 30(42.3) 1(1.4) ' 182(80.2) 95(52.2) 73(40.1) 14(7.7)
Abortion Classification Retained 47(48.0) 32(68.1) 14(29.8) 1(2.1)

Anembryonic 15(15.3)  4(26.7) 10(66.7) 1(6.6) 0.03

Incomplete 35(35.7)  21(60.0) 14(40.0) 0(0.0) '

Complete 1(1.0) 1(100.0) 0(0.0) 0(0.0) . . . .
Fetal Malformation Yes 5(7.0) 4(80.0) 1(20.0) 0(0.0) 0.69 10(4.6) 7(70.0) 3(30.0) 0(0.0) 0.51

No 66(93.0) 37(56.1) 27(40.9) 2(3.0) ’ 210(95.4) 106(50.5) 88(41.9) 16(7.6) '
Pre-Eclampsia Yes 12(16.9)  7(58.3) 4(33.4) 1(8.3) 0.45 53(29.1) 26(49.1) 23(43.4) 4(7.5) 0.91

No 59(83.1)  34(57.6) 24(40.7) 1(1.7) ' 167(75.9) 87(52.1) 68(40.7) 12(7.2)
Pregnancy Difficulties Yes 11(15.5)  4(36.4) 7(66.6) 0(0.0) 0.18 27(12.3) 14(51.9) 9(33.3) 4(14.8) 021

No 60(84.5) 37(61.7) 21(35.0) 2(3.3) ’ 193(87.7) 99(51.3) 82(42.5) 12(6.2) '
Pregnancy Tratament Yes 4(5.6) 3(75.0) 1(25.0) 0(0.0) 068 9(4.1) 3(33.3) 5(55.6) 1(11.1) 0.46

No 67(68.4) 38(56.7) 27(40.3) 2(3.0) 211(95.9) 110(52.1) 86(40.8) 15(7.1)
Previous Abortion Number 0 70(71.4) 43(61.4) 27(38.6) 0(0.0) 227(100.0) 117(51.5) 94(41.4) 16(7.1)

1 22(22.4) 12(54.6) 9(40.9) 1(4.5) 0.12

>2 6(6.2) 3(50.0) 2(33.3) 1(16.7)
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Table 4. Allele frequencies of MTHFR677C>T polymorphism in women with and without spontaneous abortion history according to biological,

behavioral and medical variables

Biological, Behavioral and Medical Variables

Cases n(%)
MTHFR677 alleles

Controls n(%o)
MTHFR677 alleles

C carriers Cnoncarriers pvalue Tcarriers Tnoncarriers pvalue Ccarriers Cnoncarriers pvalue Tcarriers T noncarriers  pvalue
Age <30 36(97.3) 1(2.7) 0.65 16(43.2) 21(56.8) 021 101(92.7) 8(7.3) 1.00 47(43.1) 62(56.9) 0.59
>31 57(93.4) 4(6.6) 35(57.4) 26(42.6) 109(92.4) 9(7.6) 56(47.5) 62(52.5)
Alcohol Yes 52(94.5) 3(5.5) 1.00 26(47.3) 29(52.7) 031 64(91.4) 6(8.6) 078 37(52.9) 33(47.1) 015
No 41(95.4) 2(4.6) 25(58.1) 18(41.9) 146(93.0) 11(7.0) 66(42.0) 91(58.0)
Smoking Yes 25(92.6) 2(7.4) 061 16(59.3) 11(40.7) 0.50 41(91.1) 4(8.9) 075 20(44.4) 25(55.6) 1.00
No 68(95.8) 3(4.2) 35(49.3) 36(50.7) 169(92.9) 13(7.1) 83(45.6) 99(54.4)
Gestational Number <3 76(95.0) 4(5.0) 1.00 41(51.3) 39(48.7) 0.80 176(92.2) 15(7.8) 1.00 92(48.2) 99(51.8) 0.04
>4 17(94.4) 1(5.6) 10(55.6) 8(44.4) 33(94.3) 2(5.7) 10(28.6) 25(71.4) '
Delivery Number <3 76(95.0) 4(5.0) 1.00 41(51.3) 39(48.7) 0.80 195(92.4) 16(7.6) 1.00 98(46.5) 113(53.5) 0.30
>4 17(94.4) 1(5.6) 10(55.6) 8(44.4) 15(93.7) 1(6.3) 5(31.2) 11(68.8)
Abortion Classification Retained 45(95.7) 2(4.3) 25(53.2) 22(46.8)
Anembryonic 14(93.3) 1(6.7) 1.00 6(40.0) 9(60.0) 0.54
Incomplete 33(94.3) 2(5.7) 20(57.1) 15(42.9)
Complete 1(100.0) 0(0.0) 0(0.0) 1(100.0) . . . .
Fetal Malformation Yes 5(100.0) 0(0.0) 1.00 3(60.0) 2(40.0) 1.00 8(80.0) 2(20.0) 017 6(60.0) 4(40.0) 035
No 61(92.4) 5(7.6) 35(53.0) 31(47.0) 195(92.9) 15(7.1) 92(43.8) 118(56.2)
Pre-Eclampsia Yes 10(83.3) 2(16.7) 0.20 7(58.3) 5(41.7) 076 47(88.7) 6(11.3) 025 30(56.6) 23(43.4) 0.06
No 56(94.2) 3(5.1) 31(52.5) 28(47.5) 156(93.4) 11(6.6) 68(40.7) 99(59.3)
Pregnancy Difficulties Yes 11(100.0) 0(0.0) 1.00 4(36.4) 7(63.6) 032 25(92.6) 2(7.4) 1.00 10(37.0) 17(63.0) 054
No 55(91.7) 5(8.3) 34(56.7) 26(43.3) 178(92.2) 15(7.8) 88(45.6) 105(54.4)
Pregnancy Tratament Yes 4(100.0) 0(0.0) 1.00 3(75.0) 1(25.0) 0.62 8(88.9) 1(11.1) 052 3(33.3) 6(66.7) 073
No 62(92.5) 5(7.5) 35(52.2) 32(47.8) 195(92.4) 16(7.6) 95(45.0) 116(55.0)
Previous Abortion Number 0 66(94.3) 4(5.7) 36(51.4) 34(48.6) 210(92.5) 17(7.5) 103(45.4) 124(54.6)
1 21(95.5) 1(4.5) 1.00 13(59.1) 9(40.9) 0.57
>2 6(100.0) 0(0.0) 2(33.3) 4(66.7)
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Table 5. Allele frequencies of MTHFR1298A>C polymorphism in women with and without spontaneous abortion history according to biological,

behavioral and medical variables

Biological, Behavioral and Medical Variables

Cases n(%)

MTHFR1298 alleles

Controls n(%o)

MTHFR1298 alleles

Acarriers Anoncarriers pvalue Ccarriers Cnoncarriers pvalue Acarriers Anoncarriers pvalue Ccarriers Cnoncarriers pvalue
Age <30 35(94.6) 2(5.4) 014 17(45.9) 20(54.1) 052 103(94.5) 6(5.5) 044 57(52.3) 52(47.7) 0.29
>31 61(100.0) 0(0.0) ' 23(37.7) 38(62.3) ' 108(91.5) 10(8.5) ' 53(44.9) 65(55.1) '
Alcohol Yes 54(98.2) 1(1.8) 1.00 22(40.0) 33(60.0) 1.00 65(92.9) 5(7.1) 1.00 34(48.6) 36(51.4) 1.00
No 42(97.7) 1(2.3) ’ 18(41.9) 25(58.1) ’ 146(93.0) 11(7.0) ' 76(48.4) 81(51.6) '
Smoking Yes 26(96.3) 1(3.7) 0.48 9(33.3) 18(66.7) 0.49 43(95.6) 2(4.4) 0.74 23(51.1) 22(48.9) 074
No 70(98.6) 1(1.4) 31(43.7) 40(56.3) 168(92.3) 14(7.7) 87(47.8) 95(52.2)
Gestational Number <3 78(97.5) 2(2.5) 1.00 29(36.3) 51(63.7) 007 179(93.7) 12(6.3) 028 94(49.2) 97(50.8) 058
>4 18(100.0) 0(0.0) 11(61.1) 7(38.9) 31(88.6) 4(11.4) 15(42.9) 20(57.1)
Delivery Number <3 78(97.5) 2(2.5) 1.00 29(36.3) 51(63.7) 007 196(92.9) 15(7.1) 1.00 105(49.8) 106(50.2) 020
>4 18(100.0) 0(0.0) 11(61.1) 7(38.9) 15(93.8) 1(6.2) 5(31.3) 11(68.7)
Abortion Classification Retained 46(97.9) 1(2.1) 15(31.9) 32(68.1)
Anembryonic 14(93.3) 1(6.7) 043 11(73.3) 4(26.7) 0.02
Incomplete 35(100.0) 0(0.0) ’ 14(40.0) 21(60.0) '
Complete 1(100.0) 0(0.0) 0(0.0) 1(100.0) . . . .
Fetal Malformation Yes 5(100.0) 0(0.0) 1.00 1(20.0) 4(80.0) 0.39 10(100.0) 0(0.0) 1.00 3(30.0) 7(70.0) 033
No 64(97.0) 2(3.0) ’ 29(43.9) 37(56.1) ' 194(92.4) 16(7.6) ' 104(49.5) 106(50.5) '
Pre-Eclampsia Yes 11(91.7) 1(8.3) 031 5(41.7) 7(58.3) 1.00 49(92.5) 4(7.5) 1.00 27(50.9) 26(49.1) 075
No 58(98.3) 1(1.7) ' 25(42.4) 34(57.6) ’ 155(92.8) 12(7.2) ' 80(47.9) 87(52.1) '
Pregnancy Difficulties Yes 11(100.0) 0(0.0) 1.00 7(63.6) 4(36.4) 018 23(85.2) 4(14.8) 012 13(48.2) 14(51.8) 1.00
No 58(96.7) 2(3.3) 23(38.3) 37(61.7) 181(93.8) 12(6.2). 94(48.7) 99(51.3)
Pregnancy Tratament Yes 4(100.0) 0(0.0) 1.00 1(25.0) 3(75.0) 0.63 8(88.9) 1(11.1) 050 6(66.7) 3(33.3) 032
No 65(97.0) 2(3.0) 29(43.3) 38(56.7) 196(92.9) 15(7.1) 101(47.9) 110(52.1)
Previous Abortion Number 0 70(100.0) 0(0.0) 27(38.6) 43(61.4) 211(92.9) 16(7.1) 110(48.5) 117(51.5)
1 21(95.5) 1(4.5) 0.03 10(45.4) 12(54.6) 0.72
>2 5(83.3) 1(16.7) 3(50.0) 3(50.0)
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Table 6. Haplotype frequencies of MTHFR 677C>T and 1298A>C polymorphisms in women
with spontaneous abortion and controls

Haplotype Cases n(%) Controlsn(%) Pvalue RR (95% CI) X2
CCAA 26(26.4) 50 (22.2) 1
CCAC 19(19.3) 59(26.1) 1.06(0.78-1.46)
CCccC 2(2.0) 16(7.0) 0.89(0.53-1.48)
CTAA 28(28.7) 49(21.4) 1.05(0.78-1.42)
CTAC 18(18.4) 34(15.1) 0.34 1.14(0.85-1.55) 0.69
CTCC 0(0.0) 2(0.8) 1
TTAA 5(5.2) 16(7.0) 1.30(0.89-1.88)
TTAC 0(0.0) 0(0.0)
TTCC 0(0.0) 1(0.4) 1
Total 98(100) 227(100)
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Table.7. Haplotype frequencies of MTHFR677C>T and MTHFR1298A>C polymorphisms in women with and without spontaneous abortion

history according to biological, behavioral and medical variables

Biological, Behavioral and Medical Variables

Cases n(%o)

Haplotypes MTHFR677 C>T e MTHFR1298 A>C

Controls n(%o)

Total CCAA CCAC CCCC CTAA CTAC TTAA pvake Total CCAA CCAC CCCC CTAA CTAC CTCC TTAA TTCC pvale

Age <30 33337) 8(242) 5(151) 2(61) 7(222) 9(27.3) 261) 4 100(482) 26(238) 30(27.5) B8(7.3) 21(193) 15(138) 2(18) 7(64) 0(00) oo

>31 65(66.3) 18(27.7) 14(21.5) 0(0.0) 21(32.3) 9(13.8) 3(46) 117(51.8) 24(205) 29(24.8) 7(6.0) 28(23.9) 19(162) 0(0.0) 9(7.7) 1(09)
Alcotol Yes 58(59.2) 17(29.3) 12(20.7) 1(17) 16(27.6) 10(17.2) 2340 o 70(310) 13(18.6) 1927.1) 4(57) 13(186) 13186) 1(14) 7(200) 000)

No 40(40.8) 9(225) 7(175) 1(25) 12(30.0) 8(20.0) 3(75) 156(69.0) 37(23.7) 40(25.6) 11(7.1) 36(23.1) 21(135) 1(0.6) 9(.80 1(06)
Smmoking Yes 28(286) 8(286) 3(107) 1(36) 10(36.7) 4(143) 20.1) 45(19.9) 11(24.4) 13(289) 2(44) 7(156) 9(200) 122) 4440 000) .

No 70(71.4) 18(25.7) 16(22.9) 1(1.4) 18(25.7) 14(20.0) 3(4.3) 181(80.1) 39(21.6) 46(25.4) 13(7.2) 42(23.2) 25(138) 1(05) 14(7.7) 1(05)
Gestational Number <3 78(79.6) 22(28.2) 13(16.7) 2(26) 23(29.5) 13(16.7) 5(64) o 100(84.4) 44(232) 49(25.8) 12(6.3) 39(205) 28(147) 2(1.1) 15(7.9) 1(05) oo

>4 20(20.4) 4(20.0) 6(30.0) 0(0.0) 5(250) 5(25.0) 0(0.0) 35(15.6) 6(17.1) 9(25.7) 3(8.6) 10(28.6) 6(17.1) 0(0.0) 1(29) 000)
Delivery Number <3 78(79.6) 22(28.2) 13(16.7) 2(26) 23(29.5) 13(16.7) 5(64) o 21092.9) 46(21.9) 54(257) 15(7.1) 45214) 31(148) 2(0.9) 16(7.6) 1(05) oo

>4 20(20.4) 4(20.0) 6(30.0) 0(0.0) 5(250) 5(25.0) 0(0.0) 16(71)  4(25.0) 5(31.2) 0(0.0) 4(250) 3(188) 0(0.0) 0(00) 000)
Abortion Classification Retained 52(53.1) 16(30.8) 10(19.2) 1(1.9) 17(32.7) 7(13.5) 1(1.9) . . . . . . . . .

Anembryonic 13(133) 3(231) 2(154) 1(7.7) 0(00) 5@385) 2(154)

Incomplete 32(326) 6(18.7) 7(21.9) 0(0.0) 11(34.4) 6(18.7) 2(6.3)

Complete 1(1.0) 1(100.0) 0(0.0) 0(0.0) 0(.0) 0(0.0) 0(0.0) . . . . . . . . .
Fetal Malformation Yes 342)  0(00) 1(333) 000) 2(667) 000) 000) 10(46)  220.0) 440.0) 1(10.0) 1(10.0) 2200) 00.0) 000 000 o,

No 68(95.8) 15(22.1) 16(23.5) 2(2.9) 17(25.0) 13(19.1) 5(7.4) 209(95.4) 48(23.0) 53(25.4) 14(6.7) 45(21.5) 30(14.3) 2(1.0) 16(7.7) 1(05)
Pre-Eclampsia Yes 13(183) 2(154) 3(231) 1(.7) 3@31) 2(154) 2(154) 5324.2) 11(20.7) 15(283) 4(75) 9(17.0) 9(17.0) 000) 4(7.5) 120 .

No 58(81.7) 13(22.4) 14(24.1) 1(17) 16(27.6) 11(19.0) 3(5.20 166(75.8) 39(23.5) 42(25.3) 11(6.6) 37(22.3) 23(139) 2(1.2) 12(7.2) 0(0.0)
Pregnancy Difficulties Yes 10(141) 2(200) 5(00) 0(00) 3@300) 000) 000) 27(123)  4(148) 9(333) 3(IL1) 3(111) 5(185) 000) 2(74) 1B7) [

No 61(85.9) 13(21.3) 12(19.7) 2(3.3) 16(26.2) 13(21.3) 5(82) 192(87.7) 46(24.0) 48(25.0) 12(6.2) 43(22.4) 27(141) 2(1.0) 14(7.3) 0(0.0)
Pregnancy Tratament Yes 456) 1(250) 00.0) 000) 3(750) 000) 000) ., 941)  2222) 4(444) 1111 000) 1111 000 000 1LY .

No 67(94.4) 14(20.9) 17(25.4) 2(3.0) 16(23.9) 13(19.4) 5(75) 210(95.9) 48(22.9) 53(25.2) 14(6.7) 46(21.9) 31(14.8) 2(0.9) 16(7.6) 00.0)
Previous Abortion Number 0 72(735) 22(30.6) 15(20.8) 0(0.0) 22(30.6) 10(13.9) 3(4.2) 226(100.0) 50(22.1) 59(26.1) 15(6.6) 49(21.7) 34(15.0) 2(0.9) 16(7.1) 1(0.4)

1 20(204) 2(10.0) 3(150) 1(5.0) 4(20.0) 8(40.0) 2(10.0) 0.06 . . . . . . . . .

>2 6(6.1) 2(33.3) 1(16.7) 1(16.7) 2(33.3) 0(0.0) 0(0.0)
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. CONCLUSOES

O polimorfismo 677C>T da MTHFR né&o representa um fator de risco para

0 aborto espontaneo na populacédo estudada;

O gendtipo CC do polimorfismo 1298A>C da MTHFR aumenta o risco de

aborto espontaneo na populagao estudada;

As frequéncias genotipicas do polimorfismo 677C>T da MTHFR; nédo
estdo associadas com as variaveis biolégicas, comportamentais e

médicas;

As mulheres do grupo controle ndo carreadoras do alelo T do polimorfismo

677C>T j& tiveram 4 ou mais gestacoes;

As mulheres com aborto espontaneo carreadoras do alelo A do

polimorfismo 1298A>C j4 tiveram 1 ou mais abortos;

As mulheres com aborto espontdaneo nédo carreadoras do alelo C do
polimorfismo 1298A>C ja tiveram abortos espontaneos retido,

anembridnico, completo e incompleto;

A frequéncias haplotipicas dos polimorfismos 677C>T e 1298A>C néo

estéo relacionadas ao aborto espontaneo em nossa populacao;

A frequéncias haplotipicas dos polimorfismos 677C>T e 1298A>C né&o

estdo associadas as variaveis bioldgicas, comportamentais e médicas.
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